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Overexpression of NDC80 is correlated with prognosis of 
pancreatic cancer and regulates cell proliferation
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Abstract: Aims: NDC80/Hec1, one of four proteins of the outer kinetochore NDC80 complex, is involved in the 
tumorigenesis of a variety of cancers. In this study, we focused on that NDC80 is overexpressed in human pan-
creatic cancer and investigates the role of NDC80-knockdown in pancreatic cancer cells proliferation. Materials 
and methods: We determined the expression levels of NDC80 on both mRNA and protein levels in fresh pancreatic 
cancer tissues and cells by quantitative real-time polymerase chain reaction and immunoblotting, respectively. 
Furthermore, protein level of NDC80 was identified using immunochemistry in paraffin-embedded tumor speci-
men, with correlation between NDC80 expression and various clinicopathological parameters evaluated. The role 
of NDC80 in pancreatic cancer cells (Panc-1) growth was investigated by lentivirus-mediated silencing of NDC80. 
The effect of NDC80 deletion on cell proliferation was analyzed by MTT assay and clone formation assay, while 
cell cycle distributions and apoptosis were analyzed by flow cytometry. Results: The mRNA and protein of NDC80 
were overexpressed in pancreatic cancer tissues and cells. The statistical analysis based on immunohistochemical 
evaluation suggested that NDC80 overexpression was significantly associated with clinicopathological parameters 
including pathological T staging and N staging, which may be served as an predictor for poor outcomes. The silenc-
ing of NDC80 in Panc-1 cells could suppress cell proliferation and colony formation. Furthermore, the NDC80-siRNA 
infected Panc-1 cells lead to cell cycle arrest at G2/M phase and induction of apoptosis. Conclusion: These results 
demonstrated that NDC80 plays an essential role in the tumorigenesis of pancreatic cancer, and might serve as 
potential prognostic and therapeutic target for treatment of pancreatic cancer.
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Introduction

The precise distribution of the replicated 
genome during cell division is critical for cellu-
lar viability and organismal development. 
Chromosomal instability leading to an abnor-
mal number of chromosomes (aneuploidy) is a 
hallmark of cancers [1, 2]. This observation has 
triggered a series of research for molecular 
determinants and mechanism that regulate 
proper chromosome segregation and their 
abnormalities as mediators of tumorigenesis 
[1, 3].

Regulatory proteins and mechanisms safe-
guard against erroneous chromosome segrega-
tion, and hence, increase the fidelity of mitosis 
[4]. For example, erroneous attachment config-
urations on kinetochores will be destabilized 
and eliminated, and unattached kinetochores 
are the primary signal to launch the spindle 

assembly checkpoint (SAC), a cell cycle surveil-
lance pathway that delays exit from mitosis. As 
core components of the kinetochore, the 
Constitutive Centromere-Associated Network 
(CCAN) and the Knl1/Mis12/Ndc80 complex 
(KMN) network bind centromeric DNA and 
microtubules respectively [5, 6]. Across eukary-
otes, the kinetochore-localized KMN network, 
in particular the Ndc80 complex, is essential 
for both microtubule binding and SAC signaling 
[4]. The Ndc80 tetrameric complex consists of 
Hec1 (Highly expressed in cancer 1/also called 
Ndc80), Nuf2 (Nuclear filamentous 2), Spc24 
(Spindle pole component) and Spc25. NDC80/
Nuf2 and Spc24/Spc25 heterodimers assem-
ble into a dumbbell-like structure at either end, 
interacting via coiled-coil domains [7, 8]. The 
microtubule-binding interface of the kineto-
chore, which is created from multiple Ndc80 
complexes binding around each kinetochore 
fiber, is of central importance in chromosome 
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segregation. Moreover, the Ndc80 complex 
plays an essential role in relaying microtubule-
binding status via recruiting of the SAC proteins 
Mad1, Mad2, and Mps1 to the kinetochore [9].

