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Background: Karyopherin alpha 2 (KPNA2) is a nuclear import factor that plays a crucial 
role in nucleocytoplasmic transport, as well as cell proliferation, migration, and invasion in 
several cancers. However, the roles of KPNA2 in breast cancer as well as the underlying 
molecular mechanisms have not been elucidated.
Materials and Methods: To evaluate gene expression alterations during breast carcinogen-
esis, KPNA2 expression was analyzed using the Gene Expression Profiling Interactive 
Analysis and Oncomine analyses. The correlation between methylation and expression was 
analyzed using the MEXPRESS tool, UALCAN cancer database, and cBioPortal browser. 
Then, the expression and prognostic value of KPNA2 were investigated by our own breast 
cancer samples using RT-PCR. KPNA2 methylation level was detected by methylation- 
specific PCR.
Results: We obtained the following important results. (1) KPNA2 expression was signifi-
cantly higher in breast cancer than normal samples and regulated by aberrant DNA hypo-
methylation of promoter region. (2) Among patients with breast cancer, those with higher 
KPNA2 expression had a lower survival rate. (3) The major mutation type of KPNA2 in 
breast cancer samples was missense mutation. (4) Homer1 was able to promote breast cancer 
progression may be through upregulating TPX2 expression.
Conclusion: Our findings suggest that aberrant DNA hypomethylation of promoter regions 
contributes to the aberrant expression of KPNA2 in breast cancer, which might be a potential 
indicator of poor prognosis.
Keywords: KPNA2, breast cancer, prognosis, methylation, TPX2

Introduction
Breast cancer (BC) is the most frequent malignant tumor in women and accounts for 
24.2% of female new cases worldwide (8.6 million new cases), with about 15.0% 
associated deaths globally (4.2 million deaths) in 2018 according to Global Cancer 
Statistics 2018.1 Although the progression of modern medical technology has advanced 
the therapeutic effect of breast cancer, it remains the main cancer-related cause of 
female deaths.2–5 Therefore, the progress in molecular diagnostic and recognition of 
prognostic value biomarkers in patients are desired in the medical field.

Karyopherin alpha 2 (KPNA2; also known as importinα1 or RAG cohort 1) is one 
of the seven members of karyopherin alpha family, which plays a crucial role in 
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nucleocytoplasmic transport.5–9 KPNA2 cooperates with 
nuclear receptor importin-β and mediates numerous nuclear 
translocations of target proteins guided cargo proteins 
through the nuclear pore complex.9,10 Previous studies have 
reported a significant amount of KPNA2 protein expressed is 
observed in various types of cancer, including breast cancer, 
gastric cancer, lung cancer, and prostate cancer, suggesting 
that KPNA2 may play some roles in these tumors.10–13 

Further analysis also demonstrated an independent negative 
correlation between nuclear KPNA2 protein expression in 
the primary tumor and overall survival (OS) of breast cancer 
patients.14,15 However, the precise role of KPNA2 in breast 
cancer and the molecular mechanisms underlying its effects 
have not been elucidated.

In the current study, we hypothesized that KPNA2 
might be a promising candidate as diagnostic and prog-
nostic marker for breast cancer. To test this hypothesis, we 
performed a bioinformatics method to determine the 
expression and prognostic value of KPNA2 in breast can-
cer overall and its subtypes. Furthermore, we identified the 
mutation and methylation status of KPNA2 in breast can-
cer to investigate the molecular mechanisms for the effect 
of increased KPNA2 expression on breast cancer. Our 
results demonstrated that relative expression of KPNA2 
was upregulated and KPNA2 was hypomethylated in 
breast cancer tissues and cells, which will contribute to 
the development and optimization of novel diagnosis and 
therapeutics for breast cancer.

Methods
Clinical Samples
This study enrolled a consecutive series of 33 patients with 
breast cancer from the middle area of China. As a control, we 
used 20 non-tumoral-adjacent tissues. Frozen tissues were 
collected at the Department of Breast Surgery from Shanxi 
Tumour Hospital (China). The patients ranged in age from 34 
to 75 years with a mean age of 48.62 years. Fresh tissues 
were frozen in liquid nitrogen within 5 mins after excision 
and transferred to a −80°C freezer. Informed written consent 
was obtained from each patient and the study was approved 
by the Ethics Committee of the Shanxi Medical University 
(Ethical code: 201922021). We declare that the guidelines 
outlined in the Declaration of Helsinki were met.

