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Silencing of keratin 15 impairs viability and mobility while
facilitating the doxorubicin chemosensitivity by inactivating
the pf-catenin pathway in liver cancer
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Abstract. Keratin 15 (KRT15) regulates the invasion as well as
the stemness and is associated with tumor size and metastasis
of several gastrointestinal cancers apart from liver cancer. The
present study aimed to explore the effect of KRT15 knockdown
on liver cancer malignant behaviors and its interaction with the
[-catenin pathway. Small interfering (si)-KRT15 and si-negative
control (NC) were transfected into liver cancer cell lines,
followed by the addition or not of CHIR-99021 (a -catenin
agonist). Cell viability, invasion, apoptosis, and the half maximal
inhibitory concentration (ICs;) value of doxorubicin (Dox) were
then assessed. The present study illustrated that KRT15 gene and
protein expression levels were upregulated in most liver cancer
cell lines (Huh7, PLC, Hep3B and HepG2) compared to the
normal liver cell line THLE-2. si-KRT15 reduced cell viability
and invasive cell count while promoting the apoptosis rate in
Huh7 and HepG2 cells. In addition, si-KRT15 also reduced
the ICy, value of Dox. Furthermore, si-KRT15 inactivated the
[-catenin pathway as reflected by B-catenin, cyclin D1 and
c-Myc expression levels in Huh7 and HepG2 cells. Subsequently,
CHIR-99021 treatment increased the cell viability and invasive
cell count while reducing the apoptosis rate in Huh7 and HepG2
cells. Concurrently, the ICs, value of Dox was also increased.
Notably, CHIR-99021 treatment attenuated the effect of
si-KRT15 on mediating the aforementioned Huh7 and HepG2
cell malignant behaviors and Dox chemosensitivity. In conclu-
sion, KRT15 knockdown suppressed viability and mobility but
facilitated Dox chemosensitivity via inactivating the p-catenin
pathway in liver cancer, suggesting its potential as a target for
liver cancer treatment.
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Introduction

Liver cancer, the major subtype of primary liver cancer, is
the fourth leading cause of cancer-related mortality world-
wide (1,2). Although the precise pathophysiological mechanism
of liver cancer remains obscure, some factors (such as viral
infection, metabolism dysregulation, alcohol consumption)
have been identified to be associated with the risk of liver
cancer, thus improving the prevention and screening of liver
cancer (3-6). However, most patients with liver cancer are
diagnosed at an intermediate or advanced stage which renders
radical treatment unavailable, resulting in limited curative
options and a poor survival (7). Therefore, it is essential to
reveal novel and valid molecular mechanisms of liver cancer
progression to identify new treatment targets.

Keratin 15 (KRT15) is a type I intermediate filament that
was originally identified in the basal cells of the epidermis
and stratified squamous epithelia (8). According to previous
studies, the carcinogenic property of KRT15 in several cancers
has been identified (9-11). For instance, a previous study
showed that KRT15 facilitated colorectal cancer cell migration
and invasion in a [-catenin-dependent manner (9). Another
study revealed that KRT15-positive breast ductal progenitors
have similar transcriptomic signatures with basal-like breast
cancer (10). In addition, a previous animal study reported that
KRT15-positive crypt cells may originate intestinal cancer
formation and are resistant to radiation (11). Clinically, KRT15
demonstrated the ability to predict prognosis in several
gastrointestinal carcinomas including esophageal, gastric and
colorectal cancer (12-14). However, the mechanism involved
with regard to the function of KRT15 in liver cancer remains
poorly elucidated.

Therefore, the aim of the present study was to explore
the effect of KRT15 knockdown on liver cancer viability,
mobility and chemoresistance, as well as its interaction with
the B-catenin pathway.