NDC80/Hec1, a kinetochore outer layer com-
ponent and spindle checkpoint regulator, is 
highly expressed in a variety of human cancers. 
The depletion of NDC80 impairs chromosome 
compression and leads to the activation of the 
SAC, resulting in apoptotic cell death [9, 10]. 
The N-terminal region of NDC80 contains sev-
eral sites of phosphorylation by the mitotic 
Aurora B/Ipl1 kinase [11]. Regulation of NDC80 
by nek2 and Aurora B is critical for its mitotic 
function and cell survival [5]. Overexpression of 
NDC80 was found to induce tumor formation in 
a mouse model by activating mitotic checkpoint 
[12]. Moreover, overexpression of NDC80 was 
determined to be associated with poor clinical 
prognosis in breast cancer and other cancers 
[13, 14]. Together, these results highlight a cru-
cial role of NDC80 in tumorigenesis and emerge 
as a potential mitotic target for cancer 
intervention.

Pancreatic cancer is a lethal malignancy, cor-
responding to the fourth leading cause of can-

cer related death worldwide [15]. A majority of 
patients have been diagnosed with locally 
advanced or metastatic because of the lack of 
easily observable symptoms, and only 15%-
20% of the patients have the chance for sur-
gery and the rest could receive adjuvant thera-
pies [16]. Even though new antitumor drugs 
and techniques have been developed, the prog-
nosis for these patients remains poor [17]. 
Therefore, further research of molecule mecha-
nisms and novel therapeutic strategies should 
be urgently required. Here, we examined the 
NDC80 expressions on both mRNA and protein 
levels in pancreatic cancer tissues and paratu-
moral tissues, and analyzed the correlations 
between NDC80 expressions and various clini-
copathological parameters. Furthermore, we 
knockdown NDC80 via lentivirus mediated 
siRNA infection in pancreatic cells (Panc-1) to 
explore the role of NDC80 in pancreatic 
tumorigenesis.

Materials and methods

Cells culture

The human pancreatic adenocarcinoma cell 
lines Panc-1, BxPC-3, Sw1900 and Hek293 

Figure 1. Expression of NDC80 in pancreatic cancer tissues and cell lines. The NDC80 mRNA expression in the 
tumor tissues and corresponding paratumor tissues was evaluated by qRT-PCR (A). The mRNA and protein levels 
of NDC80 expressed in 3 pancreatic cancer cell lines and Hek293 cell line, were analysised by qRT-PCR and im-
munoblotting, respectively (B and C). GAPDH was used as an internal control. *P < 0.05, **P < 0.01 as compared 
to the non-tumor group.
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(human embryonic kidney cell line) were pur-
chased from the Cell Bank of Chinese Academy 
of Sciences (Shanghai, China), and cultured in 
RPMI-1640 medium (GIBCO, New York, USA), 
containing 10% fetal bovine serum (FBS) and 
100 U/mL penicillin/streptomycin. All cell lines 
were maintained in a 5% CO2 humidified atmo-
sphere at 37°C.

Tissue samples 

We retrospectively analyzed clinicopathological 
data of 122 patients with pancreatic cancer 
and underwent surgical pancreatic resection 
undergoing surgery at the Department of 
General surgery, Shanghai Sixth People’s 
Hospital Affiliated to Shanghai Jiaotong 
University from January 2009 to October 2012. 
All specimens were determined as pancreatic 
ductal adenocarcinoma by pathological exami-
nations. Informed consent was obtained from 
each patient before tissue specimens were col-

lected. Tumors were classified histologically 
according to TNM staging criteria from American 
Joint Committee on Cancer (AJCC), and tumor 
grade was evaluated according to the WHO 
criteria. 

