OncoTargets and Therapy

Dove

ORIGINAL RESEARCH

KCNH3 Predicts Poor Prognosis and Promotes
Progression in Ovarian Cancer

Zhongjun Li'%*

Lishan Huang'*

Li Wei'

Bin Zhang'

Shulin Zhong'

Yijing Ou'

Chuangyu Wen'

Suran Huang'

'Department of Obstetrics and
Gynecology, Affiliated Dongguan People’s
Hospital, Southern Medical University,
Dongguan, Guangdong, 523059, People’s
Republic of China; 2Department of
Obstetrics and Gynecology, Nanfang
Hospital, Southern Medical University,

Guangzhou, Guangdong, 510515, People’s
Republic of China

*These authors contributed equally to
this work

Correspondence: Chuangyu Wen; Suran
Huang

Department of Obstetrics and
Gynecology, Affiliated Dongguan People’s
Hospital, Southern Medical University, 3
Wangdao Road, Dongguan, Guangdong
523059, People’s Republic of China
Email wenchy5@mail.sysu.edu.cn;
suranhuangdg@ | 63.com

This article was published in the following Dove Press journal:
OncoTargets and Therapy

Background: Ovarian cancer (OC) is one of the most common causes of cancer-related
death among women; accordingly, new biomarkers of OC are urgently needed. Potassium
voltage-gated channel sub-family H member 3 (KCNH3) is a voltage-gated potassium
channel member involved in cognitive function and diabetes. Here, we aimed to elucidate
the role and potential molecular mechanisms of KCNH3 in OC.

Materials and Methods: KCNH3 expression levels in OC tissues were analyzed using
TCGA data and confirmed by RT-qPCR and immunohistochemistry in OC tissues. The cell
counting kit-8 was used to assess cell proliferation in OC cells in which KCNH3 was
knocked-down with small interference RNA (siRNA). Wound-healing and transwell invasion
assays were used to assess migratory and invasive abilities, respectively. Cell cycle distribu-
tion and apoptosis were determined using a flow cytometer. Gene set enrichment analysis and
Western blot were used to investigate the potential pathways of KCNH3 in OC development.
Results: TCGA data and RT-qPCR results from patients with OC revealed high KCNH3
expression in OC tissues compared to normal ovarian tissues. Survival analysis in patients
with OC suggested that high KCNH3 expression might be an independent predictor for poor
overall survival and disease-free survival. In vitro studies showed that KCNH3 silencing in
OC cells could inhibit cell proliferation and migration ability, and induce apoptosis and G2/
M phase arrest. Furthermore, Western blot results showed that KCNH3 silencing might
induce downregulation of RPA1 and RPA2 expression level in both SKOV3 and COC1 cells.
Conclusion: KCNH3 plays an important role in cancer progression in patients with OC. Further
investigation might reveal KCNH3 as a potential biomarker for prognosis or diagnosis in OC.
Keywords: KCNH3, ovarian cancer, prognosis, replication protein A

Introduction
Ovarian cancer (OC) is one of the most common causes of cancer-related death in
women. It is estimated that 295,414 new OC cases and 184,799 OC-related deaths
occurred worldwide in 2018." Despite innovations in OC treatment over the last decade,
five-year survival rates of OC have remained at around 47%, which is much lower than
those of breast cancer (85%).”* Additionally, most patients with OC are diagnosed with
stage I1I/IV due to the lack of specific clinical manifestations in early-stage. More than
75% of patients with OC die from their disease, but OC is highly curable if diagnosed in
early-stages. To overcome OC, it’s necessary to find some predictors with high
sensitivity and specificity for OC in clinical treatment, prognosis and diagnosis.®’
Over the last few decades, cancer genome sequencing has been used to identify and
develop biomarkers for personalized cancer treatment and preventive and predictive
medicine.” Core high throughput sequencing technology data has been saved in public
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databases for researchers to integrate and re-analyze. The
Cancer Genome Atlas (TCGA) is a commonly used public
source containing sequence information from thousands of
tumor samples. The TCGA provides vast amounts of informa-
tion, including about gene expression, gene methylation, copy
number variation, and somatic mutation.>’ Using TCGA data,
we found a gene that is highly associated with OC, called
potassium voltage-gated channel sub-family H member 3
(KCNH3). Voltage-gated potassium channels are the largest
group of ion channels and have been reported to play impor-
tant roles in tumor progression.'® For example, KCNH5 con-
trols mitotic entry and tumor growth in medulloblastoma.'!
Additionally, silencing of KCNAI1 inhibits cervical cancer
progression by mitochondria damage.'”> KCNH3 is
a member of the voltage-gated potassium channel family that
is involved in cognitive function and diabetes.'>"'> Here, we
present the first biological data for KCNH3 in OC.

