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ABSTRACT
It is important to identify novel biomarkers to improve hepatocellular carcinoma (HCC) diagnosis and
treatment. Herein, we reported the role of karyopherin α4 (KPNA4) in HCC patients through public data mining
and examined the results using clinical samples in our center. Our results revealed that KPNA4 expression level
was positively correlated with the infiltration of CD8+ T cells, B cells, dendritic cells, CD4+ T cells, neutrophils and
macrophages. In addition, KPNA4 expression was significantly associated with T cell exhaustion. KPNA4 mRNA
and protein expression levels were significantly higher in cancerous tissue than in normal tissue. Besides, the
increased expression of KPNA4 indicated poor overall survival. Univariate and multivariate Cox regression
analyses showed KPNA4 could be viewed as an independent risk factor for HCC patients. Moreover, our
experimental results were consistent with those obtained from bioinformatic results. These findings revealed
KPNA4 may serve as a novel prognostic biomarker and a potential therapeutic target for HCC.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common fatal cancers worldwide. Although the
screening method of HCC improves, the early detection
rate is still unsatisfactory [1]. Identification of novel
biomarkers of HCC may assist in the early diagnosis
and treatment, and subsequently improve outcomes.
Karyopherin α (KPNA) are a type of carriers that mediate
the shuttling of many transcription factors, and has been
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proved to be involved in numerous tumors [2–5].
KPNA4 is an importin which had been linked to a
number of malignancies. For example, it has been
reported that KPNA4 is closely associated with prostate
cancer metastasis [6]. Wang et al. reported that KPNA4
attenuates the epithelial-mesenchymal transition (EMT)
inhibitory effect of miR-181b in glioblastoma [7]. In
cutaneous squamous cell carcinoma, KPNA4 has been
shown to promote cancer cell proliferation and cisplatin
resistance [8]. The significances of KPNA4 in HCC,
however, have not been explored.
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Herein, the authors explored the roles of KPNA4 in
HCC, with the aim of identifying a novel biomarker for
HCC.

RESULTS
Correlation of KPNA4 expression with immune cells
in HCC
The TIMER database was used to examine the
correlation between KPNA4 and immune infiltration,
and it could be found that the levels of infiltration of
CD8+ T cells, B cells, dendritic cells, CD4+ T cells, and
neutrophils and macrophages were positively associated
with KPNA4 levels (Figure 1A, all P < 0.05).
Then, we used multivariable Cox regression to
determine the clinical relevance of immune cell levels

with respect to clinical parameters and KPNA4
expression. The results showed that tumor stage,
macrophage, and dendritic cell levels, and KPNA4
expression were all significant risk factors for a poor
prognosis and KPNA4 expression was an independent
factor that influenced 3-year and 5-year survival rates
(Figure 1B, 1C and Table 1).
Somatic copy number alteration (SNCA) analysis
indicated that high amplification category of infiltrated
B cells in HCC was significantly different with that
in normal samples, arm-level deletion and high
amplification of infiltrated CD8+ T cells were the
two categories which significantly altered in HCC
(Figure 1D). In addition, we used the GEPIA database to
examine correlations of KPNA4 and T cell exhaustion
markers PD-1 (PDCD1), GZMB, LAG3, and CTLA4 in
cancerous tissues, and to examine the correlation

Figure 1. Correlation between KPNA4 expression and immune infiltration in HCC. (A) The correlation between KPNA4 expression
and immune infiltrations in HCC. (B, C) 3-year and 5-year survival analysis of immune infiltrations and KPNA4 expression in HCC patients.
(D) Somatic copy number alterations analysis of infiltrated immune cells in HCC.
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Table 1. Cox regression analysis of immune infiltration, KPNA4 expression, and clinical parameters of 315 HCC
patients in the TIMER database.
Variable
Age
Male
Stage2
Stage3
Stage4
Purity
B cell
CD8+ T cell
CD4+ T cell
Macrophage
Neutrophil
Dendritic
KPNA4

Coefficient
0.015
0.012
0.305
0.747
1.383
0.977
-4.375
-4.465
-5.600
6.719
-3.886
3.910
0.818

HR
1.016
1.012
1.357
2.110
3.988
2.657
0.013
0.012
0.004
828.020
0.021
49.909
2.265

95% CI_low
0.999
0.650
0.814
1.320
1.166
0.940
0.000
0.000
0.000
2.900
0.000
1.232
1.246

