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Abstract: Background: KPNA2 has effects on carcinogenesis, cell differentiation and transcriptional regulation. 
KPNA2 has been linked to DNA damage repair by its role to import the DNA double strand break repair complex MRN 
into the nucleus. The aim of our study was to evaluate the prognostic value of KPNA2 expression in both cytoplasmic 
and nuclear location in patients with HNSCC treated with radio(chemo)therapy. Material and methods: 225 patients 
with HNSCC treated with neoadjuvant, definitive or adjuvant radio(chemo)therapy were included. Immunohisto-
chemical staining was performed on tissue micro arrays to evaluate nuclear and cytoplasmic KPNA2 expression. 
Results: The median fraction of tumor cells with nuclear KPNA2 expression was 15%. 47% of tumor samples showed 
positive cytoplasmic staining. Patients with low nuclear as well as negative cytoplasmic expression tended to have 
an unfavorable prognosis. There was no correlation between nuclear and cytoplasmic KPNA2 expression. Low nu-
clear combined with negative cytoplasmic KPNA2 had a clearly unfavorable prognostic effect in local failure-free 
survival (P=0.014), metastasis-free survival (P=0.001) and no evidence of disease (P=0.008). A combination of low 
nuclear/negative cytoplasmic with high nuclear/high cytoplasmic KPNA2 expression was prognostically unfavorable 
with regard to tumor specific survival (P=0.021) and to a lower extent to overall survival (P=0.18). In multivariate 
analysis low nuclear/negative cytoplasmic versus any high KPNA2 (P=0.008) and T-category (P=0.002) proved as 
independent prognostic variables. Conclusion: The combination of nuclear and cytoplasmic KPNA2 expression is a 
potential excellent prognostic parameter in HNSCC treated with radio(chemo)therapy.
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Introduction

Locally advanced head and neck squamous 
cell carcinoma (HNSCC) is still a disease with 
poor prognosis. In recent years, several new 
biomarkers have been identified to improve 
treatment response and prognosis. Karyopherin 
α 2 (KPNA2) is a promising biomarker [1-3] 
which has been studied in a variety of cancers 
[4]. So far only one study dealt with the role of 
KPNA2 in HNSCC [5]. KPNA2 has been linked 
to DNA damage repair by its role in importing 
the DNA double strand break repair complex 
MRN into the nucleus. This complex consists of 
Mre11, Rad50 and Nbs1. Deficiency of these 
proteins leads to an increased radiosensitivity 
and cancer proneness in patients with genetic 
alterations like Nijmegen Breakage syndrome, 

ataxia-telangiectasia-like disorder [6] or Ni- 
jmegen breakage syndrome-like disorder [7]. 
So far, KPNA2 has not been investigated as 
prognostic marker in HNSCC patients receiving 
radiotherapy. The aim of our study was to evalu-
ate the prognostic value of KPNA2 expression 
in HNSCC patients treated by neoadjuvant, 
definitive or adjuvant radio(chemo)therapy.

Material and methods

Human specimens

Head and neck squamous cell carcinoma 
(HNSCC) tissue samples from 225 patients 
were evaluated. Patients originated from five 
different cohorts. The five HNSCC cohorts were 
characterized as follows: (i) low risk, early dis-
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ease, treated by surgery and adjuvant radio-
therapy (RT) [8]; (ii) high risk, advanced dis-
ease, treated by definitive radiochemotherapy 
(RCT) [8]; (iii) metastatic disease, treated by 
surgery and adjuvant RT or RCT [9]; (iv) 
advanced disease without distant metastasis, 
treated by neoadjuvant RCT [10]; (v) tumors 
treated by surgery and adjuvant RCT (Table 1). 
Patient characteristics of four of the cohorts 
were published previously [8-10]. 

The cancer tissues were derived from prethera-
peutic biopsies or the tumor resection speci-
men before radiochemotherapy. All samples 
were processed into tissue microarrays (TMA) 
with at least two 2 mm diameter cores per 
tumor as described previously and reviewed by 
one pathologist (K. B.). Clinical data were 
obtained from the Erlangen Tumour Centre 
Database. Written informed consent was 
obtained from all patients. The study was 
approved by the Ethics Review Committee of 
the University Hospital Erlangen, Erlangen, 
Germany.

Antibodies and immunohistochemistry

Immunohistochemistry (IHC) was performed on 
formalin-fixed paraffin-embedded tissue on  
tissue microarray sections. After standard de- 

masking, sections were incubated with the pri-
mary polyclonal goat anti-KPNA2 (SC-6917, 
Santa Cruz Biotechnology; dilution 1:200) anti-
body as previously described [1, 2, 11].

