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Abstract
Background

Liver hepatocellular carcinoma (LIHC) is an important pathological type of liver cancer. The immune
in�ltration of the tumor microenvironment is negatively correlated with the overall survival rate of LIHC. At
present , the role and molecular mechanism of KPNA2 in LIHC have not been elucidated, and the
prognostic correlation between the two and the immune in�ltration of LIHC are still unclear. Our study
evaluated the role of KPNA2 in LIHC through TCGA data.

Method

Gene expression pro�ling interactive analysis (GEPIA) is used to analyze the expression of KPNA2 in
LIHC. We evaluated the impact of KPNA2 on the survival of LIHC patients through the survival module.
Then, We downloaded the LIHC data set from TCGA. Logistic regression was used to analyze the
correlation between clinical information and KPNA2 expression. Cox regression analysis was used to
analyze the clinicopathological characteristics related to the overall survival rate of TCGA patients. In
addition, we used the "correlation" modules of CIBERSORT and GEPIA to explore the correlation between
KPNA2 and cancer immune in�ltrate. Western blotting was used to detect the expression of KPNA2.

Result

Using logistic regression for univariate analysis, increased KPNA2 expression was signi�cantly correlated
with pathological stage, tumor status, and lymph node status. In addition, multivariate analysis showed
that down-regulation of KPNA2 expression, negative pathological stage and distant metastasis are
independent prognostic factors for good prognosis. Speci�cally, CIBERSORT analysis was used to
establish a negative correlation between the up-regulated expression of KPNA2 and the level of immune
in�ltration of B cells, NK cells, mast cells, and T cells. In addition, we con�rmed this in the "Association"
module of GEPIA. The expression of KPNA2 in LIHC tissues was signi�cantly lower than that in adjacent
normal tissues by western blotting.

Conclusion

The down-regulation of KPNA2 expression is associated with a good prognosis and an increase in the
proportion of immune cells in LIHC. These conclusions indicate that KPNA2 is related to the level of
immune in�ltration of LIHC and can be used as a potential prognostic biomarker of LIHC and a potential
target for clinical tumor treatment.

Introduction
Primary liver cancer, a common clinical malignant tumor, accounts for the second leading cause of
cancer-related death in the world [1], and the 5-year overall survival rate is only 18% [2], among which
Liver hepatocellular carcinoma (LIHC) is mainly. Surgical resection is the main treatment method in
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clinical practice, but the surgical treatment effect and prognosis are poor. Data shows that the recurrence
rate within 5 years after surgery is more than 70% [3]. Therefore, �nding new markers of hepatocellular
carcinoma is of great signi�cance for the treatment of hepatocellular carcinoma.

KPNA2 protein is a nuclear transport protein that contains N-terminal, C-terminal and repeated ARM
sequences. It binds to nuclear proteins, enters the nucleus to play a role in protein transport, participates
in the transport of a variety of oncogenic proteins, and regulates a variety of cellular activities [4]. The
high expression of nuclear transporter gene 2 (karyopherin alpha 2, KPNA2) has also been con�rmed to
be associated with a variety of malignant tumors such as rectal cancer [5], breast cancer [6], ovarian
cancer [7], lung adenocarcinoma [8], etc. It is closely linked with tumor progression and prognosis. But the
role and molecular mechanism of KPNA2 in LIHC have not yet been elucidated, and the prognostic
correlation between the two and the immune in�ltration of LIHC are still unclear.

This study will use gene expression analysis interaction analysis (GEPIA), COX regression analysis and
CIBERSORT algorithm to analyze the relevant data in the TCGA database, and explore the correlation
between KPNA2 and LIHC prognostic value and immune in�ltration, so as to predict its possibility The
molecular mechanism provides a new molecular target for LIHC.

