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Purpose: Emerging evidence has shown that long noncoding RNAs (lncRNAs) participate

in oncogenesis and tumor progression. We previously found a novel lncRNA p4516 which

was closely associated with prognosis by preliminary study of lncRNA expression profile

from paired tumors and nontumor tissues in 198 gastric cancer (GC) patients. However, the

exact biological functions and the underlying molecular mechanisms of p4516 in gastric

tumorigenesis still remain unclear.

Materials and methods: The RNA fluorescence in situ hybridization (RNA-FISH) ana-

lysis, cytoplasmic and nuclear RNA isolation and qRT-PCR were applied to determine the

subcellular localization of p4516. Expression levels of p4516 were assessed using qRT-PCR

in both GC cell lines and in 142 primary GC tissues. Correlations between p4516 expression

and GC patients’ clinicopathological parameters were analyzed. Gain- and loss-of-function

experiments were employed to investigate the role of p4516 in proliferation, migration and

invasion both in vitro and in vivo. In addition, Western blotting and immunohistochemical

staining were used to examine the protein expression levels.

Results: LncRNA p4516 was mainly localized in the nucleus of GC cells and p4516 tended

to have higher expression levels in GC cells compared to the normal gastric mucosa-derived

cells GES-1. Furthermore, higher expression levels of p4516 correlated with worse clinical

outcomes in GC patients and acted as an independent prognostic biomarker. Functional

analysis revealed that p4516 participated in the regulation of GC cell proliferation, invasion

and migration both in vivo and in vitro. Moreover, p4516 was involved in epithelial–

mesenchymal transition (EMT) in GC cells.

Conclusion: Our study demonstrated the oncogenic role of novel lncRNA p4516 in the

gastric carcinogenesis for the first time. High expression of p4516 may act as prognostic

marker in patient with gastric cancer.
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Introduction
Gastric cancer (GC) is the second leading cause of cancer-related death worldwide1

and the incidence of GC has a distinct geographical distribution.2 Early detection

can largely improve the 5-year survival rate;3 however, due to lack of effective

diagnostic and therapeutic strategies, more than 80% GC patients in China had

developed to an advanced stage at the time of diagnosis and the 5-year survival rate

is less than 20%.4 Therefore, to identify novel biomarkers for the diagnosis and

prognosis of GC as well as to develop the therapeutic targets are needed.
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Long non-coding RNAs (lncRNAs) are a class of perva-

sively transcribed products more than 200 nt with no obvious

coding capacities.5 They are initially considered to be useless

of genomic transcriptions.6 However, increasing evidence gra-

dually revealed the numerous gene regulatory functions of

these so-called “junk gene”, involved in imprinting,7 epige-

netic regulation,8 transcriptional and post-transcription regula-

tion. They contributed to many physiological and pathological

processes including oncogenesis and cancer progression.9

Aberrant expression of several lncRNAs are observed in GC

cells. For example, HOTAIR, UCA1, H19 and GHET1 facil-

itate the proliferation and metastasis procedures of

GC,10,11,12,13 whereas MEG3, MT1JP and ADAMTS9-AS2

act in the opposite way.14,15,16 LncRNAs also have significant

clinical implications in GC patients.17 A higher expression

level of HOTAIR was more prone to exit in the diffuse types

ofGC and found to be correlatedwith a shorter overall survival

(OS) in the diffuse type of GC patients.18 Correlation analysis

between lncRNA CASC11 expression and clinical pathologi-

cal factors revealed that the high expression of CASC11 was

significantly associated with larger tumor size, lymph node

metastasis and TNM staging in GC patients.19

The roles of epithelial–mesenchymal transition (EMT)

and the reverse process, mesenchymal-to-epithelial transi-

tion (MET), were initially studied in the context of

embryonic morphogenesis.20,21 EMT process plays

a central part in various pathological processes, including

wound healing, tissue fibrosis and carcinoma

progression.22,23 The survival of patients with local infil-

tration, lymph node or distant organ metastasis is unfavor-

able; therefore, the investigation of the mechanisms

regarding EMT in GC has become a major focus.24

Many different lncRNAs have been found to be involved

in the EMT process. For instance, the lncRNA SNHG6

promoted EMT through epigenetic silencing of p27 and

sponging miR-101-3p in GC,25 and lncRNA UCA1 aug-

mented the invasive and migratory capabilities of GC cells

by regulating the expression of EMT-associated factors.26

Previously, we conducted a gene expression profiling

on 198 GC and paired adjacent nontumor tissues from

Chinese patients by lncRNA array with 40,914 transcripts.