KPNA2 expression

KPNA2 expression was assessed by one 
pathologist (K. B.) blinded to the clinical data. 
For each sample, both nuclear and cytoplasmic 
staining was evaluated. For each sample, both 
the presence and absence of cytoplasmic 
staining and the percentage of positive stained 
nuclei were evaluated. The median value of 
15% was defined as cutoff for low and high 
nuclear KPNA2 expression.

Statistical analysis

Statistical analyses were performed with the 
SPSS for Windows software (version 21.0 
SPSS, IBM, Munich, Germany). No evidence of 
disease, local failure-free, metastasis-free, 
tumor-specific and overall survivals were calcu-
lated according to Kaplan Meier. The log rank 
test was applied to compare survival curves 
between subgroups of patients. The median 
was used as cut-off value. Univariate and multi-
variate regression analyses of overall survival 

Table 1. HNSCC patient’s characteristics
Treatment All (%) (i) pre RT (ii) pre (iii) pre RCT (iv) (v) adjuvant

Group
Tumor resec-

tion early 
disease (%)

RCT biopsy 
advanced 

disease (%)

Tumor resec-
tion metastatic 

disease (%)

Neoadjuvant 
biopsy metastatic 

disease (%)

 RCT biopsy early 
disease (%)

All 225 55 35 20 26 89

Gender Male 191 45 29 19 24 74

Female 34 10 6 1 2 15

Age Median 58.1 56.0 60.5 55.4 55.9 61.2

T T1 35 (15.4) 12 (21.0) 0 (0) 5 (24.1) 2 (8.6) 16 (18.0)

T2 75 (33.4) 27 (48.4) 1 (3.8) 6 (27.6) 7 (25.7) 35 (39.2)

T3 58 (25.7) 12 (22.6) 17 (48.1) 4 (20.7) 4 (17.1) 20 (22.5)

T4 57 (25.5) 4 (8.1) 17 (48.1) 6 (27.6) 13 (48.6) 18 (20.3)

N N0 81 (36) 20 (37.1) 3 (9.6) 0 (0) 5 (20.0) 52 (58.5)

N1 33 (14.8) 12 (22.6) 3 (7.7) 3 (13.8) 1 (5.7) 14 (15.8)

N2 98 (43.7) 22 (40.3) 28 (78.8) 16 (79.3) 19 (71.4) 14 (15.8)

N3 12 (5.5) 0 (0) 1 (3.8) 1 (6.9) 1 (2.9) 9 (10.1)

M M0 170 (75.7) 55 (100) 26 (75.0) 4 (20.7) 24 (91.4) 61 (68.6)

M1 55 (24.4) 0 (0) 9 (25.0) 16 (79.3) 2 (8.6) 28 (31.5)

Grading G1/2 145 (64.5) 33 (59.7) 25 (71.2) 10 (51.7) 20 (77.1) 57 (64.2)

G3/4 80 (35.5) 22 (40.3) 10 (28.8) 10 (48.3) 6 (22.9) 32 (36.0)

UICC97 1 10 (4.5) 5 (9.7) 0 (0) 0 (0) 1 (2.9) 4 (4.5)

2 22 (9.7) 12 (21.0) 0 (0) 1 (3.4) 1 (5.7) 8 (9.0)

3 39 (17.2) 15 (27.4) 5 (13.5) 1 (6.9) 1 (5.7) 16 (18.0)

4 155 (68.7) 23 (41.9) 30 (86.5) 18 (89.7) 22 (85.7) 61 (68.7)
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were performed using Cox’s proportional haz-
ards model. The proportional hazards assump-
tion was tested through plotting log-minus-log 
curves. P-values < 0.05 were considered to be 
significant.

Results

Distinct differences among the KPNA2 stained 
tissues were observed in the cohort of 225 
HNSCC patients treated with neoadjuvant, 
definitive of adjuvant radio(chemo)therapy. 
(Figure 1A-D). In addition to the nuclear stain-
ing (present in 220 of 225 cases) a cytoplasmic 
staining was prominent in 104 cases. This 
prompted us to evaluate the percentage of pos-
itive stained nuclei as well as the presence/
absence of a cytoplasmic staining. Between 
the cohorts there were differences both in 
nuclear staining and cytoplasmic staining 
(Figure 1E, 1F).