95% CI_up
1.032
1.576
2.263
3.373
13.647
7.513
15.644
1.677
6.286
236438.278
2129.074
2021.762
4.116

P-value
0.066
0.957
0.242
0.002
0.028
0.065
0.229
0.079
0.140
0.020
0.510
0.038
0.007

CI: confidence interval; HR: hazard ratio.

between KPNA4 and PDL1 (CD274). The results
indicated a positive correlation between KPNA4
expression and CTLA4, GZMB, and PDL1 expressions
in cancerous tissues (Figure 2A, 2B, 2E, all P < 0.05),
but no significant correlations with other markers
(Figure 2C, 2D).
KPNA4 expression in the HPA and co-expression
networks in HCCDB
Figure 3A showed the KPNA4 expression features in
the HPA, and a relatively low mRNA level could be
found in normal liver tissues compared with other organ
tissues. Next, we used this database to determine the
difference of KPNA4 mRNA expression in various
cancers, and found that HCC is the lowest expression
type among them (Figure 3B). However, as shown in
Figure 3C, 3D, KPNA4 protein expression in the liver
presents a higher level compared with that in other
organs. In addition, in A-431, PC-3, and U-2 OS cell
lines, it could be seen that KPNA4 localization was
enriched in the nucleus (Supplementary Figure 1).
The KPNA4 expression overview among various tissues
was illustrated with a radar chart. As shown in Figure
4A, KPNA4 expression in normal liver tissue was lower
than that in other normal tissues (liver/other normal:
logFC = -0.80); similarly, in HCC tissue, the level was
lower than other cancerous samples (HCC/all tumor:
logFC = -0.40). However, when compared with adjacent
normal liver tissue, it could be found that KPNA4 level
was much higher in HCC (logFC = 0.21).
Next, KPNA4 differential expressions were explored in
11 datasets from the HCCDB. It could be found that
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KPNA4 level in HCC was much higher than that in
adjacent liver tissue among 6 of 11 datasets (HCCDB4,
HCCDB6, HCCDB13, HCCDB16, HCCDB17 and
HCCDB18) (Figure 4B). Results of the KPNA4 coexpression networks indicated there have been vastly
different co-expression modes among different tissues
(HCC tissue, adjacent tissue, and normal liver tissue)
(Figure 4C–4E).
Association of KPNA4 expression with clinical
parameters and influence on patient survival
As indicated above, the expression of KPNA4, at both
mRNA and protein levels, was much higher in HCC
samples than normal samples. Next, we employed the
UALCAN database to determine the correlations
between KPNA4 and clinical indices. As shown in
Figure 5A, KPNA4 mRNA expression was higher in
HCC than that in normal samples, and meanwhile there
have been a higher level in HCC patients than healthy
individuals (Figure 5B). Besides, patients > 21 years old
generally had higher KPNA4 level compared to those <
21 years old healthy individuals (Figure 5C). However,
KPNA4 expression was not correlated with patient
weight (Figure 5D). Lastly, tumor stage and grade were
analyzed in HCC patients, and it can be found that
increased KPNA4 mRNA expression was associated
with higher tumor stage and grade (Figure 5E, 5F).
As shown in Figure 6A, 6B, KPNA4 expressions in
normal samples were lower compared with HCC
samples. Then, Kaplan-Meier plotter was used to
examine the correlation between KPNA4 and patient
survival, and it could be concluded that KPNA4
expression was negatively correlated with patient
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survival (Figure 6C, hazard ratio (HR) = 1.86, 95%
confidence interval (CI): 1.29-2.7, P = 0.00076).
Furthermore, we performed a survival analysis in the
HPA to confirm our findings, and the results were
consistent with those presented above (Figure 6D).
KPNA4 expression is an independent risk factor for
the prognosis of HCC patients
Firebrowse website (http://firebrowse.org/api-docs/) was
used to download data of KPNA4 expression and
clinical parameters, and after obtaining the data, Cox
survival analysis was performed. By examining data
integrity and professional screening, we included 210
patients with 13 clinical parameters for this analysis
(Table 2). Table 3 showed the results of univariate
and multivariate analyses, and it could be found that
in univariate analysis, body mass index (BMI) (HR =
1.037, 95% CI: 1.007-1.068, P = 0.015), total bilirubin
(TB) level (HR = 0.040, 95% CI: 0.004-0.438,
P = 0.008), and KPNA4 mRNA level (HR = 1.001,
95% CI: 1.000-1.001, P = 0.027) were identified as
significant factors influencing overall survival (OS); age

