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Background: We sought to investigate the expression of KPNA2 in bladder cancer (BC) and its relationship with prognosis,
and to analyze the potential mechanism of KPNA2 in promoting BC progression.

Material/Methods: The RNA-seq data on BC from The Cancer Genome Atlas (TCGA) database were imported into R statistical soft-
ware for differential analysis. The clinical data for patients with BC were screened and analyzed with R soft-
ware. The survival curve was drawn with the Kaplan-Meier Plotter. The expression of KPNA2 in 4 human BC
cell lines and a human bladder epithelial cell line was detected by quantitative real-time polymerase chain re-
action (gRT-PCR) and Western blotting (WB). The proliferation of BC cells was detected with Cell Counting Kit-8
(CCK8), detection of apoptosis, and flow cytometry, and the migration and invasion of BC cells were detected
through Transwell assays. WB was used to detect proteins involved in the P53 pathway.

Results: The expression of KPNA2 was higher in BC. The difference in KPNA2 expression was associated with many clin-
icopathological factors, and high expression of KPNA2 was associated with shorter survival time. After KPNA2
knockout, the proliferation, migration, and invasion ability decreased significantly, the cell cycle was clearly ar-
rested in the GO/G1 phase, and the number of apoptotic cells increased. Moreover, CyclinD1, BCL2, and pro-
caspase3 decreased significantly, whereas P53, P21, BAX, and cleaved-caspase3 increased significantly. The re-
sults in the overexpression group were the opposite of results in the knockdown group.

Conclusions: KPNA2 is an oncogenic factor that facilitates BC tumorigenicity through the P53 pathway.
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Abbreviations: BAX BCL - 2-associated X; BC — bladder cancer; CCK8 — Cell Counting Kit-8; DMEM — Dulbecco’s modi-
fied Eagle’s medium; E2F1 - E2F transcription factor 1; E2F7 — E2F transcription factor 7; FBS - fetal bo-
vine serum; GO — gene ontology; Imp al —importin subunit alpha 1; KEGG - Kyoto Encyclopedia of
Genes and Genomes; KPNA2 - karyopherin subunit alpha 2; NES - nuclear export signal; NLS — nucle-
ar localization signal; NPC — nuclear pore complex; P21 — tumor protein P21; P53 — tumor protein P53;
PBS — phosphate-buffered saline; PVDF — polyvinylidene difluoride; qRT-PCR — quantitative real-time
polymerase chain reaction; SPSS - Statistical Product and Service Solutions; TCGA — The Cancer Genome
Atlas; WB — Western blotting
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Background

BC ranks 10" among the most common cancers worldwide,
with approximately 549 393 new cases and 199 922 deaths in
2018 [1]. In 2015, the incidence of BC in China was 6.69/100 000
and the mortality rate was 3/100 000 [2]. Compared with the
slightly falling incidence and mortality rates in most devel-
oped countries, those in developing countries are increas-
ing [3]. Beyond occupational exposure factors, smoking is a
major risk factor for BC [4]. In recent years, research on the
molecular mechanism of BC has identified new tumor mark-
ers. However, at present, these non-invasive tumor markers
seem to be unsatisfactory; for example, patients with hema-
turia for any reason can have a significant false-positive de-
tection rate for bladder tumor antigen [5]. Taking blood pres-
sure medication can increase the false-positive detection rate
of nuclear matrix protein22 [6]. The sensitivity of cytokeratins
in the diagnosis of low-grade BC is much lower than that in
the diagnosis of high-grade BC [7]. Therefore, it is very impor-
tant to clarify the molecular mechanism of BC and develop
new non-invasive markers to improve diagnosis and treatment.

