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Abstract. Keratin 7 (KRT7) is a member of the keratin gene
family. KRT7 is abnormally expressed in various types of
cancer and promotes the malignant progression of tumors.
However, the role of KRT7 in ovarian cancer remains unclear.
The present study aimed to validate the role of KRT7 in
ovarian cancer progression. KRT7 expression levels in patients
with ovarian cancer were analyzed using data obtained from
the Human Protein Atlas and The Cancer Genome Atlas
databases. KRT7 mRNA and protein expression levels were
upregulated in ovarian cancer tissue compared with normal
tissue. KRT7 expression was associated with the grading,
staging and poor prognosis of ovarian cancer. The differentially
expressed genes affected by KRT7 were primarily enriched in
the functions of cell migration, cell adhesion and cell growth.
In vitro studies, including a CCK8 assay, were used to detect
cell proliferation. In addition, wound healing and transwell
assays were performed to analyze cell migration. The results
demonstrated that KRT7 overexpression was associated with
increased proliferation, migration and epithelial-mesenchymal
transition (EMT) of ovarian cancer cells, and the migration
and EMT of ovarian cancers cells were decreased following
knockdown with KRT7 small interfering RNA. In vivo,
knockdown of KRT7 inhibited tumor growth of ovarian
cancer. Furthermore, KRT7 regulated EMT in ovarian cancer
via the TGF-B/Smad2/3 pathway, and regulated cell-matrix
adhesion through integrin-p1-focal adhesion kinase signaling.
These results suggest that KRT7 may be a potential molecular
marker for prognosis prediction in patients with ovarian cancer.

Introduction

Ovarian cancer is one of the most lethal types of gynecological
cancer. Although surgery and chemotherapy can improve
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survival, the 5-year survival rate remained low at ~50% in
the USA in 2015 (1). Epithelial cancer is the most common
type of malignant ovarian tumor, followed by malignant germ
cell tumor (2-4). Ovarian cancer is difficult to detect during
the early stages due to the small size of the ovary, which is
located deep in the pelvic cavity, and patients may not exhibit
symptoms or may only vaguely show symptoms when tumor
cells invade or spread to other parts of the body (5). Patients
with ovarian cancer typically have a poor prognosis due to
a lack of signs or screening tests that would facilitate early
detection, resulting in a considerable proportion of cases being
diagnosed at an advanced stage (6). During epithelial-mesen-
chymal transition (EMT), epithelial cells can repress their
epithelial morphology and acquire motile and invasive prop-
erties during tumor progression (7). Surgery combined with
chemotherapy is the primary treatment modality for patients
with ovarian cancer; however, among patients who undergo
surgery for removal of an ovarian epithelial tumor, only ~30%
of the tumors are confined to the ovary, and the majority of
patients have tumors that have spread to pelvic and abdominal
organs, resulting in a low success rate of surgical excision (8).
Furthermore, the beneficial effects of maintenance chemo-
therapy have not been clearly demonstrated (9). Therefore,
determining the molecular mechanisms underlying metastasis
of ovarian cancer may highlight potential novel therapeutic
targets.

Keratin 7 (KRT7) is a member of the keratin gene family,
which is subdivided into type I (KRT9-KRT22) and type 11
(KRT1-KRT8) (10). Type II cytokeratin is composed of
alkaline or neutral proteins and is specifically expressed in
simple epithelial cells in the lumen of the internal organs and in
the ducts and blood vessels of glands (11). KRT7 is abnormally
expressed in various types of cancer, such as esophageal
squamous cell, cervical and colorectal cancers (12-15).
KRT7 also participates in cervical cancer invasion, metas-
tasis and promotes the malignant progression of cancer (16).
Several studies have reported an association between KRT7
dysregulation and clinical pathology or prognosis (15,17);
however, to the best of our knowledge, the molecular mecha-
nisms involving KRT7 in promoting malignant progression
have not been determined. KLK4-7 serve key roles in regu-
lating the expression of their associated genes and proteins in
ovarian cancer (18). As a downstream effector, KRT7 may be
an important therapeutic target for treatment of ovarian cancer.
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However, the expression and function of KRT7 in ovarian
cancer has not been determined, to the best of our knowledge.