Materials And Methods
1. Data collection

The LIHC patient data sets with gene expression pro�les and paired clinical information used in this
study are all from The Cancer Genome Atlas (TCGA), with 424 samples in total, including 374 carcinoma
tissues and 50 adjacent normal tissues. Subsequently, cases with insu�cient or missing data on age,
overall survival time, and TNM staging were excluded. Finally, the clinical data of 343 eligible patients
were retained for Cox regression analysis. In order to study the in�uence of the immune
microenvironment on the expression of KPNA2, we used 374 tumor tissues for CIBERSORT analysis.

To

2. GEPIA Survival and Expression Analysis

Gene Expression Analysis Interactive Analysis (GEPIA) is a web-based online gene expression analysis
database used to evaluate the correlation between KPNA2 expression and clinicopathological
information of liver cancer Sex. GEPIA is a web server[9] that uses standard processing pipelines to
analyze the RNA sequencing expression data of 9736 tumors and 8587 normal samples, which come
from the TCGA and GTEx projects. GEPIA can analyze the correlation between the expression level of
KPNA2 and the prognosis of LIHC. At the same time, with the disease state (tumor or normal) as a
variable, a box plot is drawn dynamically to visualize the differential expression of KPNA2. Analyze the
clinical stage diagram with pathological stage as the variable, and compare the expression level of
KPNA2 in different pathological stages.
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3. Evaluation of tumor in�ltrating immune cells

CIBERSORT is a deconvolution algorithm based on gene expression, which can evaluate the expression
changes of a group of genes relative to all other genes in the sample. Therefore, the TIIC concentration
can be accurately estimated through this process. The stable performance of CIBERSORT encourages
people to pay more and more attention to cell heterogeneity research [10], [11], [12]. Our current analysis
uses CIBERSORT to measure the proportion of 22 TIICs in LIHC to assess its correlation with survival
rates and molecular subpopulations. In short, gene expression datasets are listed using standard
annotation �les and uploaded to the CIBERSORT web portal, and the algorithm runs with its default
signature matrix in one thousand permutations. CIBERSORT estimates the P value of deconvolution
through Monte Carlo sampling, thereby establishing a measure of con�dence in the result. To evaluate
the in�uence of KPNA2 expression, we used 424 samples in TCGA, which represent the complete gene
range. The p value<0.05 was used as the criterion for selecting lymphocytes that may be affected by
KPNA2 expression. In order to detect the correlation between 22 kinds of immune cells, we drew a
correlation heat map.

In addition, the "correlation" module of GEPIA was used to further con�rm the relationship between the
expression of KPNA2 and possible tumor in�ltrating immune cell gene markers. Gene markers involve T
cells (general), CD8 + T cells, B cells, neutrophils, natural killer cells (NK), T helper 1 (Th1) cells, T helper 2
(Th2) cells, follicular helper T (Tfh) cells, T helper 17 (Th17) cells, exhausted T cells and mast cells.
Existing studies have provided references for [13], [14], and [15] gene markers. Related modules help to
draw custom expression scatter plots of gene pairs for speci�c cancer types, as well as Spearman's R and
predicted statistical signi�cance. The P value<0.01 is determined as the threshold value. In order to detect
the correlation between 22 kinds of immune cells, we drew a correlation heat map, that is, a correlation
chart between every two different kinds of immune cells in the sample.

4. Western blotting

Western blotting is a protein detection technique that transfers the total protein of cells or tissues
separated by electrophoresis from the gel to the solid support NC membrane or PVDF membrane, and
then uses a speci�c antibody to detect a speci�c antigen. It is now widely used Research on gene
expression at the protein level, detection of antibody activity, and early diagnosis of diseases. In this
study, western blotting was used to detect the expression of KPNA2 in liver cancer tissues and adjacent
normal tissues.