Using TCGA datasets, we found that KCNH3 mRNA
levels were significantly higher in OC tissues than in normal
tissues, and that high KCNH3 expression was related to poor
prognosis. KCNH3 downregulation not only suppressed
tumor proliferation and invasion, but also induced cell
cycle arrest and apoptosis in vitro. Gene set enrichment
analysis (GSEA) and Western blot were used to investigate
KCNH3 biological pathways in OC. Our results show that
KCNH3 might induce cancer progression by activating the
DNA repair signaling pathway through RPA1 and RPA2. We
hypothesize that KCNH3 might play an important role in
prognosis, diagnosis and treatment of OC.

Materials and Methods

Patients and Tissue Samples

This study was approved by the Regional Institutional Review
Board of Affiliated Dongguan People’s Hospital, Southern
Medical University and performed according to the principles
of the Declaration of Helsinki. Written informed consent was
obtained from all patients. Specimens were handled and made
anonymous following ethical and legal standards.

The tissue microarray (TMA), including 82 OC tissues
and 82 normal ovarian tissues and the relevant clinical
records for all patients, was obtained from Affiliated
Southern  Medical
University. The clinical characteristics of patients are
shown in Table 1. Overall survival (OS) is defined as the
period between surgery and death or the last contact.

Dongguan  People’s  Hospital,

Disease-free survival (DFS) is defined as the period
between surgery and any form of tumor recurrence.

Table | Correlation Between KCNH3 Expressions with Clinic-
Pathological Characteristics of Ovarian Cancer

Clinicopathological N | KCNH3 P value
Variables Expression
Low High
(€2)) 51
Age, years 0.213
<50 47 | 20 27
=50 35 | 11 24
FIGO stage 0.0007*
Wl 44 | 24 20
v 38 |7 31
Differentiation grade 0.049*
Negative 42 | 20 22
Positive 40 | 11 29
Lymph node metastasis 0.019*
Absence 37 | 19 18
Presence 45 | 12 33

Note: *P<0.05.

High-Throughput Data Processing

OC expression data were obtained from TCGA database. All
data were converted to Log2 and analyzed using R and
GraphPad Prism software (San Diego, CA, USA). The expres-
sion of KCNH3 in OC tumor tissues and normal tissues were
obtained from GEPIA, a web server for cancer and normal
gene expression profiling and interactive analyses. For GSEA,
the expression level of KCNH3 from TCGA datasets (374
tumor tissues) was considered as a phenotype label. The nor-
malized enrichment score (NES) and nominal P value were

applied to sort the pathways enriched in the phenotypes.

Cell Culture and Transfection

Human OC SKOV3 and COCI cell lines were purchased
from BeNa Culture Collection (Beijing, China). SKOV3 and
COCI cell lines were cultured in DMEM (Life Technologies,
Carlsbad, CA, USA) with 10% fetal bovine serum (Life
Technologies), 100 U/mL penicillin, and 100 pg/mL strepto-
mycin (Life Technologies) at 37°C in an atmosphere contain-
ing 5% CO,. We transfected three small interfering RNAs
(siRNAs) (RiboBio Co., Ltd., Guangzhou, Guangdong,
China) targeting KCNH3. The siRNAs sequences were:
siRNA1-5'-UCUUUAUGGGUAUCACAUCCA-3', siRNA
2-5-UUUAAUAUAAAAAUUUGGGGA-3', siRNA3-5-U
UUUAAUAUAAAAAUUUGGGG-3'. Scrambled siRNAs
were constructed as the control treatment.
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Quantitative Real-Time Polymerase Chain
Reaction (RT-qPCR) Assay

