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Abstract. Different types of cancer exhibit distinct gene expres-
sion profiles. The present study aimed to identify a specific 
gene dysregulated in hepatocellular carcinoma (HCC) that was 
essential for cancer progression. The whole transcriptomes of 
primary HCC tissue samples were analyzed with microarrays. 
The most significantly differentially expressed gene was iden-
tified, specifically karyopherin subunit‑α 2 (KPNA2), and an 
analysis using the Oncomine online tool was performed with 
data from The Cancer Genome Atlas to predict associated 
genes in HCC. Reverse transcription‑quantitative polymerase 
chain reaction was performed to confirm the gene expression 
levels of KPNA2, and the RNA interference knockdown of 
KPNA2 was performed to identify the effect on putative 
downstream target genes. A proliferation assay and flow 
cytometry analysis was used to assess the function of KPNA2 
in the regulation of the cell cycle. The results demonstrated 
that KPNA2 expression was significantly upregulated in HCC 
tumor tissues compared with liver tissues and was associ-
ated with cyclin B2 (CCNB2) and cyclin‑dependent kinase 1 
(CDK1) expression. KPNA2 expression was identified a novel 
marker to predict the outcome of patients. In addition, KPNA2 
knockdown downregulated CCNB2 and CDK1, inhibited 
cell proliferation and induced cell cycle arrest in the G2/M 
phase. In conclusion, it was demonstrated that KPNA2 may 
promote tumor cell proliferation by increasing the expression 
of CCNB2/CDK1. KPNA2 could be a target for therapeutic 
intervention in HCC.

Introduction

Hepatocellular carcinoma (HCC) is the most common type of 
liver cancer which results in ~80% of mortalities associated 
with hepatic cancer (1). Surgical resection is the principal 
strategy for treatment of HCC. The results of chemotherapy are 
often unsatisfactory as liver cancer typically develops resistance 
to chemotherapy, which may be due to a number of reasons; 
for example, the rapid metabolism of liver cells may quickly 
inactivate chemotherapy drugs administered to patients with 
HCC (2). In addition, the factors which enable the progression 
of HCC remain unidentified, and non‑targeted drugs are less 
effective at preventing cancer recurrence and metastasis (3).

Karyopherin subunit‑α 2 (KPNA2) is a nuclear transporter, 
allowing signal communication between the nucleus and cyto-
plasm (4). KPNA2 is required for cell survival (5); it may be 
mutated in cancer to enable disease progression (6). KPNA2 
has been associated with the regulation of carcinogenesis, 
proliferation and recurrence in various cancer types, as previ-
ously reviewed (7). KPNA2 contributes to the relocation of 
DNA damage response proteins and has been associated with 
the prognosis of breast cancer (4). KPNA2 recognizes cargo 
with the nuclear location sequence (NLS) and may affect cancer 
cell progression by interacting with a number of transcriptional 
factors, including c‑Myc and p53 (8). Additionally, the upregu-
lation of KPNA2 increases the expression of octamer‑binding 
transcription factor gene 4 (OCT4), which is associated with the 
stem‑like properties and dedifferentiation of cancer cells (9). 
However, the association between KPNA2 and cancer progres-
sion has yet to be characterized and requires further study.

In the present study, it was identified that KPNA2 may 
serve a function in the progression of HCC. The knockdown 
of KPNA2 expression was associated with the downregulation 
of cancer‑associated genes in HCC cells, and high KPNA2 
expression was associated with a significantly reduced overall 
and disease‑free survival time in patients with HCC.