Some of the patient cohorts were quite small, 
so all patients were combined into one group. 
Most tumor samples showed a nuclear staining 
graded from 0% to 100% with a median value 
of 15% (Figure 1G) and a negative cytoplasmic 
staining (Figure 1H). The median value of 15% 
was defined as cutoff for low and high nuclear 
KPNA2 expression. Kaplan Meier analyses 
tended towards an improved local failure-free 
survival, metastasis-free survival and no evi-
dence of disease for both high nuclear (defined 
as nuclear staining > 15%) and positive cyto-
plasmic KPNA2 (Figure 2A-F) with only the 
metastasis-free survival reaching a significant 
value in case of cytoplasmic staining (P=0.006) 
(Figure 2E). A scatter diagram analysis did not 
show a significant correlation between nuclear 
and cytoplasmic staining (P=0.24) (Figure 3A). 
This prompted us to define four different groups 
i.e. group 1 nucleus low/cytoplasm negative, 
group 2 nucleus high/cytoplasm negative, 
group 3 nucleus low/cytoplasm positive and 
group 4 nucleus high/cytoplasm positive for 
further Kaplan Meier analyses (Figure 3B).

The nucleus low/cytoplasm negative group 1 
was associated with an adverse local failure-
free, metastasis-free survival and no evidence 

of disease compared to the other three groups. 
In case of metastasis-free survival (P=0.006) a 
clear difference was observed (Figure 3C-E). 
After dichotomization into only two different 
groups with only nucleus low and cytoplasm 
negative vs. any high KPNA2 the first group was 
significantly associated with a poor outcome 
with regard to local failure-free, metastasis-
free survival and no evidence of disease (Figure 
4A-C). In tumor-specific survival and overall 
survival-analysis the nucleus low/cytoplasm 
negative and nucleus high/cytoplasm positive 
groups tended to have an inferior prognosis 
(Figure 3F, 3G) which could be demonstrated 
again even better after dichotomization into 
two groups: A combination of low nuclear/nega-
tive cytoplasmic with high nuclear/high cyto-
plasmic KPNA2 expression was prognostically 
unfavorable with regard to tumor specific sur-
vival (P=0.021) and to a lower extent to overall 
survival (P=0.18) (Figure 4D, 4E). Multivariate 
analysis was performed including gender, age, 
TNM-category, stage, grading and KPNA2 as 
covariates. Only KPNA2 and T-category were 
independent significant variables with impact 
on metastasis-free survival (Table 2) (P=0.008) 
and no evidence of disease (Table 3) (P=0.039). 

Discussion

To our knowledge, this is the first study investi-
gating the impact of KPNA2 in HNSCC patients 
undergoing radiotherapy. We found a limited 
prognostic value of both nuclear and cytoplas-
mic KPNA2 expression in HNSCC. Cytoplasmic 
expression of KPNA2 has not been investigated 
so far. In all our settings a high expression of 
both nuclear and cytoplasmic KPNA2 for itself 
tended to be related to an improved prognosis 
(Figure 2). This is, however, in contrast to sev-
eral previous studies in a variety of malignan-
cies, where a high nuclear expression was 
associated with an adverse outcome. The 
KPNA2 nuclear import pathway was reported to 
be frequently activated in various cancers and 
to be associated with tumourigenesis and can-
cer progression by transporting the cancer pro-
gression-related gene product NBS1 into the 
nucleus [12, 13]. 