Cell Culture
Human breast cancer cell line (MCF7) was obtained from 
the American Type Culture Collection (ATCC, Rockville, 

MD, USA). MCF7 cells were maintained in DMEM/F12 
medium supplemented 10% FBS (fetal bovine serum) 
(both from Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA), 100 U/mL penicillin and 100 mg/ 
mL streptomycin. Culture plates were maintained at 37°C 
in a 5% CO2 humidified atmosphere.

DNA Methylation Inhibitor Treatment
The same numbers of cells MCF7 cells were cultured in 
6-well plates and incubated at 37°C overnight. Cells were 
treated with 1, 5, or 10 μM Decitabine (Selleck, Houston, 
TX, USA) or vehicle (DMSO) and incubated for 72 with 
the purpose of mRNA extraction. The cell culture medium 
was refreshed daily.

Quantitative Real-Time PCR (qRT-PCR)
RNA extraction kit (BioTeke Corporation, Beijing, China) 
was employed to extract total RNAs. Prime ScriptTM RT 
Master Mix kit (Takara Biotechnology Co., Ltd., Dalian, 
China) was conducted to reverse transcribe the extracted 
RNA into complementary DNA. The qRT-PCR was car-
ried out following SYBR® Premix Ex Taq Kit (Takara Bio, 
Inc., Tokyo, Japan). For PCR amplification, glyceralde-
hyde –phosphate dehydrogenase (GAPDH) was employed 
as a suitable internal control. The results were recorded 
when the cycle was finished. The primers used were as 
follows: KPNA2, forward, 5′-ATTGCAGGTGATGGCTC 
AGT-3′ and reverse, 5′-CTGCTCAACAGCATC TATCG- 
3′; GAPDH, forward, 5ʹ-ACCACAGTCCATGCCATCAC 
-3ʹ; and reverse, 5ʹ-TCCACCA CCCTGTTGCTGTA-3ʹ. 
Relative gene expression was calculated with the 2−ΔΔCt 

method, and Step One Software v2.1 was used to evaluate 
the results.

Methylation-Specific PCR
The extraction of genomic DNA from cells was performed 
by the use of a DNeasy Tissue Kit (Qiagen, Hilden, 
Germany) according to the manufacturer’s protocol. 
DNA samples were PCR-amplified and fragmented in 
a volume of 20 μL comprised 0.25 μL of Hot-StarTaq 
Master Mix, 0.5 μM of paired primer, and 2μg of bisulfite- 
treated DNA template. The agarose gel (3%) containing 
GelRedTM Nucleic Acid Gel Stain (10,000×; Biotium, CA) 
was used to separate MSP products in a 20μL volume after 
amplification. DNA-free water was served as negative 
control. The primers used were as follows: forward 
M primer, 5′-AAATACGAACGGTTTAGGGAATC-3′ 
and reverse M primer, 5′-ACATCGCGAAATAAAAA 
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AACG-3′; forward U primer, 5′-GGAAATATGAATGG 
TTTAGGGAATT-3′, reverse U primer, 5′-ATAACATCA 
CAAAATAAAAAAACAAC-3′.

Gene Expression Profiling Interactive 
Analysis
Differential expressions of KPNA2 in breast invasive carci-
noma tissues were assessed by GEPIA2 (Gene Expression 
Profiling Interactive Analysis; http://gepia2.cancer-pku.cn), 
an online database with fast and customizable features based 
on TCGA (The Cancer Genome Atlas).16 Here, GEPIA 
database containing 1085 breast invasive carcinoma tissues 
and 112 normal mammary tissues was downloaded for ana-
lyses. Gene expression data of the RNA-seq datasets were 
transformed to log2 (transcript count per million [TPM] + 1).

