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Abstract. Oral squamous cell carcinoma (OSCC), one of the 
10 most common types of neoplasms in the US, constitutes 
~90% of all cases of oral malignancies. Chemoresistance and 
metastasis are difficult to avoid during the course of treatment, 
leading to a poor prognosis and a high mortality rate for patients 
with OSCC. Autophagy, a critical conserved cellular process, 
has been reported to be highly associated with the regulation 
of chemoresistance and metastasis of cancer cells. The present 
study investigated the role of karyopherin α2 (KPNA2), a 
member of the importin α family, which may serve an impor-
tant role in p53 nucleocytoplasmic transport in the process of 
OSCC autophagy. In the CAL-27, SCC-15 and Tca8113 OSCC 
cell lines, we observed that the downregulation of KPNA2 
suppressed cell migration and cisplatin resistance, using 
wound-healing, Transwell and CCK-8 assays. Additionally, 
the results of western blot analysis and transmission electron 
microscopy (TEM) analysis indicated that the knockdown of 
KPNA2 inhibited autophagy. We confirmed that the inhibition 
of autophagy with anti-autophagy agents decreased the migra-
tion and cisplatin resistance of OSCC cells. We hypothesized 
that the suppression of cell migration and cisplatin resistance 
induced by KPNA2 knockdown may be associated with the 

inhibition of autophagy. To identify the underlying mecha-
nism, further experiments determined that KPNA2 affects the 
level of autophagy via regulating the p53 nuclear import. Thus, 
the present study demonstrated that the function of KPNA2 in 
the process of autophagy may be p53-dependent, and by regu-
lating the translocation of p53, KPNA2 can support autophagy 
to promote the chemoresistance and metastasis of OSCC cells.

Introduction

Oral squamous cell carcinoma (OSCC) is one of the 10 most 
common types of neoplasms in the USA (1). OSCC, a major 
factor of morbidity and mortality among head and neck 
cancers, constitutes ~90% of all cases of oral malignancies (2). 
At present, the treatment methods for OSCC, primarily 
chemotherapy, radiotherapy and surgery, are insufficient to 
overcome the issues of drug resistance, recurrence and metas-
tasis (3), leading to a poor prognosis and a high mortality rate. 
Therefore, the investigation of the molecular pathogenesis, 
including the survival mechanisms of cells under stress, may 
provide prospective targets for reducing metastasis and resis-
tance to therapy, thereby improving the survival and prognosis 
of patients with OSCC.

Autophagy, cellular ‘self-eating’, is the process of intracel-
lular lysosomal degradation to recycle proteins and organelles, 
which is regulated by autophagy-related genes (4). Autophagy is 
critical to prevent the toxic accumulation of damaged proteins 
and organelles, and stabilizes the metabolism to maintain 
energy homeostasis and ensure cell survival (5). Therefore, 
autophagy is predominantly a pro‑survival adaptive response 
that enables cancer cells to withstand the unfavorable condi-
tions to which they are exposed, such as starvation, ischemia, 
hypoxia and chemotherapy (6-8). Consequently, autophagy 
can promote malignant processes after tumorigenesis (7), and 
facilitate chemotherapy and radiotherapy resistance (8-11). 
It has been reported that resistant cells can be re-sensitized 
to chemotherapy drugs by using autophagy inhibitors or 
affecting the molecular regulators of autophagy (9). The role 
of autophagy in cancer metastasis is a double-edged sword, 
as it can promote both pro-metastasis and anti-metastasis 
processes. The cellular response to autophagy during cancer 
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metastasis is stage‑specific (12‑14). Autophagy is regarded 
as a potential target in cancer treatment and may provide a 
promising therapeutic strategy for overcoming resistance and 
enhancing the effect of chemotherapy. However, as autophagy 
is a complex process involving many molecules and pathways, 
the specific mechanisms and molecules involved remain under 
continuous research and expansion.

Karyopherin α2 (KPNA2), which is a member of the 
importin α family, plays an important role in nucleocytoplasmic 
transport, as previously reported (15‑18). KPNA2 may mediate 
the translocation of cancer-associated functional proteins to 
affect tumorigenesis (19). Additionally, KPNA2 has been 
demonstrated to be involved in the translocation of various 
proteins, including transcription factors or cargo proteins asso-
ciated with DNA repair and cell-cycle regulation (16). These 
proteins are involved in a multitude of cellular processes, 
such as proliferation, apoptosis and metastasis. Recently, the 
biological function of KPNA2 has been confirmed in oncolog-
ical clinical studies and cell experiments (20-24). For example, 
KPNA2 can enhance the migratory ability and viability of 
breast cancer cells (20,23). In addition, the knockdown of 
KPNA2 can inhibit the proliferation of cells derived from 
prostate and ovarian cancer (22,24). Thus, KPNA2 is regarded 
as a candidate oncogene. However, the role of KPNA2 in the 
progression of OSCC remains unclear and limited information 
is available regarding the role of KPNA2 in the process of 
autophagy. Thus, there are additional molecular mechanisms 
of KPNA2 that need to be further investigated.

In the present study, we reported that KPNA2 knockdown 
inhibited the migration, cisplatin resistance and autophagy of 
OSCC cells, and that the mechanisms involved were associ-
ated with the blockade of p53 translocation. Collectively, our 
findings may provide an original perspective for improving the 
therapeutic efficacy of OSCC.

