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a b s t r a c t

Pancreatic cancer (PC) is a fatal disease; most patients are asymptomatic before the disease enters the
advanced stage, but molecular mechanisms of early PC that can be exploited for diagnosis are not clear.
Long noncoding RNAs (lncRNAs) play key roles in the progression of PC. In this study, we found that the
expression of the lncRNA EPIC1 (Lnc-EPIC1) is high in PC and closely related to tumor size, TNM staging
and lymph node metastasis status. Silencing Lnc-EPIC1 by siRNA targeting could significantly inhibit the
cell growth and colony formation ability of PC cells and induced G1/S cell cycle arrest and apoptosis in PC
cells. Lnc-EPIC1-specific siRNAs could downregulate the expression of cyclins and CDKs, such as CDC20,
CDK4 and Cyclin A1. Knocking out YAP1 with the CRISPR/Cas-9 gene editing method recapitulated the
effects of the Lnc-EPIC1-specific siRNAs on cell growth, colony formation ability and apoptosis in PC cells.
In addition, the Lnc-EPIC1-specific siRNAs did not further inhibit cell growth or promote apoptosis in
YAP1-knockout (YAP1-KO) cells. RNA immunoprecipitation (RIP) results showed that there was a direct
interaction between Lnc-EPIC1 and YAP1. An Lnc-EPIC1-overexpressing lentiviral vector promoted the
growth of PC cells. The results show that Lnc-EPIC1 interacts with YAP1 to promote the progression of PC.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

The incidence and mortality of pancreatic cancer (PC) are
increasing annually and PC is expected to be the second leading
cause of cancer deaths in some countries [1,2]. The prognosis of PC
patients ranked last among all cancer patients, with patients
exhibiting a 5-year survival rate below 2%e9% [2]. The increase in
incidence is more pronounced in developed countries than in
developing countries, which may be associated with smoking and
obesity [3,4]. Although progress has been made in surgical treat-
ment with chemotherapy or radiotherapy, there has been no sig-
nificant improvement in the survival rate of patients with PC [3,5].
The main reason for the low overall survival rate is the lack of an
understanding of the complex molecular mechanisms involved in

the progression of PC, including cell physiological changes, cell
growth and apoptosis signaling dysfunction [6,7]. At present, there
is no screening method for PC. It is very important for the pre-
vention and treatment of PC to elucidate the biological and mo-
lecular mechanisms of initiation, occurrence and antiapoptotic
signaling in PC [8].

Long noncoding RNAs (lncRNAs) are stable noncoding RNAs that
have a length greater than 200 nucleotides and play important
roles in promoting and suppressing cancer [9]. Increasingly in-
depth study has found that various lncRNAs form a very large
regulatory network and directly regulate various life processes at
various levels, such as the epigenetic and pre-and post-
transcriptional levels [10]. In the occurrence and development of
tumors, lncRNAs can be used as a special target or marker. The
lncRNA EPIC1 (ENSG00000224271, Lnc-EPIC1) is highly expressed
in human PC cells [11]. Recently, the roles of Lnc-EPIC1 in lung
cancer, cholangiocarcinoma and osteosarcoma have been proven,
providing us with the theoretical basis of the function of Lnc-EPIC1
[12e14]. However, the carcinogenic role of Lnc-EPIC1 in PC is still
unclear. In this study, we investigated for the first time how Lnc-

* Corresponding author. Department of Hepato-Biliary-Pancreatic Surgery, Peo-
ple’s Hospital of Zhengzhou University, Henan Provincial People’s Hospital, No. 7
Weiwu Road, Jinshui District, Zhengzhou, 450000, Henan, People’s Republic of
China.

E-mail address: hwzhang666@126.com (H. Zhang).

Contents lists available at ScienceDirect

Biochemical and Biophysical Research Communications

journal homepage: www.elsevier .com/locate/ybbrc

https://doi.org/10.1016/j.bbrc.2019.11.167
0006-291X/© 2019 Elsevier Inc. All rights reserved.

Biochemical and Biophysical Research Communications xxx (xxxx) xxx

Please cite this article as: P. Xia et al., Long noncoding RNA EPIC1 interacts with YAP1 to regulate the cell cycle and promote the growth of
pancreatic cancer cells, Biochemical and Biophysical Research Communications, https://doi.org/10.1016/j.bbrc.2019.11.167

mailto:hwzhang666@126.com
www.sciencedirect.com/science/journal/0006291X
www.elsevier.com/locate/ybbrc
https://doi.org/10.1016/j.bbrc.2019.11.167
https://doi.org/10.1016/j.bbrc.2019.11.167
Administrator
高亮

Administrator
新图章

Administrator
高亮

Administrator
新图章


	Long noncoding RNA EPIC1 interacts with YAP1 to regulate the cell cycle and promote the growth of pancreatic cancer cells
	1. Introduction
	2. Materials and methods
	2.1. Tissue samples and clinical data
	2.2. Cells and culture
	2.3. Quantitative real-time polymerase chain reaction (qRT-PCR)
	2.4. Cell transfection
	2.5. CCK-8 assay
	2.6. Colony formation assay
	2.7. Flow cytometry
	2.8. Western blotting
	2.9. RNA immunoprecipitation (RIP)
	2.10. YAP1 knockout (YAP1-KO)
	2.11. Lnc-EPIC1 overexpression
	2.12. Statistical analysis

	3. Results
	3.1. Bioinformatic analysis of YAP1 function
	3.2. High expression of Lnc-EPIC1 in PC cells
	3.3. High expression of Lnc-EPIC1 in PC tissue samples
	3.4. Lnc-EPIC1-specific siRNAs inhibit PC cell growth and promotes apoptosis
	3.5. YAP1 is a target of Lnc-EPIC1
	3.6. Lnc-EPIC1 overexpression promotes the growth of PC cells and inhibits apoptosis

	4. Discussion
	Author contributions
	Declaration of competing interest
	Acknowledgments
	References