Oncomine Database Analysis
KPNA2 gene expression levels in normal or malignant 
human tissues were obtained from the Oncomine Cancer 
Microarray database (http://www.oncomine.org), a web- 
based data mining platform for collecting, standardizing, 
analyzing, and providing cancer microarray information.17

cBio Portal Database Analysis
cBioPortal (The cBio Cancer Genomics Portal) database is 
a publicly accessible online database (http://www.cbioportal. 
org/),18,19 which provides visualization and analysis tool for 
more than 715 datasets and 86,733 samples. The term 
“KPNA2” was used to search the cBioPortal database and 
The Breast Invasive Carcinoma (TCGA, Cell 2015, n = 818) 
cohort was utilized. The search parameters included muta-
tions, putative copy-number, and methylation alterations 
from GISTIC. Furthermore, the correlations between 
KNPA2 and the TPX2 were also analyzed using cBioPortal.

COSMIC Analysis
The COSMIC (Catalogue of Somatic Mutations in Cancer) 
database (http://cancer.sanger.ac.uk), an online accessible net-
work tool was performed to analyze mutations in KPNA2. An 
overview of the distribution of mutations and substitution types 
on the codogenic strand in breast cancer specimens was per-
formed, and the results are drawn in a pie chart.20

Kaplan–Meier Plotter Analysis
Kaplan–Meier Plotter (http://kmplot.com/analysis/) is an 
online database of published microarray datasets that 
assess the effect of 54,675 genes on survival using 

10,461 cancer samples (6,234 breast, 2,190 ovarian, 
3,452 lung, and 1,440 gastric cancer).21 We used the 
Kaplan–Meier plotter to assess the correlation between 
overall survival, relapse-free survival, distant metastasis- 
free survival, post-progression survival, and KPNA2 
mRNA expression in patients with breast cancer. The 
hazard ratio (HR) with 95% confidence intervals (CI) 
and log-rank p-value were also computed.

MEXPRESS Tool
The MEXPRESS tool (http://mexpress.be/), a web tool for 
the visualization and interpretation of TCGA data, offers 
clinical researchers an easy way to access TCGA expression 
(normalized RNASeqV2 value), DNA methylation, and 
clinical data, as well as the relationship between them for 
one signale in the specific tumor type. In MEXPRESS tool, 
it executed the Pearson correlation to evaluate the difference 
between expression value and methylation level. In our 
research, the KNPA2 expression and methylation status in 
breast cancer were assessed using the MEXPRESS tool.

UALCAN Cancer Database
UALCAN (http://ualcan.path.uab.edu/) is a comprehensive, 
user-friendly, and interactive online portal for analyzing 
cancer OMICS data, which provides protein expression 
analysis option using data from TCGA dataset.22–24 We 
evaluated the expression and methylation level of KPNA2 
in breast cancer by UALCAN analysis.

Cell Viability Assay
Cell Counting Kit-8 (CCK-8) assay (Chongqing ATGene 
Pharmaceutical Technology Co., Ltd., Chongqing, China) 
was performed to test cell viability. Briefly, MCF7 cells 
received different treatments were harvested and were 
incubated with CCK-8 reagent 10 μL for 1 h at 37°C. 
Cell viability was analyzed by recording the optical den-
sity at 450 nm using a microplate reader (BioTek 
Instruments, Inc., Winooski, VT, USA).

Results
KPNA2 Transcript Expression Status in 
Human Breast Cancer
The expression profile of KPNA2 was identified using 
Gene Expression Profiling Interactive Analysis. GEPIA 
data showed that the expression level of KPNA2 was 
significantly higher in BLCA (bladder urothelial carci-
noma), BRCA (breast cancer), CESC (cervical squamous 
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Figure 1 Expression of KPNA2 in breast cancer and normal tissues from GEPIA. (A) KPNA2 median expression of tumor (red) and normal (green) samples in bodymap; 
(B) KPNA2 expression profile across all tumor (red) and paired normal (green) tissues. Each dot represents the expression of sample. (C) The expression of KPNA2 mRNA 
in breast cancer tissues (red box) and paired normal tissues (black box) from GEPIA, * represents significant difference at P< 0.01.