The present study validates the role of KRT7 in ovarian
cancer progression. By using TCGA database and in vitro and
in vivo experiments, the crucial role of KRT7 in the metastasis
and proliferation of ovarian cancer cells has been confirmed.
This indicates the role of KRT7 in ovarian cancer and may
provide a potential target for cancer therapy.

Materials and methods

Cell culture. In the present study, seven ovarian cancer cell
lines (HEY, 59M, COV504, COV413A, DOV13, COV318
and OVCARA433), obtained from Nanjing KeyGen Biotech
Co., Ltd., were cultured and maintained. Ovarian cancer
cells were cultured in RPMI-1640 medium (Gibco; Thermo
Fisher Scientific, Inc.) supplemented with 10% FBS (Thermo
Fisher Scientific, Inc.) and 1% penicillin-streptomycin solution
(Beyotime Institute of Biotechnology) in a 5% CO, humidified
incubator at 37°C.

Plasmid construction and cell transfection. pcDNA3.1-KRT7,
pcDNA3.1-TGFp1 and short hairpin psi-H1-shKRT7 plasmids
were synthesized by GeneCopoeia Co., Ltd. Plasmids were trans-
fected into HEY and OVCAR433 cells (1 ug plasmid/10° cells)
using Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). pcDNA3.1 and psi-H1 empty vectors were used as the
control. After 24 or 48 h, total RNA and protein were extracted,
respectively, and then analyzed using reverse transcription-quan-
titative PCR (RT-qPCR) and western blotting to determine the
transfection efficiency. For stable KRT7-knockdown cells,
OVCARA433 cells were transfected with the sShKRT7 plasmid
(1 ug plasmid/10° cells) using Lipofectamine® 2000, and cultured
with puromycin at a final concentration of 5 ug/ml for 3 weeks to
obtain a stable cell line. The KRT7 shRNA sequences were as
follows: shKRT7-top, 5'-"AATTCGGAATACCCGGAATGA
GATTTCGAAAAATCTCATTCCGGGTATTCCG-3'; and
shKRT7-bot, 5'-GATCCGGAATACCCGGAATGAGATTTT
TCGAAATCTCATTCCGGGTATTCCG-3'.

RNA extraction and reverse transcription-quantitative
PCR. Total RNA in cells was extracted using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. cDNA was
synthesized using HiScript QRT SuperMix from the qPCR
kit (Vazyme Biotech Co., Ltd.) according to the manufac-
turer's protocol. qPCR was performed using TransStart
Top Green qPCR Super Mix (TransGen Biotech Co., Ltd.)
on an ABI Step One Plus (Applied Biosystem; Thermo
Fisher Scientific, Inc.). The thermocycling conditions of
qPCR were as follows: 94°C for 4 min, 30 cycles of 94°C
for 45 sec, 56°C for 30 sec and 72°C for 30 sec, and 72°C
for 10 min. The sequences of the primers for amplification
of KRT7 were: KRT7 forward, 5'-CGAGGATATTGCCAA
CCGCAG-3' and reverse, 5'-CCTCAATCTCAGCCTGGA
GCC-3'; and GAPDH forward, 5'-GGAGTCCACTGGCGT
CTT-3' and reverse, 5'-AGTCCTTCCACGATACCAA-3'
and were synthesized by GeneCopoeia, Inc. Data were
quantified using the 2224 method (19) and normalized to
GAPDH expression in each respective sample.