Materials and methods

Tumor samples. The present study was approved by the Ethics 
Committee of the Third Affiliated Hospital of Kunming 
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Medical University (Kunming, China) and written informed 
consent was obtained from all patients. The patients had not 
received radiation or chemotherapy prior to surgery. HCC 
tissues were obtained from 6 patients (3 males and 3 females), 
aged between 55 and 65 years old (mean age, 62 years old) 
with non‑metastatic disease during surgical resection from the 
Department of Oncology of the Third Affiliated Hospital of 
Kunming Medical University between September 2013 and 
May 2014. Adjacent liver tissues were used as controls. All 
tissues were frozen with dry ice. RNA was extracted from the 
samples with TRIzol (Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA), according to the manufacturer's 
protocol. The gene expression profile was analyzed using 
GeneChip® Human Transcriptome Array 2.0 microarrays 
(Affymetrix; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. The raw data were analyzed by using 
the affy package (version 1.55.0; Affymetrix; Thermo Fisher 
Scientific, Inc.) in R (10). The robust multi‑array average 
method was employed to corrects probe intensity values and 
the microarray data was then quantile‑normalized (10) for the 
following comparisons. The normalized microarray data were 
analyzed using Multiple Experiment Viewer (version 4.9.0, 
http://mev.tm4.org/#/welcome).

Cell culture. The human HCC cell line Huh7 was purchased 
from the Cell Bank of Type Culture Collection of Chinese 
Academy of Sciences (Shanghai, China). The cells were 
cultured in Dulbecco's Modified Eagle's Medium (Invitrogen; 
Thermo Fisher Scientific, Inc.) supplemented with 5% fetal 
bovine serum (Gibco; Thermo Fisher Scientific, Inc.). Cells 
were maintained in 37˚C in an atmosphere containing 5% CO2 
throughout the study.

RNA interference. Short interfering (si)RNA was synthe-
sized by Jima Biotechnology Co., Ltd. (Shanghai, China); 
the si‑KPNA2‑1 sequence is UUA CGA UUA UGU GGU CGA 
CGG, si‑KPNA2‑2 is UUG UUU GGU UCC GAC ACC AUC and 
si‑CTR is a commercial small RNA target with no sequence on 
known human gene. A total of 20 pmol siRNA was transfected 
using 3 µl RNAiMAX reagent/well (cat. no. 13778‑100; Thermo 
Fisher Scientific, Inc.) in 24‑well plates (cells grown up to 70% 
confluence). Further analysis, as subsequently described, was 
performed at 48 h after transfection.

MTT assay. A CellTiter 96® non‑radioactive cell proliferation 
assay (cat. no. G4000; Promega Corporation, Madison, WI, 
USA) was used to analyze cell proliferation, according to the 
manufacturer's protocol. Briefly, 8,000 Huh7 cells were seeded 
in 96‑well plates. Alterations in cell confluence were observed 
at 24 and 48 h, followed by the addition of 15 µl Dye Solution 
to each well. Following a further incubation of 2‑3 h, 100 µl 
Solubilizing Solution/Stop mix was added to each well and 
the absorbance was determined at wavelength of 570 nm on a 
96‑well plate reader.

Reverse transcription‑quantitative polymerase chain reaction. 
RNA was extracted from Huh7 cells using TRIzol, and reverse 
transcription was performed using the PrimeScript 1st strand 
cDNA Synthesis kit (cat. no. 6110A; Takara Bio, Inc., Otsu, 
Japan), according to the manufacturer's protocols. The SsoFast 

EvaGreen Supermix with Low ROX kit (cat. no. 1572‑5211; 
Bio‑Rad Laboratories, Inc., Hercules, CA, USA) was applied 
to quantify the mRNA expression level, according to the 
manufacturer's protocol. The primers used in qPCR were as 
follow: KPNA2 forward, CTG CAG GAA AAC CGC AAC AA 
and reverse, CCT GGC AGC TTG AGT AGC TT; CDK1 forward, 
TTT CTT TCG CGC TCT AGC CA and reverse, CAA TCG GGT 
AGC CCG TAG AC; CCNB2 forward, GGC TGG TAC AAG 
TCC AC‑TCC and reverse, CTT CTT CCG GGA AAC TGG CT; 
β‑actin forward, GTC ATT CC‑AAA TAT GAG ATG CGT and 
reverse, GCT ATC ACC TCC CCT GTG TG. Thermocycling 
protocol included pre‑denatured at 95˚C for 3 min, denaturation 
at 95˚C for 15 sec, annealing at 60˚C for 15 sec and extension 
at 72˚C for 1 min for 40 cycles. The 2-ΔΔCq method was used for 
quantification of gene relative expression (11).

