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Abstract: KPNA2 has been researched in the development, progression and prognosis in various cancers. However, 
the prognostic value of KPNA2 expression in NSCLC patients remains limited. We evaluated the KPNA2 expression 
by immunohistochemistry in resected NSCLC patients. Of the 196 cancer tissue samples, there were 94 (48%) 
specimens with positive expression of KPNA2, and the remaining 102 (52%) with negative expression. We found 
that expression of KPNA2 correlated with gender, histological type, differentiation, T-stage, lymph node metastasis, 
and TNM stage (all P<0.05), respectively. The overall survival (OS) for patients with KPNA2 positive expression was 
significantly poorer than patients with negative expression (P<0.001). Moreover, there was significant between 
KPNA2 expression and progress-free survival (PFS) (P=0.025). Furthermore, we found that NSCLC patients staged 
I-II with KPNA2 positive expression had a poorer overall survival than that with negative expression (P<0.001), 
whereas the difference was not discovered in patients staged III-IIV (P=0.243). Multivariate analysis showed the 
TNM stage (III-IV/I-II) (HR: 1.039; 95% CI: 1.015-1.063, P=0.001) and KPNA2 expression (Positive/negative) (HR: 
2.012; 95% CI: 1.183-3.423, P=0.010) were independent prognostic indicators of poor survival for resected NSCLC 
patients. In summary, our results have shown that KPNA2 expression is associated with lung cancer progression, 
and is an independent prognostic factor for poor outcome in NSCLC patients.
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Introduction

Lung cancer is the leading incident cancer with 
the highest mortality in China [1]. Non-small 
cell lung cancer (NSCLC) is the major histopath-
ologic subtype of lung cancer [2]. Recent years, 
significant advances have made in diagnosis 
and treatment for lung patients [1, 3], however, 
the prognosis remains poor.

Multitude of complex process have been 
involved in the development of cancer, and 
nucleocytoplasmic transport plays an impor-
tant role in cancer biology and may as thera-
peutic potential target [4], which involved in 
several cancer processes, including the cell 
cycle control [5], apoptosis [6, 7], gene expres-
sion [8] and signal transduction [9]. 

Karyopherin α-2 (KPNA2), a member of the 
karyopherin-α protein family, is an adaptor pro-
tein which has an important role in nucleocyto-

plasmic transport through large Nuclear Pore 
Complexes (NPCs) [10]. With the help of KPNA2, 
macromolecules more than 40 kDa can be 
shuttled between the cytoplasm and nucleus 
[11], by recognized cargo proteins via their 
nuclear localization signal (NLS) [12]. Further- 
more, KPNA2 may be involved in tumorigene-
sis, and previous studies have identified that 
nuclear expression of KNPA2 is overexpressed 
and associated with poor prognosis in patients 
with small hepatocellular carcinoma [13], gas-
tric adenocarcinoma [14], esophageal squa-
mous cell carcinoma [15], breast cancer [16], 
colorectal cancer [17], and bladder cancer [18]. 
KPNA2 may be as a novel biomarker for cancer 
[19].

In non-small cell lung cancer (NSCLC), previous 
researches have suggested that overexpres-
sion of KPNA2 is associated with several clini-
copathological features and poor outcome [20, 
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21]. While the prognostic significance of KPNA2 
expression in NSCLC patients remains poor. In 
present study, we evaluated the expression of 
KPNA2 based on immunohistochemistry (IHC) 
in 196 resected NSCLC patients, and we aim to 
investigate whether the expression of KPNA2 is 
associated with the clinicopathological fea-
tures and survival.

Materials and methods

Patients and tumor specimens

From January 2008 to December 2011, patho-
logicly conformed NSCLC patients who underg-
went a complete resection from West China 
Hospital, Sichuan University were enrolled in 
our study. No patients had previous lung cancer 
or other malignant cancer, received previous 
radiotherapy and chemotherapy. All patients 
have complete clinical records. Finally, a total 
of 196 tumor samples and their tissue sample 
adjacent to the tumor tissue were obtained. We 
retrospectively recorded the following features, 
including age, gender, smoking status, the 
presence of viseral plural invasion (VPI), diff- 
erentiation (Moderate to well or poor) and the 
histological type (including adenocarcinoma 
(ADC), squamous cell carcinoma (SCC) and oth-
ers) according to the World Health Organization 
classification for NSCLC [22], T stage (T1, T2, 
T3, or T4), lymph node metastasis (Yes or No), 
and TNM stage (I-II or III-IV stage) according to 
the tumor-node-metastasis (TNM) staging sys-
tem of the American Joint Committee on Cancer 

[23]. Overall survival (OS) was defined as the 
time from primary surgery to death and pro-
gression-free survival (PFS) was defined as the 
time from primary surgery to tumor recurrence 
or progression.