Immunohistochemistry analysis

Briefly, sections of paraffin-embedded tissue in 
4 μm thickness were deparaffinized with xylene 
and rehydrated in serially diluted alcohol solu-
tions. Microwave heating was used to retrieve 
antigen. Endogenous peroxidase was blocked 
by incubation in 0.3% hydrogen peroxide. Then, 
the slides were incubated with the primary anti-
NDC80 antibody (1:1000, Abcam) overnight at 
4°C, followed by incubation of second antibody 
for 30 minutes. Finally, all slides were stained 
with diaminobenzidine and then counterstained 
with hematoxylin. The slides incubated with 
PBS instead of primary antibody were applied 
as the negative control.

Figure 2. Representative immunohistochemical staining for NDC80 in tumor tissues and paratumoral tissues. Origi-
nal magnification ×100 and ×400: NDC80 expression in paratumoral tissues (A and C) and tumor tissues (B and 
D), respectively.
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A combined scoring system, multiplying the 
staining intensity (SI) and the percentage of 
positive cells (PP), was used to evaluate immu-
noreactivity for NDC80 expression. Scores 
from 0-3 were given for SI or PP as follows 
respectively: score of 0 (negative or < 5%); 
score of 1 (weak or 6-25%); score of 2 (moder-
ate or 26-50%); score of 3 (strong or 51-70%) 
and score of 4 (only 71-100%). Then, a final 
decision for NDC80 expression was made 
according to the standard (low expression: 
score < 4; high expression: score ≥ 4).

Construction of recombinant lentivirus and 
infection

The shRNA (5’-CATTCTTGACCAGAAATTA-3’) for 
human NDC80 gene was inserted into the len-
tivirus expression plasmid pFH-L (Shanghai 
Genechem, Shanghai, China) and non-silencing 
shRNA (5’-TTCTCCGAACGTGTCACGT-3’) was 
used as a negative control. For virus packaging, 
NDC80-shRNA lentivirus or control lentivirus 
together with pHelper 1.0 and pHelper 2.0 
(pVSVG-I and pCMVΔR 8.92 plasmids, respec-
tively), were added to 293T cells with 
Lipofectamine TM 2000 (Invitrogen, Shanghai, 
China) according to the manufacturer’s instruc-

tions. After 48 h of transfection, viral superna-
tants were collected and centrifuged to get rid 
of cell debris, and then filtered through 0.45 
µm polyvinylidene fluoride membranes. Panc-1 
cells were infected with NDC80-siRNA lentivi-
rus or control lentivirus at multiplicity of infec-
tion (MOI) of 2. The infected cells expressing 
GFP protein were observed using fluorescence 
microscopy 2009 (CKX41, Olympus, Tokyo, 
Japan) in order to determine the infection effi-
ciency. Then, cells were collected to perform 
qRT-PCR analysis and western blot analysis 
after lentivirus infection.

RNA extraction and quantitative real-time poly-
merase chain reaction

Total RNA was extracted from tumor tissues 
and cultured cells using Trizol reagent 
(Invitrogen, USA) as described in the manufac-
turer’s instructions. Complementary DNA 
(cDNA) was generated using Superscript III 
Reverse Transcriptase (Promega, USA). Expre- 
ssion of mRNA was determined by quantitative 
real-time polymerase chain reaction (qRT-PCR). 
Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) cDNA was amplified as an internal 
standard for quantification. The following prim-
ers used for qRT-PCR analysis: NDC80 expres-
sion were 5’-CCTCTCCATGCAGGAGTTAAGA-3’ 
(forward) and 5’-GGTCTCGGGTCCTTGATTTTCT- 
3’ (reverse); GAPDH expression were 5’-TGAC- 
TTCAACAGCGACACCCA-3’ (forward) and 5’-CAC 
CCTGTTGCTGTAGCCAAA-3’ (reverse). The PCR 
amplification consisted of 40 cycles (95°C for 
15s and 55°C for 15s) after an initial denatur-
ation step (95°C for 10s). Relative expression 
of Tbx3 was calculated against β-actin mRNA 
level by using the 2−ΔΔCt method.