AN et al: KRT7 PROMOTES EMT IN OVARIAN CANCER VIA THE TGF-$/SMAD2/3 PATHWAY

Western blotting. Total cellular proteins were lysed on ice
using RIPA lysis buffer [consisting of 50 mM Tris (pH 7.4),
150 mM NacCl, 1% NP-40, 0.5% sodium deoxycholate,
0.1% SDS, 100X PMSF and 100X PMSF protease inhibitor
cocktail]. After the protein concentration was measured by
the BCA method, 100 ug protein was loaded per lane on a
10% SDS gel, resolved using SDS-PAGE and transferred to a
PVDF membrane. The PVDF membrane was blocked using
TBS with 0.1% Tween-20 buffer containing 5% skimmed milk
at room temperature for 2 h, incubated with primary anti-
bodies at room temperature for 2 h, and then incubated with
HRP-labeled goat anti-rabbit IgG (catalog no. SO001; Affinity
Biosciences; 1:3,000) and HRP-labeled goat anti-mouse IgG
(catalog no. S0002; Affinity Biosciences; 1:5,000) antibodies at
room temperature for 2 h. Finally, proteins were detected using
the BeyoECL Plus kit (catalog no. PO018S; Beyotime Institute
of Biotechnology). The relative density of the bands was quan-
tified using ImageJ software (version 1.52; National Institutes
of Health). The following antibodies were used: Anti-KRT7
(catalogno. AF0195; Affinity Biosciences; 1:500),anti-GAPDH
(catalog no. AF7021; Affinity Biosciences; 1:2,000),
anti-E-cadherin (catalog no. AF0131; Affinity Biosciences;
1:1,000), anti-N-cadherin (catalog no. AF4039; Affinity
Biosciences; 1:1,000), anti-vimentin (catalog no. AF7013;
Affinity Biosciences; 1:1,000), anti-Snail (catalog no. AF6032;
Affinity Biosciences; 1:500), anti-matrix metalloproteinase
(MMP)2 (catalog no. AF0577; Affinity Biosciences; 1:1000),
anti-MMP9 (catalog no. AF5228; Affinity Biosciences;
1:5,000), anti-fibronectin (FN) (catalog no. AF5335; Affinity
Biosciences; 1:200), anti-integrin-f1 (catalog no. AF5379;
Affinity Biosciences; 1:500), anti-FAK (catalog no. AF6397,
Affinity Biosciences; 1:1,000), anti-phosphorylated
(p)-FAK (catalog no. AF3398; Affinity Biosciences; 1:500),
anti-Smad?2/3 (catalogno. AF6367; Affinity Biosciences; 1:500),
anti-phosphorylated Smad2/3 (catalog no. AF3367; Affinity
Biosciences; 1:500) and anti-TGF-B1 (catalog no. AF1027;
Affinity Biosciences; 1:1,000).

Transwell migration assay. Transwell experiments were
performed using a CoStar Transwell chamber (8-xm pore size;
BD Biosciences). HEY and OVCAR433 cells were seeded in
the upper chamber at a concentration of 1x10° cells/well in
300 pl serum-free medium, and the lower chamber was filled
with 700 gl medium supplemented with 10% FBS to induce
cell migration. The cells were incubated for 24 h at 37°C with
5% CO,, and the cells on the upper surface of the membrane
were gently removed using a cotton swab. Cells that had
migrated to the lower surface of the membrane were fixed with
4% paraformaldehyde and stained with crystal violet at room
temperature. Images of the cells were obtained using a light
microscope (magnification, x100).

Wound healing assay. HEY and OVCARA433 cells were seeded
in 24-well plates in serum-free medium at a final concentra-
tion of 5x10° cells per well. After 24 h, the cell layer was
scraped with a 10-ul pipette tip to form a straight wound. After
removing suspended cells with PBS, cells were grown for 48 h.
Pictures of the wound area were taken under a light micro-
scope (magnification, x100) at 0, 24 and 48 h. The difference
between the wound area at different time points and 0 h was
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used to calculate the cell migration rate. Each experiment was
performed in triplicate.

Cell proliferation assay. HEY and OVCAR433 cell
proliferation was examined using a Cell Counting Kit-8
(CCK-8) assay (catalog no. C0037; Beyotime Institute of
Biotechnology) according to the manufacturer's protocol. For
the assay, ~3x10° transfected cells were seeded in 96-well
plates and cultured for 24, 48 and 72 h. Subsequently, 10 ul
CCK-8 solution was added to each well and incubated for 1 h.
The absorbance at 450 nm was measured at 0, 24 and 48 h
using a microplate reader.

Colony formation assay. HEY and OVCAR433 cells were
harvested, seeded on six-well plates (1x10° cells/well) and
cultured for 14 days at 37°C in a humidified incubator with
5% CO,. The medium was changed every 3 days. After 14 days,
cells were fixed with 4% paraformaldehyde and stained using
crystal violet at room temperature. Clone numbers were
counted by eye after photographs were obtained.

