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Abstract: Recent studies have shown that NUF2 (Ndc80 kinetochore complex component) play important roles in 
multiple human cancers. In our previous report, NUF2 expression was stronger in tumor tissues than in normal 
pancreatic tissues. However, whether and how NUF2 play a role in pancreatic cancer progression remains largely 
unknown. The aim of our study is to investigate the expression and functional role of NUF2 in human PC. NUF2 
expression was measured in 10 pairs of PC cancerous and noncancerous tissue samples by quantitative real-time 
PCR. The effects of NUF2 on PC cells were studied by RNA interference. Apoptosis and cell cycle were analyzed by 
flow cytometry. Cells viability was evaluated using MTT. CDK4/CDK6 activity was measured by Western blot assay. 
LncRNAs regulated by NUF2 were gained from bioinformatics analysis. The role of LncRNA AF339813, regulated 
by NUF2, was finally characterized in PC cells by siRNA. Our results showed that NUF2 mRNA and protein were sig-
nificantly overexpressed in Human PC tissues and several PC cell lines. Through bioinformatics analysis and knock-
down NUF2 in PC cells, we found LncRNA AF339813 was positively regulated by NUF2. We further demonstrated 
that knockdown of AF339813 by siRNA in PC cells significantly reduced cell proliferation and promoted apoptosis. 
Thus, we conclude that NUF2 is consistently overexpressed in human PC and NUF2 is closely linked with human 
PC progression through the meditator LncRNA AF339813. Our studies may contribute to understand the molecular 
mechanism of PC pathogenesis and clinical therapy.
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Introduction 

Pancreatic cancer (PC) is a highly malignant 
tumor with increasing incidence and mortality 
in the world and its mortality rate in excess of 
95% in China [1, 2]. PC is characterized by a 
highly malignant phenotype that is associated 
with early metastasis and resistant to chemo-
therapy and radiation therapy [3, 4]. Despite 
the recent advances in clinical and experimen-
tal oncology, the prognosis of PC still remains 
poor, the five-year survival rates remain at < 5% 
[5]. Identifying effective therapeutic targets 
play a key role in illustrating the underlying 
molecular mechanisms in PC. However, the 
molecular mechanisms and factors involved PC 
are still not fully understood. 

Recently, high level of NUF2 expression was 
reported to be associated with poor prognosis 

for patients with colorectal cancers. DeLuca et 
al found that in HeLa cells, after knockdown of 
NUF2 by RNA interference, spindle formation 
occurred normally, but kinetochores failed to 
attach to spindle microtubules and cells block 
in prometaphase, which caused aberrant chro-
mosome segmentation and induced mitotic 
cells to undergo cell death [6]. Dysregulation of 
NUF2 has been employed in the development 
of a series of human cancers including lung 
cancer, colorectal cancer, gastric cancer, pros-
tate cancer, urinary bladder cancer, renal carci-
noma and ovarian cancer, rather than other 
normal tissues except testis [7-12]. Although 
extensive studies have been reported, the pre-
cise mechanisms leading to PC are only partial-
ly understood. 

Similarly, the expression levels of certain 
LncRNAs are associated with recurrence, 
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metastasis and prognosis of cancers. For 
examples, LncRNA HOTAIR is a strong progno-
sis marker of patient outcomes and survival in 
several human cancers [13-15]. Metastasis 
associated lung adenocarcinoma transcript 1 
(MALAT1) is not only over expressed in early-
stage metastasizing non-small cell lung cancer, 
but also in breast, pancreas, colon, prostate 
and liver cancers [16-22]. LncRNA Colon can-
cer associated transcript 1 (CCAT1) was found 
a potential marker of colorectal cancer [23]. 
Besides, LncRNA PCGEM1 gene polymor-
phisms contribute to prostate cancer risk [24]. 
However, the relationship between NUF2 and 
LncRNAs has none reported. Thus, we propose 
a hypothesis: whether dysregulation of NUF2 
operates LncRNAs process in pancreatic can-
cer cells? The aim of the current studies is to 
detect the expression of LncRNAs in PC tissues 
and to explore the relationship between 
LncRNAs level and NUF2. 