The transport of biological macromolecules between the nu-
cleus and cytoplasm requires a key structure — the nuclear
pore complex (NPC) — on the nuclear membrane. However,
the nuclear pore complex allows only small molecular pro-
teins to pass through; for macromolecular proteins (>40 KDa),
only those with a nuclear localization signal (NLS) or nucle-
ar export signal (NES) can be transported through the nucle-
ar membrane via a carrier [8]. The nuclear transporter family
includes the input protein family and output protein family.
The input protein family includes the karyopherin o family
and karyopherin B family [9]. The most classical nuclear pro-
tein introduction route involves heterodimers of karyopherin
o and karyopherin B family members. Karyopherin o rec-
ognizes cargo protein by the NLS. Karyopherin  brings the
complex of karyopherin o and nucleoprotein into the nucleus
through the NPC [9]. Karyopherin Alpha 2 (KPNA2), also called
Importin Subunit Alpha 1(Imp «l), is an important member
of the karyopherin family [10]. It is a protein-coding gene lo-
cated in chromosome 17q24.2, containing 11 336 bases and
encoding a protein with a molecular mass of approximate-
ly 58 KDa. According to structural analysis, its N-terminus in-
cludes an importin B-binding domain, which has a self-inhibi-
tory function and ensures that KPNA2 can be translocated to
the nucleus only when the importin B and the cargo molecule
are bound [11,12]. The central region is composed of 10 ARM
repeat sequences, containing 2 NLS binding sites, which bind
the nucleating protein with NLS. Among them, the tenth ARM
sequence can bind the transporter CAS, which is responsible
for nuclear plasma recycling of KPNA2 [13,14]. KPNA2 plays a
role in tumorigenesis by regulating the appropriate subcellu-
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The P53 gene had the highest correlation with human tumors
discovered to date. On the basis of 40 years of research, the P53
gene was initially thought to be an oncogene, but through
growing research in the past decade, the antitumor effect of
p53 has been gradually revealed. P53 is mutated in most tu-
mor cells and in more than 50% of all malignant tumors [16].
The protein encoded by this gene is a transcription factor that
controls the start of the cell cycle. Many signals involved in the
health of cells are sent to the p53 protein, which determines
whether a cell enters a division cycle. P53 is a tumor-suppres-
sor protein that regulates the expression of a wide variety of
genes, including apoptosis, growth inhibition, inhibition of cell
cycle progression, and differentiation, as well as accelerated
DNA repair, genotoxicity, senescence following cellular stress.
Like all other tumor suppressors, the p53 gene normally slows
or monitors cell division. In addition, p53 is not dependent on
its activity, but only acts as a transcription factor to trigger the
apoptotic pathway [17-19].

In this study, by mining of TCGA database, we found that,
compared with that in paracancerous tissues, the expression
of KPNA2 in BC tissue was significantly higher, and the differ-
ence in expression was associated with various clinicopatho-
logical factors. Moreover, upregulation of KPNA2 is associat-
ed with unfavorable prognosis of BC and is an independent
risk factor. In addition, silencing of KPNA2 results in cell cy-
cle arrest of BC cells in the GO/G1 phase; decreased prolifer-
ation, migration, and invasion ability; and increased apopto-
sis of BC cells. In contrast, overexpression of KPNA2 has the
opposite results. These phenotypic changes are associated
with the P53 pathway, suggesting the importance of the role
of KPNA2 in development and progression of BC, and KPNA2
may become a target in diagnosis and prognostic evaluation.

Material and Methods

Data mining and analysis

The RNA-seq data from 410 patients with BC and 19 patients
with paracancerous tissues were obtained from TCGA data-
base and imported into R (version 3.5.2) statistical software
for differential analysis. The clinical data for patients with BC
were screened and analyzed in R software. The survival curve
was drawn with the Kaplan-Meier Plotter, and the prognostic
value of KPNA2 in BC was assessed using the log-rank test.
A Cox regression model was applied to analyze the influences
of many factors on survival time. Genes with expression sim-
ilar to KPNA2 expression were screened with the online tool
GEPIA and subjected to enrichment analysis according to Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) through R software.
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Cell culture

Four human BC cell lines (EJ, T24, 5637, and J82) and the hu-
man bladder epithelial cell line SV-HUC-1 were obtained from
FuHeng Biology, Shanghai, China. EJ and 5637 were cultured in
RPMI 1640+10% fetal bovine serum (FBS), T24 was cultured in
DMEM+10% FBS, J82 was cultured in minimum essential medi-
um+10% FBS, and SV-HUC-1 was cultured in Ham’s F12K+10%
FBS. All the above culture materials were obtained from Gibco,
and these cell lines were cultured in a 37°C, 5% CO, incubator.