Analysis of clinical data of patients with ovarian cancer.
The representative images of the immunohistochemical assay
were obtained from The Human Protein Atlas (http:/www.
proteinatlas.org; normal patient id: 2344, tumor patient
ID: 1115) (20). TCGA data for transcriptional analysis were
obtained from the UALCAN database (ualcan.path.uab.
edu/index.html) (21). The clinical stage and pathological grade
information of patients with ovarian cancer were obtained
from TCGA database (https://www.cancer.gov/tcga). The
correlation analyisis between KRT7 and TGF-f1, integrin-f1
(ITGBI1), MMP2 and SMAD?2 expression was performed
using ChIPBase version 2.0 (http://rna.sysu.edu.cn/chip-
base/index.php). Differentially expressed gene analysis of
KRT7 in TCGA ovarian cancer samples was performed using
DECenter (Sanger Box; http://soft.sangerbox.com/). The
significantly upregulated genes [log(fold-change)l =1.0] were
analyzed by Gene Ontology (GO) enrichment using Metascape
(metascape.org/) (22).

In vivo experiments. A total of 12 5-week-old female BALB/c
mice (~16 g) were purchased from Charles River Laboratories,
Inc., and mice were randomly divided into two groups. One
group was injected with OVCAR433/shNC cells and the other
group was injected with OVCAR433/shKRT?7 cells. All animal
experiments were performed in accordance with ethical stan-
dards of the Institutional Animal Use and Care Committee
of the Affiliated Hospital of Zunyi Medical University, and
ethical approval (approval no. 2019-11) was obtained from
the Institutional Animal Use and Care Committee of the
Affiliated Hospital of Zunyi Medical University prior to
the commencement of the study. The animals were kept in
a constant temperature environment of 26-28°C and kept
in light for 10 h a day. All drinking water and food were
sterilized and provided ad libitum. OVCAR433/shNC and
OVCARA433/shKRT7 cells (2x10° cells) were subcutaneously
injected into nude mice (n=6 per group). Tumor volumes were
monitored every 3 days and animal health was continuously
monitored throughout the study. The tumor volume was
calculated as follows: Volume = (length x width?)/2. A total of
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1 month after injection, all animals were euthanized through
intravenous injection of sodium pentobarbital at a final concen-
tration of 100 mg/kg. The mice were checked for >5 min and
death was confirmed by observing lack of respiration and
cardiac output. Subsequently, the solid tumors were harvested
from the mice by surgery. All tissues were fixed in 4% formalin
and embedded in paraffin for immunohistochemical staining.

Embedded tumor tissues were cut into sections (4-ym
thickness) and treated with 3% hydrogen peroxide for 10 min
to inhibit endogenous peroxidase activity. Subsequently,
5% bovine serum albumin (Shanghai Shenggong Biology
Engineering Technology Service, Ltd.) was used to block
non-specific binding at 37°C for 30 min. Tissue sections
were treated with primary antibodies against E-cadherin
(catalog no. AF0131; Affinity Biosciences; 1:200) and vimentin
(catalog no. AF7013; Affinity Biosciences; 1:200) and incu-
bated overnight in a humidified chamber at 4°C. Sections were
visualized using 3,3-diaminobenzidine at room temperature
for 5 min and counterstained with hematoxylin for 1 min at
room temperature. Then pictures were examined under a light
microscope (magnification, x100). The expression levels of
E-cadherin and Vimentin protein in the tumor were scored
based on the staining intensity and the percentage of positively
stained cells. Six fields were randomly selected for each slice.
The scoring system used was as follows: Staining intensity x
number of cells with positive scores. Staining intensity: 0, no
positive cells; 1, yellow staining; 2, light brown staining; and 3,
dark brown staining. Percentage of cells with positive scores:
1, <25%; 2, 25-50%; 3, 51-75%; 4, >75%).