In this study, we sought to examine the expres-
sion and functional role of NUF2 in human pan-
creatic cancer. We found that NUF2 was highly 
expressed in human pancreatic cancer tissues 
and several PC cell lines. In order to understand 
the mechanism of NUF2 regulated PC, we fur-
ther compared the LncRNAs expression profile 
difference between tumor tissues and adjacent 
normal tissues. Finally, we also investigated the 
impact of altered LncRNA AF339813 levels, 
the most obvious change LncRNA, on the phe-
notypes of PC cells in vitro. Finally, our results 
suggested that LncRNA AF339813 may repre-
sent a novel indicator of poor prognosis and 
may be a potential therapeutic target for the 
diagnosis and gene therapy of PC.

Materials and methods

Patients and tissue specimens

All specimens were handled and made anony-
mous according to the ethical and legal stan-
dards. Paired tissue specimens (tumor and 
adjacent normal tissues) from 304 patients 
with PC were obtained and histologically con-
firmed by a pathologist at Southwest Hospital, 
Third Military Medical University, China, from 
January 2010 to December 2010. All samples 
were derived from patients who had not 
received adjuvant treatment including chemo-
therapy or radiotherapy prior to the surgery in 
order to eliminate potential treatment-induced 

changes to gene expression profiles. After exci-
sion, tissue specimens were immediately fro-
zen in liquid nitrogen for subsequent analysis.

Reagents

Antibodies against Caspase-3, Caspase-9, Bax, 
Bcl-2 and GAPDH were purchased from Cell 
Signaling technologies (Danvers, MA). Whereas, 
antibodies against Hec1, Cyclin A2, Cyclin B1, 
Cyclin D1, Cyclin E1, CDK4 and CDK6 were pur-
chased from Abcam (Cambridge, MA, USA). 
Rabbit antibodies conjugated with horseradish 
peroxidase (HRP) and sheep anti-mouse-HRP 
were purchased from Zhongsan Jinqiao (Beijing, 
China). All others chemical reagents were pur-
chased from Sinopharm Chemical Reagent Co., 
Ltd (Shanghai, China). 

Cell culture

Human pancreatic cancer cell lines Sw1990, 
PANC-1, BXPC-3and human embryonic kidney 
cell line 293 were obtained from the Cell Bank 
of Chinese Academy of Sciences (Shanghai, 
China), and cultured in Dulbecco’s modified 
eagle’s medium (DMEM) (Hyclone, Logan, UT, 
USA) containing 10% fetal bovine serum (FBS) 
(Biowest, Nuaillé, France), 100 U/mL penicillin, 
and 100 mg/mL streptomycin (Hyclone). All cell 
lines were maintained in a humidified atmo-
sphere of 5% CO2/air at 37°C.

Quantitative real-time RT-PCR analysis

Total mRNA was extracted from pancreatic can-
cer tissues and cultured cell lines using RNeasy 
Mini Kit (Qiagen, Valencia, CA, USA). cDNA was 
then synthesized by RNA reverse transcribing 
with a Super Script III First-Strand Synthesis 
System for RT-PCR Kit (Invitrogen). The expres-
sion level of NUF2 and LncRNA AF339813 
mRNA was measured by RT-PCR with an ABI 
PRISM 7000 Sequence Detection System 
(Applied Biosystems, Foster City, CA). Amplifi- 
cations were then carried out and the PCR con-
ditions were: Initial denaturation at 95°C for 1 
min, 40 cycles of denaturation at 95°C for 5 s 
and annealing extension at 60°C for 20 s. 
Relative quantification in RT-PCR was per-
formed using 2-ΔΔCT method [21]. Data were pre-
sented as CT values, which were defined as the 
threshold PCR cycle number at which an ampli-
fied product is first detected. ΔCT = Avg.CT 
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(NUF2)-Avg. CT (β-actin). Primers used in qRT-
PCR were as follows: NUF2: 5’-TACCATTCAG- 
CAATTTAGTTACT-3’ (forward); and 5’-TAGAATAT- 
CAGCAGTCTCAAAG-3’ (reverse). LncRNA AF33- 
9813: 5’-GACATACATCAGCCATTT-3’ (forwa- 
rd); and 5’-ACTGACTTAACCAGGAGA-3’. The 
primers of β-actin, used as internal control, 
were: 5’-CAGAGCCTCGCCTTTGCCG-3’ (forwa- 
rd); and 5’-ACGCCCTGGTGCCTGGGGCG-3’ (re- 
verse).