Immunohistochemistry (IHC)

All specimens were immediately fixed in 10% 
formalin and embedded in paraffin within 
12-24h after surgery, and all paraffin tissues 
were made of 4 μm slices. The instruction of 
immunohistochemical staining was performed 
according to the previous literature [20]. 
Antigen retrieval treatment was done at 95°C 
for 16 min in sodium citrate buffer (pH 8.0). 
Primary antibody was anti-KPNA2 antibody 
(1:250 dilution, Abcam). For a negative control, 
phosphate-buffered saline (PBS) replaced the 
primary antibody, and the staining showed no 
immunoreactivity. Secondary antibodies of 
Dako Envision were purchased from Dako 
Corporation.

Scoring of KPNA2 expression by immunohisto-
chemistry (IHC)

All the stained slides were scanned and evalu-
ated by two independent pathologists, who 
were blind to the knowledge of the patient clini-
cal status. The dual-rate semi-quantitative 
method was used for all slides according to the 
previous studies [24, 25]. KPNA2 is a nuclear 
protein [16, 26], and we evaluated the expres-
sion of KPNA2 in nuclei of cancer cells. The 
total score included stained intensity and 

Figure 1. KPNA2 was overexpressed in lung cancer tissues. The positive expression of KPNA2 in one NSCLC pa-
tient’s cancer tissue (A) and the compared normal control sample (B). (magnification: ×400).
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stained area. The intensity score was divided 
into four categories as follows: 0, no staining; 1, 
yellow staining; 2, brown staining; and 3, dark 
brown. The proportion of cells with nuclear 
KPNA2 staining was evaluated by examining at 
least 2,000 cancer cells in 6 representative 
areas. The area score was divided into five cat-
egories as follows: 0, ≤5% of tumor cells; 1, 6% 
to 25% of tumor cells; 2, 26% to 50% of tumor 
cells; 3, 51% to 75% of tumor cells; 4, >75% of 
tumor cells. In our study, the total score more 
than 4 was defined as positive expression. 

Statistical analysis 

Statistical calculations were performed by 
using the SPSS 19.0 for Windows (SPSS Inc., 
Chicago, III) and Graphpad Prism 6. The χ2 test 
was used to analysis the association of clinico-
pathologic characteristics with KPNA2 expres-
sion. The Kaplan-Meier method was used to 
analysis the impact of KPNA2 on OS and PFS, 
and the log-rank test was performed based on 
the differences. Multivariate Cox regression 

analysis was used to identified the independent 
prognostic factors. P value <0.05 was consid-
ered statistically significant. 

Results

The expression of KPNA2 in lung cancer tissue 
and controlled normal samples

We investigated KPNA2 expression in 196 
human NSCLC tissues and the controlled nor-
mal samples by IHC. As shown in Figure 1, 
KPNA2 positive immunostaining was only 
observed in the nuclei of the cancer cells, 
whereas all the compared control tissues 
showed negative staining. The KPNA2 negative 
and positive immunostaining in patients with 
adenocarcinoma and squamous cell carcinoma 
were showed in Figure 2. Of the 196 cancer tis-
sue samples, there were 94 (48%) specimens 
with positive expression of KPNA2, and the 
remaining 102 (52%) specimans with negative 
expression.

Figure 2. The expression of KPNA2 in NSCLC specimens, KPNA2 presents negative expression in patients with ad-
enocarcinoma (ADC) (A) and squamous cell carcinoma (SCC) (C), and positive expression in patients with ADC (B) 
and SCC (D). (magnification: ×400).
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Relationship between the expression of 
KPNA2 and clinicopathological characteristics

The relationship between the expression of 
KPNA2 with clinicopathological characteristics 
was demonstrated in Table 1. The expression 
of KPNA2 correlated with gender (P=0.020), 
smoking (P=0.004), histological type (P=0.019), 
differentiation (P=0.004), T-stage (P=0.020), 
lymph node metastasis (P=0.002), and TNM 
stage (P=0.001), respectively. Overall, overex-
pression of KPNA2 was associated with 

patients with adencarcinoma (44/72, 61.1%) 
and higher tumor grade (staged III-IV) (38/57, 
66.7%). However, no significant difference was 
observed between the KPNA2 expression and 
othercharacteristics, such as age and VPI.