Statistical analysis. All statistical analyses were performed
using SPSS version 19.0 (IBM Corp.). Significant differ-
ences between two groups were compared using an unpaired
Student's t-test. Comparisons of KRT7 expression levels
between ovarian cancer tissues and adjacent normal tissues
were analyzed using a paired Student's t-test. Comparisons
among three or more groups were conducted using ANOVA
with post hoc Student-Newman-Keuls test. The correlation
between KRT7 expression and clinicopathological factors was
estimated using Pearson's correlation analysis. The relationship
between the survival rate and KRT7 expression was analyzed
using the Kaplan-Meier method. P<0.05 was considered to
indicate a statistically significant difference.

Results

KRT7 expression is upregulated in ovarian cancer tissues.
To investigate the clinical significance of KRT7 in ovarian
cancer, the expression levels of KRT7 in ovarian cancer tissues
and adjacent normal tissues was determined using the data
obtained from the Human Protein Atlas. The expression of
KRT?7 protein was analyzed by immunohistochemical staining
in tumor tissues and corresponding normal (non-tumor)
tissues. The representative images and final scoring results are
shown in Fig. 1A. There was a significant increase in KRT7
staining in cancer tissues compared with adjacent normal
tissues. Analysis of data obtained from TCGA demonstrated
that KRT7 mRNA expression was higher in tumor tissues
compared with normal tissues (Fig. 1B). By analyzing TCGA
data, KRT7 expression levels in grade 3 samples were found
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Figure 1. KRT7 expression is indicative of a poor prognosis in patients with ovarian cancer. (A) Representative images of KRT7 staining in normal and
ovarian tumor tissues, and immunohistochemical score of KRT7 in normal and ovarian tumor tissues. (B) mRNA expression levels of KRT7 in normal
and ovarian tumor tissues. Associations between the (C) pathological grades and (D) clinical stages of ovarian cancer with KRT7 expression. (E) Effect of
mRNA expression levels of KRT7 on the median survival time of patients with ovarian cancer. (F) Gene Ontology analysis of the differentially expressed
genes between the high- and low-expression KRT7 groups in patients with ovarian cancer. Data were obtained from the Human Protein Atlas and The Cancer
Genome Atlas database. "P<0.05, “P<0.01. KRT7, keratin 7; ECM, extracellular matrix.

to be higher than that in grade 2 samples (Fig. 1C). In addition, of KRT7 in the survival of patients with ovarian cancer, data
KRT7 expression was observed to be the highest in patients  obtained from TCGA were used to determine the relationship
with clinical stage IV ovarian cancer (Fig. 1D). between KRT7 mRNA expression and survival in patients with

ovarian cancer. Kaplan-Meier analysis showed that the median
KRT7 expression levels are associated with the survival of  survival of patients with high and low KRT7 expression levels
patients with ovarian cancer. To further elucidate the role  was 1,102 and 1,470 days, respectively, indicating a poorer
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Figure 2. Effect of KRT7 on HEY and OVCARA433 cell proliferation and colony formation. (A) Protein expression levels of KRT7 in ovarian cell lines were
assessed using western blotting. (B) Overexpression of KRT7 in HEY cells was confirmed by western blotting. (C) Overexpression of KRT7 significantly
increased the proliferative capacity of HEY cells. (D) Overexpression of KRT7 in HEY cells significantly increased colony formation. (E) Knockdown of
KRT7 in OVCARA433 cells was confirmed by western blotting. Knockdown of KRT7 in OVCAR433 cells significantly reduced (F) cell proliferation and
(G) colony formation. All experiments were performed at least three times. Results are presented as the mean =+ standard deviation. “P<0.01. KRT7, keratin 7;

sh, short hairpin RNA; NC, negative control; OD, optical density.

prognosis in patients with high KRT7 expression (Fig. 1E).
After stratifying ovarian cancer patient data from TCGA
based on KRT7 expression levels, the differentially expressed
genes between the high- and low-expression groups were
determined. GO enrichment analysis results showed that
KRT7 is associated with ‘positive regulation of cell migration’
and ‘positive regulation of angiogenesis’ (Fig. 1F). Therefore,
upregulated KRT7 expression may promote the malignant
progression of ovarian cancer in patients.