Figure 2 KPNA2 analysis in breast cancer (Oncomine database). (A) The online Oncomine analysis tool (red: overexpression, blue: down expression) was performed to 
compare KPNA2 expression levels in breast cancer specimens with matched normal specimens. The thresholds for significant probes for each microarray dataset included 
a two-fold difference in expression between cancer and normal samples and P<0.0001. (B) The box plot compares KPNA2 expression in cancer samples (right) and matches 
normal (left) samples generated from the Oncomine database.
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cell carcinoma and endocervical adenocarcinoma), COAD 
(colon adenocarcinoma), DLBC (lymphoid neoplasm dif-
fuse large B-cell lymphoma), ESCA (esophageal carci-
noma), GBM (glioblastoma multiforme), HNSC (head 
and neck squamous cell carcinoma), LIHC (liver hepato-
cellular carcinoma), LUAD (lung adenocarcinoma), LUSC 
(lung squamous cell carcinoma), OV (ovarian serous 
cystadenocarcinoma), PAAD (pancreatic adenocarci-
noma), READ (rectum adenocarcinoma), SKCM (skin 
cutaneous melanoma), STAD (stomach adenocarcinoma), 
THYM (thymoma), UCEC (uterine corpus endometrial 

carcinoma), UCS (uterine carcinosarcoma) (Figure 1). To 
further confirm this result, the Oncomine database was 
performed to analyze the expression profile of KPNA2. 
Elevated mRNA expression of KPNA2 was identified in 
various human tumors, including bladder cancer, brain and 
CNS cancer, breast cancer, cervical cancer, colorectal can-
cer, esophageal cancer, gastric cancer, head and neck can-
cer, kidney cancer, liver cancer, lung cancer, melanoma, 
myeloma, ovarian cancer, pancreatic cancer, and sarcoma 
(Figure 2A). KPNA2 expression was significantly higher 
in ductal breast carcinoma, male breast carcinoma, 

Table 1 KPNA2 Expression in Breast Cancer

Cancer Subtype p-value Fold Change t-test Rank (%) Sample Reference

Ductal breast carcinoma 6.62E-18 5.334 16.133 3 47 38

Male Breast Carcinoma 1.84E-31 4.718 33.375 12 64 TCGA

Invasive Ductal Breast Carcinoma 5.54E-47 3.208 22.121 74 450 TCGA

Invasive Breast Carcinoma 4.35E-25 2.721 12.945 225 137 TCGA
Invasive Lobular Breast Carcinoma 1.58E-11 2.057 8.226 715 97 TCGA

Ductal Breast Carcinoma in situ 8.67E-6 2.099 5.609 118 25 39

Invasive Ductal Breast Carcinoma 9.54E-81 2.224 27.698 386 2136 40

Breast Carcinoma 4.00E-5 2.078 5.497 852 158 40

Invasive Breast Carcinoma 1.99E-5 2.142 5.164 1177 165 40

Medullary Breast Carcinoma 1.23E-8 2.594 7.248 1292 176 40

Figure 3 KPNA2 mutations in human breast cancer. (A) The pie chart generated by COSMIC summarizes the observed mutation types, including nonsense substitutions, 
missense substitutions, synonymous substitutions, inframe insertions, frameshift insertions, inframe deletions, frameshift deletions, and complex mutations. (B) As 
determined by cBioPortal, the KPNA2 mutation frequency was less than 2% in patients with breast cancer.
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invasive ductal breast carcinoma, invasive breast carci-
noma, invasive lobular breast carcinoma, ductal breast 
carcinoma in situ, and medullary breast carcinoma than 
in normal samples (Table 1, Figure 2B).

KPNA2 Mutations in Breast Cancer
The pie chart in Figure 3A generated using COSMIC 
summarizes the observed mutation types, including non-
sense substitutions, missense substitutions, synonymous 
substitutions, in-frame insertions, frameshift insertions, in- 
frame deletions, frameshift deletions, and complex muta-
tions. Mutation of in breast cancer samples mainly is 
missense substitution (30.00%). Furthermore, KPNA2 
mutations in breast cancer samples were 16.67% A > G, 
33.33% C > T, 33.33% G > A, and 16.67% G > T. As 
determined using cBioPortal, the KPNA2 mutation fre-
quency was less than 1.5% in patients with breast cancer 
(Figure 3B).