Then, a recently proposed analytical method namely FDA-

based PT-test was performed according to the Table 3 & 4

from the previous work by Xu27, which was designed to

screen prognostic marker of lncRNAs based on gene

expression profiling data of tumor and paired nontumor

tissues. As a result, a set of lncRNAs, including a novel

lncRNA p4516 (ID: ENST00000563647.1, refer to

Ensembl genome browser 94), closely associating with

prognosis were revealed (unpublished data). p4516, as

a novel lncRNA, resides on chromosome 14 with 1 exon

and is 981 base pairs in length without coding protein. In

the present study, we demonstrated for the first time that

the completely novel lncRNA p4516 was not only asso-

ciated with gastric carcinogenesis but also served as a poor

prognostic marker in GC patients, thus provided a novel

potential target for gastric cancer treatment.

Materials and methods
Patient samples
A total of 142 GC tissues were obtained from patients who

were diagnosed and underwent radical resections at Peking

University Cancer Hospital between 2007 and 2010 and fol-

lowed up to March 2016. All the patients signed informed

consent forms, and this was conducted in accordance with the

Declaration of Helsinki. Tumor stages were classified based

on the 2010 tumor node metastasis (TNM) classification

recommended by the American Joint Committee on Cancer

(AJCC 7th edition). T and N classifications were evaluated

according to the final pathological result, whereas

the M classification was determined by surgical and imaging

findings. None of the patients received local or systemic

treatment prior to surgery. All the resected tissues were imme-

diately frozen in liquid nitrogen, stored at −80°C and prepared

for RNA extraction use. Clinicopathological parameters and

follow-up information were collected from available patient

data. This study was approved by Ethics Committee of Peking

University Cancer Hospital (Approval number: 2018KT07).

Cell culture
The GC-derived cell lines: BGC823, HGC27, MGC803,

N87 and SGC7901, and the normal gastric mucosa-

derived cell line GES-1 were obtained from Chinese

National Infrastructure of Cell Line Resource. All the cell

lines were cultured in Dulbecco’s modified Eagle medium

(DMEM; GIBCO, Carlsbad, NY, USA) supplemented with

10% fetal bovine serum (FBS; GIBCO, Carlsbad, NY,

USA), and maintained in a 37°C incubator with a 5% CO2.

RNA extraction and qRT-PCR
Total RNA was extracted from tissue samples and cell

lines using TRIzol (Invitrogen, Carlsbad, CA, USA)

according to the manufacturer’s instructions. First-strand

cDNA was generated by reverse transcription polymerase

chain reaction using a reverse transcription system kit

Nie et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Cancer Management and Research 2019:115376

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


(Invitrogen, Carlsbad, CA, USA). Quantitative real-time

PCR (qRT-PCR) was performed with the ABI PRISM

7500 Sequence Detection System according to the SYBR

Green method (amplification condition for p4516: 95℃ 10

min followed by 45 cycles of 95℃ 15 s and 60°C 1 min).

For each sample, gene expression was normalized to

GAPDH or U6. The primer sequences used in this research

were listed in Table S1. The qRT-PCR reactions for each

sample were performed in triplicate, and the relative RNA

expression level was calculated using the comparative Ct

method. Cutoff Finder (http://molpath.charite.de/cutoff/) is

an easy-to-use web application for the determination of

cutoff points in molecular data.28 We used the Cutoff

Finder to calculate the cutoff point of the p4516 expression

levels according to 2−ΔCt value (cutoff point =0.0022,

ΔCt=Ct target-Ct reference).

Establishment of p4516 knockdown or

overexpression cell lines
Knocking-down of p4516 procedure was carried out as

described previously.29 Lentivirus was produced by the co-

transfection of 293T cells with a pLenti vector (psi-LVRH

1GP -shControl or psi-LVRH1GP -shp4516) and lentiviral

packaging mix (Invitrogen, Carlsbad, CA, USA) according

to the manufacturer’s instructions. shRNAs against lncRNA

p4516 were designed with MIT’s siRNA designer (http://

sirna.wi.mit.edu/home.php). At least four quadruplexes

were designed, and the most effective shRNAs were used

for subsequent studies (Figure S1). The effective targeting

sequence against p4516 is as below: 5ʹ-GCAGATAA
TGCATCTTCCAAG-3ʹ. Lentivirus-containing supernatant

was harvest at 48 hrs post-transfection, purified by centrifu-

gation and stored at −80°C. For viral transductions, 1 mL of

the scrambled shControl or shp4516 lentiviruses were incu-

bated with BGC823 cells overnight at 37°C in the cell culture

incubator. BGC823 cells with stable expression of depleted

endogenous p4516 were selected with puromycin (0.8 μg/
mL) in the culture media.