Cell transfection

Lentivirus vector packaging KPNA2 shRNA (sh-KPNA2) and
negative control shRNA (sh-NC), as well as KPNA2 plasmid
(KPNA2) and empty control vector (NC), were from GeneChem
Biology, Shanghai, China. Transfection of cells was performed
according to the manufacturer’s instructions, and strains
with stable expression were screened with 3 ug/mL puromy-
cin (GeneChem). gRT-PCR and WB were used to confirm the
transfection efficiency.

Cell proliferation assay

The transfected cells were collected and inoculated on 96-
well plates at 2000 cells per well. After addition of 10 pL
Cell Counting Kit-8 (CCK8) reagent (Shanghai Beyotime
Biotechnology Co.) into each well, detection of the absor-
bance (OD) value at 450 nm wavelength was performed with
a microplate reader at different times.

Cell apoptosis assay

The transfected cells were collected and inoculated on 6-well
plates at 5x10°/mL. The cells were grown to 70% and 80% con-
fluence, digested with trypsin (Thermo Fisher Scientific), and
washed with phosphate-buffered saline (PBS). After resuspen-
sion in 500 pL binding buffer (KeyGen Biotech Jiangsu China),
1 pL Annexin V-FITC or Annexin V-PE (KeyGen Biotech Jiangsu
China) and 5 pL propidium iodide or 7AAD (KeyGen Biotech
Jiangsu China) were added and reacted for 15 min, then de-
tected by flow cytometry.

Cell cycle analysis

The transfected cells were collected and inoculated at 5x10°/mL
on a 6-well plate. After the cells reached 70% and 80% conflu-
ence, they were digested with trypsin, and the collected cell
suspension was fixed with 70% ethanol. After addition of RNase
A and propidium iodide, the content of DNA was analyzed.
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Cell migration and invasion analysis

After the transfected cells were resuspended in serum-free
medium, 200 uL was inoculated into the upper chamber of a
Transwell plate (Costar, Corning, USA) at a density of 5x10%/mL,
and 500 pl DMEM or RPMI 1640 (including 10%FBS) was add-
ed to the lower chamber. The cells were incubated in a 37°C
incubator for 20 h, fixed in 4% paraformaldehyde, stained
with 0.1% Crystal Violet, and washed with PBS. The membrane
was observed under an inverted microscope after drying, and
6 visual fields for each chamber were randomly selected and
photographed. The invasion assays were performed in essen-
tially the same manner, except that the upper chamber of the
Transwell contained Matrigel (Corning, USA) to prevent the
migration of non-invasive cells.

qRT-PCR

Extraction of total RNA from cells was performed with TRizol.
According to the instructions from Takara (Biotechnology Co.,
Dalian, China), cDNA was synthesized through PrimeScript
RTTM Master Mix reverse transcription. The expression of
KPNA2mRNA was determined by qPCR with SYBR Premix
Ex TagTM II. The relative expression level of KPNA2/B-actin
mRNA was calculated with the 224t method. The primers
were as follows:

KPNA2: (F: 5’-GATGGCTCAGTGTTCCGAGACTTG-3’,

R: 5’-CATGATGCAGGAGCCGAACTAAGG-3’)

B-actin: (F: 5’-GACGAGGACCAGGTAAGCAATGAC-3’,

R: 5’-GACACCATCTGAGGAGAACGCATG-3’)

Western blot analysis

The transfected cells were lysed, and total protein was ex-
tracted with RIPA buffer (Solarbio, Beijing, China). The con-
centration of total protein was determined with a BCA kit
(Beyotime, Shanghai, China). Samples were resolved with 10%-
and 15%-PAGE gel kits (Epi Zyme Biotechnology Co, Shanghai,
China) for gel electrophoresis of proteins with different mo-
lecular weights. The proteins were transferred to polyvinyli-
dene difluoride (PVDF) membranes, which were blocked with
5% skim milk powder or 5% BSA, then incubated with anti-
bodies (Table 1). The bands were exposed with the enhanced
chemiluminescence method.