Choice of differentially expressed LncRNAslist 
using heat map analysis

We obtained the microarray date from Gene 
Expression Omnibus (GEO, http://www.ncbi.
nlm.nih.gov/geo/), and the GEO accession 
number is GSE3325. The date was generated 
using the genechip Affymetrix Human Genome 
U133 Plus 2.0 Array GPL570 (HG-U133_
Plus_2), which completely coverage Human 
Genome U133 Set plus 6500 additional genes 
for analysis of over 47,000 transcripts.

Observations with adjusted p-values ≥ 0.05 
were removed, and thus excluded from further 
analysis. The heat map of the 50 LncRNAs 
most obvious differences was created using a 
method of hierarchical clustering by GeneSpring 
GX, version 7.3 (Agilent Technologies, California, 
United States). 

Construction of the LncRNA AF339813 and 
NUF2 siRNA vector and transfection

siRNA of human lncRNA AF339813 and NUF2 
lentivirus vector carrying GFP sequence was 
provided by Gene Pharma (Shanghai, China).
The recombinant lentivirus of LncRNA AF339- 
813 and NUF2 siRNA and the control lentivirus 
(GFP lentivirus) were prepared and titered to 
108 TU/ml. After lentivirus infection, cells were 
washed by PBS and collected to perform 
RT-PCR analysis and western blot analysis. The 
sequences of siRNAs were as follows: LncRNA 
AF339813: si-1: 5’-CCCAAAGACATAATCTGGT- 
TATTTG-3’, si-2: 5’-CCTGTGTAAGGTAGTTCATG- 
CATTT-3’, si-3: 5’-GGTAGTTCATGCATTTCCTTC- 
TTCT-3’, si-Scramble: 5’-CCCAGATACTAAGTC- 
TTGTAAATTG-3’; NUF2: Si-1: 5’-GAAGAAACC- 
AGAGCCTGGGAGATTA-3’, Si-2: 5’-CAGAGCCT- 
GGGAGATTAACAGGAAA-3’, Si-3: 5’-CAATAAG- 
ATCTTAACAGGAGCTGAT-3’, Si-Scramble: 5’- 
GAACAAGACCGAGTCAGGAGGATTA-3’.

Cell proliferation assay

To evaluate the effect of LncRNA AF339813 
knockdown on pancreatic cancer cell prolifera-
tion, MTT colorimetric assay was performed in 
PANC-1 cell lines in vitro. Briefly, three days 
after lentivirus infection, PANC-1 cells (2 × 103/
well) was seeded into 96-well plates and cul-
tured in DMEM supplemented with 10% FBS at 
37°C under 5% CO2 atmosphere until the cells 
reached 85% confluence. Then 20 µL of MTT 
solution (5 mg/mL) was added to each well and 
incubated for 4 h. Then the medium was then 
removed, and 150 µL of DMSO was added to 
dissolve the formazan crystals. Absorbance at 
490 nm was measured by using the Model 680 
Microplate Reader (Bio-Rad). The measure-
ments for each sample were conducted in 
triplicate. 

Flow cytometric analysis of cell cycle

Transfected cells were harvested after trans-
fection. Cells for cell cycle analysis were stained 
with propidium oxide by Cell Cycle Analysis Kit 
(Beyotime, Haimen, China) following the proto-
col and analyzed by FACScan (BD Biosciences, 
NY, USA). The percentage of the cells in G1-G0, 
S and G2-M phase were counted and com- 
pared.

Apoptosis analysis

PANC-1 cells were plated into 6-well plates (1 × 
106 cells/well) in antibiotic-free medium, after 
being transfected with siRNA for 48 h. Cells for 
apoptosis analysis were collected and washed 
twice and stained with fluorescein isothiocya-
nate (FITC)-Annexin V and PI (BD Biosciences), 
using the FITC-Annexin V Apoptosis Detection 
Kit (BD Biosciences) according to manufactur-
er’s manual. 