Materials and methods

Reagents. Antibodies for LC3B and KPNA2 were purchased from 
Abcam (Cambridge, UK), autophagy-related gene (Atg)3, Atg5, 
Atg7, SQSTM1/p62, p53 and β-actin were obtained from Cell 
Signaling Technology, Inc. (Danvers, MA, USA). Rapamycin, 
chloroquine phosphate, 3-methyladenine (3-MA) and cisplatin 
were purchased from Sigma‑Aldrich (Merck KGaA, Darmstadt, 
Germany). Cell Counting Kit-8 (CCK-8) was acquired from 
Dojindo Molecular Technologies, Inc. (Kumamoto, Japan). The 
catalogue numbers of the agents are listed in Table I.

Cell culture. The three OSCC cell lines, CAL-27, SCC-15 
and Tca8113, were donated by the Institute of Hard Tissue 
Development and Regeneration, The Second Affiliated 
Hospital of Harbin Medical University (Harbin, China). Cells 
were cultured in RPMI‑1640 medium (HyClone Laboratories; 
GE Healthcare Life Science, Logan, UT, USA) with 10% (v/v) 
fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) and 1% (v/v) penicillin-streptomycin 
solution (Gibco; Thermo Fisher Scientific). Cells were 
incubated at 37˚C with 5% (v/v) CO2 in humidified air.

Lentivirus transfection. KPNA2 shRNA, p53 shRNA and 
scramble control shRNAs packaged in a lentiviral vector were 

purchased from Shanghai GeneChem Co., Ltd. (Shanghai, 
China). The sequences were synthesized and verified by 
Shanghai GeneChem Co., Ltd. According to the manufactur-
er's protocol, cells were seeded in a 6-well plate and incubated 
in infection medium with the lentiviral vectors for 12 h. The 
medium was then replaced with fresh complete medium. The 
cells were screened with puromycin (Shanghai GeneChem 
Co., Ltd.) at a dose of 2 µg/ml after 72 h transfection. The 
transfection efficiency was confirmed by western blotting. The 
sequences of the three shRNAs are listed in Table II.

CCK‑8 detection of cell viability. The three treated OSCC cell 
lines were seeded in 96-well plates (104 cells/well) and cultured 
in 100 µl serum-free medium for 24 h. Then, the medium was 
replaced with 0, 0.01, 0.1, 1, 10 and 100 µg/ml cisplatin diluted 
in RPMI‑1640 medium with 10% FBS (v/v) and cultured for 
a further 24 h. Subsequently, the cells were incubated with 
10% CCK-8 solution for another 2 h, and the absorbance of 
each well was assessed at 450 nm using a microplate reader 
(Bio‑Rad iMark; Bio‑Rad Laboratories, Hercules, CA, USA). 
Each experiment was repeated three times independently.

Wound‑healing assay. The three treated OSCC cell lines were 
reseeded onto a 6‑well plate and cultured to 100% confluence. 
The cell monolayer was scratched using a pipette tip, and the 
medium was replaced with serum-free medium. The cells were 
incubated at 37˚C in 5% CO2 for 24 h and representative images 
of the wound were captured by a digital camera installed on 
an inverted microscope (Nikon Eclipse Ti-E; Nikon, Kobe, 
Japan). The scratch area was quantified using ImageJ 1.46r 
(National Institutes of Health, Bethesda, MA, USA). Each 
experiment was repeated three times independently.

Transwell migration assay. Migration assays were performed 
in 6.5 mm Transwell inserts with 8.0-µm pore polycarbonate 
membranes purchased from Corning Inc. (Corning, NY, USA). 
A total of 1x105 treated cells/well from each of the three OSCC 
cell lines were seeded in the upper chambers with 200 µl 
serum‑free medium, while the lower chambers were filled with 
500 µl medium supplemented with FBS. Following incubation 
at 37˚C in 5% CO2 for 24 h, the cells were fixed with methanol 
for 15 min. Cells were removed from the upper chambers 
gently using cotton swabs, and the membranes were stained 
with crystal violet (Beyotime Institute of Biotechnology, 
Shanghai, China). The membranes were photographed and the 
images were analyzed with ImageJ 1.46r (National Institutes 
of Health). Each experiment was repeated three times 
independently.

Western blot analysis. Cells were harvested and lysed 
in ice-cold buffer, including RIPA (Beyotime Institute 
of Biotechnology), 1% PMSF (Beyotime Institute of 
Biotechnology) and a protease inhibitor cocktail (Roche 
Diagnostics GmbH, Mannheim, Germany) for 30 min to 
extract the total protein. The concentration of protein was 
quantified using a BCA protein assay kit (Beyotime Institute 
of Biotechnology) and the protein samples were denatured. 
Nuclear proteins were extracted using a nuclear protein 
extraction kit (Beyotime Institute of Biotechnology). Protein 
samples (96 µg/lane) were separated by 10, 12 or 15% 
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sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(Beyotime Institute of Biotechnology) and blotted onto 
polyvinylidene difluoride membranes (Roche Diagnostics 
GmbH). After blocking with 5% skimmed milk (Beyotime 
Institute of Biotechnology), the membranes were incubated 
with the primary antibodies overnight at 4˚C. The membranes 
were incubated with a horseradish peroxidase-conjugated 
secondary antibody (Zhongshan Jinqiao Biological 
Technology, Co., Ltd., Beijing, China) for 1.5 h, followed by 
an electrochemiluminescence reagent (Beyotime Institute of 
Biotechnology) for 3 min. Images of the bands were captured 
with SmartChemiⅠ (Beijing Sage Creation Science, Co., 
Beijing, China) and the gray value was assessed with ImageJ 
1.46r (National Institutes of Health). Each experiment was 
repeated three times independently. The antibodies used for 
western blot analysis are listed in Table III.