Statistical analysis

All data represent 3 separate experiments. Statistical analy-
sis was carried out in Statistical Product and Service Solutions
(SPSS) 22.0 (IBM, Armonk, NY, USA), and all values are expressed
as meantstandard deviation. The continuous variables were
analyzed using the t test, and the classified variables were an-
alyzed using the x? test. The Cox regression model was used
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Table 1. Antibody related information in WB.

Protein Molecular mass Producer Cat. No. Dilution
KPNA2 58 KDa abcam ab84440 1: 500
GAPDH 36 KDa abcam ab181602 1: 10,000
P53 53 KDa Wanleibio WL01919 1: 1,000
P21 21 KDa Wanleibio WL0362 1: 1,000
Cyclin D1 35 KDa Wanleibio WL01435a 1: 500
BAX 23 KDa Wanleibio WL01637 1: 500
BCL 2 26 KDa Wanleibio WLO01556 1: 500
Pro-caspase 3 35 KDa abcam ab32499 1: 1,000
Cleaved-caspase 3 17 KDa abcam ab2302 1: 1,000
Goat Anti-Rabbit 1gG H&L (HRP) abcam ab6721 1: 10,000
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Figure 1. KPNA2 was selected as a significantly differentially expressed gene and was associated with poor prognosis of BC.
(A) The volcano plot of 410 cases of BC tissues and 19 paracancerous tissues derived from TCGA database, analyzed in
R software (position marked with blue arrow is KPNA2). (B) The differential expression patterns of 404 cases of BC and 28
adjacent normal tissues were analyzed in the GEPIA online analysis tool. (C) The Kaplan-Meier Plotter was used to draw the
overall survival curve of BC patients with high or low KPNA2 expression, and the log-rank test was used to evaluate the
statistical significance. P<0.05 indicates a significant difference.
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Table 2. Correlation analysis between KPNA2 expression and clinical-pathological data of all enrolled patients in the present study.

KPNA2 exression

Varibale

e (Ve ars) I g i s g

Vascular invasion

KPNA2 — karyopherin a2, * P<0 05 with statistical significance.

Table 3. Univariate and multivariate analyses for overall survival (Cox proportional hazards regression model).

Univariate analysis Multivariate analysis

Covariant

KPNA2 expression 1.949 1.302-2.919 0.001* 1.728 1.149-2.599 0.009*
CAgelyeary 1812 1207-2905 0005* 1690 1087-2628 0020
CGender o784 0524-1174 0237 - - NS
CSsmokinghistory 0992 0658-149% 0971 - - NS
Tumorgrade 0045 0001-1698 0094 - - NS
Histological subtypes 1867 11802954 0008t - - NS
Tumorstage 3257 18905613 0000t 2621 1506-4.562 0.001*
Lymph node metastasis 2308 1584-3363 0000t 1740 11842557 0.005*
Vascularinvasion 1787 1233259 0002 - - NS

HR - harzard ratio; Cl — confidence interval; NS — not significant; KPNA2 — karyopherin-a.2; * P<0.05 with statistical significance.
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Figure 2. The enrichment analysis of GO and KEGG was performed in R software. (A) There was a close relationship between KPNA2
and nuclear division, organelle fission, chromosomal region, and tubulin binding of BC cells. (B) KPNA2 is closely related to
the BC cell cycle and p53 pathway (marked in red font).
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Figure 3. KPNA2 is overexpressed in BC cell lines. (A) Western blotting was used to detect the expression of KPNA2 protein in T24,
5637, EJ, )82, and SV-HUC-1 cells. GAPDH was used as a control. (B) The expression of KPNA2mRNA in T24, 5637, EJ, )82, and
SV-HUC-1 cells was detected by qRT-PCR, and B-actin was used as a control. T24 vs. SV-HUC-1, **** P<0.001; EJ and J82 vs.

SV-HUC-1, *** P<0.005; 5637 vs. SV-HUC-1, **P<0.01.

to analyze the influences of many factors on survival time.
Kaplan-Meier analysis and the log-rank test were used to draw
survival curves and analyze the differences. P<0.05 was con-
sidered to indicate a significant difference.