Materials and methods
Celllines. Thenormallivercellline THLE-2 (Cat.No.iCell-h38)

cell lines were provided by the iCell Bioscience Inc. and liver
cancer cell lines including Huh7 (Cat. No. CL-0120), PLC



2 WANG and ZHU: KRT15 KNOCKDOWN IN LIVER CANCER

(Cat. No. CL-0415), Hep3B (Cat. No. CL-0102), HepG2 (Cat.
No. CL-0103), and Li-7 (Cat. No. CL-0139) were obtained
from Procell Life Science & Technology Co., Ltd. Cells of
THLE-2 were maintained in BEGM (Lonza Group, Ltd.),
cells including PLC, Hep3B, HepG2 and Li-7 were maintained
in RPMI-1640 medium (Procell Life Science & Technology
Co., Ltd.) and Huh7 cells were maintained in DMEM (Procell
Life Science & Technology Co., Ltd. The medium was supple-
mented with 10% fetal bovine serum (FBS; Sigma-Aldrich;
MilliporeSigma) and 1% penicillin/streptomycin (Procell Life
Science & Technology Co., Ltd.). All cells were cultured in
a humidity incubator with 5% CO, at 37°C. The expression
level of KRT15 in these cells was assessed using reverse
transcription-quantitative PCR (RT-qPCR) and western blot
analyses.

KRTI5 regulation. The KRT15 small interfering (si)RNA
(si-KRT15, 5' AGGAGTACAAGATGCTGCTTGACAT 3')
and negative control (si-NC, scramble siRNA, 5' AGGATA
CGATACGGTTCGTAGACAT 3'), KRT15 overexpression
plasmid (oe-KRT15, pcDNA3.1 vector containing the cDNA
of KRT15,NM_002275.4) and negative control overexpression
plasmid (oe-NC, empty pcDNA3.1 vector) were acquired from
GenScript. Huh7 and HepG2 cells were plated and transfected
with 50 pM si-NC or si-KRT15, 0.8 ug oe-NC or oe-KRT15
in the presence of Lipofectamine® 3000 (Sigma-Aldrich;
MilliporeSigma) according to the manufacturer's protocol at
37°C for 6 h. Untransfected cells served as the control group.
After 72 h of culture, cells were collected for RT-qPCR and
western blotting. Subsequently, Cell Counting Kit-8 (CCK-8),
Annexin V/Propidium iodide (AV/PI), and Transwell assays
were performed to assess the effect of KRT15 on the viability,
apoptosis and invasion of liver cancer cells. The doxorubicin
(Dox) sensitivity assay was carried out using the CCK-8
method.

CHIR-99021 treatment. CHIR-99021, an agonist of the
[-catenin pathway, was used to assess the regulation of the
B-catenin pathway by KRT15 in liver cancer cells. Huh7
and HepG2 cells were transfected as aforementioned. The
5x10° transfected cells were then cultured for 24 h with or
without CHIR-99021 treatment (5 #M; MedChemExpress) at
37°C. In addition, cells without transfection and CHIR-99021
treatment served as the control group. The concentration
of CHIR-99021 was determined according to a previous
study (15) and a preliminary experiment performed in the
present study. Western blotting, CCK-8, AV/PI, Transwell, and
drug sensitivity assays were performed.

RT-gPCR. Briefly, total RNA of THLE-2 or liver cancer
cells was extracted using Beyozol (Beyotime Institute of
Biotechnology). The RT-qPCR assays were carried out using
a One-Step SYBR Green RT-qPCR Kit (Wuhan Servicebio
Technology Co., Ltd.) according to the manufacturer's
protocol. KRT15 gene expression was assessed using the 2-44¢4
method (16). The thermal cycles for gPCR were as followings:
98°C for 2 min (min), 1 cycle; 98°C for 15 sec (sec), 61°C for
20 sec, 40 cycles. The sets of primers were as follows: KRT15
forward, 5-AGGACTGACCTGGAGATGCAGA-3' and
reverse, 5'"TGCGTCCATCTCCACATTGACC-3'; GAPDH

forward, 5'-GAGTCCACTGGCGTCTTCAC-3' and reverse,
5-ATCTTGAGGCTGTTGTCATACTTCT-3".