Total RNA was extracted from OC cell lines or frozen
tissues using RNAiso Plus (Takara Biotechnology Co.,
Ltd., Kusatsu, Shiga, Japan) and following the manufac-
turer’s instructions. KCNH3 mRNA expression was
assessed by qPCR using a SYBR Green PCR kit (Takara
Biotechnology Co., Ltd.). The reaction conditions were:
preincubation at 95°C for 10 min, followed by 40 cycles of
95°C for 10 s, 60°C for 10 s, and 72°C for 20 s. The
primers used were:

KCNH3 p-Actin

Forward (5'-3') ACGGCACGCACAGTAA CTCCATCCTGGCCTCG
CTTC CTGT

Reverse (5'-3") ACGGCACGCACAGTAA CTCCATCCTGGCCTCG
CTTC CTGT

KCNH3 mRNA expression was calculated using the
272ACT method and normalized to B-actin mRNA expression

levels.

Western Blot Analysis

OC cells were collected and the protein concentrations
were measured using the BCA Protein Quantitation
Assay (Nanjing KeyGen Biotech Co., Ltd., Nanjing,
Jiangsu, China). SDS-PAGE was used to separate the
total protein and proteins were then transferred to PVDF
membranes. PVDF membranes were blocked in 5% non-
fat dry milk and probed with primary antibodies over-
night at 4°C. PVDF membranes were incubated with
alkaline phosphatase-conjugated secondary antibody
and finally detected by chemiluminescence. Primary
antibodies against KCNH3, RPA1, RPA2, and B-actin
were obtained from Abcam (Cambridge, MA, USA).
The alkaline phosphatase-conjugated secondary antibody
was purchased from Cell
(Beverly, MA, USA).

Signaling Technology

Cell Viability
The viability of OC cells was evaluated using the cell
counting kit-8 (CCK-8, Nanjing KeyGen Biotech Co.,
Ltd.). Cells were seeded (5x10° cells/well) in 96-well
plates and cultured in an incubator for 0, 24, 48, and 72
h. Then, 20 pL of CCK-8 solution was added. After
culturing for 2 h, a spectrophotometer (Thermo Fisher

Scientific, Waltham, MA, USA) was used to measure
absorbance at 450 nm.

Apoptosis Assay

Apoptotic cells were determined using an Annexin V-FITC/
propidium iodide (PI) Apoptosis Detection Kit (Thermo
Fisher Scientific) and following the manufacturer’s instruc-
tions. In brief, cells were harvested and washed with ice-cold
phosphate buffered saline (PBS). After centrifugation, cells
were resuspended in binding buffer (100 pL) and incubated
with PI and Annexin V-FITC for 15 min in the dark. Finally,
the samples were resuspended in binding buffer (400 pL) and
detected using a flow cytometer (FACSCalibur, BD
Biosciences, Franklin Lakes, NJ, USA).

Cell Cycle Distribution

The effect of KCNH3 on cell cycle arrest in OC cells was
assessed using a flow cytometer. Briefly, cells were har-
vested, washed with PBS, and fixed with 70% ice-cold
ethanol at 4°C overnight. Then, the cells were collected
stained with PI/RNase solution (BD
Biosciences) for 30 min at room temperature in the dark,

and staining

followed by flow cytometric analysis.

Transwell Invasion Assay

OC cells were seeded in the upper side of a Transwell
chamber (5x10* cells/well) and 10% FBS medium was
added into the lower chamber. After culture, 1% parafor-
maldehyde was used to fix OC cells in the lower chamber,
and the cells were stained with hematoxylin. Cells were
counted and cells numbers expressed as the average num-
ber of cells per field of view.

