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Abstract. Never in mitosis gene A (NIMA)-related kinase 2 
(NEK2) is a microtubule-associated protein that regulates 
spindle assembly in human cells and is overexpressed in 
various malignancies. However, the role of NEK2 in hepatocel-
lular carcinoma (HCC) remains undetermined. We performed 
RNA-seq of the HCC cell line SMMC-7721 and the normal 
liver cell line HL-7702 using the Ion Proton System. NEK2 
expression was detected using quantitative reverse transcrip-
tion polymerase chain reaction in two cell lines and 5 matched 
HCC and adjacent non-tumorous liver tissues. The correlation 
between survival and NEK2 expression was analyzed in 359 
patients with HCC using RNASeqV2 data available from The 
Cancer Genome Atlas (TCGA) website (https://tcga-data.
nci.nih.gov/tcga/). The expression of NEK2, phospho-AKT 
and MMP-2 was evaluated by immunohistochemistry in 
63 cases of HCC and matched adjacent non-tumorous liver 
tissues. Relationships between protein expression and clinico-
pathological parameters were assessed, and the correlations 
between NEK2 with phospho-AKT and MMP-2 expressions 
were evaluated. A total of 610 differentially expressed genes 
(DEGs) were revealed in the transcriptome comparison, 297 
of which were upregulated and 313 were downregulated in 
HCC. NEK2, as the most obviously different DEG in cells and 
tissues from the RNA-seq data, was listed as an HCC candidate 
biomarker for further verification. NEK2 was overexpressed 
in HCC cells and tissues (P=0.002, P=0.013) and HCC 
patients with a high expression of NEK2 had a poor prognosis 
(P=0.0145). Clinical analysis indicated that the overexpression 
of NEK2 in HCC was significantly correlated with diolame 

complete (P<0.001), tumor nodule number (P=0.012) and 
recurrence (P=0.004). NEK2 expression was positively corre-
lated with the expression of phospho-AKT (r=0.883, P<0.01) 
and MMP-2 (r=0.781, P<0.01). Overexpression of NEK2 was 
associated with clinicopathological characteristics and poor 
patient outcomes, suggesting that NEK2 serves as a prognostic 
biomarker for HCC. Alteration of NEK2 protein levels may 
contribute to invasion and metastasis of HCC, which may 
occur through activation of AKT signaling and promotion of 
MMP-2 expression.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most prevalent 
type of cancer and the second leading cause of cancer-related 
deaths worldwide (1-3). Epidemiological studies show that 
the incidence of HCC is markedly varied across geographical 
regions, ancestry groups and between genders (4). HCC inci-
dence is highest in East Asia and Africa and rapid increases 
in prevalence have occurred in Western countries (5). The 
typical characteristics of HCC include fast infiltrating growth, 
abnormal cell differentiation, high-grade malignancy, early 
metastasis and poor prognosis (6,7). Therefore, identifying 
novel and reliable biomarkers to identify, predict and treat 
HCC are urgently needed.

NEK2 [NIMA (never in mitosis gene A)-related expressed 
kinase 2], a serine/threonine centrosomal kinase, plays a crit-
ical role in regulating the cell cycle and mitosis by centrosome 
splitting during the cell division process (8). Uncontrolled 
NEK2 activity can result in chromosome instability (CIN) and 
abnormal chromosome content (9,10). NEK2 overexpression 
has been demonstrated in several types of human cancers, such 
as breast (11-14), prostate (11), non-Hodgkin lymphoma (15) 
and colorectal cancer (16). Additionally, some reports have 
indicated NEK2 as a potential biomarker for pancreatic ductal 
adenocarcinoma and non-small cell lung cancer prognosis 
(17,18), but NEK2 has rarely been investigated with regard to 
HCC.

With the advancements in the next generation of sequencing 
technologies, RNA-seq has become a powerful tool for 
deciphering global gene expression patterns, including an 
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unprecedented capability to discover novel genes, alternative 
transcript variants, chimeric transcripts, expressed sequence 
variants and allele-specific expressions (19-22). RNA-seq has 
expanded the study of cancer transcriptomics in the areas of 
gene expression, chimeric events and alternative splicing in 
search of novel biomarkers for the disease (23).