Genetic Alterations in KPNA2 and 
Clinicopathological Parameters
We analyzed the expression profile of KPNA2 across 
PAM50 breast cancer subtypes in 5861 patients using 
bcGenExMiner v4.4 web-tool based on clinical- 
pathological parameters. Regarding age, KPNA2 mRNA 
expression was remarkably higher in patients ≤ 51 years 
old than in patients > 51 years old. Furthermore, the 
expression of KNPA2 decreased significantly with age 
(Table 2, Figure 4A and B). ER (estrogen receptor) and 
PR (progesterone receptor) status were negatively corre-
lated with KPNA2 expression, while HER-2 (human epi-
dermal growth factor receptor-2) and nodal status were 
positively correlated with KPNA2 expression (Table 2, 
Figure 4C–F). Triple-negative breast cancer (TNBC) is 
negative for ER, PR, and HER-2. KPNA2 mRNA expres-
sion was significantly upregulated in patients with TBNC 
(p < 0.0001) compared with that in the group without 
TBNC (p < 0.0001) (Table 2, Figure 4H). Furthermore, 
patients with positive basal-like characteristics and 
mutated P53 status exhibited significantly higher 
KPNA2 expression than that in patients without basal- 
like characteristics (p < 0.0001) (Table 2, Figure 4I). 
A more advanced Scarff Bloom & Richardson grade 
status (SBR) and Nottingham Prognostic Index grade 
status (NPI) grades were associated with higher KPNA2 
expression (Table 2, Figure 4G).

Co-Expression of KPNA2 Gene
To investigate the regulatory mechanisms underlying the role 
of KPNA2 in breast cancer, data mining was performed for 
a breast cancer cohort using cBioPortal. TPX2 (Targeting 
protein for Xenopus kinesin-like protein 2) is a highly 

Table 2 The Relationship Between mRNA Expression of KPNA2 
and Clinicopathological Parameters of Breast Carcinoma

Variables No. mRNA p-value

Age
≤51 28,000 ↑ <0.0001

>51 4634 -

Age
[21;40] 795 ↑ <0.0001
[40;70] 5212 ↑ <0.01

[70;97] 1427 -

Nodal status
- 4358 - 0.0169
+ 3460 ↑

ER (IHC)
- 2226 - <0.0001

+ 6262 ↓

PR (IHC)
- 1427 - <0.0001

+ 1994 ↓

HER2 (IHC)
- 2387 - <0.0001
+ 436 ↑

Triple-negative status
Not 6477 - <0.0001

TNBC 572 ↑

Basal-like status
Not 7120 - <0.0001

Base-like 1838 ↑

Basal-like & TNBC status
Not 5744 - <0.0001
Basal-like & TNBC 406 ↑

P53 status
Wild type 638 - <0.0001

Mutated 284 ↑

SBR status
SBR1 864 -

SBR2 2907 ↑ <0.0001
SBR3 2906 ↑ <0.0001

NPI status
NPI1 1187 -

NPI2 2084 ↑ <0.0001
NPI3 686 ↑ <0.0001
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Figure 4 Genetic alterations in KPNA2 and clinicopathological parameters. Based on clinical pathology parameters, the expression profile of KPNA2 was expressed in 
the PAM50 breast cancer subtype using 5861 patients in bc-GenExMiner 4.4. (A) Comparison of KPNA2 expression in breast cancer patients in [20; 40], [40; 70] and 
[70; 97] three age groups. (B) Comparison of expression status of KPNA2 in breast cancer patients between > 51 years old and ≤ 51 years old. (C) Comparison of 
expression status of KPNA2 in different ER status. (D) Comparison of expression status of KPNA2 in different PR status. (E) Comparison of expression status of 
KPNA2 in different HER status. (F) Comparison of expression status of KPNA2 in different nodal status. (G) Comparison of expression status of KPNA2 in different 
SBR status. (H) Comparison of expression status of KPNA2 in different triple-negative status. (I) Comparison of expression status of KPNA2 in different basal-like 
status. A globally significant difference between the groups was assessed by Welch’s t-test to generate p-values, as well as the Dunnett-Tukey-Kramer test, 
* represents significant difference at P< 0.01.
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correlated gene (Figure 5A); it drives proliferation, tumor-
igenicity, and metastasis of various tumors through regulat-
ing cell cycle and multiple signaling pathways that promote 
tumor proliferation. A regression analysis using cBioPortal 
revealed that KPNA2 and TPX2 levels are highly correlated, 
which demonstrated that KPNA2 may be related to TPX2 
pathway in breast cancer (Figure 5B).

