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Background:Karyopherina 2 (KPNA2) is amember of the Karyopherina family and has recently been reported to play an important role in tumor
progression. The aim of the current study was to elucidate the clinicopathological significance of KPNA2 over-expression in colorectal cancer
(CRC).
Patients and Methods: KPNA2 expression was evaluated by immunohistochemistry in 122 surgically resected CRC and 13 biopsy specimens
obtained at colonoscopy during screening for preoperative hyperthermochemoradiation therapy (HCRT). The association between KPNA2
expression and clinicopathological features and preoperative HCRT efficacy were examined.
Results: The high and low KNPA2 expression groups were comprised of 91 (74.6%) and 31 CRC patients, respectively. A significant association
was observed between high expression and lymphatic invasion (P¼ 0.0245). KPNA2 high expression group had decreased overall survival
(P¼ 0.00374). Multivariate analysis demonstrated high KPNA2 expression was independently associated with poor prognosis. Histological
examinations revealed 11 (84.6%) and 2 (15.4%) of cases were KPNA2 positive and negative, respectively. Pathological complete response (pCR)
was observed in 9.1% of KPNA2-positive cases and 100% of KPNA2-negative cases.
Conclusion: High KPNA2 expression was found to be associated with poor prognosis and resistance to HCRT.
J. Surg. Oncol. 2016;113:213–217. � 2015 Wiley Periodicals, Inc.
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INTRODUCTION

The incidence of colorectal cancer (CRC) is increasing
worldwide [1,2] and currently represents one of the most common
cases of cancer death [1]. The development of multimodal therapy has
improved CRC prognosis [3]; however, there is hope of further
improvements and treatment breakthroughs in the near future.

Preoperative radiotherapy (RT) is often necessary in cases of rectal
cancer. Preoperative RT is effective in controlling primary lesions [4,5],
and chemotherapy and hyperthermia have been shown to improve the
effectiveness of RT [6,7]. Pathological complete response (pCR) is
reportedly observed in 10–20% of patients who undergo preoperative
RT [6,8]. These findings indicate the prediction of therapeutic effect
prior to RTmay allow curative treatments rectal cancer without the need
for resection. However, predictors of the therapeutic effect of RT have
yet to be demonstrated.

Karyopherin as are members of the importin/karyopherin
superfamily and function in regulation the transportation of proteins
from the cytoplasm into the nucleus. Karyopherin as bind the nuclear
localization signals of proteins and karyopherin b and mediate the
transport of proteins weighing greater than 50 kDa via nuclear pore
complexes [9,10]. Karyopherin a 2 (KPNA2) is as isoform of
Karyopherin a and has been reported as a marker of poor prognosis
in a number of solid tumor types [11–13]. In vitro studies have shown
KPNA2 to be essential in repairing DNA double strand breaks (DSBs)
caused by ionizing radiation[14]. However, only small scale analyses of
KPNA2 expression have been performed in CRC [15].

The aim of the present study was to elucidate the significance of
KPNA2 as a marker of prognosis and therapeutic efficacy in CRC
patients. We examined the expression levels of KPNA2 in CRC tissue

samples using immunohistochemistry to determine the utility of
KPNA2 expression in cancer tissues as a prognostic biomarker for
CRC. Further, we examined the relationship between RT therapeutic
grade and KPNA2 expression.

MATERIALS AND METHODS

Clinical Samples

Surgical specimens from 122 patients (74 males and 48 females)
who had underwent resection of a primary CRC lesion at the
Department of General Surgical Science, Graduate School of
Medicine, Gunma University between 1999 and 2009 were included
in the present study. No patients had received irradiation or
chemotherapy prior to surgery. Biopsy specimens from 13 patients
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with rectal cancer were obtained and all of these patients underwent
preoperative hyperthermochemoradiation therapy (HCRT). All biopsy
specimens were collected during pre-therapeutic colonoscopy for
HCRT. All clinical data in the present study were collected, stored, and
used in accordance with institutional guidelines and the Helsinki
Declaration after obtaining written informed consent from all
participants.