Full length of p4516 (ENST00000563647.1) was synthe-

sized with the following primers: FP: 5ʹ-CCCaagcttTGT

CATAGAAACTATATAGCATTGA-3ʹ; RP: 5ʹ-CGggatccT

TGCATTTTAATAAACTTAATTT-3, and sub-cloned into

the pcDNA3.1 (+) vector (Viewsolid biotech, Beijing,

China) to generate pcDNA3.1 (+)-p4516 vector. SGC7901

cells were seeded in six-well plates at 70% confluence before

transfection. Transfections were performed using

Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA)

according to the manufacturer’s instructions. After 48 hrs

post-transfection, G418 was added at a concentration of

800 μg/mL to establish stable cell line of SGC7901 with

p4516 overexpression.

RNA fluorescence in situ hybridization
The RNA fluorescence in situ hybridization (RNA-FISH)

analysis was used to detect the subcellular location of

lncRNA p4516 using a digoxin-labeled RNA probe

(Table S2), which was designed and synthesized according

to the whole sequence of p4516. BGC823 and SGC7901

cells were fixed in 4% formaldehyde for 15 mins and then

washed with PBS. The fixed cells were treated with pepsin

(1% in 10 mM HCl) and dehydrated in a gradient series of

increasing ethanol (70%, 90% and 100%). The cells were

then dried in air and further incubated with 40 nM of the

RNA probe-p4516 in hybridization buffer (100 mg/mL

dextran sulfate, 10% formamide in 2× saline sodium

citrate) at 80°C for 2 mins. Hybridization was conducted

at 55°C for 2 hrs before the slides were washed and

dehydrated. The air-dried slides were then mounted with

Prolong Gold Antifade Reagent with 40,6-diamidino-

2-phenylindole (DAPI) was used for nuclear detection.

Images were captured using LSM 800 confocal micro-

scope (Carl Zeiss, Jena, Germany). Nuclei were labeled

with DAPI (blue) and p4516 were labeled by the RNA

probe-p4516 (red).

Subcellular fractionation
For nuclear and cytoplasmic fraction separation, RNAs

from BGC823 and SGC7901 cells were isolated by using

the PARIS kit (Life Technologies, USA) according to the

manufacturer’s instructions. The RNA expression level of

p4516 in nuclear and cytoplasmic fractions was deter-

mined by qRT-PCR. U6 was a positive control for nuclear

fraction and GAPDH was a positive control for cytoplas-

mic fraction. The primer sequences are listed in Table S1.

Cell proliferation assay
Cells were seeded in 96-well plates at a density of 3×103/

well. Cell proliferation was monitored with IncuCyte live

cell analysis imaging system (Essen Bioscience, Ann

Arbor, MI, USA).

Colony formation assay
For the colony formation assay, the established stable cell

lines were seeded into 6-well plates at 600 cells/well and

incubated at 37°C with 5% CO2 for 14 days. The cells
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were then washed twice with PBS carefully and fixed with

75% ethyl alcohol for 15 mins at room temperature. The

cells were stained with 0.1% crystal violet, and the colo-

nies containing ≥50 cells were counted.

Migration and invasion assay
Transwell chambers, with or without Matrigel (Corning

Life Science, Corning, NY, USA), were used to examine

the cell migration and invasion, respectively. A total of

3×104 cells were suspended in 200 μL serum-free

DMEM and seeded onto polycarbonate filters, which

had been either precoated with 100 μL of Matrigel for

the invasion assay or left uncoated for the migration

assay. A total of 600 μL of DMEM containing 10%

FBS was loaded into the lower chamber.

Wound-healing assay
Cell motility was assessed by wound-healing assay. Briefly,

wounds were generated by using a 200-μL plastic pipette tip

to scratch when cells reached 100% confluence. Growth

medium was replaced with serum-free medium, and the

wound gaps were monitored with real-time IncuCyte live

cell analysis system.