Protein extraction and immunoblotting analy-
sis

Cells were seeded into six-well-plates, cultured 
until 70-80% confluency, and washed twice 
with cold phosphate-buffered saline (PBS). 
Then, total cellular protein was extracted from 
cells using RIPA buffer (50 mM Tris-HCl, 150 
mM NaCl, 1% Nonidet P-40, 1% sodium deoxy-
cholate, and 0.1% sodium dodecyl sulfate) con-
taining protease inhibitors. Next, 60 μl lysis 
buffer was added to each well, and the cell 
lysate was collected into a tube using a scraper. 
The supernatant was collected after centrifuga-
tion at 10,000×g for 10 min and separated by 

Table1. The associations of NDC80 expression 
with clinicopathological parameters in 122 pa-
tients with resectable pancreatic cancer
Clinicopathological 
parameters N

NDC80 expression P 
valueHigh Low

Gender
    Male 73 48 25 0.132
    Female 49 25 24
Age (years)
    ≥ 65 92 56 36 0.830
    < 65 30 17 13
Tumor position
    Proximal 78 46 32 0.849
    Distal 44 27 17
Differentiation
    Well/moderate 91 52 39 0.397
    Poor 31 21 10
Pathological T staging
    T1-2 85 44 41 0.009
    T3 37 29 8
Pathological N staging
    N0 33 14 19 0.022
    N1 89 59 30
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10% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and trans-
ferred onto a polyvinylidene difluoride (PVDF) 
membranes (Millipore, Bedford, MA). The mem-
brane was incubated with primary anti-NDC80 
monoclonal antibody (1:1000, Abcam) at 4 
overnight, washed with Tris-buffered saline 
with Tween 20 (TBST) 3 times, and incubated 
with HRP- conjugated goat anti-mouse second-
ary antibody (1:5000, Santa Cruz Biotechnology) 
for 2 hours at room temperature. The GAPDH 
was used as endogenous control. 

MTT assay of cell growth inhibition

Both of infected and noninfected Panc-1 cells 
were seeded in 96-well plates at a density of 
2×103 cells/well and incubated at 37°C for 1, 
2, 3, 4, and 5 days, respectively. Then, cells 
were washed two times with PBS and 
3-(4,5-dimethyl-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) solution (5 mg/mL) was added 
to each well. After 4 hours of incubation, super-

natants in each well were removed and then 
100 μL of dimethyl sulfoxide (DMSO) was added 
to solubilize the formazan salt. Ten minutes 
later, the optical density (OD) was measured at 
490 nm by using a microplate reader. 

Clone formation assay

Both of infected and noninfected Panc-1 cells 
(200 cells/well) were seeded in six-well plates. 
Culture medium was changed at regular time 
intervals. After incubation at 37°C for 14 days, 
adherent cells were washed twice with PBS, 
fixed with 4% paraformaldehyde for 30 min. 
The colonies were stained with Giemsa solution 
for 10 min, then washed twice with double dis-
tilled water. The number of colonies (> 50 cells/
colony) were counted using a fluorescence 
microscopy (CKX41, Olympus, Tokyo, Japan). 

Cell cycle analysis

Approximately 3×104 of Panc-1 cells were seed-
ed in six-well culture plates and incubated in 

Figure 3. Expression of NDC80 was suppressed by infection of lentivirus-mediated siRNA in pancreatic cancer cells. 
Bright and fluorescence field of Panc-1 cells after infection with lentivirus containing NDC80 at magnification of 
×100 (A). qRT-PCR and immunoblotting analysis of the NDC80 expression levels after siRNA infection compared 
with the control group (B and C). GAPDH was used as internal control. **P < 0.01 as compared to the control group.
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complete medium to 80% confluence at 37°C. 
The harvested cells were fixed with 70% cold 
ethanol at 4°C overnight, washed twice with 
ice-cold PBS, and incubated with 10 mg/ml 
RNase at 37°C. Cell cycle was monitored by 
using propidium iodide (PI) staining of nuclei. 
The fluorescence of DNA-bound PI in cells was 
measured with a flow cytometry (FACSCalibur, 
Becton Dickinson), and the cell populations in 
different phases of the cell cycle were analyzed 
with ModFit 3.0 software.