By integrating the RNA-seq data for the cells in the present 
study and the tissues in the study by Huang et al (24), we found 
that NEK2 expression was significantly upregulated and asso-
ciated with a poor prognosis in patients with HCC. Therefore, 
NEK2 may be a very promising prognostic biomarker for 
predicting HCC. Furthermore, the possible mechanisms 
responsible for NEK2 overexpression in HCC also were inves-
tigated.

Materials and methods

Patient information. A total of 63 patients who were diagnosed 
with HCC and treated with partial liver resection surgery at 
the Affiliated Tumor Hospital of Guangxi Medical University 
from 2010 to 2013 were enrolled in this study. These patients 
included 52 males and 11 females, with a mean age of 47.86 
years (range, 28-71 years) at the time of the operation. The 
patients were pathologically diagnosed with HCC of histo-
logical grade II (n=28), grade III (n=20) and grade IV (n=15) 
according to the modified nuclear grading scheme outlined 
by the Edmondson and Steiner system. A summary of the 
patient characteristics and the pathological characteristics is 
presented in Table I. For validation using quantitative reverse 
transcription-polymerase chain reaction (qRT-PCR), HCC 
tissues and matched adjacent non-tumorous liver tissues from 
5 different HCC patients (aged 42-68 years) were provided by 
the First Affiliated Hospital of Guangxi Medical University in 
2014. No prior treatments (including chemotherapy or radio-
therapy) were conducted before the liver resection surgery. 
This study was approved by the Ethics Committee of the 
Guangxi Medical University. All patients provided written 
informed consent in order to participate in this study.

Tissues samples and cell lines. All HCC tissues and matched 
adjacent non-tumorous liver tissues were obtained immedi-
ately after hepatectomy and were frozen in liquid nitrogen and 
stored at -80˚C or collected in 10% formalin and embedded 
in paraffin for histopathological analysis. The human HCC 
cell line SMMC-7721 and primary human normal liver cell 
line HL-7702 were purchased from the Committee on Type 
Culture Collection of Chinese Academy of Sciences (Shanghai, 
China). All cell lines were maintained under recommended 
culture conditions. Cells were incubated in a 37˚C humidified 
incubator containing 5% CO2.

Transcriptome sequencing. For whole transcriptome 
sequencing, RNA from 1x107 SMMC-7721 and HL-7702 
cells was extracted using the Trizol reagent kit (Invitrogen, 
Waltham, MA, USA) and then quantified using NanoDrop 
2000 (Thermo Fisher Scientific, Waltham, MA, USA). The 
whole transcriptome RNA-seq procedure was performed using 
the Ion Total RNA-Seq kit, the Ion PI™ Chip kit, the Ion PI™ 
Template OT2 200 kit, and the Ion PI™ Sequencing 200 kit 
based on the protocols of Life Technologies Corp. (Waltham, 

MA, USA). In brief, mRNA was purified using oligo-dT beads 
from 100 µg of total RNAs for each sample and then frag-
mented. The cleaved RNA fragments were reverse-transcribed 
into first-strand cDNA, followed by second-strand cDNA 
synthesis. Then, a single ‘A’ base was added to the cDNA frag-
ments at the 3' end. The cDNAs were ligated to adapters and 
enriched by polymerase chain reaction (PCR) to generate the 
final cDNA library. After amplifying the sequencing template, 
RNA-seq was performed using the Ion Proton System (Life 
Technologies) with the standard protocol.

qRT-PCR. Total RNA was extracted from cell lines and liver 
specimens using the Trizol reagent kit (Invitrogen) according 
to the manufacturer's instructions. To avoid any DNA contam-
ination, isolated RNA was treated with RNase-free DNase I 
(Invitrogen) and quantified by NanoDrop 2000 (Thermo 
Fisher Scientific). The RNA samples were measured using 
optical density at 260 nm and then reverse-transcribed into 
cDNA using the M-MLV First-Strand system for the qRT-PCR 
kit (Invitrogen) according to the manufacturer's protocols. 
qRT-PCR was performed using the FastStart Universal 
SYBR‑Green Master (Roche Diagnostics, Shanghai, China) 
and repeated three times in an ABI 7500 system. The primer 
sequences used to detect mRNA were as follows: NEK2, 
forward 5'-CTTCCCGGGCTGAGGACTAT-3' and reverse 
5'-TCAGCTTCTGTCATGGAGCC-3'; β-actin, forward 5'-GG 
GAAATCGTGCGTGACAT-3' and reverse 5'-CTGGAAGG 
TGGACAGCGAG-3'.