Wound-Healing Assay

Cell migration ability was assessed using a scratch wound-
healing motility assay. First, 1x10° cells/well were seeded
and cultivated in 6-well plates. Then, a pipette tip (10 pL)
was used to make a scratch in culture plate. Serum-free
medium with 4 pg/mL  mitomycin (Sigma-Aldrich,
St. Louis, MO, USA) was added to the cells to inhibit
cell division. Cells that had migrated from the wound edge
were imaged and counted after 24 h.

Immunohistochemistry (IHC) Staining

and Evaluation
TMA specimens were stained using Dako EnVision
Detection Systems (Glostrup, Denmark) following the
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manufacturer’s instructions. In brief, samples underwent
a proteolytic digestion and peroxidase blocking, they
were incubated with a KCNH3 primary antibody
(Boster Biological Technology Co., Ltd., Wuhan,
Hubei, China) at 4°C overnight. Then, the slide was
washed with PBS. Finally, substrate-chromogen and per-
oxidase labeled polymer were added to visualize the
stained protein.

Aperio ImageScope software (Leica Biosystems Inc.
Buffalo Grove, IL, USA) was used to analyze TMA
specimens. Two experienced pathologists, blinded to
patient information, independently scored the intensity
of immunostaining in a semi-quantitative manner. The
scores recorded by these two pathologists were com-
pared and any inconsistencies were reevaluated for
a consensus score. Staining intensity was defined using
the following criteria: absent, 0; weak, 1; moderate
staining, 2; and strong staining, 3. The percentage of
staining was scored as follows: 0 (<5%); 1 (5-25%); 2
(26-50%); and 3 (51-100%). The immunoreactivity
scores (IRS) of each specimen were the sum of the
immunostaining intensity and percentage scores.
Samples were divided into low (IRS<I) and high

(IRS>1) groups based on KCNH3 expression.

A TCGA database B

*

P<0.0001

4
1

3
1

Relative expression 2°44T

KCNH3 mRNA levels
log2 median-centered ratio

Tumor(n=29)  Normal(n=29)

T T
Tumor(n=426) Normal(n=88)

C Overall survival D

Disease free survival

= low KCNH3
high KCNH3
Longrank P=0.009
31 nihigh)=51 R
n(low)=31

~ low KCNH3
high KCNH3

Longrank P=0.005
n(high)=51
n(low)=31

Sunvival probability

Months Months

Statistical Analysis

Statistics were analyzed using SPSS 21.0 software (IBM,
New York, USA). The association of KCNH3 expression
with clinicopathological characteristics were calculated using
Fisher’s exact and Pearson’s Chi-squared tests. Overall survi-
val and disease-free survival were analyzed by Kaplan-Meier
method, and the Log rank test was applied to evaluate the
differences. Univariate and multivariate Cox regression ana-
lyses were applied to assess survival data. Statistical signifi-
cance between groups was calculated by Student’s #-test.
P<0.05 was considered as statistically significant.

Results

Increased KCNH3 Expression is
Associated with OC Progression and
Poor Prognosis

Using the TCGA database, we found that the KCNH3
expression level was significantly higher in OC tissues
(n=426) than that in normal tissues (n=88) (Figure 1A).
Similarly, increased KCNH3 expression was also observed
in 29 fresh cancer tissues from patients with OC when
compared to that in 29 normal ovarian tissues (Figure 1B).
To confirm KCNH3 expression level in OC tissues, IHC