(HR = 1.034, 95% CI: 1.004-1.065, P = 0.026), BMI
(HR = 1.037, 95% CI: 1.004-1.070, P = 0.026), TB
level (HR = 0.038, 95% CI: 0.002-0.767, P = 0.033),
tumor histopathological grade (HR = 1.819, 95%
CI: 1.132-2.921, P = 0.013) and KPNA4 mRNA level
(HR = 1.001, 95% CI: 1.000-1.002, P = 0.012) were
significantly associated with OS in multivariate analysis.
Genetic alterations of KPNA4 and the biological
interaction networks in HCC
To examine KPNA4 alterations and the associations
with OS in HCC, data from the cBioPortal database was
used. And the results indicated that KPNA4 was altered
in 39 of 360 (11%) patients; among them, 27 had
high KPNA4 mRNA expression (7.74%), 5 had low
KPNA4 mRNA expression (1.43%), 4 had KPNA4
amplification (1.15%), 1 had a KPNA4 mutation
(0.29%), and 1 patient had multiple alterations (0.29%)
(Figure 7A).
Kaplan-Meier analysis indicated that the KPNA4
alteration was significantly associated with shorter OS

Figure 2. Correlation between KPNA4 expression and T cell exhaustion in HCC. (A–E) Correlation analysis between KPNA4 and
related gene markers (CTLA4, GZMB, LAG3 and PDCD1) of T cell exhaustion and PDL1 (CD274) expression.
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Figure 3. Gene and protein expression profiles of KPNA4 in human normal and tumor tissues in HPA database. (A) mRNA
expression data from the GTEx project. (B) Gene expression in common human tumor tissues. (C) Protein expression of normal tissues in
different organs. (D) Protein expression overview in common tumors.
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Figure 4. Gene expression profiles in HCCDB database. (A) Radar map of KPNA4 overall expression among different types of tissues.
(B) The differential expression of KPNA4 in different liver cancer datasets. The coexpression networks of KPNA4 in HCC tissues (C), adjacent
liver tissues (D) and normal tissues from the GTEx project (E) showed that different liver tissues expressed different coexpression networks.
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(Figure 7B, P = 5.825e-3). Next, neighboring genes that
were significantly associated with KPNA4 alterations
were used to analyze the biological interaction in
cBioPortal, and Figure 7C showed the network. From

the results, it could be found that the top 3 mutant genes
were NUP133 (36.4%), TPR (23.1%), and NUP85
(21.1%), respectively (Supplementary Table 1). Then,
we used the g:Profiler tool to explore functions of

Figure 5. The mRNA expression of KPNA4 in the UALCAN database. (A) The mRNA expression level of KPNA4 was significantly higher
in cancer tissues than in normal tissues. (B) The expression level of KPNA4 in HCC patients was higher than that in healthy people and was not
associated with gender. (C) Patients (age > 21 years old) commonly had higher gene expression than young healthy people. (D) The
expression level of KPNA4 was not correlated with patient weight. The expression level of KPNA4 was positively correlated with tumor stage
(E) and tumor grade (F) in HCC. * represents P < 0.05, ** represents P < 0.01, *** represents P < 0.001.
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Figure 6. KPNA4’s expression and prognostic value in HCC patients. (A) The mRNA expression level of KPNA4 was significantly higher
in cancerous tissues than in normal tissues in the Metabolic gEne RApid Visualizer. (B) Representative immunohistochemistry images from
the HPA with the KPNA4 antibody: HPA045500, cancerous tissue had higher staining than normal liver tissue. (C) High KPNA4 mRNA
expression was significantly associated with poor OS in HCC patients from the Kaplan-Meier plotter. (D) Prognostic value of the KPNA4 level
in HCC patients from the HPA.
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Table 2. Clinicopathological variables of 210 HCC patients with complete data.
Variables
Gender (Male/female)
Age (years, Mean±SD)
BMI
Albumin (g/L, Median)
AFP (ng/ml, Median)
Platelets (10e9/L, Median)
PT (s, Median)
TB (μmol/L, Median)
Histological grade
g1
g2
g3
g4
Vascular invasion (yes/no)
Tumor weight (g, Median)
Tumor necrosis (%, Median)
Neoadjuvant treatment (yes/no)

HCC patients (N=210)
141/69
58.96±12.48
26.48±9.55
4.00(0.20-5200)
17.00(1-2035000)
200.5(69-499000)
1.1(0.8-19)
1.2(0.8-1.9)
N=18
N=96
N=85
N=11
72/138
125(20-2924)
5(0-40)
2/208

HCC: hepatocellular carcinoma; BMI: body mass index; AFP: alpha-fetoprotein; PT:
prothrombin time; TB: total bilirubin.