Cell cycle analysis. After cell transfection with siRNA for 
24 h, the cells were dissociated using 0.25% trypsin in a 37˚C 
cell incubator for 5 min. The detached cells were washed with 
PBS once and then fixed with cold 70% ethanol for 30 min 
at room temperature. Briefly, the cells were washed twice 
with PBS. The cells were treated with a final concentration 
of 5 µg/ml ribonuclease for 10 min at room temperature. 
Propidium iodide (PI) was added (10 µg/ml) and the cells 
were stained for 15 min at room temperature. The cells were 
analyzed using FACSCanto (BD Biosciences, Inc., San Jose, 
CA, USA). A wavelength of 605 nm was selected to determine 
the fluorescence of PI.

Bioinformatic data mining. Cancer Genome Atlas (TCGA) 
data was used. TCGA raw data was obtained and analyzed 
using the cBioportal (http://www.cbioportal.org/) and 
Oncomine (https://www.oncomine.org/) online tools. A total 
of 440 mRNA expression profiles for HCC (440 adjacent liver 
tissues were used as control tissues) were selected. The KPNA2 
gene was input, with the cut‑off for high/low expression level 
set at >1 standard deviation. To evaluate the hazard ratio of 
KPNA2, the OncoLnc (http://www.oncolnc.org/) was used to 
investigate the Cox coefficients of KPNA2 in HCC patients.

Statistical analysis. Pearson and Spearman correlation anal-
ysis were respectively performed to investigate the correlation 
between the KPNA2 and CDK1 as well as CCNB2. Cox's 
proportional hazards model was used for survival rate anal-
ysis. Kaplan‑Meier estimator curves were plotted for survival 
analysis and a log‑rank test was performed to determine the 
statistical significance of differences in survival between 
groups. GraphPad prism 7 (GraphPad Software, Inc., La Jolla, 
CA, USA) was used for data analysis. Data are presented as the 
mean ± standard error of the mean. Student's t‑test was used to 
compare data between groups.

Results

KPNA2 mRNA expression is deregulated in hepatocellular 
carcinoma tissues and associated with cell regulators. A total 
of 6 samples from patients with HCC were analyzed using 
microarrays. The mRNA expression of certain genes was 
upregulated compared with adjacent liver tissues in all tumor 
tissue samples; KPNA2 was the most significantly upregulated 
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Figure 2. Association between the mRNA expression levels of CNNB2/CDK1 and KPNA2 in HCC expression profiles from the Cancer Genome Atlas 
database, analyzed with the cBioportal enrichment tool. (A) CCNB2 and (B) CDK1 mRNA expression levels in the high and low KPNA2 groups. The mRNA 
expression levels of CCNB2 and CDK1 were upregulated in the high KPNA2 group. The correlation between the expression of KPNA2 with (C) CCNB2 
and (D) CDK1. CCNB2 and CDK1 mRNA expression levels were significantly correlated with KPNA2 mRNA expression. CNNB2, cyclin B2; CDK1, 
cyclin‑dependent kinase 1; KPNA2, karyopherin subunit‑α 2.