Relationship of KPNA2 Expression and 
Prognosis in Breast Cancers
To explore whether the expression level of KPNA2 has 
predictive value for breast cancer prognosis, we used 
the online survival analysis software Kaplan–Meier 
plotter (Figure 6). It was determined that a high 
expression of KPNA2 mRNA was significantly related 
to OS (overall survival), RFS (relapse-free survival), 
DMFS (distant metastasis-free survival), and PPS 
(post-progression survival). Our own results demon-
strated the upregulation of KPNA2 mRNA expression 
and worse probabilities of survival in breast cancer 
(Figure 7)

KPNA2 Expression is Upregulated by 
Hypomethylation in Breast Tumors
Using the MEXPRESS browser, we generated the methy-
lation of KPNA2 using 13 probes distributed in different 
regions of the gene (the localization of each probe is 
presented in the figure, and those localized in the promoter 

region are highlighted in dark blue). All regions analyzed 
revealed a negative correlation with respect to KPNA2 
gene expression (Pearson’s correlation coefficients for 
each probe are indicated on the right in Figure 8, suggest-
ing that KPNA2 methylation silences gene expression.). 
Furthermore, we analyzed the expression and promoter 
methylation level of KPNA2 using UALCAN tool from 
TCGA dataset. We found the methylation level of KPNA2 
in breast cancer was significantly lower than normal sam-
ples (p = 3.49E-12). Subsequently, we evaluated the 
expression and methylation level of KPNA2 in breast 
cancer by cBioPortal tool. We further confirmed 
a negative correlation with respect to KPNA2 gene expres-
sion, suggesting that KPNA2 methylation silences gene 
expression (Figure 9).

Decitabine Caused Demethylation and the 
Activation of KPNA2 in Breast Cancer
The effects of epigenetic agents on breast cancer progres-
sion were investigated using the minimum effective dose 
which was 1 μM for decitabine (Figure 10A). After deci-
tabine treatment, the degree of demethylation was lower in 
the MCF7 cell line than that in untreated cells (Figure 
10B). The result of the relative mRNA expression showed 
the upregulated by the treatment of decitabine against its 
expression in control cells (Figure 10C). Furthermore, cell 
proliferation was promoted by the decitabine treatment 
(Figure 10D).

Figure 5 (A) Co-expression of the KPNA2 gene as determined by cBioPortal. (B) Regression analysis between KPNA2 and TPX2 in breast cancer performed by cBioPortal.
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Discussion
KPNA2, an adaptor protein for nuclear receptor importin- 
β, mediates numerous nuclear translocations of macromo-
lecules by classical nuclear localization signal through the 
nuclear pore complex.25–27 KPNA2 has been first 
described in matched ductal carcinoma in situ (DCIS) 
and invasive lesions of the breast.28 Furthermore, 
KPNA2 may be the primary determinant for transcription 

factors transporting and transcriptional activity in various 
cancers including breast cancer, melanoma, liver cancer, 
and lung cancer, and therefore is probably related to the 
cancer cell growth and invasion.15,29–31 These findings 
suggest that high KPNA2 expression in patients with 
breast may be related with worse prognosis.

To further investigate the role of KPNA2 in the devel-
opment and proliferation of breast cancer, we analyzed 

Figure 6 Relationship of KPNA2 expression and prognosis in breast cancers. OS (overall survival), RFS (relapse-free survival), DMFS (distant metastasis-free survival), and 
PPS (post-progression survival) curves calculated by Kaplan–Meier plotter for breast cancer patients, respectively. Survival probability is displayed on the y-axis, time (in 
months) on the x-axis. Black curves represent low KPNA2 expression, and red curves represent high KPNA2 expression.
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extensive gene expression data with well-defined para-
meters in breast cancer and normal samples. Using 
GEPIA and Oncomine, we found that the expression 
level of KPNA2 is significantly higher in breast cancer 
tissues than in normal samples. Using Oncomine, we 
further determined that KPNA2 is in ductal breast carci-
noma, male breast carcinoma, invasive ductal breast carci-
noma, invasive breast carcinoma, invasive lobular breast 
carcinoma, ductal breast carcinoma in situ, and medullary 
breast carcinoma than in normal samples. Furthermore, we 
analyzed the expression profile of KPNA2 across PAM50 
breast cancer using bcGenExMiner v4.4 web-too, we 
demonstrated that age, ER and PR status were negatively 
correlated with KPNA2 expression, while basal-like, 
mutated P53, HER-2, SBR, NPI, and nodal status were 
positively correlated with KPNA2 expression. 