Table 3. Prognostic factors associated with overall survival in 210 HCC patients.
Variables
Gender
Age(years)
BMI
Albumin (g/L)
AFP (ng/ml)
Platelet (10e9/L)
PT (s)
TB (μmol/L)
Histological grade
Vascular invasion
Tumor weight
Tumor necrosis (%)
Neoadjuvant treatment
KPNA4

HR
0.811
1.025
1.037
0.999
1.000
1.000
1.044
0.040
1.460
1.610
1.000
1.032
0.649
1.001

Univariate analysis
95% CI
0.438-1.501
0.999-1.052
1.007-1.068
0.969-1.029
1.000-1.000
1.000-1.000
0.979-1.113
0.004-0.438
0.961-2.218
0.871-2.977
0.999-1.001
0.984-1.082
0-19426.425
1.000-1.001

P value
0.505
0.057
0.015*
0.934
0.546
0.306
0.188
0.008*
0.076
0.129
0.658
0.193
0.646
0.027*

HR
0.863
1.034
1.037
0.892
1.000
1.000
1.003
0.038
1.819
1.881
1.000
1.043
0
1.001

Multivariate analysis
95% CI
P value
0.439-1.695
0.669
1.004-1.065
0.026*
1.004-1.070
0.026*
0.634-1.255
0.512
1.000-1.000
0.122
1.000-1.000
0.203
0.920-1.094
0.943
0.002-0.767
0.033*
1.132-2.921
0.013*
0.965-3.667
0.064
0.999-1.001
0.375
0.984-1.106
0.159
0
0.980
1.000-1.002
0.012*

HCC: hepatocellular carcinoma; CI: confidence interval; HR: hazard ratio; BMI: body mass index; AFP: alpha-fetoprotein; PT:
prothrombin time; TB: total bilirubin. *P < 0.05 was considered significant.

KPNA4 and its frequently altered neighboring genes. As
shown in Figure 7D and Supplementary Table 2, cellular
components, including the host cell, nuclear pore,
nuclear envelope, nuclear membrane and nuclear pore
outer ring were significantly associated with KPNA4
alterations. Besides, these alterations were noted to be
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mainly correlated with tRNA export from the nucleus,
non-coding RNA export from the nucleus, transport of
virus, multiorganism transport and regulation of the
glycolytic process. KPNA4 mutation particularly
influenced molecular functions, including the structural
constituent of the nuclear pore, structural molecule
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activity, nuclear localization sequence binding, signal
sequence binding and nucleocytoplasmic carrier activity.
Lastly, KEGG analysis was performed, and it can be
found that KPNA4 mutation in HCC was significantly
associated with the RNA transport pathway.
Enrichment analyses of co-expressed genes and
kinase, miRNA, and transcription factor targets
networks in HCC
To determine the co-expressed genes correlated with
KPNA4 in HCC, we employed the LinkedOmics
database to perform this analysis. The volcano plot
(Figure 8A) illustrated genes which were positively or

negatively correlated with KPNA4 (false discovery rate
< 0.01). The 50 significant genes which were positively
or negatively correlated with KPNA4 were presented by
a heat map (Figure 8B, 8C and Supplementary Table 3).
Next, the gene set enrichment analysis (GSEA) was
used to perform GO term and KEGG analyses, and it
could be found that the differentially expressed genes
were located primarily in the mitochondria, microbody,
respiratory chain, oxidoreductase complex and blood
microparticles. These genes were mainly involved in
small molecule catabolic processes, the generation of
precursor metabolites and energy, fatty acid metabolic
processes, RNA localization, and mitochondrial gene
expression processes. Moreover, they were involved in