The PCR cycling conditions were as follows: initial melting 
at 95˚C for 30 sec, followed by 40 cycles at 95˚C for 5 sec and 
60˚C for 64 sec. Analysis of the melting curve for the primers 
was conducted to confirm the specificity of the PCR product, 
and the threshold cycle (Ct) value for triplicate reactions was 
averaged. The relative expression of NEK2 mRNA for each 
sample was calculated as follows: ΔCt = Ct (sample) - Ct 
(β-actin), ΔΔCt (sample) = ΔCt (sample) - ΔCt (calibrator). 
The fold changes in mRNA were calculated through relative 
quantification (2-ΔΔCt).

Immunohistochemistry and immunohistochemical assess-
ment. Immunohistochemical studies on NEK2, phospho-AKT 
and MMP-2 were performed on formalin-fixed, paraffin-
embedded tissue sections obtained from the aforementioned 
patients with HCC and were performed according to the 
standard procedures. Sections were cut at a thickness of 5 µm 
and heated in a 60˚C oven. Briefly, tissue sections were depa-
raffinized, rehydrated and boiled in 0.01 mol/l sodium citrate 
buffer (pH 6.0) in a microwave oven for 10 min for antigen 
epitope retrieval. Endogenous peroxidase was blocked with 
0.3% hydrogen peroxide for 10 min. Then, the sections were 
blocked for 30 min using 10% normal goat serum and were 
separately incubated with the primary antibodies directed 
against NEK2 (ab55550, 1:1,000 dilution; Abcam, Cambridge, 
MA, USA), phospho-AKT (Ser473) (#4060, 1:50 dilution; Cell 
Signaling Technology) and MMP-2 (ab86607 1:500, dilution; 
Abcam) at 37˚C for 3 h. After washing, the sections were 
incubated for 30 min with biotinylated secondary antibody 
(Envision™ Detection kit; Gene Tech, Shanghai, China) 
at 37˚C. The staining of the tissue sections was performed 
using the streptavidin-biotin-peroxidase complex for NEK2, 
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phospho-AKT and MMP-2. The complex was visualized with 
diaminobenzidine (DAB) and counterstained with hema-
toxylin. The sections were then dehydrated in a graded series 
of alcohol, cleared in xylene and mounted onto glass slides.

The staining was quantified by digital image analysis 
with Image-Pro Plus 6.0 software (Media Cybernetics, Silver 
Spring, MD, USA) according to the method developed by 
Xavie et al (25). Briefly, an area of interest in each section 

was first selected at x40 magnification, and 10 digital images 
at 1360x1024 pixel resolution and x400 magnification were 
captured using an AX-70 microscope equipped with a DP70 
CCD camera (Olympus, Tokyo, Japan). Identical settings were 
used for each field. The measurement parameter was integrated 
optical density (IOD). Optical density was calibrated, and the 
area of interest was set as follows: hue, 0-30; saturation, 0-255; 
and intensity, 0-255. The values were then counted.

Table I. Relationships between NEK2, phospho-AKT and MMP-2 expression and clinicopathological variables of HCC.

	 NEK2 (lg IOD)	 P-AKT (lg IOD)	 MMP-2 (lg IOD)
	 -------------------------------------------------	 ------------------------------------------------	 -----------------------------------------------
Characteristics	 n	 Mean ± SD	 P-value	 Mean ± SD	 P-value	 Mean ± SD	 P-value

Age (years)			   0.321		  0.551		  0.415
  ≤50	 36	 3.64±0.86		  2.98±0.73		  4.47±0.56
  >50	 27	 3.72±0.90		  3.08±0.71		  4.56±0.40

Gender			   0.285		  0.805		  0.450
  Male	 52	 3.69±0.92		  3.03±0.74		  4.45±0.45
  Female	 11	 3.60±0.66		  2.97±0.55		  4.41±0.70

Serum AFP (ng/ml)			   0.076		  0.164		  0.497
  ≤25	 28	 3.75±0.91		  3.20±0.72		  4.55±0.54
  25-400	 6	 3.77±0.65		  2.93±0.62		  4.36±0.49
  >400	 29	 3.59 ±0.89		  2.86±0.73		  4.51±0.44