Transmission electron microscopy (TEM). Cells were 
collected, fixed with 2.5% glutaraldehyde overnight at 4˚C 
and post‑fixed with 1% osmium acid for 3 h. The cells were 
dehydrated in a graded ethanol series (30, 50, 70, 80, 90, 95 
and 100%) followed by a treatment with absolute acetone for 
20 min after each incubation. The samples were incubated in 
a 3:1 mixture of absolute acetone and Spurr resin (Shanghai 
GenMed, Co., Ltd., Shanghai, China) (1 h), a 1:1 mixture 
of absolute acetone and Spurr resin (1 h), a 1:3 mixture of 
absolute acetone and Spurr resin (1 h) once again, and a final 
Spurr resin incubation (4 h). The samples were embedded 
in Spurr resin at room temperature overnight, then heated 
to 70˚C for 9 h in capsules. Finally, the samples were cut 
into 70‑nm‑thick sections using an ultramicrotome (Leica 
Ultracut R; Leica Microsystems GmbH, Wetzlar, Germany), 
and the specimens were double-stained with uranyl acetate 
and lead citrate for 10 min each. The samples were observed 
and images were captured using a transmission electron 
microscope (JEM‑1230; JEOL, Ltd., Tokyo, Japan).

Immunofluorescence assay. Treated cells were seeded onto 
glass slides and cultured for 24 h. Then, cells were fixed with 
4% paraformaldehyde for 10 min and permeabilized with 
0.2% Triton X-100 (Beyotime Institute of Biotechnology) 
for 5 min on ice. After blocking with 5% normal goat serum 
(NGS; Wuhan Boster Biological Technology, Co., Ltd., 
Wuhan, China) for 1 h, slides were incubated with primary 
antibodies overnight at 4˚C, followed by incubation with 
TRITC-conjugated secondary antibodies (Zhongshan Jinqiao 
Biological Technology, Co., Ltd., Beijing, China) for 1.5 h 
in the dark. Subsequent to mounting with DAPI (Beyotime 
Institute of Biotechnology) for nuclear staining, the slides 
were covered on microscope slides with anti‑quench mount 
reagents (Beyotime Institute of Biotechnology). The slides 

Table Ⅰ. The catalog numbers of the agents used in the present study.

Agent Source Catalogue number

Anti-KPNA2 Abcam ab173295
Anti-LC3B Abcam ab51520
Anti-Atg3 CST 3415T
Anti-Atg5 CST 12994T
Anti-Atg7 CST 2631T
Anti-SQSTM1/p62 CST 5114T
Anti-p53 CST 2527T
Anti-β-actin CST 4970T
HRP-conjugated goat anti-rabbit IgG ZSGB-Bio ZB-2301
TRITC-conjugated goat anti-rabbit IgG ZSGB-Bio ZF-0316
Rapamycin Sigma‑Aldrich V900930‑1MG
Chloroquine phosphate Sigma-Aldrich C6628-25G
3-Methyladenine  Sigma-Aldrich M9281-100MG
Cisplatin Sigma-Aldrich P4394-25MG
CCK-8 Dojindo CK04-500T

CST, Cell Signaling Technology; HRP, horseradish peroxidase; TRITC, Rhodamine; ZSGB‑Bio, Zhongshan Jinqiao Biological Technology, 
Co., Ltd.

Table Ⅱ. The sequences of the three shRNA insert elements.

shRNA Sequence

KPNA2-shRNA 5'-CCGGCCGTTGATGAACCTC
 TTAACTCGAGTTAAGAGGTT
 CATCAACGGTTTTTG-3'
p53-shRNA 5'-CCGGCGGCGCACAGAGGA
 AGAGAATCTCGAGATTCTCTT
 CCTCTGTGCGCCGTTTTT-3'
Scramble control shRNA 5'-CCGGTTCTCCGAACGTGTC
 ACGTTTCAAGAGAACGTGAC
 ACGTTCGGAGAATTTTTG-3'
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were examined and photographed using a fluorescence micro-
scope (Nikon Eclipse Ci‑S; Nikon). The antibodies used in 
these experiments are listed in Table III.

Statistical analysis. The data are presented as the 
means ± standard deviation (SD). Differences between the 
groups were examined using a one‑way ANOVA in GraphPad 
Prism 5 software (GraphPad Software, Inc., La Jolla, CA, 
USA). P<0.05 was considered to indicate a statistically 
significant difference.