Western blotting. Briefly, THLE-2 or liver cancer cells were
lysed with RIPA buffer (Wuhan Servicebio Technology Co.,
Ltd.) and the concentration of total protein was measured
using a BCA Protein Assay kit (Cat. No. ml095490; Shanghai
Enzyme-Linked Biotechnology Co., Ltd.). The 20 ug
protein was then separated by 4-20% SDS-PAGE and trans-
ferred to a nitrocellulose membrane (Beyotime Institute of
Biotechnology). After being blocked with 5% BSA (Wuhan
Servicebio Technology Co., Ltd.) for 90 min at 37°C, the
membranes were incubated with primary antibodies at the
recommended dilution ratio, including KRT15 (1:10,000; Cat.
No. ab52816; Abcam), 3-catenin (1:10,000; Cat. No. ab32572;
Abcam), cyclin D1 (1:2,000; Cat. No. ab239794; Abcam),
c-Myc (1:1,000; Cat. No. ab32072; Abcam), and GAPDH
(1:10,000; Cat. No. ab8245; Abcam) at 4°C overnight.
Subsequently, the membranes were incubated using diluted
HRP linked secondary antibody (1:20,000; Cat. No. ab6721;
Abcam) at 37°C for 1.5 h and detected using an ECL kit
(Wuhan Servicebio Technology Co., Ltd.). The grey value was
analyzed by Image J (1.0, NIH).

Cell viability assay. Briefly, the 3x10° treated Huh7 and
HepG2 cells were plated and cultured for 24 h at 37°C. The
CCK-8 mixture (10 ul/well; APeXBIO Technology LLC)
was then used, and the cells were incubated for 2 h at 37°C.
The optical density (OD) values were read using a microplate
reader (Rayto Life and Analytical Sciences Co., Ltd.). The
viability of Huh7 and HepG2 cells was evaluated according
to the OD values.

Cell apoptosis assay. The apoptosis of treated cells was evalu-
ated using an Annexin V-FITC/PI Kit (Nanjing Jiancheng
Bioengineering Institute). Huh7 and HepG2 cells were
collected, washed, and resuspended in Annexin V binding
reagent. Subsequently, an Annexin V-FITC and PI mixture
was added to the cells and incubated for 20 min at 37°C.
Finally, the cells were analyzed using BD FACSCanto (BD
Biosciences) and Flowjo 10 (BD Biosciences).

Transwell assay. Following treatment, the 4x10* Huh7 and
HepG2 cells were resuspended in FBS-free medium (DMEM
for Huh7 cells, RPMI-1640 for HepG2) and seeded into the
upper chamber of a Matrigel-coated Transwell plate (37°C for
1 h; Corning, Inc.). Complete medium (10% FBS-containing
DMEM or RPMI-1640) was added to the lower chambers.
After being cultured for 24 h at 37°C, the invasive cells were
stained using crystal violet (Wuhan Servicebio Technology
Co., Ltd.) for 20 min at room temperature and counted under
an inverted light microscope (Leica Microsystems, Inc.;
magnification was X200.

Drug sensitivity assay. A total of 5x10* treated Huh7 and
HepG2 cells were plated and stimulated with 0, 1, 2, 4, 8, 16,
and 32 yM Dox (MedChemExpress) according to a previous
study (17) and a preliminary experiment performed in the
present study. After 48 h of incubation at 37°C, a CCK-8 assay
was carried out as aforementioned, and the half maximal
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Figure 1. KRT15 expression is upregulated in liver cancer cell lines. (A) Comparison of KRT15 gene expression between liver cancer cell lines and a normal
liver cell line. (B) Western blot analysis bands and (C) quantitative comparison of KRT15 protein expression between liver cancer cell lines and a normal liver
cell line. (D) Comparison of KRT15 gene expression between si-NC and si-KRT15 groups in liver cancer cell lines, Huh7 and HepG2. (E) Western blot analysis
bands and (F) quantitative comparison of KRT15 protein expression between si-NC and si-KRT15 groups in liver cancer cell lines, Huh7 and HepG2. "P<0.05,
“P<0.01 and "“P<0.001. KRT15, keratin 15; si-, small interfering RNA; NC, negative control; ns, not significant.

inhibitory concentration (ICs;) of Dox was analyzed by a
sigmoidal dose-response function curve (18).

Statistical analysis. The data (in triplets) were represented as
mean =+ standard deviation. The comparisons were performed
using one-way ANOVA with Tukey's or Dunnett's post hoc test.
All analyses were performed using GraphPad Prism (V.7.0;
GraphPad Software, Inc.; Dotmatics). P<0.05 was considered
to indicate a statistically significant difference.