Western blotting

Total proteins extracts of each cell treatment 
group were resolved by 12% sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred onto polyvinyli-
dene difluoride (Millipore, Bedford, MA, USA) 
membranes. After blocking, the membranes 
were washed four times with Tris-buffered 
saline containing 0.3% Tween-20 (TBST) at 
room temperature for 15 min and then incu-
bated with primary polyclonal antibodies 
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against Caspase-3 (1:1000), Caspase-9 
(1:1000), Bax (1:1500), Bcl-2 (1:1000), Cyclin 
A2 (1:2000), Cyclin B1 (1:1000), Cyclin D1 
(1:5000), Cyclin E1 (1:1500), CDK4 (1:2000) 
and CDK6 (1:2000). After washing, the mem-
branes were incubated with secondary anti-
body (1:1000) conjugated with horseradish 
peroxidase (HRP) at room temperature for 1 h. 
The protein bands were visualized by enhanced 
chemiluminescence (ECL Kit; Pierce Biotech- 
nology) and autoradiography. The grey value 
results of western blotting were subjected to 
semi-quantitative analysis. The relative amount 
of target protein could be calculated by dividing 
the grey value of the target protein band by the 
grey value of glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH; internal reference protein) 
band.

Statistical analysis

Statistical analyses were performed with SPSS 
13.0 software. The results were evaluated by χ2 
test and the other data were evaluated by 
Student’s t-test and expressed as the mean ± 
SD from three independent experiments. A 
P-value of less than 0.05 was considered sta-
tistically significant. 

Results

NUF2 was upregulated in pancreatic cancer

To evaluate the functional role of NUF2 in 
human PC, the expression levels of NUF2 in 
304 pairs of PC tissue and adjacent non-tumor 
samples were determined by qRT-PCR assays. 
We found that NUF2 expression in cancer tis-

Figure 1. Increased expression of NUF2 in human pancreatic cancer tissues and cell lines. A. mRNA levels of NUF2 
were detected by real-time quantitative PCR in 10 pairs of PC tissues and adjacent non-cancer tissues. GAPDH gene 
served as an internal control. Scatter dots represent relative mRNA expression levels and the horizontal lines rep-
resent mean with SD. Statistical significance: **P < 0.01, compared to normal tissues. B. qRT-PCR analysis of NUF2 
expression in 3 human pancreatic cancer cell lines and HEK293 cell line. GAPDH gene was used as an internal 
gene. Data represent the mean ± SD of three independent experiments. *P < 0.05, **P < 0.01, compared to HEK293 
cells. C. Western blot analysis of NUF2 expression in 3 human pancreatic cancer cell lines Sw1990, PANC-1, BXPC-3 
and HEK293 cell line. GAPDH gene served as an internal control. Data represent one of three independent experi-
ments with similar results. *P < 0.05, **P < 0.01, compared to HEK293 cells.
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Figure 2. LncRNA expression profiles in PC tissue, adjacent non-tumor samples and cell lines. A. Heatmap analysis 
of the LncRNAs expression of groups was created using a method of hierarchical clustering by GeneSpring GX, 
version 7.3. Rows: samples; Columns: LncRNAs; Color key indicates LncRNA expression value, red: highest, blue: 
lowest. Microarray data obtained from Gene Expression Omnibus (GEO), GSE number isGSE3325. B, C. 6 biggest 
up-regulated LncRNAs in PC tissue and 4 PC cell lines were further validated for altered transcription level using 
qRT-PCR, human embryonic kidney cell line 293served as an internal control. The relative amount of each LncRNAs 
was normalized to GAPDH. Dates in histograms are means ± SD, *P < 0.05, **P < 0.01 compared with normal group 
(t-test).