Preoperative HCRT Protocol

Radiation treatment was delivered by 10-MV x-rays using a three-
field box technique. Clinical target volumes encompassed the primary
tumor and all mesorectal tissues. The total radiation dose was 50Gy
given in daily fractions of 2.0Gy on five consecutive days per week.
Chemotherapy consisted of capecitabine (1,700mg/m2 per day)
administered for five days a week with radiation. Two to five
hyperthermia sessions were performed once a week with 8MHz
radiofrequency capacitive heating equipment (Thermotron-RF 8,
Yamamoto Vinita Co., Ltd., Osaka, Japan).

Immunohistochemical Staining

Immunohistochemistry was performed as previously described [13].
Slides were incubated with primary antibodies against KPNA2 (1: 400;
from Abcam) for 24 hr at 4°C. Negative controls were incubated
without primary antibody, with and no detectable staining observed.

Immunohistochemical slides were scanned and evaluated by two
experienced researchers. The intensity of nuclear KPNA2 staining was
scored as follows: 0, no staining; 1, weak staining; 2, moderate staining;
and 3, strong staining. The proportion of cells with nuclear KPNA2
staining was evaluated by examining at least 2,000 cancer cells in 5
representative areas. The proportion of cells with nuclear KPNA2
staining was scored as follows: 0, no staining; 1, 1–10% positive; 2,

11–50% positive; and 3, 51–100% positive. The KPNA2 evaluation
score was defined as the proportion of nuclear-stained cells multiplied
by the intensity score (0, 1, 2, 3, 4, 6, or 9). The optimal cut-off point, as
defined by ROC curve analysis, was used to classify cases into high (6
and 9) and low (0, 1, 2, 3, and 4) expression groups. For biopsy
specimens, the proportion of cells with nuclear KPNA2 staining was
evaluated using a single representative area as specimens were too small
to apply the full scoring method. Nuclear KPNA2 expression was used
to classify cases into KPNA2-positive (nuclear staining score, 2–3) and
negative (nuclear staining score, 0–1) groups.

Statistical Analyses

For continuous variables, data were expressed as means� standard
deviation (SD). Comparisons between the high and low KPNA2
expression groupswere performed using Student’s t-test, thex2 test, and
ANOVA. Survival times were plotted according to the Kaplan–Meier
method, with the log-rank test used for comparisons. The differences
were considered statistically significant at the level of P< 0.05.
Relative multivariate significance of potential prognostic variables was
examined. Cox proportional hazards regression was used to test the
independent prognostic contribution of clinicopathological factors. All
statistical analysis was performed with R script generated by EZR [16].

RESULTS

Immunohistochemical Analysis of KPNA2 Expression in CRC
Tissues

Immunohistochemical staining were used to evaluate KPNA2
expression in CRC specimens. KPNA2 expression was predominantly
observed in the nuclei of tumor cells, with little expression observed in
the cytoplasm of either normal or tumor cells (Fig. 1a). The high

Fig. 1. Immunohistochemical analysis of KPNA2 expression in CRC tissue samples. Deparaffinized sections of CRC tumors were stained with
anti-KPNA2 antibodies and counterstained with hematoxylin. a) Normal mucosa and tumor (T, tumor; N, normal mucosa). KPNA2 was highly
expressed in tumoral tissues and rarely in normal mucosa. b) CRC patient from the low KPNA2 expression group. c) CRC patient from the high
KPNA2 expression group. d) KPNA2-negative biopsy specimen. e) KPNA2-positive biopsy specimen.
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KPNA2 expression group was comprised as 91 specimens (91/122;
74.6%) and the lowKPNA2 expression group was comprised of 31 (31/
122; 25.4%) specimens according to the KPNA2 evaluation score
(Fig. 1b,c, and Supplementary Fig. S1). KPNA2 expression was also
evaluated in biopsy specimens, with 11 specimens assigned to the
KPNA2-positive group (11/13; 84.6%) and 2 specimens assigned to the
KPNA1-negative group (2/11; 15.4%; Fig. 1d,e).