5. Statistical Analysis

The statistical data obtained by TCGA is realized by R-3.5.3. Logistic regression was used to analyze the
correlation between clinical characteristics and KPNA2 expression. Perform COX regression analysis to
determine the overall survival-related clinical characteristics of TCGA patients. In this study, p value<0.05
was used as the threshold for statistically signi�cant differences. The correlation of gene expression was
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judged by Spearman's R and statistical signi�cance. The absolute value of R greater than 0.1 is
considered relevant, and the value of P<0.01 is considered statistically signi�cant.

Results
3.1. Survival outcomes and multivariate analysis

As shown in Fig. 1, increased expression of KPNA2 is signi�cantly correlated with poor overall survival
(Fig. 1A, P<0.001) and advanced pathological stage (Fig. 1B, P<0.001). In addition, KPNA2 expression in
tumor samples is obviously lower than in normal (Fig. 1C). As shown in Table 1a, Univariate analysis
using Cox regression revealed that in different tumor states, the in�uencing factors have different effects
on the overall survival rate. In tumor stage(I-II), age (HR = 1.023, P<0.05) the expression of KPNA2 (HR =
1.705, P=0.000) are signi�cantly associated with overall survival. In tumor stage (III-IV), the expression of
KPNA2 (HR = 1.646, P=0.001) are signi�cantly associated with overall survival. In multivariate analysis
(Fig. 2), the down-regulated KPNA2 expression is independent prognostic factor of favorable prognosis.

3.2. Association between KPNA2 expression and clinicopathologic variables

The underlying mechanism of KPNA2 expression in cancer requires further study, hence we analyzed and
correlated it with certain clinical aspects in cases of liver carcinoma. Cases with eligible clinical
information were analyzed by R-3.5.3. As shown in Table 2, univariate analysis using logistic regression
with KPNA2 expression as a categorical dependent variable revealed that increased expression of KPNA2
correlated signi�cantly with the pathological stage (I vs II, p = 0.007; III vs I, p = 0.002), tumor status (T1
vs T2, p = 0.012; T1 vs T3, p = 0.006; T1-T2 vs T3-T4, p=0.033), and grade (II vs III, p = 0.011; I vs III, p =
0.028; I-II vs III-IV, p = 0.001).

3.3. Relationship between KPNA2 expression and tumor-in�ltrating immune cells

Previous analyses suggest tumor-in�ltrating lymphocytes as independent predictors of sentinel lymph
node status and survival in cancer patients [16]. Therefore, we tried to �nd whether KPNA2 expression
relates to immune in�ltration in liver carcinoma. Among 374 liver carcinoma samples, samples with the
top 1/3 and the lowest 1/3 KPNA2 expression were included into high expression group and low
expression group, respectively. We use an established computational resource (CIBERSORT) to explore
gene expression pro�les of downloaded samples to infer the ratio of 22 types of immune cells in high
and low KPNA2 expression groups. The results of CIBERSORT were exhibited in Fig. 3. The proportions of
22 subpopulations of immune cells were clearly rendered on it. As shown in Fig. 3A, main immune cells
including B cells naive, B cells memory, T cells CD4 memory resting, T cells CD4 memory activated, T
cells follicular helper, T cells regulatory (Tregs), T cells gamma delta, NK cells resting, monocytes,
macrophages M0, macrophages M1, dendritic cells resting, mast cells resting, and neutrophils were
affected by KPNA2 expression. Among them, B cells memory (p = 0.002), T cells CD4 memory activated
(p < 0.001), T cells follicular helper (p < 0.001), Macrophages M0 (p < 0.001), Dendritic cells resting (p =
0.031), Neutrophils (p = 0.036) share a higher proportion in high expression group compared with low
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expression group. In contrast, the proportion of B cells naïve (p = 0.002), T cells CD4 memory resting (p =
0.002), NK cells resting (p = 0.023), Monocytes (p = 0.005), macrophages M1 (p = 0.002), Mast cells
resting (p = 0.001), are apparently lower. In addition, correlation heatmap (Fig. 3B) revealed that the
proportions of different TIICs subpopulations were weakly to moderately correlated.