Western blot assays
Proteins were extracted by a pre-chilled RIPA lysis

buffer (Solarbio, CN) containing protease and phospha-

tase inhibitor cocktail (Roche, Basel, Switzerland) and

quantified using a bicinchoninic acid (BCA) protein

quantification kit (Thermo, USA). Total protein lysates

were separated by SDS-PAGE and then transferred

onto polyvinylidene difluoride (PVDF) membranes

(Whatman, Germany). The PVDF membranes were

blocked with 1% bull serum albumin and incubated

with specific primary antibodies at 4°C overnight fol-

lowed by the secondary antibody incubation at room

temperature for 1 hr. Antibody against E-cadherin,

Vimentin, Snail and ZEB1 were purchased from Cell

Signaling Technology (#9782). All primary antibodies

were diluted at 1:1000, and the corresponding secondary

antibodies were diluted at 1:5000.

In vivo xenograft mouse model
Female athymic BALB/c nude mice (4–6 weeks, 18–20

g) were used as host mice. The animals were bred in

a specific pathogen-free environment at the Laboratory

Animal Center of the Peking University Cancer

Hospital and given sterilized food and tap water ad

libitum.

Animal studies were carried out in strict adherence

with institutional guidelines, and they were approved by

the Animal Ethics Committee at Peking University Cancer

Hospital (Number: EAEC 2018–22). BGC823-shp4516

cells and BGC823-shControl cells (approximately 5×105

cells/200 μL per mouse) were subcutaneously injected into

the left or right subaxillary, respectively. Caliper was used

to measure the width (W) and length (L) of the xenograft

and the volumes of xenograft was calculated by the fol-

lowing formula: V=0.5×L×W2. An electronic balance

(Sartorius, BSA224S-CW, Germany) was used to measure

the weight of xenografts. The mice were sacrificed 3

weeks after injection, and the xenografts were fixed with

formalin and embedded with paraffin.

BGC823 cells with or without stable expression of

p4516 shRNA (5×106 cells/400 μL volume per mouse)

were injected into the BALB/c nude mice (n=5 per group)

via tail vein. Four weeks after injection, all the mice were

sacrificed and the lungs were collected. Bouin’s solution

was injected from the main bronchi to fix the lung tissues.

All the dissected tissues were formalin-fixed and par-

affin-embedded for H&E staining and ki-67 immunohisto-

chemical staining.

Statistical analysis
Statistical analysis was performed with the SPSS 21.0 soft-

ware package (IBM Corporation, Armonk, NY, USA).

Kaplan–Meier method and log-rank test were used to calcu-

late 5-year overall survival (OS). Multivariate analysis was

used to detect the independent prognostic parameters.

Relationships between p4516 expression and clinicopatholo-

gical characteristics were analyzed by the Chi-square tests.

Two-tailed Student’s t-test was used to test the differences

between groups (independent sample t-test). All experiments

were repeated at least three times. Differences were defined

as significant as follows: *p<0.05; **p<0.01; ***p<0.001.

Results
Identification of lncRNA p4516
Previously, we conducted a gene expression profiling on 198

GC and paired adjacent tissues from Chinese patients by

lncRNA array with 40,914 transcripts. We found that p4516

(probe name) (probe sequence: 5ʹ-GGAGA

GCTACTGTACTGACTGTACTTGTGGAATGCAGCGCT-

TCATTAAATTAAGTTTATT-3ʹ) was closely associated with
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Figure 1 Identification of p4516 and its expression levels in GC cell lines as well as potential clinical significance. (A) Schematic annotation of p4516 obtained from

the UCSC genome browser by BLAT search. p4516 locates on chromosome 14 (57,993,545–57,994,525), without coding protein, and its ID is ENST00000563647.1 in

Ensemble Database. (B) Representative confocal microscopy images of RNA-FISH against p4516 whole sequence in BGC823 and SGC7901 cells. (Red represents

p4516; blue represents nuclei). Scale bar=5 μm. (C) Subcellular localization of p4516 determined by qRT-PCR in BGC823 and SGC7901 cells. GAPDH was used as

a positive control for cytoplasmic fraction and U6 was used as a positive control for nuclear fraction. (D) Relative p4516 expression levels in cell lines derived from

normal gastric mucosa and primary GC by qRT-PCR analysis. (E) Kaplan–Meier curves of 5-year overall survival for all patients with low- vs high-p4516 expression in

GC tissue.