Apoptotic assay

ApoScreen Annexin V Apoptosis Kit (Southern 
Biotech) were used for labeling of apoptotic 
cells according to the manufacturer’s protocol. 
Cells were harvested at an exponential growth 
phase, centrifuged and resuspended in binding 
buffer. Then, cells (100 μL of the cell suspen-

sion solution) were stained by Annexin V-APC, 
incubated at room temperature for 15 min, and 
subjected to flow cytometry (FACSCalibur, 
Becton Dickinson).

Statistical analysis

All experiments were performed in triplicate. 
SPSS version 21.0 software (Chicago, IL) was 
used for all statistical analyses. Data were 
expressed as mean ± standard deviation of 
three independent determinations. Differences 
were compared using Student’s t test. The χ2 
test and Fisher exact test were used to test the 
significance of the difference in expression of 
NDC80 between tumor and paratumor sam-
ples. For all analysis, a P value of less than 
0.05 was considered to be statistically 
significant.

Figure 4. NDC80-siRNA suppressed cell proliferation and colony formation in pancreatic cancer cells. The prolifera-
tion curve of siRNA infected Panc-1 cells compared with control group, was determined by MTT assay (A). The similar 
trends was observed in clone formation assay (B). **P < 0.01 as compared to the control group.
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Results

Overexpression of NDC80 in pancreatic cancer 
tissues and cell lines

The mRNA levels of NDC80 were determined in 
20 fresh pancreatic cancer tissues and paratu-
mor tissues using qRT-PCR. As shown in Figure 
1A, NDC80 mRNA levels in the tumor tissue 
was higher than in the control tissue and this 
difference was statistically significant (4.208 ± 
0.0556 vs. 1.129 ± 0.0746, P < 0.01). Further- 
more, NDC80 was widely expressed in 3 pan-
creatic cancer cell lines including Panc-1, BxPC-
3, and Sw1990, rather than Hek293 cell line 
(Figure 1B). The similar trend on NDC80 protein 
levels was observed as on its mRNA levels by 
immunoblotting analysis (Figure 1C).

Correlation between NDC80 expression and 
clinicopathological parameters in pancreatic 
cancer

Immunochemistry analysis was used to identify 
the expression of NDC80 in 122 paraffin-
embedded pancreatic cancer tissues. NDC80 
staining was positive in more than 90% of can-
cer tissues, among which 73 (60%) were 
NDC80-high expression. Detailed analysis 
revealed that NDC80 were mainly located in 
the cytoplasm of carcinoma cells. Repre- 
sentative immunohistochemical results were 
shown in Figure 2.

Table 1 shows the association of NDC80 
expression and clinicopathological parameters. 
There was no significant correlation between 
NDC80 expression and gender (P = 0.132), age 
(P = 0.830), tumor position (0.849) or differen-
tiation (P = 0.397). However, overexpression of 
NDC80 was significant associated with patho-
logical T staging (P = 0.009) and pathological N 
staging (P = 0.022).

Expression of NDC80 was suppressed by infec-
tion of lentivirus-mediated siRNA in pancreatic 
cancer cells

The fluorescence level of GFP protein were 
observed to determine the infection efficiency. 
After NDC80 siRNA infection, a high infection 
efficiency was confirmed though that more than 
90% of cells were expressing GFP (Figure 3A). 
Furthermore, the mRNA and protein expression 
level of NDC80 after siRNA infection was evalu-

ated by qRT-PCR analysis and Immunoblotting 
analysis, respectively. As shown in Figure 3B 
and 3C, the mRNA and protein expression lev-
els of NDC80 were significantly suppressed 
compared to control group, respectively (P < 
0.01). Therefore, lentiviral-mediated siRNA 
infection was an effective way to knockdown 
NDC80 in pancreatic cancer cells.