“Correlation” module of GEPIA helped us to analyze the link between KPNA2 expression and gene
markers of different types of tumor-in�ltrating immune cells, including CD8+ T cells, T cells (general), B
cells, neutrophils, Mast cells and DCs, as also different functional T cells, namely Th1, Th2, Tfh, Th17,
Tregs, and exhausted T cells (Table 3). Results con�rmed that KPNA2 expression is correlated with many
marker sets of different immune cells in liver carcinoma. The gene markers effected by KPNA2
expression include CD8A, CD8B of CD8+ T cell, CD2, CD3E of T cell (general), KIR2DL3, KIR2DL4 of
Natural killer cell, GATA3, STAT5A of Th2, STAT3 of Th17, CTLA4, LAG3 of T cell exhaustion, as well as
HDC of Mast cells. Correlations were evaluated using Spearman correlation coe�cient. Correlation results
between KPNA2 and markers of B cells, Mast cells and T cells were similar to CIBERSORT. Thus, these
�ndings indicate that KPNA2 may play a crucial role in regulating the abundance of B cells, Mast cells
and T cells. Further studies need to be done to explore whether KPNA2 is a signi�cant factor that relate to
immune in�ltration of Neutrophils.

Western blotting (Fig. 4) results showed that the expression of KPNA2 in liver cancer tissues was
signi�cantly lower than that in normal tissues adjacent to cancer.

Discussion
In previous studies, high KPNA2 levels were associated with poor prognosis and high recurrence rate of
breast cancer [17]. In many studies, KPNA2 is associated with many other types of malignant tumors,
including the endometrium, prostate, and brain. Here, we found that changes in the level of KPNA2
expression are correlated with the prognosis of LIHC. Down-regulation of KPNA2 expression is an
independent prognostic factor for good prognosis. At the same time, in the context of clinical data, we
conducted a correlation analysis of KPNA2. The increase of KPNA2 expression level is signi�cantly
related to pathological staging, tumor status, lymph node status and other clinical characteristics.
Therefore, the results of previous studies indicate that KPNA2 may have a potential impact on tumor
immunology and can be used as a promising cancer biomarker.

In this study, we used the online database GEPIA to �nd the correlation between the expression of KPNA2
and the survival rate of LIHC patients. The down-regulation of KPNA2 expression is related to a good
prognosis. We also observed that the expression of KPNA2 is different in normal tissues and tumor
tissues of LIHC. In order to further study the underlying mechanism of KPNA2 expression in cancer and
its relationship, we downloaded the data set from TCGA. The TCGA analysis of R-3.5.3 showed that the
expression of KPNA2 was related to the pathological stage, tumor status, lymph node status and other
clinical features. Multivariate analysis showed that KPNA2 expression is an independent prognostic
factor for the prognosis of LIHC patients.
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In our study, an important conclusion relates to the correlation between the expression of KPNA2 and the
level of LIHC immune in�ltration. CIBERSORT analysis showed that the expression of KPNA2 in LIHC was
signi�cantly positively correlated with the level of T cell and NK cell in�ltration. Similarly, the relationship
between different immune cells’ gene markers and the expression of KPNA2 also suggests the
importance of KPNA2 in regulating the immune microenvironment of LIHC tumors. First, using the
CIBERSORT algorithm, it was found that the ratios of B cells, several T cells, NK cells, monocytes,
macrophages and mast cells in the KPNA2 high expression group were distinctly lower than that in the
low expression group. Additionally, we used the "association" module of GEPIA to con�rm that KIR2DL3
and KIR2DL4 of NK cells are negatively correlated with the expression of KPNA2. This result shows us the
potential regulatory role of KPNA2 in a large number of tumor-associated NK cells. CD8+ T cell, T cell
(general), Th2, Th17, T cell exhaustion are different functional T cells. The increase of KPNA2 expression
is negatively correlated with its markers such as CD8A, CD8B, CD2, CD3E, GATA3, STAT5A, STAT3, CTLA4,
LAG3. These correlations may indicate a possible mechanism by which KPNA2 regulates T cell function
in LIHC. The low expression of T cell and NK cell signal is related to the prolonged overall survival rate,
which can be predicted in many types of tumors including liver cancer [18]. Together, these �ndings
indicate that KPNA2 plays a key role in regulating and recruiting immune in�ltrating cells in LIHC.

