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Abstract: Objective: To determine the expression of NIMA-related kinase NEK2 and evaluate its clinical value in 
colon cancer. Method: Sixty specimens of colon cancer, 30 specimens of paracancerous colon tissues and 10 speci-
mens of normal colon tissues conventionally resected in surgery at the Second Affiliated Hospital of Nantong Univer-
sity from February 2006 to February 2014 were collected. These tissues were detected for the expression of Nek2 
using Western Blot and immunohistochemical staining. The relationship between Nek2 protein expression and the 
clinicopathology and prognosis of colon tissues was discussed. Results: The expression level and positive expres-
sion rate of Nek2 protein in the colon cancer were obviously higher than that in the paracancerous tissues and 
normal colon tissues. They were also significantly higher in the paracancerous tissues than in the normal tissues 
(P<0.05). Statistical analysis revealed that Nek2 protein expression was not obviously correlated with gender, age 
and tumor size, but obviously correlated with degree of differentiation (P=0.008), TNM staging (P=0.000), lymph 
node metastasis (P=0.022) and tumor invasion (P=0.011). With the plotting of Kaplan-Meier survival curve, it could 
be seen that Nek2 protein expression was not significantly correlated with survival (P=0.0048). High Nek2 protein 
expression may be an independent risk factor for colon cancer (HR=0.227, 95% CI 0.101-0.510). Conclusion: High 
Nek2 protein expression reflects the malignant behavior of colon cancer. Playing important roles in the occurrence 
of colon cancer, Nek2 protein expression has diagnostic and prognostic value in colon cancer.
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Introdution

Colon cancer is one of the common malignan-
cies of the digestive system [1]. The incidence 
of colon cancer worldwide is climbing every 
year, and the pathogenesis of colon cancer 
remains unclear [2, 3]. Never in mitosis gene a 
(NIMA)-related protein kinase (NEK) family con-
sists of regulators of mitosis and known as the 
third family of mitotic kinases [4]. As the repre-
sentative of the NEK family, Nek2 is mainly 
involved in the regulation of G2/M check points, 
promoting the maturity of centrosomes and 
affecting chromosomal enrichment and the for-
mation of spindle bodies [5]. Abnormality of 
Nek2 protein expression may indicate malig-
nant transformation. Nek2 is over-expressed in 
various tumors, which causes multipolar divi-
sion of centrosomes [6]. The existing studies 
on Nek2 mainly focus on the human tumor cell 
lines, prostate cancer, testicular seminoma, 
primary breast cancer and cholangiocarcino-

ma, but few of them detect the colon cancer 
specimens [6-9]. We applied Western Blot and 
immunohistochemical staining to the detect 
Nek2 protein expression in colon cancer, para-
cancerous tissues and normal colon tissues, 
analyzed the change of its expression in various 
colon tissues, and explored the relationship 
between Nek2 protein expression and clinico-
pathologic parameters and prognosis of colon 
cancer, providing experimental basis for the 
subsequent study on the mechanism of Nek2 
acting in tumors.

Materials and methods

General data

Sixty specimens of colon cancer were conven-
tionally resected from patients with colon can-
cer at Department of General Surgery, the 
Second Affiliated Hospital of Nantong University 
from February 2006 to February 2014. The clin-
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icopathological data of these cases were 
reviewed, including gender, age, tumor size, 
degree of differentiation, TNM staging, lymph 
node metastasis and invasion (Table 1). No 
cases received preoperative chemotherapy 
and radiotherapy, and those who died from 
other diseases or accidents were excluded. All 
specimens were subjected to HE staining and 
diagnosed as colon cancer by two pathologists. 
For paracancerous specimens, 10 cm-margin 
of healthy looking tissues were collected from 
30 cases, and for normal colon specimens,  
diseased colonic mucosal specimens were  
collected from 10 cases. All specimens were 
divided into two parts. One was fixed in 10% 
neutral formaldehyde, embedded in paraffin 
and sliced to 5 cm thickness. The other was 
cryopreserved in the fridge at -80°C. Informed 
consent was obtained from all cases or their 
relatives. The experimental protocol was 
approved by the Ethics Committee of the 
Second Affiliated Hospital of Nantong 
University.