Results

KPNA2 is overexpressed in BC and is associated with poor
prognosis

Using R software to analyze the BC data in TCGA, we identi-
fied a total of 5395 differentially expressed genes, as shown in
the volcano plot (Figure 1A). After further analysis, the KPNA2
with clear differential expression was selected as the target
gene for further study. GEPIA analysis indicated that the ex-
pression of KPNA2 in BC was higher than in normal tissues
(Figure 1B). According to the median expression of KPNA2,
the patients were divided into 2 groups — one with expression
upregulation (greater than the median) and one with expres-
sion downregulation (less than the median). Analysis revealed
that the expression level of KPNA2 was significantly associ-
ated with smoking history, tumor grade, and histological sub-
type (Table 2). The survival curve drawn with the Kaplan-Meier
Plotter and log-rank tests revealed that upregulated KPNA2
expression was significantly correlated with poor overall sur-
vival (P<0.001, Figure 1C). Furthermore, Cox regression model
analysis indicated that KPNA2 was an individual risk factor for
the prognosis of BC patients (Table 3). A total of 196 similar
genes were found by GEPIA analysis of KPNA2. GO and KEGG
enrichment analysis of these genes in R software showed that
the biological function of KPNA2 was mainly associated with
the cell cycle in BC (Figure 2). Bioinformatics analysis showed
that the upregulation of KPNA2 was closely related to BC, thus
laying a theoretical foundation for follow-up experiments.

Upregulation of KPNA2 expression in BC cell lines

The expression of KPNA2 in human BC cells and SV-HUC-1 cells
was verified by gRT-PCR and WB. KPNA2 in the 4 cell lines (EJ,
T24, 5637, and J82) was higher than in SV-HUC-1. Therefore,
T24 cell lines with relatively high expression of KPNA2 were
selected for knockdown, and 5637 cell lines with relatively
low expression were selected for overexpression for subse-
quent studies (Figure 3).

KPNA2 promotes the proliferation of BC cells

Lentivirus and plasmid were transfected into BC cells to produce
negative control (sh-NC, NC) cells, KPNA2 knockout (sh-KPNA2)
cells, and KPNA2 overexpression (KPNA2) cells. Differences in
gene and protein expression between the sh-NC group and
sh-KPNA2 group were assessed by qRT-PCR and WB. The expres-
sion levels of protein and mRNA in the sh-KPNA2 group was sig-
nificantly lower than in the sh-NC group (Figure 4A, 4B), whereas
the expression of protein and mRNA levels in the KPNA2 over-
expression group was significantly higher than in the NC group
(Figure 4C, 4D). CCK8 tests showed that the proliferation ability
of BC cells in the sh-KPNA2 group was significantly lower than
in the sh-NC group, particularly at 72 h (Figure 5A). Compared
with the NC group, the proliferation ability of the KPNA2 over-
expression group was significantly higher, particularly at 72 h
(Figure 5B). The results showed that KPNA2 promoted the pro-
liferation of BC cells. A critical control point for cell proliferation
is in the early stage of G1; we therefore next examined wheth-
er the expression of KPNA2 affected the cell cycle in BC cells.

KPNA2 inhibits apoptosis and participates in cell cycle
regulation in BC cells

Flow cytometry detection and statistical analysis indicated that,
relative to the sh-NC group, the sh-KPNA2 group showed greater
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Figure 4. Verification of the transfection efficiency of KPNA2 in BC cells. (A, B) WB and gRT-PCR showed that the protein and mRNA
expression in the sh-KPNA2 group was significantly lower than that in the sh-NC group. (C, D) WB and gRT-PCR showed that
the expression of protein and mRNA in the KPNA2 group was significantly higher than in the NC group. **** P<0.001.
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Figure 5. The proliferation of BC cells was detected by CCK8. (A, B) The proliferation ability of the sh-KPNA2 group was significantly
lower than that of the sh-NC group, whereas the proliferation ability of the KPNA2 group was significantly higher than that
of the NC group, especially at 72 h. * P<0.05, ** P<0.01, *** P<0.005.
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Figure 6. The apoptosis and cell cycle of BC cells were detected by flow cytometry. (A, B, E, F) Compared with the sh-NC group, the
sh-KPNA2 group showed significantly higher apoptosis of BC cells, and BC cells were arrested in GO/G1 phase; the number
of BC cells in S phase and G2/M phase was significantly decreased. (C, D, G, H) Compared with the NC group, the KPNA2
overexpression group showed inhibited BC cell apoptosis, significantly fewer cells in GO/G1 phase, and more cells in S and