Abbreviation: UCSC, University of California, Santa Cruz.
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GC patient survival (data has not published yet). For the

identification of p4516, BLAT search (http://genome.ucsc.

edu/index.html) was done in order to infer its genomic coordi-

nates. It is annotated as AL049838.1–201

(ENST00000563647.1) and resides on chromosome 14 in

human. LncRNA p4516 is composed of one exon, with a full

length of 981 bp, and the annotation on Ensembl Genome

Browser 94 confirmed that it has no protein-coding potential

(Figure 1A). It has been known that lncRNA function can be

largely affected by its subcellular localization; accordingly, we

performed RNA fluorescence in situ hybridization (RNA-

FISH) to detect the p4516 subcellular localization in

BGC823 cells and SGC7901 cells. We found that p4516 was

mainly distributed in the nucleus (Figure 1B). This result was

further verified by cytoplasmic and nuclear RNA fractionation

analysis by qRT-PCR (Figure 1C).

Table 1 Correlation between p4516 expression levels and clinicopathological features in patients with gastric cancer

Clinicopathological parameters Number (N=142) Expression p-value

Low (%) High (%)

Gender

Male 100 48 (48.0) 52 (52.0) 0.828

Female 42 21 (50.0) 21 (50.0)

Age (years)

≤59 70 33 (47.1) 37 (52.9) 0.733

>59 72 36 (50.0) 36 (50.0)

Tumor location

Cardiac 40 20 (50.0) 20 (50.0) 0.833

Noncardiac 102 49 (48.0) 53 (52.0)

Tumor size

≤4 cm 74 37 (50.0) 37 (50.0) 0.726

>4 cm 68 32 (47.1) 36 (52.9)

Pathological types

Adenocarcinoma 108 60 (55.6) 48 (44.4) 0.003**

others 34 9 (26.5) 25 (73.5)

Histologic differentiation

Well or moderate 75 44 (58.7) 31 (41.3) 0.011*

Poor 67 25 (37.3) 42 (62.7)

Vascular invasion

Absent 70 42 (60.0) 28 (40.0) 0.007**

Present 72 27 (37.5) 45 (62.5)

Depth of invasion

T1-2 25 18 (72.0) 7 (28.0) 0.010*

T3-4 117 51 (43.6) 66 (56.4)

Lymphatic metastasis

No 38 24 (63.2) 14 (36.8) 0.036*

Yes 104 45 (43.3) 59 (56.7)

Distant metastasis

M0 133 61 (45.9) 72 (54.1) 0.015*

M1 9 8 (88.9) 1 (11.1)

TNM stage

I–II 76 44 (57.9) 32 (42.1) 0.017*

III–IV 66 25 (37.9) 41 (62.1)

Note: *p<0.05, **p<0.01.
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High expression of lncRNA p4516

predicted adverse phenotypes and poor

prognosis of GC patients
We next evaluated the expression levels of p4516 in GC

cell lines and primary GC tissues by qRT-PCR. It revealed

that p4516 was highly expressed in GC-derived tumor cell

lines compared to the normal gastric mucosa-derived cell

line GES-1 (Figure 1D). To clarify the relationship

between the p4516 expression level and clinicopathologi-

cal parameters, the GC patients (n=142) were classified

according to the p4516 expression level into high-p4516

group (cutoff ≥0.0022) and low-p4516 group (cutoff

<0.0022). As shown in Table 1, high expression of

p4516 was positively associated with poor differentiation

(P=0.011), vascular invasion (P=0.007), depth of invasion

(P=0.010), lymphatic metastasis (P=0.036), distant metas-

tasis (P=0.015) and TNM stage (P=0.017).

Furthermore, we assessed the prognostic significance of

GC related parameters. Univariate analysis results showed

that tumor size, histologic differentiation, vascular invasion,

depth of invasion, lymphatic metastasis, distant metastasis,

TNM stage and p4516 expression were used as prognostic

factors for 5-year overall survival (OS) (Table S3).

Multivariate analysis of 5-year overall survival (OS) indi-

cated that high expression of p4516 was an independent

marker for poor prognosis (p=0.002) (Table 2). Kaplan–

Meier survival curves further demonstrated that 5-year OS

was worse in GC patients with high p4516 expression than

in patients with lower p4516 expression (p=0.001,

Figure 1E).