Results

KRTI15 expression among different cell lines. KRT15 gene
expression was enhanced in liver cancer cell lines (including
Huh7, PLC, Hep3B and HepG2 cells) compared with normal
liver cell line, THLE-2 cells (all P<0.01; Fig. 1A). Moreover,
KRT15 protein expression was also increased in Huh7, PLC,
Hep3B, and HepG2 cells compared with THLE-2 cells (all
P<0.05; Fig. 1B and C). Subsequently, Huh7 cells and HepG2
cells were selected for the following functional experiments,
since they had the highest and second highest expression level
of KRT15 among the cell lines. si-KRT15 was then transfected
into Huh7 cells and HepG2 cells, leading to a decrease in
KRT15 gene expression (both P<0.001; Fig. 1D) as well as
protein expression (both P<0.001; Fig. 1E and F).

Effect of si-KRT15 on viability, apoptosis, invasion, and
chemosensitivity in liver cancer cell lines. Following transfec-
tion, si-KRT15 reduced the viability of Huh7 cells (P<0.01)
and HepG?2 cells (P<0.05) compared with si-NC (Fig. 2A).
Moreover, si-KRT15 enhanced the cell apoptosis rate in HuH7

cells (P<0.001) and HepG2 cells (P<0.01; Fig. 2B and C). In
addition, si-KRT15 also reduced the invasive cell count in
HuH7 cells (P<0.01) and HepG2 cells (P<0.05; Fig. 2D and E).
Subsequently, the effect of si-KRT15 on chemosensitivity to
Dox in liver cancer cell lines was explored. It was observed
that si-KRT15 reduced the IC,, value of Dox in Huh7 cells
(P<0.01) as well as in HepG2 cells (P<0.05) compared with
si-NC (Fig. 3A and B), suggesting the enhancement of chemo-
sensitivity to Dox.

Regulatory function of si-KRT15 on the 3-catenin pathway.
Subsequently, western blot analysis was performed to deter-
mine the effect of si-KRT15 on the -catenin pathway. Notably,
it was observed that si-KRT15 downregulated the expression
of B-catenin (P<0.01), cyclin D1 (P<0.01), and c-Myc (P<0.05)
compared with si-NC in Huh7 cells (Fig. 4A and B). si-KRT15
also decreased the expression of f-catenin (P<0.05) and cyclin
D1 (P<0.05), while it did not significantly affect the expression
of c-Myc in HepG2 cells.

Effect of CHIR-99021 on si-KRT15-induced fB-catenin
inactivation. CHIR-99021 (an agonist of -catenin) was
added for subsequent experiments. CHIR-99021 upregu-
lated the expression levels of B-catenin, cyclin DI, and
c-Myc (all P<0.05) compared with si-NC in liver cancer
cell lines (Fig. 5A and B). Notably, CHIR-99021 attenuated
the effect of si-KRT15 on regulating the [3-catenin pathway.
Furthermore, it was also observed that oe-KRT15 upregulated
the expression levels of B-catenin, cyclin D1, and c-Myc, but
si-KRT15 downregulated them, in the liver cancer cell lines
(Fig. S1A and B).
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Figure 2. si-KRT15 reduces the viability and invasion of liver cancer cell lines. (A) Comparison of cell viability between si-NC and si-KRT15 groups in liver
cancer cell lines. (B) Images of flow cytometric analysis and (C) quantitative comparison of cell apoptosis rate between si-NC and si-KRT15 groups in liver
cancer cell lines. (D) Images of Transwell cell invasion (200 X) and (E) quantitative comparison of invasive cells between si-NC and si-KRT15 groups in liver
cancer cell lines. “P<0.05, “P<0.01 and ""P<0.001. KRT15, keratin 15; si-, small interfering RNA; NC, negative control.
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Dox concentration (uM) Dox concentration (M)

Group IC5 (M) Group IC5 (M)

Control 8.368+1.319 Control 4.143+0.873
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si-KRT15 2.679+0.421 si-KRT15 2.027+0.376

si-NC vs. si-KRT15: ** si-NC vs. si-KRT15:*

Figure 3. si-KRT15 enhances chemosensitivity to Dox. (A and B) Comparison
of the ICy, values of Dox between si-NC and si-KRT15 groups in (A) Huh7
cells and in (B) HepG?2 cells. "P<0.05 and “"P<0.01. si-, small interfering
RNA; KRT15, keratin 15; Dox, doxorubicin; ICs,, half maximal inhibitory
concentration; NC, negative control.