G2/M phase. * P<0.05, ** P<0.01, *** P<0.005.
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Figure 7. Transwell assays detecting migration and invasion of BC cells. (A, B) Compared with the sh-NC group, the sh-KPNA2 group
showed significantly less migration and invasion. (C, D) Compared with the NC group, the KPNA2 overexpression group
showed significantly more migration and invasion. ** P<0.01.

apoptosis of BC cells (Figure 6A, 6B) and cell cycle arrest in the
GO0/G1 phase, whereas the numbers of cells in the S and G2/M
phases were significantly lower (Figure 6E, 6F). The KPNA2 over-
expression group, compared with the NC group, showed inhi-
bition of BC cell apoptosis (Figure 6C, 6D); there were signifi-
cantly fewer cells in the GO/G1 phase, and significantly more
cells in the S and G2/M phases (Figure 6G, 6H).

KPNA2 facilitates the migration and invasion of BC cells

The Transwell migration assay results showed that fewer cells
migrated and invaded in the sh-KPNA2 group than in the sh-NC
group (Figure 7A,7B). In contrast, the number of cells that mi-
grated and invaded was significantly higher in the KPNA2 group
than in the NC group (Figure 7C, 7D).

KPNA2 promotes the progression of BC by regulating the
P53 pathway

As shown in the KEGG enrichment analysis in Figure 2, the pro-
cess of KPNA2 in promoting BC progression was strongly cor-
related with the P53 pathway. We therefore used WB to de-
tect the expression of P53 pathway-related proteins (P53, P21,
CyclinD1, BAX, BCL 2, pro-caspase3, and cleaved-caspase3) and
to elucidate the molecular mechanism through which KPNA2
promotes the progression of BC. We found that expression of
CyclinD1, BCL 2, and pro-caspase3 was significantly lower in
the KPNA2 knockdown group than in the NC group. In con-
trast, P53, P21, Bax, and cleaved-caspase3 showed markedly
higher expression (Figure 8A, 8C). In the KPNA2 overexpres-
sion group, the WB results were the opposite of those in the
KPNA2 knockdown group (Figure 8B, 8D). P53/P21/CyclinD and
P53/BAX/caspase3 are widely recognized as classical pathways
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Figure 8. KPNA2 affects the P53 pathway in BC cells. (A, B) WB shows the expression of P53 pathway-related proteins in the sh-NC,
sh-KPNA2, NC, and KPNA2 groups. (C, D) Image) software was used to conduct quantitative analysis of the bands in WB
results and to normalize the expression as sh-KPNA2/sh-NC and KPNA2/NC.

that regulate the cell cycle and apoptosis. Knockout of KPNA2
significantly altered the expression levels of cycle-related and
apoptosis-related genes. Extending the results of flow cytom-
etry, we found that KPNA2 promotes the progression of BC
through the P53 pathway.

Discussion

KPNA2 was first described in BC in 2004 [20]. However, in re-
cent years, few studies have examined the intersection of
KPNA2 and BC. In the present study, data mining and bioin-
formatics analysis indicated that KPNA2 was upregulated in
BC tissues, and the experiments verified that KPNA2 was up-
regulated in BC cell lines. These findings are consistent with
the overexpression of KPNA2 in various malignant tumors, as