Figure 1. Representative images of staining patterns for KPNA2: (A) Nucleus low/cytoplasm negative; (B) Nucleus 
high/cytoplasm negative; (C) Nucleus low/cytoplasm positive; (D) Nucleus high/cytoplasm positive. Frequency of 
(E) nuclear and (F) cytoplasmic KPNA2 staining in different HNSCC cohorts. Distributions of (G) nuclear and (H) 
cytoplasmic KPNA2 staining. Arrow indicates the median, which was used as cut-off value.
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Figure 2. Kaplan-Meier analysis of low versus high nuclear KPNA2 expression (A-C) and negative versus positive cytoplasmic KPNA2 expression (D-F). The median 
was used as cut-off value. Statistical significance for the (A, D) local failure-free survival, (B-E) metastasis-free survival and (C-F) no evidence of disease were deter-
mined by the log rank test.
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Figure 3. (A) Scatter diagram comparing individuals’ KPNA2 nuclear and cytoplasmic staining. (B) Percentage of individuals with low or high nuclear KPNA2 com-
bined with negative or positive cytoplasmic KPNA2. Kaplan-Meier graphs of (C) local failure-free survival, (D) metastasis-free survival, (E) no evidence of disease, 
(F) tumor specific and (G) overall survival analyzed by the log rank test. Individuals were grouped into high nuclear and positive cytoplasmic KPNA2 (long dashed 
line), low nuclear and positive cytoplasmic KPNA2 (short dashed line), high nuclear and negative cytoplasmic KPNA2 (dotted line) and low nuclear and negative 
cytoplasmic KPNA2 (solid line).
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Figure 4. Kaplan-Meier analysis of (A) lo-
cal failure-free survival, (B) metastasis-free 
survival and (C) no evidence of disease. In-
dividuals with any high nuclear or positive cy-
toplasmic KPNA2 staining were compared to 
low nuclear staining combined with negative 
cytoplasmic staining. Kaplan-Meier analysis 
of (D) tumor specific survival and (E) overall 
survival. Individuals with low nuclear and 
positive cytoplasmic as well as high nuclear 
and negative cytoplasmic staining were com-
pared to low nuclear and negative cytoplas-
mic as well as high nuclear and positive cyto-
plasmic staining.
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KPNA2 was reported to be elevated in multiple 
forms of cancer [14]. Rachidi et al. found elevat-
ed levels of KPNA2 in oral and laryngeal squa-
mous cell carcinomas [5] compared to a control 
group. Ma and Zhao [14] found elevated expres-
sion of KPNA2 in esophageal squamous cell 
carcinoma (ESCC) and also found elevated con-
centrations of KPNA2 in serum from ESCC 
patients compared to control groups. It was 
reported to be an independent prognostic 
marker of poor survival e.g. in endometrial can-
cer [15], ovarian carcinoma [16], prostate can-
cer [17], gastric cancer [12] and bladder cancer 
[18]. However, only a few of these studies were 
performed in cohorts including a radio(chemo)
therapeutic regime, e.g. two studies focusing 
on astrocytomas [19, 20]. To our knowledge 
malignant epithelial tumors undergoing RCT 
has not been investigated so far.

It remains unclear whether the type of treat-
ment (surgery, radiotherapy or radiochemother-
apy) or the stage of disease may correlate with 
the prognostic influence of KPNA2-expression. 
Although there are not yet any studies focusing 

on KPNA2 in carcinoma patients receiving RCT, 
some linked molecules have already been stud-
ied in RCT-treated cohorts [21]. KPNA2 plays a 
key role as a so called importin transporting the 
MRN complex, which consists of Mre11, Rad50 
and Nbs1, into the nucleus. Therefore, similar 
effects on tumor prognosis might be expected 
with regard to these linked proteins. In- 
terestingly a significant association of low 
tumor Mre11 expression with worse cancer-
specific survival in a radiotherapy-treated 
cohort was described [21]. Our at first glance 
contradictory observation of an association of 
adverse outcome with low KPNA2 expression 
may be explained analogously to the previously 
described adverse effect of Mre11 expression: 
Reduced KPNA2 may result in reduced nuclear 
availability of the double strand break repair 
complex MRN which may potentially cause a 
failure of DNA damage signaling cascade and 
consequently less activation of the down-
stream apoptotic cell death pathway. Due to 
the lack of cell death pathway activation, the 
tumor may continue to proliferate, resulting in 
radioresistance.

Table 2. Univariate and multivariate analysis of metastasis-free survival according to Cox’s propor-
tional hazards model
HNSCC tumors Univariate analysis Multivariate analysis
Variable Hazard ratio 95% C.I. P Hazard ratio 95% C.I. P
Gender (male [n=191] v. female [n=34]) 1.971 0.834-4.658 0.122 1.992 0.855-4.645 0.110

Age. years (younger 58 years [n=114] v. older 58 years [n=111]) 1.538 0.709-3.336 0.276 1.569 0.744-3.309 0.237

T category (T1/T2 [n=110] v. T3/T4 [n=115]) 3.106 1.314-7.341 0.010 3.491 1.565-7.787 0.002

N category (N0 [n=81] v. N+ [n=144]) 0.696 0.236-2.052 0.512 --- --- ---

Stage (UICC I-III [n=70] v. UICC IV [n=155]) 1.039 0.309-3.495 0.951 --- --- ---

Grad (1 + 2 [n=145] v. 3 + 4 [n=80]) 0.876 0.415-1.852 0.730 --- --- ---

KPNA2 (low/negative [n=139] v. any high [n=86]) 3.629 1.104-11.927 0.034 2.821 1.303-6.106 0.008

KPNA2 (< 15% [n=115] v. ≥ 15% [n=110]) 2.084 0.684-6.35 0.196 1.832 0.844-3.976 0.126

KPNA2 (no cytoplasmic staining [n=120] v. positive [n=105]) 1.249 0.363-4.298 0.725 --- --- ---