Downregulation of NUF2 inhibits tumor growth and induces apoptosis

2643 Int J Clin Exp Pathol 2015;8(3):2638-2648

sues from patients with PC was significantly 
higher than that in adjacent normal tissues (n = 
304, P < 0.001, Figure 1A). Subsequently, we 
also detected the expression of NUF2 in 3 
human PC cell lines including PANC-1, SW1990 
and BxPC-3 using qRT-PCR and Western Blot. 
Human embryonic kidney cell line 293T used 
as a negative control. High expression of NUF2 
in PC cell lines were also observed, especially 
in PANC-1 cells (Figure 1B and 1C) (P < 0.001, 
Figure 1B). 

Heatmap analysis of the LncRNA

We obtained the microarray date from Gene 
Expression Omnibus (GEO, http://www.ncbi.

nlm.nih.gov/geo/), and the GEO accession 
number is GSE15471. The Agilent Feature 
Extraction software (version 7.3) was used to 
analyze the acquired array images. The quan-
tile normalization and subsequent data pro-
cessing were performed using the GeneSpring 
GX v7.3 software package (Agilent Technologies) 
to analyze differential LncRNAs expression 
between PC tissue and adjacent non-tumor 
samples. Firstly, hierarchical clustering analy-
sis was used to compare differential LncRNA 
expression of the top 50 LncRNAs. The clus-
tered heatmap of 50 LncRNAs for GeneSpring 
GX is shown in Figure 2A. Then, we further con-
firmed the selected 6 up-regulation of LncRNAs 
in PC tissues and PC cell lines through qRT-PCR 

Figure 3. LncRNA AF339813expression is positively regulated by NUF2. A. Silencing efficiency of si-NUF2-1, si-
NUF2-2 and si-NUF2-3 were verified by qRT-PCR. *P < 0.05, **P < 0.01 vs. Scramble group. B. Immunoblotting 
analysis of silencing efficiency of NUF2. GAPDH was used as an internal control. C. LncRNA AF339813 mRNA levels 
were detected by qRT-PCR in NUF2 knockdown PANC-1 cells. GAPDH gene served as an internal control. The relative 
gene expression was calculated using 2-ΔΔCt method. Date are expressed as means ± SD from three independent 
experiments and analyzed by student’s t-test. *P < 0.05, **P < 0.01 vs. non-treated PANC-1 cells. 
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(Figure 2B). As shown in Figure 2C, comparing 
to 293T cells, the expression of LncRNA 
AF339813 was significantly increased about 
10-fold in PANC-1 cells, 8-fold in SW1990 cells 
and 8.9-fold in BxCP-3 cells. The other 5 

LncRNAs have a certain degree of up-regula-
tion in PC cell lines. In cancerous tissues, 
AK022159 expression was also at a level sig-
nificantly higher than the average level of nor-
mal specimens. 

Figure 4. Knockdown BX647187 regulates oncogenic phenotypes of PANC-1 cell. A. Silencing efficiency of siRNAs 
was verified using qRT-PCR. *P < 0.05, **P < 0.01 vssi-Scramble group. B. Cell viability in AF339813 knockdown 
cells was measured using MTT. Values represent mean ± SD of three independent experiments. #P < 0.05, ##P < 
0.01 vs. NC group. C. Flow cytometry analyze apoptosis of AF339813knockdown cells stained with AnnexinV-FITC 
and PI. D. The expression of apoptosis relevant protein: Caspase3, Caspase9, Bax and Bcl-2 were analyzed through 
Western blot. GAPDH was used as an internal control. E. Cell cycle distribution was analyzed by flow cytometry using 
PI staining. The percentage of cells in different phases was counted. Values represent mean ± SD of three inde-
pendent experiments. #P < 0.05, ##P < 0.01 vs. NC group. F. AF339813 silenced PANC-1 cells and controls were 
subjected to western blot for determining the expression levels of cell cycle related proteins. GAPDH was used as 
an internal control. 
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LncRNA AF339813 expression is regulated by 
NUF2 in vitro

In order to understand the functional role of 
NUF2 in human PC, siRNA experiment was 
used to silence NUF2 in PANC-1 cells. As shown 
in Figure 3A, the mRNA level of NUF2 in siRNAs 
transfected cells down to 0.2-fold, 0.6-fold and 
0.4-flod respectively, comparing with si-scram-
ble group. As shown in Figure 3B, the down-
regulated expression of NUF2 also observed 
using Western Blot. These results indicated 
that NUF2 was efficiently silenced in PANC-1 
cells by siRNA-NUF2-1. Therefore siRNA- NUF2-
1 is used for all subsequent NUF2 silencing 
experiments. 