Reagents

Nek2 mouse anti-human monoclonal antibody 
(Abcam, USA), HRP-conjugated goat anti-mouse 
IgG (H+L) (Beyotime Institute of Biotechnology, 
China), biotinylated goat anti-mouse IgG ELISA 
kit (Wuhan Boster Biological Technology Co., 
Ltd, China), anti-β-actin monoclonal antibody 
(Beyotime Institute of Biotechnology, China), 
horseradish peroxidase-conjugated goat anti-
mouse IgG Western Blot kit (Beyotime Institute 
of Biotechnology, China).

Western Blot

The specimens were thawed and added with 
tissue lysis buffer to prepare the homogenate. 
After high-speed centrifugation, the superna-
tant was collected, mixed with loading buffer, 
heated, and then placed in the fridge at -20°C. 

The separating gel and stacking gel were pre-
pared for electrophoresis, and the proteins 
separated by electrophoresis were transferred 
to the PVDF membrane. The membrane was 
sealed with defatted milk powder and incubat-
ed with Nek2 mouse anti-human monoclonal 
antibody at 4°C overnight. The membrane was 
washed and incubated with HRP-conjugated 
goat anti-mouse IgG. The membrane was 
washed again and ECL reagent was added for 
color development. Western Blot was repeated, 
and the images were scanned and analyzed by 
gel image analysis system. The gray scale ratio 
of specific proteins to the internal reference 
(β-actin) was calculated as a measure of the 
expression level.

Immunohistochemical staining

The paraffin-embedded sections were baked  
in the oven at 65°C for 2 h and then sub- 
jected to conventional dewaxing. The speci-
mens were washed with distilled water three 
times, incubated in 3% H2O2 at room tempera-
ture for 10 min, and washed with distilled  
water again. Antigen recovery was performed 
using Tris-EDTA buffer at medium to high pres-
sure for 3 min. After washing with PBS buffer, 
the specimens were incubated with Nek2 
monoclonal antibody (1:100) at 4°C overnight. 
The specmens were washed with PBS buffer 
again, and the biotin-labeled working solution 
of secondary antibody was added dropwise to 
incubate the cells at room temperature for 60 
min. Then the specimens were washed with 
PBS buffer and reacted with DAB color develop-
ment solution. Hematoxylin counterstain was 
peformed, and the specimens were washed 
with distilled water, dehydrated, transparen-
tized and sealed.

Judgment of results

For each section, 10 high-power fields (×400) 
were selected randomly, and 500-1000 cells 
were counted in each field. The scores of 0-3 
were assigned according to staining intensity 
and the number of positive cells. The cells not 
stained were scored as 0, light yellow 1, pale 
brown 2, and dark brown 3; number of positive 
cells <10% was scored as 0, 10%-45% 1, 45%-
70% 2, and >70% 3. The two scores were added 
up and the sum was divided into 4 levels: the 
total score of 1 was considered negative (-), the 
score of 2 weakly positive (+), the score of 3-4 
positive (++), and the score of 5-6 strongly posi-
tive (+++). 

Table 1. Expression of Nek2 in colon cancer 
tissues, para-carcinoma tissue and normal 
colon tissues

Group Case
Score of Nek2 expression
- + ++ +++

NT 30 22 6 2 0
PT 30 12 13 3 2
CT 60 4 17 18 21
P<0.05, NT, Normal colon tissues, PT Para-carcinoma 
tissue and CT colon cancer tissues.
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Figure 1. Expression of Nek2 in colon cancer tissues, para-carcinoma tissue and normal colon tissues detected by 
Western blot. A. Expression of Nek2 protein level in different tissues (CT Colon cancer tissues, PT Para-carcinoma 
tissues, NT Normal colon tissues). B. A graphical representation of the Nek2 protein level expression profiles in (b) 
*P<0.05 **P<0.005.