Tumor size (cm)			   0.024a		  0.041a		  0.013a

  ≤10	 46	 3.73±0.89		  3.13±0.75		  4.65±0.41
  >10	 17	 3.53±0.84		  2.78±0.60		  4.29±0.72

Portal vein thrombosis			   0.428		  0.282		  0.628
  Presence	 20	 3.62±0.80		  3.14±0.80		  4.46±0.41
  Absence	 43	 3.70±0.92		  2.95±0.67		  4.52±0.53

Diolame complete			   0.000c		  0.948		  0.009b

  Yes	 28	 3.51±0.97		  3.03±0.75		  4.41±0.56
  No	 35	 3.79±0.79		  3.02±0.69		  4.72±0.38

Tumor nodule number			   0.012a		  0.046a		  0.024a

  Solitary	 44	 3.59±0.91		  2.96±0.71		  4.44±0.55
  Multiple (≥2)	 19	 3.80±0.76		  3.34±0.74		  4.75±0.44

Edmondson grade			   0.121		  0.293		  0.855
  II	 28	 3.85±0.88		  3.29±0.85		  4.62±0.57
  III	 20	 3.97±0.53		  3.02±0.35		  4.54±0.44
  IV	 15	 3.61±0.90		  2.80±0.57		  4.50±0.39

Liver cirrhosis			   0.474		  0.728		  0.192
  Yes	 53	 3.68±0.84		  3.01±0.71		  4.54±0.50
  No	 10	 3.57±1.21		  2.93±0.71		  4.33±0.52

HBV-DNA			   0.435		  0.918		  0.315
  Positive	 42	 3.67±0.90		  3.02±0.76		  4.51±0.47
  Negative	 21	 3.73±0.79		  3.04±0.56		  4.62±0.32

Recurrence			   0.004b		  0.045a		  0.992
  Yes	 32	 3.98±0.77		  3.17±0.53		  4.57±0.48
  No	 31	 3.66±0.92		  2.66±0.86		  4.57±0.47

aP<0.05; bP<0.01; cP<0.001.
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The Cancer Genome Atlas (TCGA) data acquisition and 
survival analysis. The TCGA project provides multimodal 
data on 359 HCC cases, which can be acquired from 
the TCGA website (https://tcga-data.nci.nih.gov/tcga/). 
The dataset was searched for HCC cases based on the 
RNASeqV2 data. The expression value of the NEK2 gene 
was collected for each case and was divided into the high-
expression and the low-expression groups using the cut-off 
point. Kaplan-Meier survival analysis was used to deter-
mine the survival differences between the high-expression 
and low-expression subgroups, with P-values calculated 
using the log-rank test.

Statistical analysis. Statistical analyses were performed with 
IBM SPSS Statistics 20.0 (IBM Corp., Armonk, NY, usa). 
Relationships between the expressions of NEK2, phospho-
AKT and MMP-2 and the clinicopathological parameters 
were determined using the two-tailed unpaired Student's t-test. 
Significance among three groups was determined by analysis 
of variance (ANOVA) followed by the Duncan's new multiple 
range test. The correlations between the NEK2 expression with 
phospho-AKT and MMP-2 expressions were studied using the 
Spearman's coefficient. Data are shown as the means ± stan-
dard error of the means. P<0.05 was considered to indicate 
statistically significant differences.

Results

Analysis of the cell RNA-seq data. RNA-seq of the HCC cell 
line SMMC-7721 and the normal liver cell line HL-7702 was 
performed using the Ion Proton System. On average, ~78.1 
million 96-bp-long sequencing reads and 7.5 G of raw sequence 
data were obtained for samples sequenced on one lane. The 
normalized gene expression was measured as fragments per 
kilobase of transcript per million mapped reads (FPKM). To 
evaluate differential gene expression, the absolute value of the 
log2-transformed fold change (FC) ≥1 and the q-values <0.05 
were used as the criteria to determine the significance of gene 
expression differences. A total of 610 differentially expressed 
genes (DEGs) were revealed in the transcriptome comparison, 
297 of which were upregulated and 313 were downregulated 
in HCC.