Results

Lentiviral transfection of shRNA can effectively knock down 
the expression of KPNA2 and p53. The efficiency of shRNA 
lentivirus transfection was evaluated at the protein level by 
western blotting. KPNA2‑targeted shRNA significantly down-
regulated the level of KPNA2 protein expression in CAL‑27, 
SCC-15 and Tca8113 cells by 68.9±4.1, 67.1±4.1 and 63.4±6.7%, 
respectively (P<0.05, n=3). Additionally, p53‑targeted shRNA 
reduced the level of p53 protein expression in CAL‑27, SCC‑15 
and Tca8113 cells by 70.5±2.6, 70.8±2.0 and 71.8±1.9%, 
respectively (P<0.05, n=3). Representative bands, and histo-
grams of the relative protein expression level are displayed in 
Figs. 3A and 6C.

Knockdown of KPNA2 inhibits the migration of OSCC cells. 
To determine the role of KPNA2 in the migration of autoph-
agic cells, KPNA2 was downregulated in the three OSCC cell 
lines. Wound healing and Transwell assays were performed 
for each group of cells treated with 100 nM rapamycin for 
24 h (25,26). As displayed in Fig. 1A the wound healing 
percentage was reduced from 63.3±1.9 to 22.4±3.5%, from 
81.9±4.8 to 49.4±4.0% and from 87.0±1.7 to 51.7±4.1% in the 
KPNA2‑knockdown cells at 24 h, in CAL‑27, SCC‑15 and 
Tca8113 cells, respectively, compared with the corresponding 
control groups (P<0.05, n=3). Furthermore, as demonstrated 
in Fig. 1B, the knockdown of KPNA2 reduced the number of 
migrating cells by 63.8, 59.4 and 43.8% in CAL-27, SCC-15 

and Tca8113 cells, respectively, consistent with the results of 
the wound healing assay (P<0.05, n=3). These data demon-
strated that the knockdown of KPNA2 significantly inhibited 
cell migration in the OSCC cell lines.

Knockdown of KPNA2 reduces the cisplatin resistance of 
OSCC cells. In addition to cell migration, we also examined 
the effect of KPNA2 on the resistance to cisplatin using a 
CCK‑8 assay. As displayed in Fig. 2A KPNA2 knockdown 
significantly decreased cell viability in a series of cisplatin 
concentrations, particularly 1 µg/ml, whereas transfection with 
the scramble control shRNA had little effect on cell vitality 
compared with untransfected cells. Subsequently, IC50 for each 
group was calculated, as presented in Fig. 2B and Table IV. 
KPNA2 knockdown reduced the IC50 from 3.97 to 0.96 µg/ml 
in CAL-27 cells, from 3.14 to 0.76 µg/ml in SCC-15 cells and 
from 3.78 to 0.92 µg/ml in Tca8113 cells. These data revealed 
that KPNA2 knockdown significantly reduced cisplatin 
resistance in the OSCC cell lines.

KPNA2 knockdown inhibits autophagy in OSCC cells. The 
effect of KPNA2 on autophagy remains unclear. Following 
KPNA2 knockdown in three OSCC cell lines, western blot-
ting and TEM were used to detect the extent of autophagy 
induced by treatment with rapamycin in each group. 
Representative western blotting bands and gray values for 
autophagy-related proteins are displayed in Fig. 3A. KPNA2 
knockdown induced a reduction in the relative level of 
LC3II by 39.7±4.7, 38.3±3.4, and 39.0±7.1%; in Atg3 by 
37.9±4.4, 41.1±3.8 and 34.0±8.0%; in Atg5 by 43.5±7.8, 
50.5±7.4 and 33.6±11.4%; and in Atg7 by 40.3±6.7, 37.1±6.0 
and 29.0±5.5%, and reduced the extent of SQSTM1/p62 
degradation in CAL‑27, SCC‑15 and Tca8113 cells (n=3). 
The relative level of SQSTM1/p62 protein in the control 
group cells was 159.3±4.8, 155.1±6.8 and 158.1±8.5% of 
that in the KPNA2‑knockdown cells in the three OSCC 
cell lines (P<0.05, n=3). The results of western blot analysis 
revealed that KPNA2 knockdown induced the suppression of 
autophagy in the three OSCC cell lines at the protein level.

Table III. The antibodies used in the present study.

Antibody Type Dilution Source Application

KPNA2 Rabbit-mAb 1:1,000 CST WB
LC3 Rabbit-mAb 1:1,000 Abcam WB
Atg3 Rabbit-mAb 1:1,000 CST WB
Atg5 Rabbit-mAb 1:1,000 CST WB
Atg7 Rabbit-mAb 1:1,000 CST WB
SQSTM1/P62 Rabbit-mAb 1:1,000 CST WB
β-actin Rabbit-mAb 1:1,000 CST WB
P53 Rabbit-mAb 1:160 Abcam ICC/IF
HRP-conjugated goat anti-rabbit IgG Goat-mAb 1:20,000 ZSGB-Bio WB
TRITC-conjugated goat anti-rabbit IgG Goat-mAb 1:50 ZSGB-Bio ICC/IF