Effect of CHIR-99021 on si-KRTI15-modified liver cancer
cell functions. CHIR-99021 treatment increased the viability
of Huh7 cells (P<0.01) and HepG2 cells (P<0.05; Fig. 6A)
compared with si-NC. However, CHIR-99021 treatment
decreased the cell apoptosis rate in Huh7 cells (P<0.01) and
HepG2 cells (P<0.05; Fig. 6B and C). Moreover, CHIR-99021
treatment enhanced the invasive cell count in Huh7 cells
and HepG2 cells (both P<0.01; Fig. 6D and E). Notably,
CHIR-99021 treatment attenuated the effect of si-KRT15 on
mediating cell viability, the apoptosis rate, and invasion in
Huh?7 cells and HepG?2 cells (all P<0.01; Fig. 6A-E).

Subsequently, it was also demonstrated that CHIR-99021
treatment greatly increased the 1Cs, value of Dox in Huh7
cells (P<0.001) and HepG2 cells (P<0.01; Fig. 7A and B). In
addition, CHIR-99021 alleviated the effect of si-KRT15 on
regulating chemosensitivity to Dox in liver cancer cell lines
(both P<0.01).
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Figure 4. si-KRT15 inactivates the B-catenin pathway. (A) Western blot analysis bands and (B) quantitative comparison of B-catenin, cyclin D1, and c-Myc
protein expression between si-NC and si-KRT15 groups in liver cancer cell lines. "P<0.05 and “P<0.01. si-, small interfering RNA; KRT15, keratin 15; si-,

small interfering RNA; NC, negative control; ns, not significant.
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Figure 5. CHIR-99021 attenuates the effect of si-KRT15 on regulating the 3-catenin pathway. (A) Western blot analysis bands and (B) quantitative comparison
of -catenin, cyclin D1, and c-Myc protein expression among si-NC, si-KRT15, CHIR-99021 and si-KRT15 plus CHIR-99021 groups in liver cancer cell lines.
“P<0.05, “P<0.01 and ““P<0.001. si-, small interfering RNA; KRT15, keratin 15; NC, negative control; ns, not significant.

Discussion

In the clinical field, KRT15 exhibits diagnostic value and
prognostic value in gastric, colorectal, endometrial, and breast
invasive cancer (13,14,19,20). Regarding its application in
patients with liver cancer, one previous bioinformatic study
reported that KRT15 is an upregulated gene in patients with
liver cancer with viral infection compared with controls (19).
The present study detected KRT15 mRNA and protein expres-
sion in liver cancer cell lines and a normal liver cell line, and
then observed an upregulation of KRT15 expression at both

the mRNA and protein levels in liver cancer cell lines. The
possible explanation was that KRT15 reflected cell malignant
growth and stemness, which were obviously elevated in the
liver cancer cell lines versus the normal cell line; therefore,
KRT15 demonstrated a higher trend in the liver cancer cell
lines.

In addition, KRT15 was demonstrated to promote colorectal
cancer cell mobility (9), and to be associated with tumor size,
invasive degree, lymph-node metastasis, and increased TNM
stage in patients with esophageal carcinoma and colorectal
cancer (12,14). These previous studies indicate its implication
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Figure 6. CHIR-99021 attenuates si-KRT15-induced viability and invasion of liver cancer cell lines. (A) Comparison of cell viability among si-NC, si-KRT15,
CHIR-99021, and si-KRT15 plus CHIR-99021 groups in liver cancer cell lines. (B) Flow cytometric analysis and (C) quantitative comparison of the cell
apoptosis rate among si-NC, si-KRT15, CHIR-99021, and si-KRT15 plus CHIR-99021 groups in liver cancer cell lines. (D) Images of Transwell cell invasion
(200 X) and (E) quantitative comparison of invasive cells among si-NC, si-KRT15, CHIR-99021, and si-KRT15 plus CHIR-99021 groups in liver cancer cell
lines. "P<0.05, “P<0.01 and ““P<0.001. si-, small interfering RNA; KRT15, keratin 15; NC, negative control; ns, not significant.
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Figure 7. CHIR-99021 attenuates the effect of si-KRT15 on chemosensitivity to Dox in liver cancer cell lines. (A and B) Comparison of the ICs, values of Dox
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in regulating gastrointestinal carcinoma malignant behaviors.
Furthermore, loss-of-function experiments revealed that
KRT15 knockdown impaired viability and invasion, while it
promoted the apoptosis rate in liver cancer cell lines, which
could be explained as follows: i) KRT15 was associated with
cancer stemness, the latter closely involved in the invasion of
cancer cells (21,22), therefore, KRT15 knockdown reduced
liver cancer cell invasion; and ii) KRT15 knockdown inacti-
vated the (3-catenin pathway (9), to repress the cell viability of
liver cancer. These findings suggested that KRT15 serves as an
oncogene in liver cancer pathogenesis, and its silencing could
be a therapeutic option for liver cancer management.