The expression of KPNA2 and patients’ sur-
vival

The Kaplan-Meier was used to evaluate the 
association between KPNA2 positive expres-
sion and survival. And the overall survival (OS) 
and progress-free survival (PFS) was showed in 
Figure 3. The 5-year overall survival rate was 
54.2% for KPNA2 positive patients and 78.1% 
for KPNA2 negative patients, and the overall 
survival for patients with KPNA2 positive 
expression was significantly poorer than 
patients with KPNA2 negative expression 
(Figure 3A, P<0.001). Moreover, there was sig-
nificant between KPNA2 expression and prog-
ress-free survival (PFS) (Figure 3B, P=0.025), 
patients with KPNA2 positive expression more 
likely to be recurrence or progression.

Furthermore, we found that NSCLC patients 
staged I-II with KPNA2 positive expression had 
a poorer overall survival than that of negative 
expression (Figure 4B, P=0.002), whereas the 
difference was not discovered in patients 
staged III-IIV (Figure 4A, P=0.243).

The univariate and multivariate analysis of 196 
lung cancer patients were showed in Table 2. 
Univariate cox regression analysis showed that 
gender, smoking status, differentiation, lymph 
node metastasis, TNM stage, and KPNA2 
expression were significantly associated with 
the overall survival (all P<0.05). Furthermore, 
multivariate analysis showed the TNM stage 
(III-IV/I-II) (HR: 1.039; 95% CI: 1.015-1.063, 
P=0.001) and KPNA2 positive expression 
(Positive/negative) (HR: 2.012; 95% CI: 1.183-
3.423, P=0.010) were independent prognostic 
indicators for resected NSCLC patients.

Discussion

In the present study, we investigated the clini-
copathological and prognostic significance of 
KPNA2 expression in resected NSCLC patients 
by IHC. Of the 196 cancer tissue samples, there 
were 94 (48%) specimens with positive expres-
sion of KPNA2. With respect to clinicopathologi-
cal features, the expression of KPNA2 correlat-

Table 1. Baseline characteristics of study subjects 
according to the expression of KPNA2

Characteristics N. (%)
KPNA2 expression

P ValueNegative 
(N=102)

Positive 
(N=94)

Age (Years) 0.898
    ≤60 126 (64.3) 66 60
    >60 70 (35.7) 36 34
Gender .020*
    Male 136 (69.4) 63 73
    Female 60 (30.6) 39 21
Smoking status 0.004
    Yes 91 (46.4) 37 54
    No 105 (53.6) 65 40
Histologic type .019*
    ADC 72 (36.7) 28 44
    SCC 108 (55.1) 64 44
    Other 16 (8.2) 10 6
Differentiation .004*
    Poor 102 (52.0) 43 59
    Middle-Well 94 (48.0) 59 35
VPI 0.872
    Presence 101 (51.5) 52 49
    Absence 95 (48.5) 50 45
T stage .020*
    T1 35 (17.9) 23 12
    T2 120 (61.2) 64 56
    T3 29 (14.8) 8 21
    T4 12 (6.1) 7 5
LN metastasis .002*
    Yes 72 (36.7) 27 45
    No 124 (63.3) 75 49
TNM stage
    I-II 139 (70.9) 83 56 .001*
    III-IV 57 (29.1) 19 38
ADC, Adenocarcinoma; SCC, Squamous cell carcinoma; VPI: 
visceral plural invasion; LN: lymph node; N: numbers; *statisti-
cally significant.
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ed with gender, smoking, histological type, dif-
ferentiation, T-stage, lymph node metastasis, 
and TNM stage, respectively. Overexpression of 
KPNA2 was associated with the progression of 
lung cancer. Based on our results, KPNA2 
expression was an independent prognostic fac-
tor for poor survival in resected NSCLC patients 
on both univariate analysis and multivariate 
analysis. Patients with KPNA2 positive expres-
sion were more likely to be recurrence or pro-
gression. Furthermore, we found that NSCLC 
patients staged I-II with KPNA2 positive expres-
sion had a poorer overall survival.