KRT?7 expression levels in human ovarian cancer cell lines.
To examine the expression levels of KRT7 in human ovarian

cancer cell lines, seven cell lines (HEY, 59M, COV504,
COV413A, DOR13, COV318 and OVCAR433) were analyzed
by western blotting. KRT7 protein was expressed in all seven
human ovarian cancer cell lines. The expression of the KRT7
protein was the highest and lowest in the OVCAR433 and
HEY cell lines, respectively (Fig. 2A). Therefore, OVCAR433
and HEY cells were used for the subsequent experiments.

KRT7 overexpression affects ovarian cancer cell
proliferation. To investigate whether KRT7 affected ovarian
cancer cell proliferation, HEY cells were transfected with
pcDNA3.1/KRT7 to enhance KRT7 expression, and HEY
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Figure 3. KRT7 overexpression enhances migration of ovarian cancer cells. (A and B) Overexpression of KRT7 increased the wound healing capacity of HEY
cells. (C and D) Knockdown of KRT7 reduced the wound healing capacity of OVCAR433 cells. (E) Overexpression of KRT7 promoted the migration capacity
of HEY cells. (F) Knockdown of KRT7 reduced the migration capacity of OVCAR433 cells. All experiments were performed at least three times. Results are
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cells transfected with pcDNA3.0 blank vector were used as
a control. KRT7 overexpression in HEY cells was confirmed
by western blotting (Fig. 2B). Thereafter, the proliferation of
pcDNA3.0-KRT7 and pcDNA3.0 (blank vector) HEY cells
was assayed using the CCK-8 assay. KRT7 overexpression
significantly increased HEY cell proliferation (Fig. 2C) and
resulted in increased colony formation compared with the
control cells (Fig. 2D). KRT7 expression in OVCAR433 cells
was then knocked down using shRNA (Fig. 2E). The prolif-
eration and colony formation abilities of OVCAR433 cells
transfected with si-KRT7 were decreased compared with the
control group (Fig. 2F and G). Results of colony formation

suggest that KRT7 can promote the proliferation of ovarian
cancer cells and may affect the stemness of the cells.

KRT7 affects the migration of ovarian cancer cells. To evaluate
the effect of KRT7 on ovarian cell migration, a wound healing
assay with HEY and OVCAR433 cells was used. Compared
with the vector group, the cell migration rate was signifi-
cantly increased following KRT7 overexpression in HEY
cells (Fig. 3A and B). In KRT7 -knockdown OVCAR433 cells,
the migration rate decreased significantly (Fig. 3C and D).
The effect of KRT7 on ovarian cell migration was verified
using a Transwell assay. The results demonstrated that KRT7
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overexpression significantly increased the number of migrating
HEY cells compared with the vector group (Fig. 3E). By
contrast, KRT7 knockdown significantly reduced the number
of invading OVCARA433 cells (Fig. 3F).

KRT?7 overexpression induces EMT of ovarian cancer cells.
Before migration and invasion of epithelial cells can occur,
there are genotypic and morphological changes which occur;
collectively referred to as EMT. Snail, vimentin, N-cadherin
and E-cadherin are EMT markers (23). The results demon-
strated that the expression levels of Snail, vimentin and
N-cadherin were significantly increased, and that of E-cadherin
was significantly decreased in HEY cell lines overexpressing
KRT7 (Fig. 4A and B). By contrast, KRT7 knockdown in
OVCARA433 cells significantly increased E-cadherin expres-
sion and significantly decreased vimentin and Snail expression
(Fig. 4C and D). In summary, these data suggest that KRT7
regulates EMT, resulting in the increased migratory capacity
of ovarian cancer cells in vitro.

KRT?7 overexpression increases cell-matrix adhesion through
integrin-f1-FAK signaling. Increasing cell-matrix adhesion
is an important step in tumor cell metastasis (24). The role
of KRT7 in regulating cell-matrix adhesion in ovarian cancer
cells was investigated by detecting the expression of FN,
integrin-p1, FAK and other genes involved in proliferation and
migration. Western blotting revealed that the expression levels
of PCNA, FN, MMP?9, integrin-f1 and p-FAK/FAK (Tyr397)
were increased, but TIMP-1 was decreased in HEY cells

overexpressing KRT7 (Fig. 5A-D). By contrast, KRT7 knock-
down decreased MMP2 and MMP?9 expression in OVCAR433
cells (Fig. SE). Thus, the adhesion-promoting effect of KRT7
overexpression was likely mediated through integrin-p1-FAK
signaling.