CST, Cell Signaling Technology; WB, western blot analysis; ICC/IF, immunocytochemistry/immunofluorescence; HRP, horseradish peroxi-
dase; TRITC, Rhodamine; ZSGB‑Bio, Zhongshan Jinqiao Biological Technology, Co., Ltd.
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Figure 1. KPNA2 knockdown inhibits the migration of OSCC cells. CAL‑27, SCC‑15 and Tca8113 cells were transfected with KPNA2 shRNA. (A) Wound‑healing 
assay of CAL‑27, SCC‑15 and Tca8113 cells, and quantification of the wound closure percentage. (B) The number of migrating cells in Transwell assays. 
*P<0.05 compared with the control group. Data are expressed as the mean ± standard deviation of three independent experiments for each group. 
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In order to further investigate autophagy at the cellular 
microstructure level, TEM was performed for each group of 
cells. The results from TEM are displayed in Fig. 3B. As iden-
tified with TEM, the cells with KPNA2 knockdown displayed 
a decreased number of autolysosomes in the cytoplasm, the 
characteristic vacuole‑like structures indicated by red arrows 
in Fig. 3B. The results of TEM demonstrated that KPNA2 
knockdown suppressed autophagy in the three OSCC cell 
lines at a microstructure level, consistent with the results of 
western blot analysis. These data demonstrated that KPNA2 
knockdown inhibited the process of autophagy in OSCC cells.

Inhibition of autophagy decreases the migration and cisplatin 
resistance of OSCC cells. The three cell lines were treated 
with 100 nM rapamycin for 24 h. When 3-MA (2 mM) (27) or 
chloroquine phosphate (10 µM) (28) were used in combination 
with rapamycin, the rate of cell migration was significantly 
reduced. As displayed in Fig. 4A, 3-MA or chloroquine 
phosphate treatment reduced the rate of wound closure. 
Wound-healing was reduced from 60.8±6.0 to 34.36±6.7% 

(3-MA) or 37.8±7.4 (chloroquine phosphate) in CAL-27 cells, 
89.9±3.9 to 65.6±5.0% (3-MA) or 54.2±5.0% (chloroquine 
phosphate) in SCC-15 cells, and 82.8±6.2 to 51.9±7.2% (3-MA) 
or 47.7±4.6% (chloroquine phosphate) in Tca8113 cells (P<0.05, 
n=3). Fig. 4B presents the results of a Transwell assay, in which 
3-MA or chloroquine phosphate treatment reduced the number 
of migrating cells by ~43.1% (3-MA) and 40.5% (chloroquine 
phosphate), 37.8% (3-MA) and 39.2% (chloroquine phosphate), 
35.5% (3-MA) and 44.6% (chloroquine phosphate) in the three 
OSCC cell lines (P<0.05, n=3). These data demonstrated that 
the inhibition of autophagy can decrease the rate of cell migra-
tion in OSCC cells. Subsequently, whether the inhibition of 
autophagy affected the cisplatin resistance of OSCC cells was 
further evaluated with a CCK‑8 assay. As displayed in Fig. 4C 
3-MA or chloroquine phosphate treatment decreased the cell 
viability of the three cell lines in combination with a range of 
cisplatin concentrations, particularly 1 µg/ml, according to the 
results of the CCK-8 assay. Additionally, the IC50 was reduced 
from 2.72 to 1.37 µg/ml (3-MA) and 1.08 µg/ml (chloroquine 
phosphate) in CAL-27 cells, 3.64 to 1.44 µg/ml (3-MA) and 
1.12 µg/ml (chloroquine phosphate) in SCC-15 cells, and 4.00 
to 1.14 µg/ml (3-MA) and 0.85 µg/ml (chloroquine phosphate) 
in Tca8113 cells, as displayed in Fig. 4D and Table V. These 
data demonstrated that the inhibition of autophagy decreased 
cisplatin resistance of OSCC cells.

KPNA2 knockdown inhibits p53 nuclear translocation. 
KPNA2 plays an important role in the nuclear import of tran-
scription factors, including p53 (15). The interaction between 
KPNA2 and p53 was assessed by an immunofluorescence 
assay and western blot analysis of nuclear or total p53 protein 

Figure 2. Knockdown of KPNA2 reduces the cisplatin resistance of OSCC cells. (A) Relative cell viability of each group as determined by a CCK‑8 assay in 
a graded concentration of cisplatin. (B) IC50s for each group of cells. *P<0.05 vs. the control group. Data are expressed as the mean ± standard deviation of 
three independent experiments for each group.

Table IV. IC50s of KPNA2‑knockdown cells.