Figure 7. Genetic mutations of KPNA4 and its associations with OS in HCC patients (cBioPortal). (A) Oncoprint of KPNA4
alterations in HCC. The overview of genomic alterations showed that the mutation rate of KPNA4 was 11%. (B) Alterations in KPNA4 poorly
affect the prognosis of HCC patients. (C) Network view of KPNA4 and its altered neighboring genes in HCC. (D) GO functional enrichment and
KEGG pathway analyses of KPNA4 and its frequently altered neighboring genes.
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cofactor binding, the structural constituents of
ribosomes, histone binding, oxidoreductase activity and
electron transfer activity (Figure 8D–8F). Finally,
enrichment analysis of KEGG showed these genes were
primarily involved in ribosome, nonalcoholic fatty liver
disease, oxidative phosphorylation, and peroxisome and
chemical carcinogenesis pathways (Figure 8G).
Furthermore, we constructed the kinase, miRNA and
transcription factor target networks by GSEA to explore

the targets of KPNA4 in HCC. As indicated in
Supplementary Figure 2A, it could be seen that cyclindependent kinase 2 (CDK2), CDK1, mitogen-activated
protein kinase 1 (MAPK1), ataxia-telangiectasia
mutated (ATM), and checkpoint kinase 1 (CHEK1)
were the top 5 significant kinase target networks.
(GCACTTT) MIR-17-5P, MIR-20A, MIR-106A, MIR106B, MIR-20B, MIR-519D, (TTTGCAC) MIR-19A,
MIR-19B and (TGTTTAC) MIR-30A-5P, MIR-30C,
MIR-30D, MIR-30B, MIR-30E-5P were the most

Figure 8. Genes differentially expressed in correlation with KPNA4 in HCC (LinkedOmics). (A) Volcano plot showing genes
correlated with KPNA4 through Pearson’s test analysis. (B, C) Heat maps showing the top 50 genes positively and negatively correlated with
KPNA4 in HCC; red (positive), green (negative). The significantly enriched GO annotations ((D) cellular components, (E) biological processes,
(F) molecular functions) and KEGG pathways (G) of KPNA4 coexpressed genes were analyzed using GSEA.
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significant miRNA target networks (Supplementary
Figure 2B). Besides, heat shock transcription factor-like
HSF1_01, transcription factor SOX9_B1, and the E2F
transcription
factor
(E2F)
family,
including
E2F_Q4_01, E2F_Q4, and E2F_02 were the main
transcription factor target networks (Supplementary
Figure 2C).
Expression of KPNA4 is correlated with HCC
prognosis
To confirm the conclusions arrived at above, we
conducted qRT-PCR assay to measure KPNA4 mRNA
level in 40 pairs of HCC tissues and corresponding
normal tissues. The clinical features of included cases
were concluded in Supplementary Table 4. Our results
indicated KPNA4 level was higher in HCC tissue than
that in normal tissue (Figure 9A, P < 0.01). Next,
western blotting and immunohistochemistry (IHC)
assays were used to evaluate KPNA4 protein levels in
these samples, and it could be found that KPNA4
protein level was higher in HCC than that in normal
tissue (Figure 9B–9D).
Finally, we performed the receiver operating
characteristic (ROC) curve analysis and Kaplan-Meier
analysis to determine potential application value of
KPNA4 in HCC; and found that KPNA4 may serve as a
biomarker to diagnose HCC (area under the ROC
curve [AUC] = 0.726, 95% CI: 0.569-0.882, P = 0.029;
Figure 9E), and to predict patient prognosis (Figure 9F,
P = 0.005).