Tumor

Normal

200x%

Figure | The relationship between KCNH3 expression levels in ovarian cancer and prognostic significance. (A) TCGA data show that KCNH3 was more highly expressed in

ovarian cancer tissues than in normal ovarian tissues. Tumor,

n=426; Normal, n=88. (B) RT-qPCR analysis of KCNH3 expression in 29 ovarian cancer specimens and 29

normal ovarian tissues. Immunohistochemical staining was used to detect the expression levels of KCNH3 in 82 ovarian cancer tissues and 82 normal ovarian tissues. (C)
Kaplan-Meier analysis of overall survival analysis in groups with low and high KCNH3 protein expression. (D) Kaplan-Meier analysis of disease-free survival analysis in groups
with low and high KCNH3 protein expression (E) Representative immunohistochemical images of KCNH3 staining. Scale bars: 50pum. *P<0.05, ****P<0.0001.
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analysis was used to measure the KCNH3 protein expres-
sion in a TMA containing 82 OC tissues and 82 normal
ovarian tissues. Higher KCNH3 expression levels were
observed in OC tissues (Figure 1E). Moreover, KCNH3
expression was significantly associated with FIGO stage
(P=0.0007), differentiation grade (P=0.049), and lymph
node metastasis (P=0.019) (Table 1). No significant asso-
ciation was observed between KCNH3 expression level
and age.

To explore the relationship between KCNH3 expres-
sion level and overall survival or disease-free survival in
patients with OC, we used the Kaplan-Meier method
and log rank tests to assess the TMA data. Overall
survival (P=0.009) and disease-free survival (P=0.005)
were shorter in the KCNH3 TMA high expression group
than in the KCNH3 TMA low expression group (Figure
1C and D). Univariate and multivariate analyses using
the Cox proportional hazards regression model were
used to determine whether KCNH3 expression was
a potential independent predictor of overall survival or

disease-free survival in patients with OC. Increased
KCNH3 expression was an independent predictor of
shorter overall survival (HR: 2.098, 95% CI: 1.004—
4.383, P=0.048) (Table 2). Similarly, higher KCNH3
(HR: 2.254, 95% CI: 1.029-4.937,
P=0.042) was also an independent predictor of shorter

expression

disease-free survival time (Table 3).

KCNH3 Silencing Inhibits OC Cell

Proliferation and Migration

As the KCNH3 expression in SKOV3 and COCI cells
were higher than the other ovarian cancer cell lines
(Supplement Figure 1), we chose SKOV3 and COCI1
cells to knock-down KCNH3 and evaluate the biological
functions of KCNH3 in OC, including cell proliferation,

cell cycle arrest, apoptosis, invasion, and migration abil-
ities. Three siRNAs were used for KCNH3 silencing.
We chose siRNA2 and siRNA3 for the following experi-
ments because of their better silencing efficiency (Figure
2A). Obvious inhibitory effects were observed on cell

Table 2 Univariate and Multivariate Cox Regression Analyses of Risk Factors Associated with Overall Survival

Variables Univariate Analysis Multivariate Analysis
HR 95% ClI P value HR 95% CI P value
KCNH3 expression 2.446 1.230-4.864 0.012% 2.098 1.004-4.383 0.048%*
(High vs Low)
Age (250 vs <50) 0.846 0.465-1.540 0.585
FIGO stage 1.890 1.040-3.436 0.037%* 1.456 0.767-2.764 0.251
(/1 vs 1I/IV)
Differentiation grade (Poor vs Well) 1.623 0.893-2.953 0.112
Lymph node metastasis (Yes vs no) 1.345 0.732-2.470 0.340
Note: *P<0.05.
Table 3 Univariate and Multivariate Cox Regression Analyses of Risk Factors Associated with Disease Free Survival
Variables Univariate Analysis Multivariate Analysis
HR 95% ClI P value HR 95% CI P value
KCNH3 expression 2.761 1.306-5.838 0.007%* 2.254 1.029-4.937 0.042%
(High vs Low)
Age (250 vs <50) 1.243 0.660-2.341 0.499
FIGO stage 1.914 1.017-3.602 0.044%* 1.394 0.721-2.696 0.324
(11 vs 1I/IV)
Differentiation grade (Poor vs Well) 1.578 0.838-2.973 0.157
Lymph node metastasis (Yes vs no) 2214 1.114-4.399 0.023* 1.874 0.936-3.752 0.076
Note: *P<0.05.
OncoTargets and Therapy 2020:13 submit your manuscript 10327
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and KCNH3 silencing decreased cell viability in SKOV3 and COCI cells. (D, E) Scratch wound healing assay was performed to assess cell motility in SKOV3 and COCI cells
transfected with KCNH3 siRNAs and downregulation of KCNH3 inhibited cell motility in SKOV3 and COCI cells. (F, G) KCNH3 silencing in SKOV3 and COCI cells
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proliferation in the KCNH3-silencing groups in both in
SKOV3 and COCI1 cells compared to the control groups
(NC) (Figure 2B and C). A significant G2/M phase
block was also observed in KCNH3 silencing groups
in both SKOV3 and COCI1 cancer cells (Figure 3A
and B). The silencing of KCNH3 in both SKOV3 and
COCI1 cancer cells also resulted in a higher percentage
of apoptotic cells than in the control groups (Figure 3C
and D). These results suggest that KCNH3 might