Subsequently, we further found that upregulation of 
KPNA2 mRNA expression is closely related to worse 
probabilities of survival in breast cancer. And KPNA2 
was able to promote breast cancer progression may be 
through upregulating TPX2 expression. Tony et al have 
demonstrated that release of TPX2 from a complex with 
KPNA2 at the nuclear envelope is increased,32 which is 
largely in agreement with the observations of our study. 
Somatically acquired inherited, epigenetic, transcriptomic, 
and proteomic alterations are the major alterations that 
occur in specific genomic regions, which could lead to 
inhibitory or carcinogenic roles.33–35 Therefore, the fre-
quencies of alterations and mutations in KPNA2 were 
analyzed using the COSMIC and cBioPortal databases. 
The major mutation type in KPNA2 was missense substi-
tution. However, a low KPNA2 alteration frequency was 

Figure 7 KPNA2 as a prognosis marker in breast cancer. (A) Expression of KPNA2 in tumor (20 cases) and adjacent normal mammary epithelium (20 cases). (B) Kaplan– 
Meier curves based on KPNA2 expression were drawn for overall survival in 25 patients.

Figure 8 KPNA2 expression and methylation status in breast cancer using MEXPRESS tool. At the top of the figure, clinical TGCA data is displayed and classified according 
to KPNA2 expression. On the right side, the Pearson’s correlation coefficient r and p values for Wilcoxon rank-sum test are displayed. The KPNA2 expression is 
represented by the orange line in the center of the graph. According to the expression of KPNA2, the highest expression was found on the left side and the lowest on the 
right side. The blue lines (lower right) represent the Infinium 450 k probes linked to KPNA2, ** represents significant difference at P< 0.01, *** represents significant 
difference at P< 0.001.
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observed in breast cancer. We investigated the mechanisms 
underlying KPNA2 dysregulation.

DNA methylation is an early event in the process of 
tumorigenesis and gradually enhances during tumor 

progression.36 Therefore, DNA methylation of precan-
cerous lesions or early tumors is the most promising 
method for early diagnosis and prognosis of cancer. By 
examining its DNA methylation status through 

Figure 9 KPNA2 expression is upregulated by hypomethylation in breast tumors. (A) KPNA2 mRNA expression and promoter methylation in breast cancer. Box plot and 
P value were produced using UALCAN. (B) Correlation of KPNA2 expression and promoter methylation was produced using cBioPortal.

Figure 10 Decitabine treatment induced demethylation of KPNA2 in breast cancer cell line. (A) The minimum effective dose of decitabine was determined by CCK-8. 
(B) Decitabine treatment decreased KPNA2 methylation in the breast cancer cell line (IC50:3.348e-007). (C) Restoration of KPNA2 mRNA by DNA methylation 
inhibitor Decitabine in breast cancer line. (D) Cellular proliferation was promoted by the upregulation of KPNA2 in the Decitabine group, *represents significant 
difference at P< 0.05, **represents significant difference at P< 0.01.
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MEXPRESS web-tool, we observed that aberrant DAN 
hypomethylation of promoter regions is one of the 
mechanisms underlying the aberrant expression of 
KPNA2 in breast cancer. By UALCAN and cBioPortal 
analyses further indicated that the methylation level of 
KPNA2 in breast cancer was significantly lower than 
normal samples and negative correlation with respect to 
KPNA2 gene expression. Interestingly, when methyla-
tion was inhibited, the expression of KPNA2 was sig-
nificantly increased and the proliferation ability was 
significantly enhanced. Moreover, hypomethylation of 
the KPNA2 promoter was reported in hepatocellular 
carcinoma,37 and KPNA2 upregulation induced by 
lower promoter methylation has been suggested to be 
important for the pathogenesis of HCC,37 which is lar-
gely in agreement with the observations of our study.

Conclusions
In summary, KPNA2 is highly expressed in breast cancer and 
is independent risk factor for poor prognosis in breast cancer 
patients. Furthermore, KPNA2 has a role in malignancy 
mainly through the TPX2 signaling pathway, which is 
a potential therapeutic target for breast cancer. Finally, our 
results suggest that aberrant DNA hypomethylation of promo-
ter regions contributes to the aberrant expression of KPNA2 in 
breast cancer and may be an indicator of poor prognosis.
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