NEK2 was listed as an HCC candidate biomarker by 
integrated analysis. Huang et al (24) performed RNA-seq 
analyses of 10 matched pairs of cancerous and non-cancerous 
tissues from HCC patients on the Solexa/Illumina GAII 
platform. The results showed that a total of 1378 DEGs with 
808 upregulation and 570 downregulation in HCC tissues 
compared with adjacent non-tumorous liver tissues. An 
integrated analysis was then performed on the RNA-seq data 
of the cells and tissues. As shown in the Venn diagram in 
Fig. 1A, 12 common differential genes were found between 
the HCC cells and the normal cells and between the HCC 
tissues and the adjacent tissues, 10 of which were upregulated 
and 2 were downregulated in HCC (Table II). Excitingly, 
NEK2 exhibited the most significant difference in expression 
of all the DEGs in the cell and tissue RNA-seq data and was 
therefore listed as an HCC candidate biomarker for further 
verification (Fig. 1B and C).

The overexpression of NEK2 in HCC cells and tissues. NEK2 
expression status in the HCC cell line SMMC-7721 and the 
primary HCC tissue samples was assessed using qRT-PCR. 
The NEK2 mRNA transcript level was 0.024±0.0026 in the 
HCC cell line SMMC-7721, which was 1.71-fold higher than 
the NEK2 mRNA level of 0.014±0.0003 in the normal liver cell 
line HL-7702 (P=0.002) (Fig. 2A), as evidenced by qRT-PCR 
analysis using β-actin as a loading control. In 5 matched HCC 
and adjacent non-tumorous liver tissue samples, the NEK2 
mRNA level in the HCC tissues was 5.60±3.69, which was 
16.47-fold higher than the NEK2 mRNA level of 0.34±0.38 in 
adjacent non-tumorous liver tissues (P=0.013) (Fig. 2B).

The expression of NEK2 in 63 cases of HCC and matched 
adjacent non-tumorous liver tissues was examined using 
immunohistochemical staining. The NEK2 protein is mainly 
expressed in the cytoplasm, and we quantified its expression 

Figure 1. The common differential genes between cell DEGs and tissue 
DEGs. (A) Venn diagram of the overlaps between cell DEGs and tissue 
DEGs. The red circle represents 610 DEGs between HCC cells and normal 
liver cells. The blue circle represents 1378 DEGs between HCC tissues and 
adjacent non-tumorous liver tissues. There were 12 common differential 
genes between the two circles. (B) Relative expression of 12 common dif-
ferential genes in HCC cell line SMMC-7721, when compared with normal 
liver cell HL-7702. (C) Relative expression of 12 common differential genes 
in HCC tissues, when compared with adjacent non-tumorous liver tissues.
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using Image-Pro Plus 6.0 digital image analysis software. We 
found that NEK2 expression presented as positive staining in 
HCC tissues and negative staining in adjacent non-tumorous 
liver tissues (Fig. 2C). Furthermore, the expression of NEK2 
protein was significantly higher in the HCC tissues than in the 
adjacent non-tumorous liver tissues (P<0.001) (Fig. 2D).

NEK2 overexpression is significantly associated with poor 
prognosis in HCC. To evaluate the clinical significance of 
NEK2 overexpression, the correlation between the survival 
and the expression of NEK2 in the cases of 359 patients with 
HCC was analyzed using RNASeqV2 data available from 
The Cancer Genome Atlas (TCGA) website. According to 

Figure 2. Expression of NEK2 in HCC cell lines and HCC tissues. (A) NEK2 mRNA expression in immortalized normal human liver cell line HL-7702 and 
HCC cell line SMMC-7721 using quantitative reverse transcription polymerase chain reaction (qRT-PCR) (n=6, P=0.002). (B) NEK2 mRNA expression in 
HCC tissues and matched adjacent non-tumorous liver tissues using qRT-PCR (n=5, P=0.013). (C) Immunohistochemical staining for NEK2 expression in 
HCC and adjacent non-tumorous liver tissues. Representative images (x200; x400) of positive staining in HCC tissues and negative staining in adjacent non-
tumorous liver tissues. (D) Immunohistochemical staining integrated optical density (IOD) value of NEK2 in HCC and adjacent non-tumorous liver tissues 
(n=63, P<0.001).

Table II. List of common differential genes between cells DEGs and tissues DEGs.