Dox is a common type of anthracycline that exerts an
antitumor effect in a wide spectrum of solid tumors (23).
Regarding the application of Dox in treating patients with
liver cancer, it is usually loaded during the transarterial
chemoembolization (TACE) procedure which is a corner-
stone for intermediate-stage liver cancer treatment (24,25).
However, resistance to Dox may occur after several TACE
procedures in patients with liver cancer, which further
impairs their response and survival (26,27). Some aspects
have been revealed to be involved in the chemoresistance
of liver cancer, such as stemness, DNA damage repair, ATP
binding cassette, etc. (28,29). In addition, identifying mole-
cules that are involved in acquiring chemoresistance to Dox
may serve as one crucial method to enhance chemosensi-
tivity and therapeutic outcomes for liver cancer management.
In the present study, the viability of liver cancer cell lines
transfected with si-KRT15 under different Dox concentra-
tions was determined, and then ICs, values of doxorubicin
were also calculated. It was then revealed that KRT15
knockdown enhanced the chemosensitivity to Dox in liver
cancer cell lines, indicating the potential therapeutic value
of KRT15 knockdown for enhancing the response to Dox.
The possible explanation was that KRT15 knockdown weak-
ened the cancer stemness, thus restoring the sensitivity of
chemotherapeutics (21,22,30). However, Dox-resistant liver
cancer cell lines were not established in the present study,
which served as a limitation for comprehensively analyzing
the effect of KRT15 on chemoresistance. Besides, The lack
of in vivo validation is also another limitation of the study.

The B-catenin pathway is a well-established oncogenic
pathway in liver cancer (31). The canonical (3-catenin pathway
involves binding of Wnt to its membrane receptors followed
by the upregulation of (3-catenin, which further forms the
destruction complex and translocates to the nucleus to initiate
the expression of cell division-related transcription factors
(such as c-Myc and cyclin D1) for carcinogenesis (31-33).
In a previous study, KRT15 was shown to promote the
[-catenin-mediated MMP7 pathway in colorectal cancer (9).
In line with this previous study, KRT15 knockdown inactivated
the B-catenin pathway in liver cancer in the present study. In
addition, CHIR-99021, an agonist for [3-catenin that activates
the p-catenin pathway in endodermal differentiation, follicle
development, and cerebral organoids (34-36), was added for
subsequent compensative experiments in the present study. It
was discovered that CHIR-99021 enhanced viability and inva-
sion while reducing chemosensitivity to Dox in liver cancer
cell lines, which could be due to activation of the [3-catenin
pathway (37,38). Furthermore, the present study also observed

that the administration of CHIR-99021 alleviated the effect
of KRT15 knockdown on cell viability, apoptosis, invasion
and Dox chemosensitivity in liver cancer cell lines, which
further confirmed the implication of the -catenin pathway
in the effect of KRT15 on liver cancer malignant behaviors.
However, other types of f-catenin agonists could be applied
in future studies to further validate the effect of -catenin in
KRT15-mediated liver cancer pathogenesis, and si-NC plus
CHIR-99021 could be added to further confirm the effect.

In conclusion, KRT15 knockdown impairs viability and
mobility while it enhances chemosensitivity to Dox by inac-
tivating the -catenin pathway in liver cancer, implying its
potency as a treatment target of liver cancer. However, further
validation is warranted.
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