 Control Scramble shRNA KPNA2 shRNA

CAL-27 3.971 3.791 0.9596
SCC-15 3.144 2.426 0.7639
Tca8113 3.781 3.549 0.9181

IC50, the half maximal inhibitory concentration. 
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Figure 3. Knockdown of KPNA2 inhibits the autophagy of OSCC cells. (A) Following the establishment of CAL‑27, SCC‑15 and Tca8113 cells exhibiting 
KPNA2 knockdown, autophagy‑related protein expression levels of each group were assessed by western blotting. Densitometry analysis of the western blots is 
also shown. *P<0.05 compared with the control. Data are presented as the mean ± standard deviation (n=3). (B) TEM images of CAL‑27, SCC‑15 and Tca8113 
cells following KPNA2 knockdown. Red arrows indicate formation of autolysosomes. The number of autolysosomes counted in each view are presented in 
histograms. *P<0.05 compared with the control group. Data are presented as the mean ± standard deviation (n=10 views of each group).
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Figure 4. Inhibition of autophagy decreases the migration and cisplatin resistance of OSCC cells. (A) Wound-healing assay of CAL-27, SCC-15 and Tca8113 
cells in the presence or absence of autophagy inhibitors, and quantification of the wound closure percentage in each group of cells. (B) Transwell assays 
were conducted to evaluate the migration capacity in CAL‑27, SCC‑15 and Tca8113 cells treated with or without autophagy inhibitors. Histograms represent 
the number of migrating cells from 3 independent experiments. (C) Relative cell viability detected via a CCK‑8 assay for cells treated with or without 
anti-autophagy agents in a graded concentration of cisplatin. (D) The IC50s of each group from (C) were calculated and are displayed in histograms. *P<0.05 
compared with the control. Data are presented as the mean and error bars represent the standard deviation (n=3 for each experiment).
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in the three OSCC cell lines. The results of immunofluores-
cence are displayed in Fig. 5A. p53 protein localized to the 
nucleus of the control cells, whereas KPNA2 knockdown 
caused the accumulation of p53 protein in the cytoplasm. As 
displayed in Fig. 5B, KPNA2 knockdown only marginally 
affected the total p53 protein level. However, KPNA2 knock-
down reduced the level of nuclear p53 by 49.6±6.3, 44.9±10.3 
and 40.1±5.5% in the three OSCC cell lines (P<0.05, n=3). 
These data demonstrated that KPNA2 knockdown interrupted 
p53 nuclear import in OSCC cells.

KPNA2 knockdown does not inhibit autophagy in 
p53‑knockdown cells. To further validate the roles of 
KPNA2 and p53 in the process of autophagy, p53 was 
knocked down in the three OSCC cell lines. Cell migration, 
cisplatin resistance and the level of autophagy were detected 
in the p53- OSCC cells with or without KPNA2 knockdown. 
As displayed in Fig. 6A, despite the downregulation of 
KPNA2, there was no significant difference in the wound 
closure among the groups of cells in the three p53- OSCC 
cell lines (P>0.05, n=3). The results were confirmed by 
a Transwell assay as displayed in Fig. 6B, indicating that 
the number of migrating cells in the KPNA2‑knockdown 
groups did not differ from that in the control groups for the 
three p53- OSCC cell lines. These data demonstrated that 
KPNA2 knockdown failed to inhibit cell migration in the 
p53‑knockdown cells of the three OSCC cell lines (P>0.05, 
n=3). Furthermore, in Fig. 6D, a western blot analysis for 
autophagy-related proteins including LC3I/II, Atg3, Atg5, 
Atg7 and SQSTM1/p62 identified no difference among the 
groups for the three p53- OSCC cell lines (P>0.05, n=3). The 
results were confirmed by TEM, as displayed in Fig. 6E, 
indicating that the number of autolysosomes was similar 

Figure 5. Knockdown of KPNA2 inhibits p53 nuclear translocation. (A) Representative immunofluorescence images of p53 in CAL‑27, SCC‑15 and Tca8113 
cells following the knockdown of KPNA2. Immunofluorescence analysis was conducted to determine the localization of p53. (B) The level of p53 protein in 
the nucleus and in total were analyzed by western blotting. *P<0.05 compared with the control, error bars represent the standard deviation (n=3).

Table Ⅴ. IC50s of cells treated with 3-MA or chloroquine 
phosphate. 

 Control 3-MA Chloroquine phosphate

CAL-27 2.718 1.371 1.081
SCC-15 3.642 1.443 1.121
Tca8113 4.001 1.14 0.8534

IC50, the half maximal inhibitory concentration.
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Figure 6. KPNA2 knockdown does not inhibit autophagy in p53‑knockdown cells. The expression of p53 in all groups of cells was downregulated by p53 
shRNA. (A) Wound‑healing assay of CAL‑27, SCC‑15 and Tca8113 cells in the presence or absence of KPNA2 shRNA, and quantification of the wound closure 
percentage for each group (n=3). (B) Confirmation of the migration ability of cells in each group via a Transwell assay; quantification of the assay is shown in 
histograms (n=3).
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among the groups in the three p53- OSCC cell lines (P>0.05, 
n=3). These data confirmed that KPNA2 knockdown failed 
to inhibit autophagy in p53‑knockdown cells of the three 
OSCC cell lines. Collectively, it was demonstrated that the 

KPNA2 knockdown‑induced inhibition of autophagy and 
suppression of cell migration are both p53-dependent.

In conclusion, these data demonstrated that KPNA2 plays 
an important role in regulating cell migration and cisplatin 

Figure 6. Continued. (C) The level of p53 protein levels of each group were assessed by western blotting to confirm the effectiveness of the knockdown. 
(D) KPNA2 shRNA and scramble control shRNA were transfected into p53‑knockdown CAL‑27, SCC‑15 and Tca8113 cells, and the levels of KPNA2 and 
autophagy‑related protein expression were detected by western blot analysis. Densitometry analysis of the western blots was displayed in histograms (n=3). 
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resistance by altering the level of autophagy in OSCC cells by 
mediating p53 nucleocytoplasmic translocation.

Discussion

In the present study, the role of KPNA2 knockdown in the 
migration, cisplatin resistance and autophagy of OSCC cells 
was examined in vitro. It was identified that the knockdown 
of KPNA2 inhibited cell migration and autophagy, and 
decreased cisplatin resistance through the inhibition of p53 
nucleocytoplasmic translocation. Therefore, this study may 

present a novel insight into the clinical role of KPNA2 in the 
treatment of OSCC.