Figure 1. KPNA2 is upregulated in HCC tissues and correlated with CCNB2 and CDK1 expression. (A) A total of 6 HCC and non‑tumor liver tissues were 
analyzed using microarrays, and the relative mRNA expression of KPNA2 was determined. (B) Analysis of KPNA2‑associated genes with the Oncomine 
co‑expression analysis tool. The mRNA expression levels of a number of genes, including CCNB2 and CDK1, were significantly correlated with KPNA2 
expression. KPNA2, karyopherin subunit‑α 2; HCC, hepatocellular carcinoma; CCNB2, cyclin B2; CDK1, cyclin‑dependent kinase 1.
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of all the differentially expressed genes (P<0.001; Fig. 1A). 
Therefore, the function of KPNA2 in the progression of 
malignant HCC was selected for further study. The Oncomine 
online tool was used to identify the correlation between the 
expression of KPNA2 and other identified genes from the 
TCGA tumor mRNA microarray data. In addition, the correla-
tion in expression between KPNA2 and cell cycle‑associated 
genes, including the cyclin family and CDKs, was analyzed. 
The results demonstrated that the expression of CCNB2 and 
CDK1 was correlated with KPNA2 (Fig. 1B). The mRNA 
expression levels of CCNB2 (P=5.06x10-25; Fig. 2A) and 
CDK1 (P=8.82x10-28; Fig. 2B) were significantly upregulated 
in the KPNA2 mRNA high expression group and the expres-
sion levels of CDK1 and CCNB2 were positively associated 
with the KPNA mRNA expression level (Fig. 2C and D).

Knockdown of KPNA2 affects the expression levels of CDK1 
and cyclin B2, induces G2/M cell cycle arrest and inhibits cell 
proliferation. To identify the function of KPNA2 in hepatic 
tumor cell proliferation, siRNA was used to knockdown 
KPNA2 expression in Huh7 cells. The efficiency of the knock-
down of KPNA2 in Huh7 cells was analyzed with RT‑qPCR. 
It was demonstrated that the siRNA significantly reduced 
the KPNA2 mRNA level; the expression level of CCNB2 
and CDK1 mRNA was simultaneously decreased (P<0.05; 
Fig. 3A). An MTT assay was performed to determine the effect 
of KPNA2 knockdown on Huh7 cell proliferation. The result 
demonstrated that KPNA2 knockdown significantly decreased 
the proliferative abilities of cells (P<0.05; Fig. 3B). As CDK1 
and CCNB2 are associated with the regulation of the G2/M 
transition in the cell cycle, the effect of KPNA2 knockdown on 

Figure 3. KPNA2 silencing inhibited HCC cell proliferation. (A) siRNA was used to knockdown KPNA2 in Huh7 cells, and the mRNA expression levels of 
KPNA2, CCNB2 and CDK1 were determined using reverse transcription‑quantitative polymerase chain reaction. KPNA2 knockdown was confirmed; the 
mRNA expression levels of CCNB2 and CDK1 were also reduced. (B) Cell proliferation was determined using an MTT assay following KPNA2 knockdown 
in Huh7 cells. The knockdown of KPNA2 reduced cell proliferation. (C) Flow cytometry was applied to determine the cell cycle distribution in Huh7 cells 
following KPNA2 interference. (D) Quantification of (C). Knockdown of KPNA2 prompted HCC cell arrest in the G2/M phase. *P<0.05. KPNA2, karyopherin 
subunit‑α 2; si, small interfering; CNNB2, cyclin B2; CDK1, cyclin‑dependent kinase 1; CTR, control; PI, propidium iodide.
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cell cycle distribution was investigated using flow cytometry. 
The results suggested that knockdown of KPNA2 resulted in 
G2/M arrest in Huh7 cells (Fig. 3C and D).

Expression of KPNA2 in tumor tissues is negatively associ‑
ated with the prognosis. The survival data associated with 
HCC expression profiles from TCGA was analyzed. The 
results demonstrated that patients with high KPNA2 expres-
sion exhibited significantly reduced overall (1.14x10-6; Fig. 4A) 
and disease‑free survival time (6.07x10-4; Fig. 4B) compared 
with the patients with low KPNA2 expression. We submitted 
in OncoLnc (http://www.oncolnc.org). The hazard ratio 
for high KPNA2 expression in HCC was 0.617. It was then 
assessed whether the expression of the KPNA2‑associated 
genes CDK1 and CCNB2 affected overall survival time. The 
overall survival time of patients exhibiting a relatively high 
level of CCNB2 (P=3.32x10-4; Fig. 4C) or CDK1 (P=8.58x10-6; 
Fig. 4D) was significantly reduced. The results revealed a role 
for KPNA2, CDK1 and CCNB2 expression in the progression 
of HCC.