reported in recent years, including studies on hepatocellular
carcinoma [21], gallbladder cancer [22], glioblastoma [23], ovar-
ian cancer [24], and BC [25]. Beyond KPNA2 overexpression in
tumors, most studies have also found that the upregulation of
KPNA2 is associated with poorer prognosis, including in gall-
bladder cancer [26], gastric cancer [27], breast cancer [28],
BC [25,29], ovarian cancer [30], colorectal cancer [31], and renal
cancer [32]. More importantly, many studies agree that KPNA2
is an individual risk factor for malignant tumors. Although we
did not use clinical tissue samples for analysis, the mining of
big data suggested that upregulation of KPNA2 is indeed as-
sociated with poor prognosis of BC and is an individual prog-
nostic risk factor. In conclusion, our results indicated that mea-
surement of KPNA2 may be a novel diagnostic and prognostic
biomarker for many malignant tumors.
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Protein shuttling between the cytoplasm and nucleus is me-
diated by nuclear transporters, and dysfunction of cell trans-
port mechanisms is a common cause of cancer occurrence
and development [33]. As a key protein in molecular trans-
port, KPNA2 is involved in many biological processes in tu-
mor progression, including proliferation, cell cycle regulation,
apoptosis, migration, and invasion [24,25,34-38]. The pres-
ent study indicated that silencing of KPNA2 significantly in-
hibited the proliferation of BC cells, an effect that increased
with time and peaked at 72 h, in agreement with the results
of Zhou et al. [25]. Moreover, knocking down KPNA2 also ar-
rested BC cells in GO/G1 phase and decreased their ability to
migrate and invade. Kuusisto et al. [39] found that in sever-
al transformed vs. non-transformed isogenic cell pairs, sever-
al transporters (including KPNA2) are overexpressed, and the
nuclear import of several NLS-bearing cargoes is enhanced.
In other words, in cancer cells, the overexpression of KPNA2
can affect nuclear and cytoplasmic transport. Therefore, the
same processes may occur in BC cells and may have impor-
tant physiological consequences. Investigating this possibili-
ty will be a focus of our future research.

Many studies have shown that KPNA2 participates in tumor
progression by interacting with tumor-associated proteins; for
example, KPNA2 modulates c-Myc, thereby promoting the pro-
gression of glioblastoma [23] and ovarian cancer [37]. KPNA2
regulates the AKT pathway and consequently promotes migra-
tion and invasion of ovarian cancer [24]. The interaction be-
tween KPNA2 and mTOR facilitates the development of non-
small cell lung cancer [40]. At the transcriptional level, E2F
Transcription Factor 1 (E2F1) and E2F Transcription Factor7
(E2F7) promote the progression of gallbladder cancer by regu-
lating KPNA2 [22]. In contrast, silencing of KPNA2 can restrain
the development of hepatocellular carcinoma cells [4], the me-
tastasis of breast cancer [42], and the proliferation of lung can-
cer [43] and prostate cancer [44]. The protein with the most
cross-talk with KPNA2 is P53; for example, the synergistic ef-
fect between Wip1 and KPNA2 controls the proliferation and
migration of colorectal cancer cells via P53 [34]. Apoptosis of
Cal-27 cells is induced by KPNA2 through P53 in tongue squa-
mous cell carcinoma [45]. Interaction between KPNA2 and P53
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decreases autophagy of oral squamous cell carcinoma cells [46].
In the present study, WB detection revealed that the deletion
of KPNA2 upregulated P53, P21, BAX, and cleaved-caspase3,
and downregulated pro-caspase, BCL2, and CyclinD1, where-
as the opposite results were found after overexpression of
KPNA2. The direct action of the P53/P21/CyclinD1 pathway is
arrest of the cell cycle in the GO/G1 phase. Coincidentally, our
results also confirmed that knockout of KPNA2 arrests BC cells
in GO/G1 phase, thereby reconfirming that the potential mech-
anism through which KPNA2 affects BC cells is related to P53.

Conclusions

This study showed that KPNA2 was upregulated in BC and was
associated with poor prognosis in patients with BC. Knocking
down KPNAZ2 in BC cells decreased the proliferation, migration,
and invasion ability; arrested cells in GO/G1 phase; and caused
apoptosis. Overexpression of KPNA2 promoted the prolifera-
tion, migration, and invasion of BC cells. These mechanisms are
associated with the P53 pathway. However, our study cannot
rule out the possibility that other factors beyond KPNA2 are
be involved upstream of P53, and other indirect action path-
ways cannot be excluded. Finally, our study contributes to the
understanding of the mechanism underlying the relationship
between KPNA2 and bladder cells, and may provide a nov-
el target for the diagnosis and prognosis of patients with BC.

Availability of data and materials

All the data in the results of this study can be obtained on rea-
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