enhance the cell gro

wth of OC.

NC

siRNA2

The effect of KCNH3 on the migratory and invasive
abilities of OC cells were determined using transwell and
wound-healing assays, respectively. Healing in SKOV3
and COCI1 cells were suppressed in the KCNH3 silencing
group compared to the control groups (Figure 2D and E).
Transwell invasion assay results indicated that KCNH3
silencing could suppress the invasive abilities of both
SKOV3 and COCI1 cells (Figure 2F and G). These results
indicate that KCNH3 plays an important role in cell migra-

tion and invasion in OC.
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Figure 4 KCNH3 is associated with DNA repair signaling pathways through RPA in ovarian cancer. (A, B) GSEA analysis suggested that KCNH3 was involved in mismatch
repair, DNA replication, ribosome and spliceosome. (C, D) Western blot results showed that RPA| and RPA2 expression is reduced in KCNH3 silenced cells.

KCNH3 is Associated with the DNA
Repair Signaling Pathway in OC Cells

Through RPA

To elucidate the biological pathways in which KCNH3 func-
tions in the development of OC, gene set enrichment analysis
(GSEA) was performed between low and high KCNH3
expression dataset (TCGA). Ten important pathways were
found to enrich in phenotype high (high KCNH3 expression)
in OC progression (Figure 4A). Figure 4B has shown some
enrichment plot of the corresponding signaling pathways,
such as mismatch repair, DNA replication, spliceosome and
ribosome. The normalized enrichment score (NES) and nom-
inal P value were listed in Table 4. Five signaling pathways
had significance with P<0.05, including spliceosome, RNA

degradation, propanoate metabolism, mismatch repair and
beta alanine metabolism. Mismatch repair with P=0.008
showed better association with KCNH3 expression, which
was further investigated in this study. Replication protein
A (RPA) is a conserved single-stranded DNA-binding pro-
tein complex with three subunits: RPA1, RPA2, and RPA3,
which is essential for DNA replication and repair.'®!"”
Therefore, we performed Western blot to investigate the
relationship between RPA1, RPA2, and KCNH3 in OC.
Silencing of KCNH3 could downregulate RPA1 and RPA2
expression in both SKOV3 and COCI cells (Figure 4C and
D). Different downregulated rates of KCNH3, RPA1 and
RPA2 were shown in the results, which might due to the

heterogeneity of these two cell lines.
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Table 4 Gene Sets Enriched in Phenotype High

Gene Set Name NES NOM P-value
Spliceosome 1.710 0.019
RNA degradation 1.549 0.047
Ribosome 1.529 0.087
Protein export 1.547 0.055
Propanoate metabolism 1.653 0.046
Mismatch repair 1.764 0.008
Homologous recombination 1.507 0.087
Citrate cycle TCA cycle 1.507 0.106
Beta alanine metabolism 1.935 <0.0001
Base excision repair 1.573 0.052

Abbreviations: NES, normalized enrichment score; NOM, nominal.