According to recent research, KPNA2 has been regarded 
as a potential diagnostic biomarker in multiple cancers, 
and the aberrant overexpression of KPNA2 in tumor tissue 
is frequently associated with a poor prognosis or adverse 
outcome, as reviewed by Christiansen and Dyrskjøt (16). 
This has been confirmed in clinical trials with various types 
of malignant tumors, including lung, breast, hepatocellular, 
gastric, colorectal, ovarian and prostate carcinoma (19,29‑32). 
However, the effect of KPNA2 on the oncogenesis and 

Figure 6. Continued. (E) TEM images of p53‑knockdown CAL‑27, SCC‑15 and Tca8113 cells treated with or without KPNA2 shRNA, and the formation of 
autolysosomes indicated by red arrows. The histogram represents the number of autolysosomes counted in 10 views of each group. *P<0.05 compared with the 
control, and error bars represent the standard deviation.
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progression of OSCC remains unclear. Previous studies 
focused more on the pro‑survival and pro‑proliferation func-
tions of KPNA2, whereas the present study investigated the 
impact of KPNA2 knockdown on the metastasis and cisplatin 
resistance of OSCC cells. The knockdown of KPNA2, a 
nuclear transport protein regulating the translocation of 
target proteins, was expected to alter the nuclear levels of 
several proteins implicated in the processes of DNA repair, 
cell cycle and transcriptional regulation of a range of target 
genes in cancer cells (16). Additionally, it has been confirmed 
in several types of cancer cell lines that KPNA2 knockdown 
decreased proliferation and increased apoptosis and cell 
mobility, and that increasing the level of KPNA2 may enhance 
proliferation (18,22,23,33,34). However, the role of KPNA2 in 
the process of autophagy is unclear and remains to be further 
studied.

In the present study, western blot analysis of 
autophagy-related proteins and TEM of cellular microstruc-
ture revealed that KPNA2 knockdown significantly reduced 
the level of autophagy in OSCC cells. It is established 
that autophagy is a protective cellular process that occurs 
frequently in oncogenesis and chemotherapy. Generally, 
autophagy supports the survival of cancer cells during the 
stress of anticancer therapies, such as chemotherapy, radio-
therapy or targeted agents, thus promoting resistance (35-37). 
A range of evidence indicates that chemotherapy resistance 
develops following autophagy. Increased levels of autophagy 
after chemotherapy have been detected in patients with a poor 
prognosis, indicating that autophagy may enhance chemore-
sistance (38). Previous research has indicated that autophagy 
induction by chemotherapy may promote the resistance of 
cancer cells to a range of anti-neoplastic drugs, including 
paclitaxel, tamoxifen and epirubicin (39-41). As autophagy 
degrades various types of substrates into small molecules for 
reuse by the cell, autophagy has the potential to provide fuel 
for almost all aspects of central carbon metabolism (42-44). 
In brief, the mechanism for autophagy participation in chemo-
therapy resistance may be that autophagy supplies a multitude 
of metabolic and biosynthetic pathways, providing tremendous 
metabolic plasticity to tumor cells and thus ensuring their 
survival under chemotherapeutic stress. In addition, there is 
a wealth of preclinical evidence supporting the notion that 
the inhibition of autophagy can improve clinical outcomes 
in cancer treatment, especially in solid tumors (45,46). Thus, 
there is sufficient evidence to suggest that the inhibition of 
autophagy can reduce the resistance to chemotherapy. The 
results of the present study confirmed that inhibiting autophagy 
with anti-autophagy agents, such as 3-MA and chloroquine 
phosphate, significantly decreased the cisplatin resistance 
of OSCC cells. Furthermore, the results of the present study 
demonstrated that KPNA2 knockdown reduced the cisplatin 
resistance of OSCC cells. In the cells transfected with KPNA2 
shRNA, the viability of the cisplatin‑treated group was reduced 
at all concentrations, and the cisplatin IC50 was significantly 
decreased. Given that KPNA2 knockdown inhibits autophagy, 
as determined in the present study, it is reasonable to conclude 
that the reduction of cisplatin resistance by KPNA2 knock-
down may be associated with the inhibition of autophagy.

As aforementioned, the role of autophagy in metastasis is 
controversial. In previous studies, evidence has suggested that 