DISCUSSION
HCC is a relatively common disease, and numerous
methods currently have been used in the treatment of
HCC. However, because there are no reliable methods
of early detection and because the postoperative
recurrence rate of HCC is high, outcomes remain poor.
A number of different components are transported via
karyopherin mediation [9–11]. Karyopherin-α (or
importin-α) plays an essential role in this process by
combining molecules which contain specific nuclear
localization signals (NLSs) [12–14]. KPNA4 plays
critical roles in the nuclear localization of many
biological processes [15–17], and it has been identified
as a therapeutic target in a number of different
malignancies [6–8, 18]. However, few studies have
examined KPNA4 with respect to HCC.
Herein, we first examined the correlations of KPNA4
level and immune infiltration cells, and then detected
KPNA4 expression in common human tumor tissues and
normal tissues. Although KPNA4 mRNA expressions
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were at relatively low levels in both HCC tissue and
normal liver tissue, the protein level was higher in the
liver compared with that in other organs. This may result
from that KPNA4 protein translation efficiency in the
liver is much greater than that in other organs; surely,
what can be confirmed is that additional studies are
needed to clearly identify mechanisms that regulate
KPNA4. We next studied differences of KPNA4
expression in HCC tissue and compared normal liver
tissue, and results from multiple databases all indicated
that KPNA4 mRNA and protein expressions in normal
liver tissue are significantly lower than that in HCC, a
result consistent with that of previous studies [6, 8].
Infiltrating lymphocytes have been shown to be
prognostic factors for numerous cancers [19, 20]. In
present study, we identified that KPNA4 level was
correlated with certain infiltrating cells and immune
markers; however, further study is needed to determine
how immune cells affect KPNA4 expression and
promote the growth and development of HCC.
Further, we performed Kaplan-Meier analysis using a
group of HCC patients identified in TCGA database,
and found that KPNA4 expression was negatively
correlated with patient prognosis. Additionally, genetic
alterations of KPNA4 had a significant effect on patient
survival. Complete data from 210 patients identified in
TCGA database was used to perform Cox analyses, and
the results showed that KPNA4 expression, as well as
age, BMI, TB level, and tumor histopathological grade
were significant prognostic factors for HCC. These
results further demonstrated the value of KPNA4 for
HCC patients. Finally, HCC and normal tissues from
patients treated at our center were studied and the
results were consistent with those of the database
analyses.
Recent studies have shown that inhibition of KPNA4
attenuates prostate cancer metastasis [6] and that
KPNA4 participates in the proliferation of cutaneous
squamous cell carcinoma [8]. In current study, increased
KPNA4 expression was significantly associated with
higher tumor stage and grade.
Genetic alterations and dysregulated amplification are
believed to be vital for the development of many tumors
[21–23]. Epigenetic changes are viewed as very
important in many malignancies [24, 25], as well as in
HCC [1, 26, 27]. Our results identified genetic
mutations in KPNA4 in HCC, and the mutation was
significantly associated with patient survival. In
addition, the functional networks showed that the
neighboring genes, together with KPNA4, generally
participated in the transport of cargoes, including tRNA
and viruses via the RNA transport pathway, a

AGING

Figure 9. Expression levels of KPNA4 and prognostic values in HCC patients. (A) KPNA4 mRNA level was increased in HCC tissues
compared with normal tissues as measured by qRT-PCR. (B) KPNA4 protein level was increased in HCC tissues compared with normal tissues
as measured by western blot. (C) KPNA4 expression by immunohistochemistry staining. (D) Semi-quantitative analysis of KPNA4 protein
expression between cancerous specimens and non-cancerous parts. (E) ROC of KPNA4 level in HCC showing that elevated KPNA4 level
correlated with HCC incidence. (F) High KPNA4 expression level correlated with poor OS.
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finding that is consistent with the inherent characteristic
of the KPNA family as nuclear transporters.
Results from present study showed that the functional
network of KPNA4 is mainly involved in the
mitochondria, microbody, respiratory chain and cell
cycle. Functional network of KPNA4 transcription was
associated with genomic stability, gene expression and
the cell cycle. These results indicate that KPNA4 has
roles in cell cycle regulation and cell function
regulation, which provides additional evidence that
alterations of the KPNA4 gene may be associated with
the development of malignancies, including HCC.
There are limitations of this study that must be
acknowledged. Comparisons between KPNA4 and other
common biomarkers of HCC, such as alpha fetoprotein
(AFP), des-γ-carboxyprothrombin (DCP) and glypican3 were not performed because data were not abundantly
available in public databases. Second, as a novel
potential biomarker, more research work is still needed
for KPNA4's testing methods and clinical application in
HCC. Third, experimental evidences of KPNA4
promoting the growth and progression of HCC are still
indispensable.

CONCLUSIONS
Collectively, this study indicated that KPNA4 actively
participate in the pathogenesis of HCC, and that it could
be viewed as a potential diagnostic and prognostic
marker.