Discussion
Ovarian cancer (OC) is the second most common cause of
gynecologic cancer-related death worldwide. For patients
with OC, outcomes are complicated because of late diag-
nosis and treatment. Over the past decades, only marginal
improvement in overall survival has been observed in
patients with OC. Therefore, it is crucial to identify
a series of precise prognostic factors that can be used to
improve patients’ outcomes.>'®

In current study, using TCGA database analysis and
our samples, we found that KCNH3 expression levels
were significantly higher in OC tissues than in normal
ovarian tissues. OC patients with higher KCNH3 expres-
sion levels had shorter overall survival and disease-free
survival times. Moreover, KCNH3 silencing suppressed
cell proliferation and cell invasion, and induced apoptosis
and cell cycle arrest. Taken together, these results demon-
strate that KCNH3 plays an important role in promoting
OC progression. KCNH3 is one of the members of potas-
sium voltage-gated channel subfamily H, which has been
studied in a limited research field, such as cognitive func-
tion and diabetes.'*'>!'? Voltage-gated potassium channels
are the most diverse group of ion channels and are pro-
posed as therapeutic targets for tumor regression. Voltage-
gated potassium channels can regulate a check point in the
initial stages of the cell cycle to influence cell volume
control, membrane potential, and other ion channel regula-
tion. The blockade of voltage-gated potassium channels
could impair cancer cell proliferation. Once voltage-gated
potassium channels are remodeled in cancer cells, biolo-
gical processes in cancers such as proliferation, transfor-
mation, adhesion, apoptosis, migration, and cell volume
can be altered.’>>* However, in OC cells, the effect of

KCNH3 and underlying mechanism of action remain
unclear.

To better understand the molecular mechanisms of
KCNH3 in OC, we performed GSEA analysis. We found
that mismatch repair with P=0.008 showed better associa-
tion with KCNH3 expression. To investigate the relation-
ship between the mismatch repair pathway and KCNH3,
RPA was used for Western blot in this study. RPA,
a heterotrimeric complex of RPAI, RPA2 and RPA3,
binds to single-stranded DNA and is important for DNA
recombination, replication and repair. RPA is hyperpho-
sphorylated in response to DNA damage.** In addition,
RPA is also essential in DNA resynthesis and lesion recog-
nition during NER and it is reported that replication fork
protection due to RPA might be a potential mechanism of
cisplatin resistance.”>?® Our results show that KCNH3
silencing leads to downregulation of RPA1 and RPA2
expression in both SKOV3 and COCI1 cells. This suggests
that KCNH3 may induce cancer progression by activating
the DNA repair signaling pathway through RPA1 and
RPA2. However, precisely how KCNH3 regulates RPA
expression in OC should be determined in future studies.

In addition, OC is increasingly considered as a disease
of DNA repair deficiency and DNA repair targeted thera-
pies have been developed.”” >’ There are six main DNA
repair pathways that strengthen genomic integrity through-
out the cell cycle and DNA replication, including homo-
logous recombination repair, base excision repair, mismatch
repair, nucleotide excision repair (NER), Fanconi Anemia,
and non-homologous end joining.30’3 ! Interestingly, homo-
zygous deletions, non-synonymous mutations, and splice
mutations of NER genes have been reported in around 8%
of patients with OC, and these mutations are related to
improved overall survival and progression-free survival.*?
This indicates that inactivation of the NER pathway in OC
may suppress tumor progression.

Conclusion

We aimed to investigate the role of KCNH3 in OC. Our
findings suggest that high KCNH3 expression is associated
with poor overall survival and disease-free survival in
patients with OC. KCNH3 silencing could suppress cell
proliferation and metastasis in OC cells, and induce apop-
tosis, and G2/M phase block. Furthermore, the results of
Western blot showed that the silencing of KCNH3 might
induce downregulation of RPA1 and RPA2 expression
level in both SKOV3 and COCI cells. Based on these
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results, KCNH3 may play an important role for OC prog-
nosis or diagnosis.
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