Figure 2. Expression of Nek2 in colon cancer tissues, para-carcinoma tissue and normal colon tissues detected by 
IHC (DAB × 400). A. Normal colon tissues. B. Para-carcinoma tissues. C and D. Colon cancer tissues.
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in normal colon tissues 
(NT) (0.310±0.036) (P= 
0.0011, P=0.00314). The 
Nek2 protein expression in 
colon cancer tisues was 
also significantly higher 
than that in the paracan-
cerous tissues (P=0.0027) 
(Figure 1).

Detection of Nek2 pro-
tein expression in colon 
cancer, paracancerous 
tissues and normal colon 
tissues by immunohisto-
chemical method 

Immunohistochemical re- 
sults (Figure 2) indicated 
that the positive Nek2 pro-
tein signals were mainly 
localized to the cytoplasm 
and also in the nuclei. 
Nek2 protein expression 
was mostly negative in nor-
mal colon tissues, with 
negative expression rate  
of 66.67% (22/30); weak- 
ly positive (20%, 6/30)  
and positive expressions 
(6.67%, 2/30) were also 
detected occasionally. The 

Statistical process

Statistical analyses were performed using 
SPSS 19.0 software and GraphPad Prism 5, 
and P<0.05 indicated significant difference. 
The results of immunohistochemistry were ana-
lyzed with χ2 test and Spearman rank correla-
tion test. The means between the groups were 
compared by variance analysis and Spearman 
rank correlation test. Kaplan-Meier method 
was used to plot the survival curves, which 
were compared by the log rank test.

Results

Detection of Nek2 protein expression in colon 
cancer, paracancerous tissues and normal 
colon tissues by Western Blot

Western Blot showed that the Nek2 protein 
expressions in colon cancer tissues (CT) 
(0.950±0.068) and paracancerous tissues (PT) 
(0.460±0.028) were obviously higher than that 

Table 2. Ralationship between Nek2 expression and clinicopathologi-
cal characteristics of colon cancer

Nek2 expression

Clinical Parameters N Low expres-
sion (-, +)

high expres-
sion (++, +++) Χ2 P

Gender 21 39
    Male 32 12 20 1.841 0.175
    Female 28 9 19
Age
    <55 25 10 15 0.471 0.493
    ≥55 35 11 24
Tumor diameter
    <5 cm 39 14 25 0.039 0.843
    ≥5 cm 21 7 14
Differentiation
    High 15 10 5 9.551 0.008**

    Moderately 19 6 13
    Low 26 5 21
TNM stage
    I~II 24 15 9 13.297 0.000**

    III~IV 36 6 30
Lymph node metastasis
    Yes 20 11 9 5.275  0.022*

    No 40 10 30
Invasion
    Mucosa and muscle 22 15 7 6.406  0.011*

    Serous 38 6 32
Note: *P<0.05; **P<0.01.

paracancerous tissues were mainly negative or 
weakly positive for Nek2 protein, with negative 
expression rate and weakly positive expression 
rate of 40.00% (12/30) and 43.33% (13/30), 
respectively; the positive expression (10%, 
3/30) and strongly positive expression (6.67%, 
2/30) were less frequent. In the colon cancer 
tissues, the overall positive expression rate 
was 93.33% (56/60), including strongly posi-
tive expression rate of 35% (21/60) and posi-
tive expression rate of 30% (18/60); however, 
the negative expression rate was only 6.67% 
(4/60). Statistically, Nek2 protein expression in 
the colon cancer tissues was much higher than 
that in paracancerous tissues and normal 
colon tissues (P<0.05, Table 1).

Correlation between Nek2 protein expression 
in colon cancer tissues and clinicopathological 
features 

The clinical data of 60 cases were reviewed. 
Based on Nek2 protein expression in immuno-
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mitotic progress, finally leading to the splitting 
of the chromatin. Aberrant Nek2 expression 
can affect the centromere protein; over-produc-
tion of centrosomes resulting from Nek2 over-
expression may lead to the proliferation of mul-
tinucleate cells [12, 14]. 