The analysis of the role of TIICs (tumor in�ltrating immune cells) in human tumors usually focuses on T
cells, some of which report their response to immune checkpoint suppression and their survival rate [19],
[20]. This study complements the evolving literature that identi�es T cells as a positive prognosis [21].
More and more evidences show that hypoxic stress in liver cancer tissues, the conversion of
activating/inhibitory NK receptors (NKR), and the in�uence of immunomodulatory components in TME, to
a large extent, lead to abnormal NK cell function. Signi�cantly related to fatigue, anti-tumor immunity and
poor prognosis [22], [23]. More and more evidences show that the intrahepatic immune response involves
different lymphocyte populations, and their contributions to HCC immune surveillance are different. The
intratumoral balance of regulating T cells and cytotoxic T cells plays a meaningful role in assessing the
immune status and progression of liver cancer [24], [25]. Therefore, the positive effect of KPNA2 on LIHC
may be consistent with the lower density of T cells and B cells, which suggests a possible mechanism for
KPNA2 to affect the overall survival of LIHC.

KPNβ1 is an important paralog of KPNA2, and the tumorigenesis mechanism of KPNβ1 activation is still
unclear. Nuclear transporters play an important role in regulating the development of malignant tumor.
According to reports, the nuclear import protein Kpnβ1 is an anti-tumor target for cervical cancer [26].
KPNβ1 has recently been shown to regulate the proliferation of human glioma cells via the Wnt-β-catenin
pathway. [27] In addition, Yang et al. [28] showed that the expression of Kpnβ1 is up-regulated in liver
cancer, and Kpnβ1 may become a contributing factor of liver cancer through the NF-кB signaling pathway
and serve as an independent prognostic indicator and a new target in the treatment strategy for liver
cancer. Although there is no detailed explanation of the role of KPNA2 in LIHC, based on our �ndings and
previous studies on KPNβ 1, we have reason to believe that the role of KPNA2 may be a potential
mechanism for LIHC to down-regulate the level of immune in�ltration.
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In conclusion, down-regulated KPNA2 expression is associated with a good prognosis. At the same time,
the altered expression of KPNA2 is associated with different ratios of immune cells such as NK cells and
T cells in LIHC. Therefore, the immune in�ltration mechanism of KPNA2 in the progression of LIHC has
important clinical signi�cance. It may become a possible prognostic biomarker of LIHC, and it can be
used for gene-targeted therapy in tumor tissues with high KPNA2 expression.
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Tables
Table 1 

Clinicopathologic variable HR HR.95L HR.95H pvalue

Tumor stage(I-II).        

age 1.023 1.002 1.045 0.029

gender 0.634 0.387 1.039 0.071

stage 1.434 0.870 2.363 0.157

grade 1.222 0.878 1.702 0.235

T 1.434 0.870 2.363 0.157

KPNA2 1.705 1.304 2.230 0.000

Tumor stage(III-IV).        

age 0.999 0.980 1.019 0.945

gender 1.185 0.651 2.159 0.579

stage 2.075 0.639 6.740 0.225

grade 1.131 0.754 1.698 0.552

T 1.703 0.815 3.558 0.157

KPNA2 1.646 1.210 2.240 0.001

 Table 2
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Clinical characteristic Total (N) Odds ratio in KPNA2 expression P-Value

Age(continuous) 343 0.679 0.444-1.040 0.075

Stage(I vs II)

 

253 2.080 1.221-3.542 0.007

Stage(I vs III)