Association Between KPNA2 Expression and
Clinicopathological Features of CRC

Table I shows the correlation between KPNA2 expression and
patient clinicopathological characteristics (age, gender, tumor
histology, T factor, lymph node metastasis, lymphatic and venous
invasion, liver metastasis, peritoneal dissemination, and pathological
stage).

Significantly greater lymphatic invasion was observed in the high
KPNA2 expression group (P¼ 0.0245). No significant difference were
observed in other factors; however, there was a trend toward more
undifferentiated cellular histology (P¼ 0.121) and higher pathological
stage (P¼ 0.0817) in the high KPNA2 expression group.

Prognostic Significance of KPNA2 Expression in CRC
Patients

Overall survival rates in the high and lowKPNA2 expression groups
are shown in Figure 2a. The 5-year survival rate was significantly lower
in the high KPNA2 expression group (69.6%) compared to the low
KPNA2 expression group (89.5%; P¼ 0.0374). The disease-free

survival rates of stage I–III patients who underwent curative
resection are shown in Figure 2b. No significant difference in
disease-free survival rate was observed between cases with high
KPNA2 expression and cases with lowKPNA2 expression (P¼ 0.754).
Survival rates after recurrence are shown in Figure 2c. No significant
difference in survival rate after recurrence was observed between cases
with high KPNA2 expression and cases with low KPNA2 expression;
however, there was a trend toward increased survival in cases with high
KPNA2 expression compared to those with low KPNA2 expression
(median survival time, 3.98 yeas vs. 6.74 years; P¼ 0.184).

Univariate and multivariate analyses of overall survival times are
shown in Table II. Lymph node metastasis, liver metastasis, peritoneal
dissemination, and high nuclear KPNA2 expression were found to be
independent prognostic factors (P< 0.05).

The Immunohistochemical Analysis of Biopsy Specimens was
Associated With the Effect of HCRT

We evaluated KPNA2 expression in biopsy specimens obtained
during colonoscopy before HCRT. The pCR rate was 100% in KPNA2-
negative cases and 9.1% in KPNA2-positive cases (Table III;
P¼ 0.0385).

DISCUSSION

The results of the present study demonstrated KPNA2 expression
was significantly higher in the nucleus of cells in cancer tissues
compared with normal mucosa. High KPNA2 expression was
correlated greater lymphatic invasion and shorter survival time, and
was found to be an independent prognostic factor. KPNA2-positive
cases were also more likely to be resistant to HCRT. To the best of our
knowledge, this is the first report of a correlation between KPNA2
expression and the efficacy of radiation therapy in CRC.

Our results corroborate those of previous studies which have
reported KPNA2 as a marker of poor prognosis in other solid tumor
types [11–13]. In the present study, there was a trend toward lower
degree of differentiation and higher pathological states in the high
KPNA2 expression group. KPNA2 is known to transport cell cycle
regulators, such as cMyc [17] and RAC1 [18].Myc is a target of theWnt
andRAS signaling pathways and has been shown to be highly expressed
in CRC [19,20]. MYC deletion has been shown to suppress colon
tumorigenesis in a murine model [21]. RAC1 [22] is expressed in
CRC [23] and is reportedly a marker of poor prognosis in several solid
tumor types [24–26]. RAC1 activates a number of oncogenes, including
RAS and Tiam1, and promotes cancer development and
progression [27,28]. As KPNA2 functions in recruiting oncoproteins
into the nucleus, we believe high KPNA2 expression plays a key role in
cancer development and progression. The results of the present study
are consistent with this hypothesis and KPNA2 may have utility as a
prognostic marker in CRC.