database [30]. In addition, KPNA4 expression was
further investigated in the Metabolic gEne RApid
Visualizer (MERAV, http://merav.wi.mit.edu) database
[31] and the HCCDB database (http://lifeome.net/
database/hccdb) [32]. Meanwhile, co-expression
networks in HCC tissue, adjacent liver tissue, and
normal liver tissue were constructed using the HCCDB.
KPNA4 mRNA expression and its associations with
various clinical indicators were explored using the
UALCAN database (http://ualcan.path.uab.edu) [33].
Kaplan-Meier plotter (http://kmplot.com/analysis/)
analysis was conducted to investigate prognostic value
of KPNA4 for HCC patients.
Genetic alterations of KPNA4 in HCC and its
correlation with patient survival were analyzed
using the cBio Cancer Genomics Portal database
(http://cbioportal.org) [34]. In addition, neighboring
genes of KPNA4 were then used to perform Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analyses using the
g:Profiler database (http://biit.cs.ut.ee/gprofiler/) [35].
The correlated genes, together with KPNA4, were
analyzed in HCC using data from a LinkedOmics cohort
(n=371) (http://www.linkedomics.org/login.php) [36].
GO, KEGG, kinase-target enrichment, miRNA-target
enrichment, and transcription factor-target enrichment
analyses of the identified correlated genes were further
performed using the Web-based GEne SeT AnaLysis
Toolkit (WebGestalt) [37].
Patients and tissue samples

MATERIALS AND METHODS
Bioinformatics analysis
The Tumor IMmune Estimation Resource (TIMER,
https://cistrome.shinyapps.io/timer/) is used to explore
the correlation between gene expression and immune
infiltration in various cancers [28]. Here, KPNA4
expression was analyzed in HCC patients, and
B lymphocytes, CD8+ T lymphocytes, CD4+
T lymphocytes, macrophages, neutrophils, and dendritic
cells were included for the analysis. Multivariable Cox
analysis was performed to investigate the clinical
relevance of tumor immune subsets with common
clinical factors and KPNA4 expression in HCC. The
Gene Expression Profiling Interactive Analysis
(GEPIA, http://gepia.cancer-pku.cn/) was used to
examine the associations of KPNA4 level and markers
of T cell exhaustion [29].
KPNA4 expression in human tissues and protein
subcellular localization were validated using the Human
Protein Atlas (HPA) (https://www.proteinatlas.org)
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In present study, 40 pairs of HCC tissues and
corresponding normal tissues were obtained from HCC
patients who underwent hepatectomy at the Third
Affiliated Hospital of Sun Yat-Sen University,
Guangzhou, China. The protocol of this study was
approved by the Ethics Committee of the Third
Affiliated Hospital of Sun Yat-Sen University, and each
patient has signed the informed consent.
Quantitative reverse transcriptionchain reaction (qRT-PCR)

polymerase

Total RNA of all clinical samples in our center was
extracted using the TRIzol reagent (Invitrogen, Carlsbad,
CA, USA). Then, we conducted reverse transcription
assays using the GoScript™ System (Promega, Madison,
WI, USA). Finally, quantitative polymerase chain
reaction (q-PCR) analysis was performed using SYBRgreen PCR Master Mix and a Roche PCR 480 system
(Roche Applied Science, Germany). The following
primer sequences for this assay were used: KPNA4
(forward): 5′-CAGGAGATTCTTCCAGCCCTTTGT
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GT-3′ and (reverse): 5′-ATTACCATCTGTATTTGTT
CATTGCCAGCATC-3′; glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) (forward): 5′-GGAGCGAGA
TCCCTCCAAAAT-3′ and (reverse): 5′- GGCTGTTG
TCATACTTCTCATGG-3′.
Western blotting
Total protein was extracted using an EpiQuik Nuclear
Extraction Kit (Epigentek, Farmingdale, NY, USA). A
BCA Protein Assay Kit (Pierce, Rockford, IL, USA)
was used to quantify the protein concentration. Equal
protein quantities were separated by 10% SDS-PAGE
gel and then transferred onto nitrocellulose membranes
(0.2 μm). Incubation of antibodies against KPNA4
(Santa Cruz, CA, USA) and β-actin (Cell Signaling
Technology, Danvers, MA, USA) was performed
overnight at 4° C. Then, incubation of HRP-conjugated
secondary antibody (Abcam, Cambridge, MA, USA)
was performed. Finally, an enhanced chemiluminescence kit (ECL; Pierce) was used to visualize
target protein expression.