NDC80 knockdown suppressed cell prolifera-
tion and colony formation in pancreatic cancer 
cells

The effect of NDC80 knockdown on the prolif-
eration ability of Panc-1 cells was determined 
by MTT assay and clone formation assay. As 
depicted in Figure 4A, the cellular proliferative 
rate of NDC80-siRNA group was remarkably 
reduced with respect to control group. 
Moreover, Figure 4B showed that NDC80 
knockdown cells, compared with control cells, 
had a significant supression in their ability to 
form colonies (P < 0.01). Hence, it is demon-
strated that the silencing of NDC80 could sup-
press tumorigenicity of pancreatic cancer cells.

NDC80 knockdown arrested the cell cycle pro-
gression and induced apoptosis in pancreatic 
cancer cells

The inhibition of cell proliferation in pancreatic 
cancer cells might be due to arrested the cell 
cycle progression or induced apoptosis, which 
was analyzed by flow cytometry. As shown in 
Figure 5, cell cycle analysis reveals that NDC80-
siRNA cells showed the proportion of cells in G1 
phase (41.47% ± 0.20% vs. 48.40% ± 0.39%, P 
< 0.01), S phase (30.14% ± 0.54% vs. 45.81% 
± 0.50%, P < 0.01) and G2/M (28.38% ± 0.65% 
vs. 5.79% ± 0.17%, P < 0.01), compared to con-
trol group. Furthermore, the apoptosis analysis 
following Annexin V staining showed that the 
apoptosis rate of NDC80 knockdown cells was 
significantly increased with respect to control 
group (Figure 6, 4.11% ± 0.15% vs. 6.04% ± 
0.25%, P < 0.01). Therefore, these results 
revealed that  silencing of NDC80 in Panc-1 
cells could lead to cell cycle arrest at G2/M 
phase and induction of apoptosis.

Discussion

Chromosomal instability has long been consid-
ered as a primary contributor to tumorigenesis, 
including two forms: microsatellite instability 
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Figure 5. NDC80 knockdown induced cell cycle arrest at 
G2/M phase. Flow cytometry analysis of cell cycle reveals 
that NDC80-siRNA cells showed the proportion of cells 
in G1 phase (41.47% ± 0.20% vs. 48.40% ± 0.39%), S 
phase (30.14% ± 0.54% vs. 45.81% ± 0.50%) and G2/M 
(28.38% ± 0.65% vs. 5.79% ± 0.17%), compared to the 
control. **P < 0.01 as compared to the control group.

Figure 6. The apoptosis of Panc-1 cells was induced by 
si-NDC80 infection. Flow cytometry analysis of cell apop-
tosis reveals that the apoptosis rate of NDC80 knock-
down cells was significantly increased with respect to 
control group (4.11% ± 0.15% vs. 6.04% ± 0.25%). **P 
< 0.01 as compared to the control group.
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characterized by a high mutational load and 
genetic instability resulting in aneuploidy or 
aberrant chromosome numbers [1]. There is 
evidence suggesting that defects in the spindle 
checkpoint might promote aneuploidy and 
tumorigenesis [18]. NDC80/Hec1 (coded by 
the gene Hec1), which localizes to kinetochore 
in cell mitosis, plays an essential role in chro-
mosome segregation by over activation of the 
mitotic checkpoint. Furthermore, NDC80 is 
highly expressed in a variety of tumors and also 
shown to correlate with tumor grade and prog-
nosis [19, 20]. The present study described 
that the mRNA levels of NDC80 in pancreatic 
cancer tissues and cancer cell lines were sig-
nificantly higher than in paratumoral tissues 
and Hek293 cell line. By immunoblotting analy-
sis, we observed similar trends on NDC80 pro-
tein levels as on its mRNA levels. To further 
investigate its clinical significance, the immu-
nochemistry was applied and the results sug-
gested that the protein expression of NDC80 
was significantly associated with prognosis-
related clinical parameters, including patholog-
ical T staging and pathological N staging, which 
may be linked with poor prognosis of patients 
with pancreatic cancer. 