	 Gene		  Cells	 Tissues
No.	 symbol	 Regulation	 (HCC/N)	 (HCC/N)	 Gene description

  1	 CELSR3	 Upregulation	 5.00	 4.21	 Cadherin EGF LAG seven-pass G-type receptor 3 precursor
  2	 UBE3C	 Upregulation	 2.39	 2.67	 Ubiquitin-protein ligase E3C
  3	 ANLN	 Upregulation	 2.18	 18.13	 Actin-binding protein anillin
  4	 KIF20A	 Upregulation	 2.24	 15.8	 Kinesin-like protein KIF20A
  5	 SMC4	 Upregulation	 2.94	 3.35	 Structural maintenance of chromosomes protein 4
  6	 TBCE	 Upregulation	 2.08	 2.53	 Tubulin-specific chaperone E
  7	 NEK2	 Upregulation	 5.13	 17.52	 Serine/threonine-protein kinase Nek2
  8	 PIF1	 Upregulation	 2.08	 3.21	 ATP-dependent DNA helicase PIF1
  9	 ATAD2	 Upregulation	 4.14	 10.74	 ATPase family AAA domain-containing protein 2
10	 CDK1/CDC2	 Upregulation	 2.00	 8.22	 Cell division control protein 2 homolog
11	 FMOD	 Downregulation	 0.28	 0.24	 Fibromodulin precursor 
12	 MT1E	 Downregulation	 0.22	 0.36	 Metallothionein-1E

HCC/N, hepatocellular carcinoma/non-tumor.
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the receiver operating characteristic (ROC) curve, we defined 
RPKM=52.73 as the cut-off point to distinguish HCC patients 
with high and low NEK2 expression levels (Fig. 3A). The 
sensitivity and specificity of NEK2 in the diagnosis of HCC 
were 0.98 and 0.82, respectively. Kaplan-Meier survival anal-
ysis of HCC patients was performed based on the expression 
levels of NEK2. The results revealed that HCC patients with a 
high expression of NEK2 had a poor prognosis (log-rank test, 
P=0.0145) (Fig. 3B).

Expressions of phospho-AKT and MMP-2 were increased 
in HCC clinical samples. Previous studies suggested that the 
overexpression of NEK2 promotes activation of AKT, a potent 
and critical oncogene for a variety of malignancies (26,27). 
Moreover, the PI3K/AKT signaling pathway plays an impor-
tant role in upregulating MMP expression (28). Therefore, to 
further investigate the relationship between the NEK2 expres-
sion and the expression of phospho-AKT and MMP-2 in HCC, 
we assessed the expression of phospho-AKT and MMP-2 in 

Figure 3. ROC and Kaplan-Meier curves for NEK2 expression in TCGA HCC RNAseq dataset. (A) ROC curve analysis to determine the cut-off point for 
the high expression of NEK2. The area under curve (AUC) was 0.960 (95% CI, 0.939-0.981), and the cut-off point of NEK2 for high expression was 52.73. 
(B) Kaplan-Meier curve for HCC patients in high-expression (n=66) and low-expression (n=293) groups segregated by the cut-off point. HCC patients with a 
high expression of NEK2 had a poor prognosis (log-rank test, P=0.0145).

Figure 4. Immunohistochemical staining of phospho-AKT and MMP-2 expression in HCC and corresponding tumor-adjacent tissues. (A) Immunohistochemical 
staining for phospho-AKT expression in HCC and adjacent non-tumorous liver tissues. Representative images (x200; x400) of positive staining in HCC tissues 
and negative staining in adjacent non-tumorous liver tissues. (B) Immunohistochemical staining integrated optical density (IOD) value of phospho-AKT in 
HCC and adjacent non-tumorous liver tissues (n=63, P=0.0048). (C) Immunohistochemical staining for MMP-2 expression in HCC and adjacent non-tumorous 
liver tissues. Representative images (x200; x400) of positive staining (right) in HCC tissues and negative staining (left) in adjacent non-tumorous liver tissues. 
(D) Immunohistochemical staining integrated optical density (IOD) value of MMP-2 in HCC and adjacent non-tumorous liver tissues (n=63, P=0.027).
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63 cases of HCC and matched adjacent non-tumorous liver 
tissues using immunohistochemical staining. The staining 
for phospho-AKT and MMP-2 was mostly positive in the 
cytoplasm of the tumor cells (Fig. 4A and C). We found that 
the expression of phospho-AKT and MMP-2 was increased in 
HCC tissues compared with matched adjacent non-tumorous 
liver tissues (P=0.048 and 0.027) (Fig. 4B and D).