In the present study, the high KPNA2 expression group had poorer
prognosis; however, no difference in disease free survival was observed
between the high and low KPNA2 expression groups. Survival times
after recurrence tended to be shorter in the high KPNA2 expression
group. Furthermore, KPNA2-positive cases were more likely to be
resistant to HCRT. These findings indicate KPNA2 expression is
associated with the therapeutic efficacy of RT in cases of CRC. NBS1 is
a cargo protein of KPNA2 [14] and forms a complex with MRE11 and
RAD50 (the MRN complex). The MRN complex activates ATM and is
an important trigger for DSB repair cascades [14]. The suppression of
the MRN complex enhances the effect of radiation in head and neck
cancers [29]. Further, the blockade of RAD50, a component of theMRN
complex, enhances the efficacy of platinum agents in squamous cell
carcinoma [30]. Chk2 is also a cargo protein of KPNA2 and function in
the activation of ATM and promotion of DNADSB repair [31]. Clinical

TABLE I. Backgrounds and Clinicopathological Characteristics of the
Patients

KPNA2

Factors
Low expression

n¼ 31
High expression

n¼ 91 P-value

Age 63.5� 1.6 64.5� 12.0 0.681
Gender
Male 18 56 0.832
Female 13 35

Histology
wel 14 22 0.121
mod 17 62
por 0 4
muc 0 3

T factor
Tis, T1, T2 9 19 0.458
T3, T4 22 72

Lymph node metastasis
Absent 15 46 1
Present 16 45

Lymphatic invasion
Absent 10 11 0.0245�
Present 21 80

Venous invasion
Absent 15 33 0.288
Present 16 58

Liver metastasis
Absent 24 69 1
Present 7 22

Peritoneal dissemination
Absent 30 87 1
Present 1 4

Pathological stage
0 3 0 0.0817
I 4 10
II 7 27
III 11 30
IV 6 24
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studies evaluating Chk2 as a therapeutic target are currently in
progress [32,33]. KPNA2 functions in recruiting these proteins, which
promote DNA DSB repair, and high expression of KPNA2 may
increase the activity of DSB repair and enhance the chemo- and radio-
resistance of cancer cells. We propose KPNA2 as a potential marker of
therapeutic effect and believe KPNA2 suppression may enhance the
efficacy of HCRT through reducing the activity of DNA DSB repair
factors in the nucleus. KPNA2may have utility as a therapeutic target in
conjunction with HCRT and may allow curative treatment of CRC
without the need for resection.

Fig. 2. a) Overall survival after surgery. b) Disease-free survival after surgery. Patients with stage I–III disease are included. c) Overall survival
after recurrence. Patients with stage I–III disease who had recurrence are included.

TABLE II. Univariate and Multivariate Analyses of Overall Survival

Univariate analysis Multivariate analysis

Clinicopathological variables HR 95%CI P-value HR 95%CI P-value

Age 0.982 0.956–1.01 0.186 — — —
Gender 0.684 0.331–1.41 0.304 — — —
T factor (Tis, T1, T2, T3/T4) 3.02 1.50–6.09 <0.01� 1.14 0.526–2.47 0.741
Lymph node metastasis (negative/positive) 3.37 1.57–7.26 <0.01� 2.50 1.13–5.51 0.023�
Lymphatic invasion (negative/positive) 3.94 0.942–16.5 0.060 — — —
Venous invasion (negative/positive) 2.97 1.29–6.86 0.011� 1.36 0.568–3.28 0.487
Liver metastasis (negative/positive) 7.97 3.89–16.3 <0.01� 6.02 2.71–13.4 <0.01�
Peritoneal dissemination (negative/positive) 9.88 3.35–29.1 <0.01� 6.43 1.90–21.8 <0.01�
KPNA2 expression (low/high) 2.89 1.02–8.22 0.047� 4.25 1.44–12.6 <0.01�

HR, hazard ratio; CI, confidence interval.
�P< 0.05.

TABLE III. KPNA2 Expression and Effect of HCRT

KPNA2 expression

Negative Positive

Non-pCR 0 10
pCR 2 1 P ¼ 0.0385

pCR, pathological complete response.
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CONCLUSIONS

KPNA2 over-expression may have utility as a marker of poor
prognosis and therapeutic resistance in CRC patients represents a
potential therapeutic target for enhancing RT efficacy.
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