Effects of lncRNA p4516 on proliferation

and colony formation of GC cells in vitro
To determine the potential effects of p4516 on GC cell growth

and cell mobility, we first established stable BGC823 cells

with p4516 depletion and SGC7901 cell line with p4516

overexpression, respectively. qRT-PCR assay was used to

determine the efficacy of transfection (Figure 2A and B).

The effect of p4516 on cell proliferation was evaluated by an

IncuCyte live cell analysis system. Our results showed that cell

proliferation was significantly inhibited in the p4516 knock-

down cells, but dramatically increased in the p4516 overex-

pression cells (Figure 2C and D). Similarly, the colony

formation capacity was suppressed in the p4516 knockdown

cells but elevated in the overexpression cells (Figure 2E

and F).

Downregulation of p4516 inhibited

tumorigenesis in vivo
To further determine the tumorigenic ability of p4516 on

GC cell lines, xenograft tumor models were established by

subcutaneous injection of BGC823 cells with or without

p4516 depletion. Tumors exhibited a smaller size and

slower growth rate in the BGC823-shp4516-injected

group compared with the BGC823-shControl-injected

group (Figure 3A-C). Immunohistochemical staining ana-

lysis showed that the ki-67 expression levels in tumor

tissues derived from BGC823-shp4516 cells were signifi-

cantly decreased compared with ones derived from the

BGC823-shControl cells (Figure 3D). These results

demonstrated that downregulation of p4516 inhibited the

tumorigenic ability of GC cells in vivo.

Table 2 Multivariate analysis of prognostic parameters in

patients with gastric cancer by Cox regression analysis

Prognostic
parameters

Multivariate p-value

HR 95%CI

Histologic differentiation

Well or moderate 1.037 0.625–1.724 0.887

Poor

Vascular invasion

Absent 2.080 1.205–3.588 0.009**

Present

Depth of invasion

T1-2 1.574 0.587–4.221 0.367

T3-4

Lymphatic metastasis

No 2.305 1.115–4.766 0.024*

Yes

Distant metastasis

M0 10.695 4.275–26.745 <0.001***

M1

Tumor size

≤4 cm 1.502 0.883–2.555 0.134

>4 cm

p4516 expression

Low 2.595 1.429–4.714 0.002**

High

Note: *p<0.05, **p<0.01 and ***p<0.001.
Abbreviations: HR, hazard ratio; CI, confidence interval.
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Lncrna p4516 promoted migration and

invasion of GC cell lines both in vitro and

in vivo
As the high expression level of p4516 was associated with

vascular invasion, lymph node and distant metastasis in

patients with primary GC, we assumed that p4516 may

endow GC cells with invasive behavior. As we expected,

Matrigel invasion and wound healing assays showed that

BGC823-shp4516 cells revealed decreased migration and

invasion compared to shControl cells, while SGC7901 cells

with p4516 overexpression showed the opposite results

(Figure 4A–4D).

To examine the effects of p4516 on tumor metastatic

colonization, BGC823-shp4516 cells or BGC823-shControl

cells were injected into athymic nude mice via the tail vein.

Metastatic potential was assessed by counting colonized
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tumor nodules in the lung. BGC823-shp4516-injected mice

had fewer lung tumor nodules compared to the BGC823-

shControl-injected mice (Figure 4E). This difference was

further confirmed with hematoxylin and eosin (H&E) and

ki-67 staining of the lung tissue sections (Figure 4F). Taken

together, these data indicate that p4516 aggressively pro-

moted cell migration and invasion in GC.

LncRNA p4516 enhanced EMT in GC cells
Enhanced cell migration and invasion capabilities are

important consequences of EMT, an early event in tumor

metastasis. Cell morphology changes were detected in

p4516 depleted BGC823 cells and overexpressed

SGC7901 cells. We found that p4516 depletion in

BGC823 cells changed cell morphology from an elongated

spindle-like appearance to a cobblestone-like appearance,

whereas p4516 overexpressed SGC7901 cells exhibited an

elongated fibroblast phenotype compared to the control

cells (Figure 5A). Therefore, we examined EMT-

associated markers by qRT-PCR, Western blotting and

immunohistochemical staining. The results showed that

overexpression of p4516 could decrease the expression of

epithelial marker E-cadherin, and increase the expression of

mesenchymal markers of Vimentin, Snail and ZEB1 both in

transcript and protein level in SGC7901 cells (Figure 5B

lower panel and Figure 5C right panel). In contrast,

knockdown of p4516 upregulated E-cadherin and down-

regulated Vimentin, Snail and ZEB1 expression both in

transcript and protein levels in BGC823 cells (Figure 5B

upper panel, Figure 5C left panel and Figure 5D). All these

data suggested that the role of p4516 in promoting GC cells’

metastasis was partly attributed to affecting EMT process,

and further experiments are still needed to elucidate the

potential mechanism.