Subsequently, we determined the relationship 
between NUF2 and LncRNAs. As shown in 
Figure 3C, after transfected with siRNA-NUF2-1 
in PANC-1 cells, the expression of LncRNA 
AF339813 was down-regulated about 4.9-fold 
compared with blank or si-Scramble group. 
These data imply that LncRNA AF339813 
expression is positively regulated by NUF2. 

LncRNA AF339813 regulates cell proliferation 
and apoptosis

We previously proved that silencing of NUF2 
inhibits cell growth and induces apoptosis in 
human PC cell lines [25]. However, the molecu-
lar mechanism is unknown. In order to further 
verify whether the role of NUF2 inregulation of 
PC cells was mediated via LncRNA AF339813, 
the expression of LncRNA AF339813 was 
knockdown via siRNA. The efficacy of siRNA is 
shown in Figure 4A, more than 70% of the 
mRNA level was efficiently silenced in PANC-1 
cells by siRNA-AF339813-2. As expected, 
AF339813 knockdown dramatically inhibited 
cell growth by MTT (Figure 4B). Since cell 
growth inhibition often due to cell cycle arrest 
and increased apoptosis, we further analyzed 
cell cycle and apoptosis by flow cytometry. As 
shown in Figure 4C, the percentage of apop-
totic cells was higher in siRNA-AF339813 
transfected cells (10.9%) than that in si-Scram-
ble transfected cells (3.4%) and parental cells 
(2.86%). To further determine the mechanism 
of AF339813 on apoptosis, the expression of 
Caspase-3, Caspase-9, Bax and Bcl-2 was ana-
lyzed by Western Blot. As shown in Figure 4D, 
the expression of Caspase-3, Caspase-9 and 
Bax were significantly increased and Bcl-2 was 

significantly decreased with treatment of siR-
NA-AF339813. Therefore, western blot results 
provided evidence that silencing AF339813 
induced apoptosis through mitochondrial and 
caspases dependent pathway. Collectively, our 
data suggest that LncRNA AF339813 expres-
sion may play a pivotal role in the proliferation 
and apoptosis of PC cells in vitro. 

LncRNA AF339813 regulates cell cycle in 
vitro

To study the role of LncRNA AF339813 in the 
regulation of cell cycle, the pancreatic cancer 
cell lines treated with si-LncRNA AF339813 
were analyzed. As shown in Figure 4E that the 
role of LncRNA AF339813 in the regulation of 
cell cycle. The expression of LncRNA AF339813 
is inhibited by specific siRNA and the cell cycle 
is analyzed by flow cytometry. LncRNA AF33- 
9813 inhibition displays a decreased percent-
age of cells in G1/S phase and more cells in 
G0/G1 phase compared with si-Scramble. 

The G1/S phase transition is primarily regulat-
ed by D-typecyclins (D1, D2) in complex with 
CDK4/CDK6 [26]. Therefore, in order to illumi-
nate the G0/G1 arrest observed, we examined 
the expression of cyclins A2, B1, D1, E1 as well 
as CDK4/ CDK6. As shown in Figure 5F, LncRNA 
AF339813 silencing led to a decrease in 
cyclins D1 as well as a decrease in protein 
expression of CDK4/CDK6. However, the 
expression levels of cyclin A2, cyclin B1 and E1 
remained unchanged. These data suggest that 
G0/G1 arrest is associated with activation of 
the Cyclin D1 and CDK4/CDK6. Thus, we con-
clude that LncRNA AF339813 regulates cell 
cycle arrest at G0/G1 phase via inactivated 
CDK4/CDK6 complex. 

Discussion

In the present study, we report two novel find-
ings (i) expression of NUF2 was significantly 
enhanced in PC tissues relative to correspond-
ingadjacent normal tissues. Additionally, it was 
also highly expressed in several kinds of PC cell 
lines; (ii) down-regulation of NUF2 Inhibits 
Tumor Growth and Induces apoptosis by regu-
lating LncRNA AF339813. 