Many studies have reported a role of NDC80 in 
mitosis. The depletion of NDC80 in different 
organisms leads to the mislocalization of sev-
eral kinetochore proteins, including compo-
nents of the SAC and the Nup107-160 nuclear 
pore complex [21, 22]. NDC80 plays an impor-
tant role in the maintenance of G2/M check-
point function by driving G2 to M phase transi-
tion [9]. Silencing of NDC80 recovered the SAC 
activity, induced accumulation of cells in G2/M 
phase, and prolonged mitotic arrest [23]. 
Recent work from Qu Y. and coworkers has 
demonstrated that cell cycle arrest of NDC80 
knockdown gastric cancer cells at G2/M phase 
lead to increase apoptosis owing to severe dys-
function of the mitotic checkpoint [20]. In the 
present study, with the lentivirus-mediated 
infection of siRNA, we obtained an efficient 
knockdown of NDC80 in PANC-1 cells which 
were subjected to investigate the biological role 
of NDC80 in cell growth. Knockdown of the 
NDC80 from PANC-1 cells induced significant 
growth inhibition, decreased colony formation 
ability and also led to apoptosis by arresting the 
cell cycle at G2/M phase. In agreement with 
previous findings, our data showed that NDC80 
plays an essential role in regulating PANC-1 

cells proliferation. The block of G2/M phase 
was corroborated with decreased levels of 
cyclin A and cyclin B1. As the key molecule for 
G2/M phase transition during the cell cycle, 
Cyclin B1 is indispensable for the initiation of 
mitosis and Cyclin B1 knockdown could lead to 
cell apoptosis [24]. NUF2, similar to NDC80, is 
part of a molecular linker between the kineto-
chore attachment site and tubulin subunits 
[25]. Cell cycle analysis from Hu P. and cowork-
ers showed that Cyclin B1, Cdc2 and Cdc25A 
were suppressed in pancreatic cell lines after 
NUF2 silencing, inducing cell cycle arrest at G0/
G1 phase [26]. However, the mechanism 
through which NDC80 regulates pancreatic 
cancer cell growth still needs further 
investigation.

Although the chemotherapy drugs are widely 
used, such as gemcitabine, it just prolongs the 
survival of several months [27]. As part of the 
cancer chemotherapeutic compounds, drugs 
that interfere with mitosis currently obtain bet-
ter results in clinical practice, focusing on inhi-
bition of the mitotic spindle through interac-
tions with microtubules [28]. NDC80 is a com-
ponent of the kinetochore and is overexpressed 
in a variety of human cancers, which make it as 
an attractive molecular target for anticancer 
therapeutics. Lee W. and colleagues first dis-
covered INH1, a small molecule compound tar-
geting the NDC80/Nek2 pathway, which inhib-
ited the proliferation of breast cancer cell lines 
and retarded tumor growth in a nude mouse 
model [10]. Recently, TAI-95, the potential of a 
NDC80 inhibitor, may represent a promising 
novel approach for the treatment of primary 
liver cancers [29]. Therefore, inhibition of 
NDC80 by small molecule compound for the 
treatment of pancreatic cancer is required for 
further validation.

In summary, our findings indicate that NDC80 
is highly expressed in human pancreatic cancer 
tissues and cell lines, and closely correlated 
with the clinical feature of patients with pancre-
atic cancer. The silencing of NDC80 expression 
suppressed the proliferation and cell cycle pro-
gression in pancreatic cancer lines. Hence, 
these results suggested that NDC80 could be 
an effective potential therapeutic target for 
treatment of pancreatic cancer. The regulation 
mechanisms of NDC80 in pancreatic tumori-
genesis still require more studies to ensure an 
eventual conversion into clinical practices.
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