Relationships between the expression of NEK2, phospho-
AKT, and MMP-2 and clinicopathological parameters. 
Table I summarizes the relationships between the expression 
of NEK2, phospho-AKT and MMP-2 and the clinicopatho-
logical parameters of patients with HCC, including patient 
age, gender, AFP level, tumor size, portal vein thrombosis, 
diolame complete, tumor nodule number, Edmondson grade, 
cirrhosis, HBV DNA and recurrence. The results showed that 
NEK2, phospho-AKT and MMP-2 expression in the HCC 
tumor size ≤10 cm group was 1.58-fold (P=0.024), 2.24-fold 
(P=0.041), and 2.29-fold (P=0.013) higher, respectively, than 
that in the HCC tumor size >10 cm group (Fig. 5A). NEK2 and 
MMP-2 expression in the HCC diolame incomplete group was 
1.91‑fold (P<0.001) and 2.04-fold (P=0.009) higher, respec-
tively, than that in the HCC diolame complete group, but no 
obvious change was observed in phospho-AKT expression 
in the HCC diolame incomplete group (P=0.948) (Fig. 5B). 
NEK2, p-AKT and MMP-2 expression in the HCC multi-
nodular group was 1.62-fold (P=0.012), 2.40-fold (P=0.046), 
and 2.04-fold (P=0.024) higher, respectively, than that in the 
HCC uninodular group (Fig. 5C). NEK2 and p-AKT expres-
sion in the HCC recurrence group was 2.09-fold (P=0.004) 

and 3.24-fold (P=0.045) higher, respectively, than that in 
the HCC non-recurrence group, but no obvious change was 
observed in MMP-2 expression in the HCC non-recurrence 
group (P=0.992) (Fig. 5D).

Positive correlation between NEK2 expression with phospho-
AKT and MMP-2 expression. Additionally, to explore whether 
the NEK2 expression level was correlated with phospho-AKT 
and MMP-2 expression, the protein expressions of phospho-
AKT and MMP-2 were examined in 63 cases of HCC tissues 
using immunohistochemical staining. Therefore, the correla-
tions between NEK2 expression with phospho-AKT and 
MMP-2 expression were analyzed. The results showed that 
there was indeed evident positive correlation between the 
protein expression level of NEK2 and phospho-AKT (r=0.883, 
P<0.01) (Fig. 6A). Notably, a significant positive correlation 
was observed between the protein expression levels of NEK2 
and MMP-2 (r=0.781, P<0.01) (Fig. 6B).

Discussion

NEK2 is a serine-threonine protein kinase of the NIMA-
related kinase family that localizes to the centrosomes, which 
are the microtubule-organizing centers of a cell that regulate 
its separation  (8). The NIMA-related kinase (Nek) family 
consists of eleven members (NEKs 1-11)  (29). In humans, 
NEK2 exhibits the greatest sequence identity to NIMA (8). 
In the process of cell division, NEK2 promotes centrosome 
splitting at the beginning of mitosis by the phosphorylation 
of multiple linker components (30). In addition to centrosome 

Figure 5. Relationships between NEK2, phospho-AKT, and MMP-2 expression and clinicopathological features in HCC. (A) NEK2, phospho-AKT and 
MMP-2 expression in the HCC tumor size ≤10 cm group was 1.58-fold (P=0.024), 2.24-fold (P=0.041) and 2.29-fold (P=0.013) higher, respectively, than that in 
the HCC tumor size >10 cm group. (B) NEK2 and MMP-2 expression in the HCC diolame incomplete group was 1.91-fold (P<0.001) and 2.04-fold (P=0.009) 
higher, respectively, than that in the HCC diolame complete group, but no obvious change was observed in phospho-AKT expression in the HCC diolame 
incomplete group (P=0.948). (C) NEK2, p-AKT and MMP-2 expression in the HCC multinodular group was 1.62-fold (P=0.012), 2.40-fold (P=0.046), and 
2.04-fold (P=0.024) higher, respectively, than that in the HCC uninodular group. (D) NEK2 and p-AKT expression in the HCC recurrence group was 2.09-fold 
(P=0.004) and 3.24-fold (P=0.045) higher, respectively, than that in the HCC non-recurrence group, but no obvious change was observed in MMP-2 expression 
in the HCC non-recurrence group (P=0.992).
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separation, NEK2 also regulates the microtubule organization 
capacity of the centrosome (31,32). Recent studies have shown 
that an elevated expression of NEK2 induces abnormal tumor 
proliferation and drug resistance in breast and ovarian cancers 
(13,33,34). Furthermore, the significant upregulation of NEK2 
has been demonstrated to be associated with the progression 
and poor prognosis of a series of malignant tumors originating 
in different organs and tissues, such as colorectal carcinoma 
(35), breast carcinoma (36) and myeloma (27).