KRT7-induced EMT and cell migration are mediated by
TGF-p signaling. Several pathways regulate cancer cell EMT
and migration. One of the key mechanisms by which TGF-§
promotes cell migration, invasion and metastasis is through
induction of EMT (25). Thus, whether KRT7-induced EMT
was mediated by the TGF-f signaling pathway was determined.
TGF-f1, Smad2/3 and p-Smad2/3, which are important
downstream regulators of the TGF-p signaling pathway,
were detected in the present study. The results showed that
the levels of p-Smad2/3/Smad2/3 in KRT7-overexpressing
HEY cells was significantly increased (Fig. SF). The levels of
p-Smad2/3/Smad2/3 in KRT7 knockdown OVCAR433 cells
was decreased (Fig. 5G). These data suggest that KRT7 can
partially promote cellular EMT and migration by activating
the TGF-f/Smad2/3 pathway. To verify the aforementioned
molecular mechanism, ChIPBase was used to analyze the
correlation of KRT7 protein expression with TGF-$1, ITGBI,
MMP2 and SMAD?2 protein expression in patients with
ovarian cancer. The results demonstrated that KRT7 expres-
sion levels were positively correlated with the expression of
TGF-B1, ITG-p1, MMP2 and SMAD2 (Fig. 6A-D), verifying
the role of KRT7 in EMT and cell migration through the
TGF-f pathway.
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Figure 5. KRT7 expression affects the integrin-p1-FAK signaling and TGF-f signaling pathways. (A and B) Expression of proliferation- and migration-associated
genes (PCNA, MMP9 and TIMP-1) were evaluated using western blotting in HEY cells. (C and D) Western blotting of proteins involved in integrin-f1-FAK
signaling pathway in the KRT7-overexpressing HEY cells. (E) Expression of MMPs after knockdown of KRT7 in OVCARA433 cells. (F and G) Expression
of the TGF-f signaling pathway-related proteins was evaluated by western blotting in KRT7-overexpressing HEY cells and KRT7-knockdown OVCAR433
cells. All experiments were performed at least three times. Results are presented as the mean + standard deviation. “P<0.01. FAK, focal adhesion kinase;
PCNA, proliferating cell nuclear antigen; FN, fibronectin; TIMP-1, TIMP metallopeptidase inhibitor 1; p-, phosphorylated; MMP, matrix metalloproteinase;
KRT7, keratin 7; sh, short hairpin RNA; NC, negative control.

TGF-B1 counteracts the inhibition of KRT7 knockdown on
OVCAR433 cells. To verify whether the function of KRT7 in
ovarian cancer cells was dependent on the TGF-f1 pathway,

TGF-B1 was overexpressed in the KRT7-knockdown OVCAR433
cells. Western blotting was used to detect TGF-p1 and p-Smad2/3.
The results demonstrated that TGF-f31 could increase the ratio
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Figure 6. Correlation between KRT7 expression levels with TGF-B1, ITGB1, MMP2 and SMAD?2. Correlation of KRT7 protein expression in patients with ovarian
cancer with (A) TGF-f1, (B) ITGBI, (C) MMP2 and (D) SMAD?2 protein expression levels. The expression information of ovarian cancer samples was obtained
from The Cancer Genome Atlas for correlation analysis. KRT7, keratin 7; MMP, matrix metalloproteinase; ITGBI, integrin-p-1; TPM, transcripts per million.

of p-Smad2/3/Smad2/3. Following confirmation of overexpres-
sion (Fig. 7A), the results of the Transwell and would healing
experiments showed that the overexpression of TGF-1 restored
the inhibitory effects of KRT7 knockdown (Fig. 7B and C). In
addition, colony formation assays also showed similar results
(Fig. 7D). These results suggest that the role of KRT7 in ovarian
cancer cells is partially dependent on the TGF-p1 pathway.