Hazard ratio; CI: Confidence interval; TB: Total
bilirubin; GSEA: Gene set enrichment analysis; CDK2:
Cyclin-dependent kinase 2; MAPK1: Mitogen-activated
protein kinase 1; ATM: Ataxia-telangiectasia mutated;
CHEK1: Checkpoint kinase 1; ROC: Receiver operating
characteristic; RFA: Radiofrequency ablation; NLS:
Nuclear localization signal.
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SUPPLEMENTARY MATERIALS
Supplementary Figures

Supplementary Figure 1. Subcellular localization of KPNA4 in HPA database. (A–D) KPNA4 protein subcellular localization in A-431,
PC-3 and U-2 OS cell lines.
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Supplementary Figure 2. Genes differentially expressed in correlation with KPNA4 in HCC (LinkedOmics). Significantly enriched
KPNA4 networks of kinase (A), miRNA (B) or transcription factor (C) targets of KPNA4 coexpressed genes in HCC were analyzed using GSEA.
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Supplementary Tables
Please browse Full Text version to see the data of Supplementary Tables 2, 3.

Supplementary Table 1. Neighboring genes associated with KPNA4 mutation.
Genes

Amplification

Homozygous
deletion

Up-regulation

Down-regulation

Mutation

Total alteration

NUP133

0.089

0.303

0.008

0.025

0.364

TPR

0.089

0.164

0.003

0.014

0.231

NUP85

0.056

0.181

0

0.006

0.211

NUP153

0.042

0.133

0

0.017

0.164

RAE1

0.014

0.128

0.006

0.003

0.142

NUP155

0.014

0.119

0

0.011

0.136

NUP42

0.014

0.1

0.014

0

0.117

KPNA4

0.014

0.081

0.014

0.003

0.108

NUP214

0.006

0.058

0.031

0.025

0.108

NUP62

0.008

0.086

0

0.006

0.1

NUP43

0.003

0.069

0.006

0.006

0.097

SEH1L

0.011

0.064

0.028

0

0.097

NUP107

0.019

0.081

0.003

0

0.094

NUP188

0.003

0.081

0

0.014

0.094

NUP50

0.006

0.083

0.003

0.003

0.092

POM121

0.011

0.078

0

0.003

0.092

RANBP2

0.003

0.047

0.011

0.028

0.092

NUP210

0.008

0.075

0

0.011

0.089

NUP205

0.011

0.075

0

0.006

0.086

NUP54

0.003

0.003

0.036

0.044

0

0.081

NUP35

0.008

0.006

0.067

0.006

0

0.078

AAAS

0.003

0.058

0.006

0.003

0.069

0.056

0

0

0.069

0.061

0

0.006

0.069

KPNA5
NUP37

0.019

0.003
0.003

0.014
0.006

NUP88

0.019

0.031

0.019

0.008

0.069

NUP58

0.003

0.003

0.047

0.011

0.003

0.067

NUP98

0.006

0.003

0.033

0.022

0.008

0.067

NUP160

0.003

0.053

0

0.006

0.058

NUP93

0.003

0.006

0.031

0

0.008

0.047

ISG15

0.003

0.031

0.008

0

0

0.042

Supplementary Table 2. Enrichment analysis of KPNA4 and its frequently altered neighboring genes.
Supplementary Table 3. Significant gene sets positively or negatively correlated with KPNA4.
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Supplementary Table 4. Clinicopathological characteristics of 40 HCC patients.
Characteristics
Gender (male/female)
Age (years, mean±SD)
ALT (U/L, mean±SD)
ALB (g/L, mean±SD)
PT (s, mean±SD)
HBsAg (positive/negative)
AFP (ng/ml, median)
ECOG PS score (0/1)
Child-Pugh grade (A/B)
BCLC stage (0, A/B, C)
Tumor size (cm, mean±SD)
Capsule integrity (yes/no)
Satellite nodule (yes/no)
Liver cirrhosis (yes/no)
MVI (yes/no)
Anatomical hepatectomy (yes/no)
Blood loss (ml, < 500/≥ 500)
3-year survival (yes/no)

HCC patients (N=40)
37/3
49.18±12.44
54±61.98
42.83±3.5
13.51±1.163
40/0
144 (1.7-5451)
33/7
30/10
23/17
5.286±3.437
31/9
2/38
27/13
3/37
20/20
36/4
11/29

HCC: hepatocellular carcinoma; ALT: alanine aminotransferase; ALB: albumin; PT:
prothrombin time; HBsAg: hepatitis B surface antigen; AFP: alpha-fetoprotein;
ECOG: Eastern Cooperative Oncology Group; PS: performance status; BCLC:
Barcelona clinic liver cancer; MVI: microvascular invasion.
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