 

 

 

254 2.342(1.372-3.999) 0.002

Stage

(I-II vs III-IV)

 

 

343 1.588(0.976-2.584) 0.063

Tumor status (T1 vs T2) 257 1.956(1.157-3.308) 0.012

Tumor status (T1 vs T3) 247 2.160(1.244-3.749) 0.006

Tumor status (T1-T2 vs T3-T4) 343 1.719(1.046-2.825) 0.033

Grade (II vs III) 286 1.852(1.150-2.985) 0.011

Grade (I vs III) 163 2.187(1.086-4.407) 0.028

Grade (I-II VS III-IV) 343 2.174(1.391-3.399) 0.001

Table 3
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Description Gene markers LIHC

TUMOR NORMAL

R P R P

CD8+ T cell CD8A 0.282** 0.000 0.339* 0.016

CD8B 0.284** 0.000 0.236 0.100

T cell (general) CD2 0.186** 0.000 0.223 0.12

CD3E 0.163** 0.002 0.25 0.081

B cell CD19 0.072 0.166 0.081 0.574

CD79A 0.08 0.123 0.214 0.135

Natural killer cell KIR2DL1 0.004 0.935 0.296* 0.037

KIR2DL3 0.154** 0.003 0.198 0.168

KIR2DL4 0.205** 0.000 0.535** 0.000

KIR3DL1 0.056 0.282 0.341* 0.015

KIR3DL2 0.054 0.296 0.193 0.178

KIR3DL3 0.016 0.754 0.193 0.18

KIR2DS4 0.058 0.265 0.185 0.197

Neutrophils CCR7 0.023 0.663 0.356* 0.011

Th1 STAT4 0.037 0.475 0.283* 0.047

Th2 GATA3 0.280** 0.000 0.345* 0.014

STAT6 -0.035 0.497 0.323* 0.022

STAT5A 0.143** 0.005 0.307* 0.03

IL13 0.055 0.292 0.172 0.233

Tfh BCL6 0.056 0.284 0.507** 0.000

Th17 STAT3 0.199** 0.000 0.442** 0.001

IL17A -0.001 0.982 0.17 0.238

T cell exhaustion CTLA4 0.282** 0.000 0.311* 0.028

LAG3 0.289** 0.000 0.208 0.148

Mast cells TPSB2 -0.064 0.214 0.083 0.564

TPSAB1 -0.066 0.201 0.173 0.231
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CPA3 -0.03 0.563 0.196 0.173

MS4A2 -0.042 0.423 0.096 0.509

HDC -0.119* 0.021 0.310* 0.029

 

Figures

Figure 1

Survival outcome and expression difference analyzed by GEPIA.

A. Increased KPNA2 expression is associated with bad outcome.

B. Differential expression of KPNA2 in different disease state (Tumor or Normal). 
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Figure 2

Multivariate Cox analysis of KPNA2 expression and other clinicopathological factors. //The down-
regulated KPNA2 expression is independent prognostic factors of favorable prognosis. 
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Figure 3

KPNA2-related immune in�ltration alteration. 

A. B cells memory (p = 0.002), T cells CD4 memory activated (p < 0.001), T cells follicular helper (p <
0.001), Macrophages M0 (p < 0.001), Dendritic cells resting (p = 0.031), Neutrophils (p = 0.036) share a
higher proportion in high expression group compared with low expression group. In contrast, the
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proportion of B cells naïve (p = 0.002), T cells CD4 memory resting (p = 0.002), NK cells resting (p =
0.023), Monocytes (p = 0.005), Macrophages M1 (p = 0.002), Mast cells resting (p = 0.001), are
apparently lower.

B. The proportions of different TIICs subpopulations were weakly to moderately correlated.

Figure 4

Western blotting (Fig. 4) results showed that the expression of KPNA2 in liver cancer tissues was
signi�cantly lower than that in normal tissues adjacent to cancer.