Karyopherin α-2 (KPNA2) is a member of the 
Karyopherin-α family, consists of 529 amino 
acids and weighs about 58 kDa [19]. KPNA2 
gene with 11 exons spanning approximately 10 
Kb on chromosome 17q23-q24 [27], is a part of 
a karyopherin heterodimer, directly binds to the 

nuclear localization signal (NLS) of proteins and 
functions as an adaptor [11, 12]. Several stud-
ies have linked KPNA2 to cancer [19], and sev-
eral researches has demonstrated that KPNA2 
interacted with several proteins in cancer, for 
example, Zannini, L., et al. reported that Karyo- 
pherin-alpha 2 protein interacts with cell-cycle 
regulator Chk2 and contributes to its nuclear 
import [28], and may promote NF-κB activation 
via facilitating P65 nuclear transportation in 
osteoarthritis [29], and regulated the process 
of OCT4 nuclear transportation [18, 30]. Tseng, 
S.F. et al. strongly suggest that an interaction 
with KPNA2 contributes to nuclear localization 
and multiple tumor suppression functions of 
the NBS1 complex [31].

Moreover, KPNA2 is overexpressed in multiple 
cancers [14-17, 32-34]. In our study, the expres-

Figure 3. The prognostic significance of KPNA2 expression in resected NSCLC patients. The survival analysis showed 
that overall survival of patients with KPNA2 positive expression was significantly shorter than that of patients with 
KPNA2 negative expression (log-rank test P<0.001, A), Moreover, the difference significantly exist in the progress-
free survival (PFS) (P=0.025, B).

Figure 4. Kaplan-Meier for patients’ overall survival was stratified by KPNA2-positive and KPNA2-negative expres-
sion in patients staged I-II (P=0.002, A) and staged III-IV (P=0.243, B).
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sion of KPNA2 in cancer tissue appears to be 
predominantly nuclear, which is accordance to 
the previous studies [16, 26]. The observed 
expression of KPNA2 in lung cancer tissues are 
markedly elevated compared to normal tissue, 
KPNA2 could potentially participate in carcino-
genesis. And the positive expression of KPNA2 
was significantly association with differentia-
tion, and more likely to be present with adeno-
carcinoma, those are accordance to the pre- 
vious studies in lung cancer [20, 21]. Furth- 
ermore, our study suggested that overexpres-
sion of KPNA2 was associated with poor differ-
entiation, higher T stage, lymph node metasta-
sis, advanced stage (staged III-IV), the associa-
tion between KPNA2 expression and tumor 
stage indicates that KPNA2 overexpression 
may involve in lung cancer progression. 

The aberrant expression of KPNA2 has been 
demonstrated to correlate with a worse surviv-
al for the patients with small hepatocellular car-
cinoma [13], gastric adenocarcinoma [14], 
esophageal squamous cell carcinoma [15], 
breast cancer [16], colorectal cancer [17], and 
bladder cancer [18]. These results suggested 
that KPNA2 expression was more likely to play 
an important role in the progression and metas-
tasis of cancer. Importantly, several studies 
have established KPNA2 to be an independent 
prognostic factor [14, 17, 35]. In our study, the 
difference in overall survival (OS) and progress 
free survival (PFS) between the positive and 
negative KPNA2 expression groups was signifi-
cant. Furthermore, the present results showed 
that positive KPNA2 expression was significant-
ly correlated with survival in patients staged I-II, 
rather than patients staged III-IV. Based on our 

results, KPNA2 expression was an independent 
prognostic factor for poor survival in resected 
NSCLC patients on both univariate analysis and 
multivariate analysis. Our results corroborate 
those of previous studies. Thus, KPNA2 may be 
a potential prognostic marker and therapeutic 
target for NSCLC patients, especially for early-
staged lung cancer patients.

With respect to lung cancer, previous research 
has suggested that high levels of KPNA2 could 
also be detected in lung cancer patient serum, 
and significantly higher serum KPNA2 in NSCLC 
patients than in healthy controls, and knock-
down of KPNA2 inhibited the migration ability 
and viability of lung cancer cells [21]. However, 
our present study has just established only by 
the IHC observation. Further studies are 
required to research the mechanism of how 
KPNA2 contribute to carcinogenesis and tumor 
progress in lung cancer.

In summary, we demonstrated that KPNA2 play 
an important role in progression and prognosis 
of lung cancer. KPNA2 may be a potential prog-
nostic marker and therapeutic target for NSCLC 
patients. Further investigation with a large 
cohort is necessary to further demonstrate the 
role of KPNA2 in the development and progres-
sion of lung cancer.
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