However, whether NEK2 expression is elevated and asso-
ciated with the clinicopathological features and prognosis 
of HCC remains unclear. In this study, we first assessed the 
expression of NEK2 in cells and tissues and found that NEK2 
expression was significantly upregulated in HCC cells and 
tissues. Additionally, we examined the expression of NEK2 in 
a relatively large population of patients diagnosed with HCC 
and correlated it with the clinicopathological parameters and 
prognosis to verify whether this biomarker could predict HCC 
outcomes. The present study revealed that the overexpression 
of NEK2 was significantly correlated with diolame complete, 
tumor nodule number and recurrence. Thus, these results 
strongly confirm the intriguing possibility that the alteration 
of NEK2 protein levels may contribute to the invasion and 
metastasis of HCC.

Furthermore, Kaplan-Meier survival curve analysis 
demonstrated that HCC patients with a high expression of 
NEK2 had a poor prognosis, suggesting that NEK2 may be 
a potential prognostic factor for HCC patients. Therefore, 
NEK2 can be used as a novel prognostic biomarker to iden-
tify, distinguish, and predict HCC. The main limitation of 
this analysis is that, due to clinical covariates on HCC cases 
on TCGA website are not available, the multivariate Cox's 
regression survival model cannot be performed to assess the 
relative contribution of the risk group when assessed after 
adjusting for clinical variables.

Despite the important role of NEK2 in centrosome regula-
tion and spindle formation, the mechanism of the abnormal 
expression and regulation of NEK2 remains unclear. Further 
studies are needed to clarify the mechanism that underlies 
the role of NEK2. Previous studies suggested that NEK2 may 
be involved in tumor progression through the influence of 
other tumor pathways. The elevation of NEK2 contributes to 
the activation of the PI3K/AKT signaling pathway, a potent 

and critical oncogene for a variety of malignancies (26,27). 
Moreover, the PI3K/AKT signaling pathway plays an important 
role in upregulating MMP expression (28), and aberrant AKT 
signaling could promote cell proliferation in HCC cells (37). 
Therefore, we sought to verify whether such a mechanism 
may contribute to HCC progression induced by NEK2. In this 
study, we found that the expression level of phospho-AKT 
and MMP-2 proteins was increased in HCC and positively 
correlated with NEK2, which indicated that overexpression of 
NEK2 may result in the high expression of phospho-AKT and 
MMP-2 proteins in HCC.

Furthermore, the AKT signaling pathway has been 
reported to play a key role in HCC cell invasion and metastasis 
by promoting the expression of MMP-2 (37), which is a key 
factor in HCC invasion and metastasis (38). The expression 
level of MMP-2 significantly reflects the aggressiveness of 
malignant tumor cells and is associated with poor prognosis in 
multiple tumor types (37). Combining the above findings with 
our results, we suggest that the invasion and metastasis effect 
of NEK2 in HCC may occur through the activation of AKT 
signaling and promotion of MMP-2 expression.

In conclusion, our data revealed that high expression of 
the NEK2 protein was common in HCC tissue samples and 
cultured hepatoma cell lines and was significantly associated 
with poor prognosis and unfavorable clinicopathological 
factors in HCC. Moreover, the NEK2 expression level was 
positively correlated with phospho-AKT and MMP-2 expres-
sion. Our results suggest that NEK2 is important for the 
progression, migration and invasion of HCC and may be a 
novel prognostic biomarker for HCC.
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Figure 6. NEK2 expression and correlation with phospho-AKT and MMP-2 in HCC tissues. (A) Significant positive correlation between NEK2 expression 
and phospho-AKT expression (r=0.883; P<0.001). (B) Significant positive correlation between NEK2 expression and MMP-2 expression (r=0.781; P<0.001).
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