Table 3. Univariate and multivariate analysis of no evidence of disease according to Cox’s propor-
tional hazards model
HNSCC tumor Univariate analysis Multivariate analysis
Variable Hazard ratio 95% C.I. P Hazard ratio 95% C.I. P
Gender (male [n=191] v. female [n=34]) 1.255 0.627-2.51 0.521 --- --- ---

Age, years (younger 58 years [n=114] v. older 58 years [n=111]) 0.842 0.493-1.438 0.529 --- --- ---

T category (T1/T2 [n=110] v. T3/T4 [n=115]) 1.710 0.967-3.023 0.065 1.580 0.941-2.652 0.083

N category (N0 [n=81] v. N+ [n=144]) 0.753 0.3-1.891 0.546 0.756 0.449-1.273 0.292

Stage (UICC I [n=70] v. UICC II and higher [n=155]) 1.013 0.37-2.776 0.980 --- --- ---

Grad (1 + 2 [n=145] v. 3 + 4 [n=80]) 0.866 0.501-1.497 0.606 --- --- ---

KPNA2 (low/low [n=139] v. any high [n=86]) 0.634 0.266-1.511 0.304 0.577 0.342-0.974 0.039

KPNA2 (< 15% [n=115] v. ≥ 15% [n=110]) 0.902 0.413-1.974 0.797 --- --- ---

KPNA2 (no cytoplasmic staining [n=120] v. positive [n=105]) 0.886 0.452-1.738 0.725 --- --- ---



KPNA2 expression in head and neck squamous cell cancer

15822 Int J Clin Exp Pathol 2015;8(12):15814-15824

Alteration of KPNA2-mediated tumor-suppres-
sor functions of the NBS1-complex by 
decreased KPNA2-expression could explain a 
worse response to radio(chemo)therapy. In 
fact, KPNA2 has been demonstrated to interact 
with a number of proteins including those with 
tumor-suppressive as well as oncogenic prop-
erties [22-25]. Consequently the multifunction-
al role of KPNA2 should be kept in mind. Of 
course further studies are required to gain 
more insights into the function and interaction 
of importin-proteins and their related mole-
cules in DNA repair both in normal and cancer 
cells. Beyond doubt the influence of radiation 
on this system is of great interest.

The aim of this study was to evaluate the prog-
nostic influence of KPNA2 expression in R(C)
T-treated HNSCC of different stages surveying 
relapses, appearance of metastasis and over-
all-survival. The combination of low nuclear and 
low cytoplasmic expression was significantly 
associated with an adverse prognosis in our 
RCT-treated cohorts with regard to local failure-
free, metastasis-free survival and no evidence 
of disease. Interestingly, in the overall survival 
and tumor specific-survival analysis both the 
low nuclear/low cytoplasmic and the high 
nuclear/high cytoplasmic groups tended to 
have an adverse prognosis. This leads to the 
possible assumption that rather the alteration 
per se irrespective of the direction of alteration 
may be relevant in tumor progression. It has to 
be discussed if possibly any aberration in 
KPNA2 expression concerning both the cyto-
plasm and the nucleus may contribute to radio-
resistance by dysregulation of MRN complex 
transport and of other cargo proteins.

These results demonstrate that the relation of 
the cytoplasmic and nuclear sublocations of 
proteins might play a so far underestimated 
role. However, the expression of KPNA2 in can-
cer tissue appears to be predominantly nuclear 
[4], which is in line with our finding that most 
tumor samples showed a negative cytoplasmic 
staining.

As KPNA2-expression may be a general prog-
nostic marker in HNSCC rather than being pre-
dictive of RT treatment response alone, further 
studies dealing with a cohort treated by surgery 
only in comparison with a RT-cohort would be of 
interest. Promising results were already pub-
lished concerning the Mre11-protein [21] where 
significant differences between a RT-cohort 

and a cystectomy cohort in bladder cancer 
were demonstrated.

In multivariate analysis including well accepted 
prognostic clinicopathologic parameters only 
KPNA2 and T-category were independent sig-
nificant predictive variables concerning metas-
tasis-free survival and no evidence of disease. 
Further studies will be needed to estimate 
whether KPNA2 expression is useful as a sup-
plement to conventional clinicopathologic risk 
factors. Future work should also focus on func-
tional studies in order to gain more insights into 
the unique function of KPNA2 and to evaluate 
its potential as a therapeutic target in cancer 
treatment with multimodal treatment schemes. 
In summary the combination of nuclear and 
cytoplasmic KPNA2 expression is a potential 
excellent prognostic parameter in HNSCC treat-
ed with radio(chemo)therapy.
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