the role of autophagy in metastasis can be both facilitative and 
inhibitive, and that the role of autophagy in metastasis depends 
on the context and stage (12-14). The anti-metastatic function 
of autophagy may be related to the inhibition of necrosis and 
the mediation of autophagic cell death. In addition, autophagy 
promotes metastasis by enhancing the adaptability of cancer 
cells in response to stress (47). According to previous research, 
autophagy protects cancer cells from anoikis or apoptosis, 
promotes the dormancy of cancer cell to avoid detection 
or destruction by the immune system and promotes the 
survival of cancer stem cells (47‑51). As previously described, 
autophagy can also promote cancer metastasis depending on 
the context, therefore an inhibitor of autophagy can simultane-
ously inhibit metastasis and increase the cytotoxicity of the 
anti‑metastatic agents, and efficiently block tumor invasion 
and metastasis (52-54). Additionally, according to the present 
study, cell migration was reduced in OSCC cells treated 
with anti-autophagy agents, including 3-MA or chloroquine 
phosphate, which was consistent with previous research that 
was referred above. Furthermorre, the present study revealed 
anti‑metastatic effects of KPNA2 knockdown on OSCC 
cells. We identified that OSCC cells transfected with KPNA2 
shRNA exhibited reduced cell migration, using wound 
healing and Transwell assays. Since KPNA2 knockdown 
has been demonstrated to suppress autophagy in the present 
study, it can be initially suggested that the anti-metastatic 
function of KPNA2 knockdown may be mediated by 
autophagy inhibition. Furthermore, substantial evidence has 
indicated that the level of KPNA2 itself affects the rate of 
cell migration, which has been confirmed in several cancer 
cell lines (19,31,34,55,56). This is dependent on the nuclear 
transport function of KPNA2, as several KPNA2‑regulating 
proteins are associated with the movements of cellular compo-
nents and cell migration. However, the relationship between 
KPNA2 knockdown‑induced decrease in cell migration and 
the inhibition of autophagy is still unverified and remains to 
be further investigated. Although the results of the present 
study indicated that KPNA2 plays a role in cancer metastasis, 
cisplatin resistance and autophagy, the underlying mechanisms 
for the exact function of KPNA2 still require further research.

In the present study, in order to understand the molecular 
mechanisms underlying the role of KPNA2 knockdown in 
autophagy and metastasis, further experiments considered 
the effect on p53 which plays a critical role in autophagy. 
Not only the regulatory functions of p53 itself, but also the 
subcellular localization of p53 are particularly important in 
the process of autophagy. In response to the stressors that 
cells are faced with, such as metabolic or oxidative stress, and 
DNA damage, p53 is activated to regulate the transcription 
of genes, or act through a non-transcriptional mechanism, in 
order to either assist in stress adaptation or to remove irrepa-
rable cells through mediating apoptosis or senescence. One 
of the components of the transcriptional responses mediated 
by the p53 gene is the activation of autophagy (57). It has 
been reported that p53 regulates autophagy depending on the 
context. The transcriptional mechanism of p53 in regulating 
autophagy is widely recognized. According to previous 
research, the expression of several target genes induced by 
p53 were involved in autophagy, including DRAM, ISG20L1, 
Ei24, Bax and PUMA. Negatively regulating the mTOR 
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signaling pathway is another mechanism through which p53 
promotes autophagy (58). Whether p53 is localized in the 
nucleus or cytoplasm plays a particular role in the regula-
tion of autophagy. There is evidence that p53 in the nucleus 
can facilitate autophagy in a transcription-dependent or 
-independent manner, whereas p53 in the cytoplasm inhibits 
autophagy induction; this has been confirmed in glioblastoma 
and colon cancer cell lines (59-61). As the effect of p53 on 
autophagy depends on its localization, the nuclear import 
and export of p53 are tightly regulated. A component of 
the nuclear transporter mediating the import of p53 is the 
importin-α family (62). KPNA2, a member of the importin-α 
family, is involved in the nucleocytoplasmic transport of a 
number of critical transcription factors, such as p53, E2F1 and 
PLAG1 (16). In the present study, an immunofluorescence anal-
ysis of OSCC cells with KPNA2 knockdown was conducted. 
The results confirmed the p53‑importing function of KPNA2. 
Furthermore, there is evidence that the truncated form of 
importin-α can impair the nuclear import of p53 to result 
in the cytoplasmic accumulation of p53 (20,63-66). Another 
previous study demonstrated that the level of KPNA2 affected 
not only p53, but also the downstream targets of p53 (19). 
The present study has revealed that KPNA2 knockdown may 
suppress autophagy via the disruption of p53 nuclear import 
in OSCC cells, and these results are consistent with those of 
previous studies. Therefore, we hypothesized that the reduc-
tion of cell migration induced by KPNA2 knockdown may 
be partly associated with the autophagy inhibition caused by 
the interruption of p53 nuclear translocation. Furthermore, 
it has been confirmed in recent research that blocking the 
intra-nuclear transport of p53 suppresses autophagy, resulting 
in a reduction in epithelial-mesenchymal transition-related 
migration and invasion (59). Furthermore, the present study 
also illustrated that KNPA2 knockdown cannot affect the 
level of autophagy and the cell migration ability following p53 
knockdown. The results of the present study confirmed that 
the autophagy inhibition and cell migration reduction induced 
by KPNA2 knockdown was p53‑dependent, and that occured 
through the mechanism of p53 translocation blockade.

In conclusion, the present study demonstrated that the 
migration and cisplatin resistance of OSCC cells can be 
influenced by the level of KPNA2. By hindering the nuclear 
import of p53, the downregulation of KPNA2, a component 
of the key import proteins, can interfere with the process of 
autophagy, resulting in a reduction in cisplatin resistance and 
cell migration, inducing a significant decrease in the malig-
nant characteristics of OSCC cells. The results of the present 
study indicated that KPNA2, a widely recognized potential 
marker of prognosis and therapeutic sensitivity, can be 
regarded as a therapeutic target aimed at suppressing metas-
tasis and chemoresistance in OSCC that is worth studying for 
therapeutic interventions. However, the potential participation 
of unknown factors or pathways as underlying mechanisms of 
anti-autophagy, anti-metastasis and chemotherapy resensitiza-
tion effects of KPNA2 knockdown in OSCC cells requires 
further investigation.
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