As a corecomponent of the NDC80 kinetochore 
complex, NUF2 has been reported to be impli-
cated in tumorigenesis of various kinds of 
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human cancer. Previous studies show that the 
depletion of NUF2 by specific siRNAs resulted 
in inhibition of cell proliferation and induction of 
apoptosis in non-small-cell carcinoma and 
ovarian cancer [7, 10, 11]. Likewise, knock-
down of NUF2 suppressed tumor growth and 
induced cell apoptosis in human glioma cells 
[27]. In previous study, we demonstrated that 
silencing of NUF2 significantly inhibited the pro-
liferation and colony formation ability of pan-
creatic cancer cells in vitro through inducing 
cell cycle arrest at G0/G1 phase [25]. These 
findings strongly suggested the potential role of 
NUF2 in tumorigenesis, however, its regulatory 
mechanisms in human PC is not well 
characterized.

Recent improvements in high-throughput tran-
scriptome analysis in the last few years , have 
led to the discovery that > 90% of the total 
mammalian genome can be transcribed and 
may yield many short or long noncoding RNAs 
(lncRNAs) with limited or no protein-coding 
capacity [28, 29]. Increasing numbers of 
reports have demonstrated that lncRNAs regu-
late multiple biological processes, including 
cell growth, cell cycle progression, differentia-
tion, and apoptosis [30-33]. Furthermore, 
some studies suggest that dysexpression of 
lncRNAs is in the involvement of a variety of dis-
eases, especially cancer [34, 35]. However, the 
specific role of aberrantly expressed lncRNAs in 
PC remains largely unknown. In this research, 
LncRNA AF339813 was found significantly 
expressed in PC tissue (Figure 2B, 2C) and was 
positively regulated by NUF2 (Figure 3C). 
Moreover, silencing AF339813 by siRNA could 
alter the phenotypes of PC cells in vitro. We 
found inhibition of AF339813 showed lower 
cell viability and higher apoptosis compared 
with the control group in PANC-1 cell lines 
(Figure 4B, 4C). In addition, flow cytometric 
analysis showed AF339813 knockdown would 
lead to cells arrested in G0/G1 phase (Figure 
4E). Our data had identified an important role 
for AF339813 in human PC development and 
progression. 

To further explain the regulatory mechanism of 
AF339813 in G0/G1 cell cycle arrest, proteins 
involved in some cycle regulators were ana-
lyzed by immunoblotting. Our results indicated 
that silencing AF339813 markedly decreased 
the expression of Cyclin D1 and the phosphory-
lated level of CDK4/CDK6 (Figure 4F). It has 

been widely accepted that CDK4/CDK6 com-
plex is required for cells transition from G2 to M 
phase [26]. Thus, we conclude that LncRNA 
AF339813 regulates cell cycle arrest at G0/G1 
phase via inactivated CDK4/CDK6 complex. 

However, there are several limitations in our 
study that should be mentioned. For example, 
our sample size is relatively small. We do not 
distinguish whether overexpression of NUF1 
was significantly correlated with clinicopatho-
logical parameters such as TNM stage, age and 
gender. Although we found LncRNA AF339813 
expression is regulated by NUF2, the detailed 
regulation mechanisms between NUF2 and 
AF339813 are not understood. Besides, we 
detected NUF2 expression pattern and the 
relationship between NUF2, LncRNA AF339813 
and pathophysiology in pancreatic cancer cell 
lines. Nevertheless, these studies should be 
pursued by using appropriate animal models in 
future studies. 

In conclusion, we found NUF2 was significantly 
high expressed in human pancreatic cancer 
and several PC cell lines for the first time. In 
addition, NUF2 played a key role in PC pheno-
types via regulation of LncRNA AF339813. 
These findings would be helpful to understand 
the molecular mechanism of PC pathogenesis 
and pathophysiology. Our future analysis will 
focus on whether NUF2 and LncRNA AF339813 
is a potential diagnostic even a therapeutic tar-
get for PC. 
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