KRT7 knockdown inhibits tumor growth in vivo. Tumor-bearing
mice were established using KRT7-knockdown OVCAR433
stable cells. Tumor growth in the KRT7 knockdown group
was significantly inhibited compared with the control group
(Fig. 8A-C). Immunohistochemical staining of E-cadherin
and vimentin in the tumors showed significantly higher
expression of E-cadherin and significantly lower expression of
vimentin in the KRT7 knockdown group compared with the
control group (Fig. 8D and E). These data suggest that KRT7
knockdown may inhibit tumor growth in vivo.

Discussion

Although KRT7 has been reported to be overexpressed in
several types of malignant tumors, including gastric cancer
and ovarian cancer, and is associated cell proliferation, EMT
and stemness (26,27). The abnormal expression and possible

roles of KRT7 in ovarian cancer have not been reported previ-
ously, to the best of our knowledge. In the present study, KRT7
expression in ovarian cancer cells was significantly higher
compared with the normal tissues. The upregulated expression
of KRT7 resulted in the migration of cancer cells and in the
alteration in the expression levels of a series of EMT-related
genes, which decreased the survival time of patients. The
present study also demonstrated that the abnormal expression
of KRT7 regulated changes in extracellular matrix (ECM) and
collagen-associated genes, resulting in cancer cell migration.
The ECM provides biophysical and biochemical signals
that regulate cell proliferation, differentiation, migration and
invasion. It is a dynamic environment that constantly influences
cell response (28). ECM and its modifications are key factors
involved in determining metastatic tumor formation (29). In
several types of solid cancer, the increased expression of matrix
proteins is associated with increased mortality (30). In addi-
tion, changes in matrix hardness and fibrosis, and excessive
deposition of fibrous ECM components (primarily collagen) are
associated with tumor progression (31). Changes in the structure
and hardness of ECM result in changes in cellular mechanical
transduction, and the associated molecular pathways are consid-
ered potential targets for treatment of cancer (32). The key role
of ECM in tumor migration and metastasis is the expression of
ECM receptor (integrin) on the surface of tumor cells and the
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ability of tumor cells to degrade the ECM through MMPs (33).
Therefore, the increase in integrin-f1 and MMP9 expression is
associated with cancer cell migration. MMP-9 is the primary
target of colonial migration, which is associated with a high
invasive capacity of cancer cells (34). FAK is a downstream
target of integrin and an important signaling molecule regu-
lating the cell response (35). In the present study, the expression
levels of FAK and integrin-p1 were upregulated when KRT7
was overexpressed, suggesting that KRT7 can regulate the

degradation of the cancer cell ECM, thereby enhancing the
invasive capacity of cells.

TGF-p signal transduction is closely associated with cancer
and serves a dual role in tumorigenesis (36). Generally, TGF-3
inhibits cell proliferation and stimulates normal cell differentia-
tion; thus, it can be used as a tumor suppressor (37). However, in
advanced stage cancer, TGF-f promotes tumor progression and
metastasis, thus acting as a carcinogen (37). TGF-f-induced
EMT supports tumor invasion and transmission by releasing
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tumor cells into the surrounding environment and promoting
their movement (38). In several types of cancer, TGF-f3-induced
EMT transcription regulates E-cadherin, Snail, N-cadherin and
vimentin. It also induces Sox4 expression and promotes mesen-
chymal transition, facilitating tumor progression and cancer
cell invasion (39-41). In the present study, KRT7 was shown to
be involved in EMT through TGF- signaling, which in turn
resulted in increased ovarian cancer cell migration. E-cadherin
protein expression was decreased in KRT7-overexpressing
ovarian cancer cells, whereas expression of MMP9, FN and
TGEF-f signaling (TGF-f1 and p-Smad2/3) pathway-associated
proteins was increased. Therefore, KRT7 enhanced EMT
through the TGF-p/Smad?2/3 signaling pathway and promoted
the progression of cancer.

In conclusion, the present study demonstrated that upregu-
lated expression of KRT7 was associated with ovarian cancer
cell migration and EMT pathways, thereby promoting ovarian
cancer progression, such as tumor invasion depth, and leading
to decreased survival. Therefore, KRT7 may serve as a poten-
tial target for treatment of ovarian cancer.
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