Discussion

HCC occurs worldwide, and the diversity in the genetic 
backgrounds of patients with HCC may cause difficulty in iden-
tifying the genes that promote the progression of HCC (12). In 
the present study, tumor tissues were selected from 6 patients 
with HCC and analysis was performed using microarrays; it 
was identified that KPNA2 was the most significantly upregu-
lated gene. Therefore, it was hypothesized that KPNA2 may 
promote cancer progression.

TCGA is a public cancer research database containing 
high‑throughput genome sequencing and transcriptome data 
to enable the study of cancer with bioinformatics tools. TCGA 
data was selected using the cBioportal and Oncomine online 
tools (13). To identify the genes associated with the KPNA2 
gene in a wider HCC population. In the present study, the 
expression level of genes in the cyclin B family were demon-
strated to be associated with the expression of KPNA2.

Unrestricted cell growth and proliferation is a hallmark of 
cancer cells (14). In a normal cell, cell proliferation is precisely 

Figure 4. KPNA2 expression is negatively associated with patient overall and disease‑free survival time. (A) Overall survival curve for patients with high and 
low KPNA2 expression. (B) Disease‑free survival curve for patients with high and low KPNA2 expression. (C) Overall survival curve for patients with high 
and low CCNB2 expression. (D) Overall survival curve for patients with high and low CDK1 expression. All figure sections were generated using cBioportal. 
KPNA2, karyopherin‑α; CNNB2, cyclin B2; CDK1, cyclin‑dependent kinase 1.



GAO et al:  KPNA2 ACCELERATES CELL CYCLE IN HEPATOCELLULAR CARCINOMA2820

controlled by cell cyclins and CDKs (15). In the present study, 
CCNB2 and CDK1 were relatively abundant in tumor tissues 
and their expression was significantly correlated with KPNA2 
expression. CDK1, also known as CDC2, binds cyclin B1 
and B2 to promote G2/M transition (16). The dimerization of 
CCNB2 with CDK1 is an essential component of the cell cycle 
regulatory machinery (17). A previous study demonstrated 
that KPNA2 affected cancer progression by regulating DNA 
damage response protein subcellular location (4). The CDK1 
amino acid sequence was analyzed and an NLS was identi-
fied (18), which may be recognized by KPNA2 to result in 
CDK1 nuclear transportation. Further study is required to 
characterize the process of CCNB2/CDK1 transcriptional 
activation, the effect on cell cycle progression and how this is 
associated with KPNA2.

To validate an interaction between KPNA2, CCNB2 and 
CDK1 in HCC, Huh7 cells were selected. KPNA2 expression 
was silenced with siRNA. It was demonstrated that KPNA 
interference directly decreased the expression of cyclin B2 
and CDK1 at the mRNA. In addition, it was revealed that cell 
proliferation was inhibited by KPNA interference. Therefore, 
the prediction of genes associated with genes, including 
KPNA2, using the cBioportal tool may be reliable, as the 
prediction result could be experimentally verified. Additionally, 
the present study aimed to determine whether KPNA2 was 
associated with the clinical prognosis for patients with HCC. 
Significant differences in overall and disease‑free survival time 
were identified between patients with high and low KPNA2 
expression; patients with high KPNA2 expression exhibited a 
relatively poor prognosis.

In conclusion, the results of the present study revealed 
that high KPNA2 expression is a risk factor in HCC and that 
KPNA2 regulated the cell cycle checkpoint‑associated proteins 
cyclin B2 and CDK1. Therefore, KPNA2 may be a novel thera-
peutic target in HCC.
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