Upregulation of Nek2 mRNA was first discov-
ered in Ewing sarcoma, and later in non-Hodg-
kin’s lymphoma and diffuse large B-cell lym-
phoma [15-17]. More and more studies have 
confirmed that Nek2 is upregulated in breast 
cancer, cholangiocarcinoma and testicular 
seminoma [6, 8, 9]. The upregulation of exoge-
nous Nek2 can facilitate the cell cycle and pro-
liferation of tumor cells [18]. We detected Nek2 
protein expression in 60 specimens of colon 
cancer surgically resected, 30 specimens of 
paracancerous tissues and 10 specimens of 
normal colon tissues. It was found that Nek2 
protein expression in colon cancer tissues was 
obviously upregulated compared with the para-
cancerous tissues and normal colon tissues. 
Moreover, Nek2 protein expression differed sig-
nificantly with TNM staging in colon cancer, and 
the expression was much higher in TNM stage 
III-IV than in stage I-II. The Nek2 expression 
also varied with the degree of differentiation. 
The expression in lowly differentiated colon 
cancer tissues was significantly higher than 
that in moderately and highly differentiated tis-
sues, and the lowest expression was detected 
in the highly differentiated tissues. Nek2 pro-
tein showed a much higher expression in colon 
cancer tissues with lymph node metastasis 

histochemical staining, the colon cancer speci-
mens were divided into high expression group 
(+++, ++) and low expression group (+, -). 
Results showed that Nek2 protein expression 
was not obviously correlated with age, gender 
and tumor size, but with degree of differentia-
tion (P=0.008), TNM staging (P=0.000), lymph 
node metastasis (P=0.022) and invasion 
(P=0.011) (Table 2). 

Correlation between Nek2 protein expression 
and prognosis in colon cancer

Sixty cases were followed up for 2-81 months, 
during which 33 cases died. The average sur-
vival for cases showing high Nek2 protein ex- 
pression (+++, ++) and low expression (+, -) was 
66 months and 42 months, respectively. 
According to Kaplan-Merier survival curves, the 
prognosis of cases with high Nek2 protein 
expression was worse than cases with low 
expression, and the difference was of staistical 
significance (P=0.0048) (Figure 3). Thus high 
Nek2 protein expression may be an indepen-
dent prognostic factor in colon cancer 
(HR=0.227, 95% CI 0.101 to 0.510).

Discussion

Centrosomes are microtubule-organizing cen-
ters in human cells and also the centers of cell 
division [10]. It is found that centrosomes are 
closely related to tumor occurrence [11]. 
Damaged centrosomes affect the localization 
of spindle bodies and hence the cell move-

ment. As a result, the cell 
cycle cannot be completed 
[12]. As a representative of 
NEK family, Nek2 is generally 
known as a regulator of the 
centrosome structure. Human 
Nek2 contains amino termi-
nal of the kinase domain  
and carboxyl terminal of  
the uncatalyzed regulatory 
domain [13]. Nek2 over-
expression may play impor-
tant roles in the occurrence 
and development of tumors 
by several mechanisms: the 
over-expression of Nek2 and 
its homologues causes the 
aggregation of centrosomes 
and excessively facilitates 

Figure 3. Kaplan-Meier survival curves for colon cancer patients with high or 
low expression of Nek2.
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compared with tissues without lymph node 
metastasis. In addition, the expression was 
higher for cases where the tumors had infiltrat-
ed the serosa compared with those where the 
tumors infiltrated the mucosa and muscles. No 
significant differences were found among 
cases differing in gender, age or tumor size. 
Nek2 expression was closely correlated with 
the depth of infiltration, TNM stage, lymph node 
metastasis and degree of differentiation. 
Therefore, Nek2 over-expression may predict 
facilitated progression of colon cancer, and 
Nek2 is considered the candidate prognostic 
marker and therapeutic target. 

The formation of colon cancer involves multiple 
factors interacting over a long period of time. 
The progression from colonic epithelial hyper-
plasia to atypical hyperplasia and finally to 
colon cancer is mediated by the mutation of 
oncogenes and the inactivation of tumor sup-
pressor genes [19]. We found that Nek2 over-
expression was associated with the occurrence 
and metastasis of colon cancer. It was specu-
lated that Nek2 may be the oncogene regulat-
ing the centrosomes, thereby being carcinogen-
ic in colon cancer. However, the specific 
mechanism of carcinogenesis of Nek2 in colon 
cancer needs further study.
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