Discussion
Gastric cancer patients at advanced stages are prone to have

a lower 5-year overall survival rate, which is largely due to

the lymph nodes and distant organs metastasis.30,31,32

Therefore, it is seriously imperative to explore prognostic

markers and underlying molecular mechanisms.

Increasing evidence has proved that lncRNAs play

a vital role in carcinogenesis and metastasis of GC.

LncRNA p4516 is a newly discovered non-coding RNA

showing strong association with prognosis according to

our preliminary study on lncRNA expression profile.

However, the biological functions and molecular mechan-

isms of p4516 in gastric carcinogenesis have been

unknown yet.

In the present study, we first analyzed the association

between p4516 expression and clinicopathological para-

meters. LncRNA p4516 expression level was positively
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correlated with poor differentiation, vascular invasion,

depth of invasion, lymph node and distant metastasis,

and more advanced cancer stage. Furthermore, high

expression of p4516 indicated poor survival of the patients

with GC. This is consistent with the other studies showing

that the lncRNA was associated with prognostic value in

GC.33 For example, higher expression levels of TP73-AS1

and GACAT3 were predicted to have shorter overall sur-

vival in GC.34,35 Those data provided further supports that

p4516 could be a potential independent biomarker for the

prognosis of GC patients.

In the past decades, lncRNAs had been considered as

non-functional molecules, but emerging evidence started

to suggest the importance of lncRNAs function linked to
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the tumor progression. For explaining above observed

phenomenon, gain- and loss-of-function approaches were

applied. Depletion of p4516 demonstrated significant anti-

growth and anti-invasiveness activity in BGC823 cells,

and overexpression of p4516 led to the adverse results.

Given that enhanced capabilities of cell migration and

invasion are important consequence of EMT, and in light

of morphological changes of GC cells caused by p4516

knockdown or overexpression, we presume that p4516

may contribute to EMT. As a result, p4516 knockdown

or overexpression resulted in alterations in EMT-

associated protein expression. Thus, these data together

could explain our findings that high expression of p4516

was significantly correlated with metastasis and poor sur-

vival in patients with GC.

Metastasis is one of the typical hallmarks of cancer,

and it is also the most lethal cause in cancer patients,

therefore focusing on tumor cell metastasis regulators

could be the potential targets to therapeutic application.36

A critical event in driving stationary tumor cells to dis-

seminate from the primary tumors and migrate to remote

organs is the EMT process.23 EMT is a complex process

involved in cancer metastasis and is characterized by

increasing migratory potential of epithelial cells and trans-

forming those cells to the invasive mesenchymal cells.37

Existing evidence proved that lncRNA could modulate

cancer metastasis via affecting EMT in GC.16,38,39,40 In

this study, both knockdown and overexpression of p4516

altered the expression of EMT-associated proteins, indicat-

ing the oncogenic role of p4516 in GC, at least partially

via regulating EMT process.

LncRNA can regulate gene expression by distinct

molecular mechanisms, mainly at epigenetic, transcription

and post-transcription level.41,42 Subcellular localization

of lncRNA often gives us some clues for exploring the

underlying molecular mechanism of their roles. Generally,

lncRNA in the cytoplasm functions in a post-

transcriptional manner, whereas that within nucleus acts

on transcriptional and/or epigenetic regulation by interact-

ing with chromatin remodeling complexes.43,44 Our obser-

vation of p4516 expression is mainly localized in the cell

nucleus of GC cells, suggesting that the oncogenic roles of

p4516 in GC may through chromatin modification or/and

transcriptional regulation. Further experimental assays,

such as RNA pull-down, mass spectrometry, RNA binding

protein immunoprecipitation and RNA sequencing should

be applied for clarifying the underlying molecular

mechanism.

Conclusion
In summary, we report the potential role of p4516 for the

first time. In the present study, high expression of p4516

was associated with poor prognosis of patients with GC. In

addition, p4516 enhanced GC cell proliferation and inva-

siveness by promoting EMT, indicating that p4516 plays

an important role during gastric tumorigenesis, and it is

expected to act as a potential prognostic biomarker in GC.
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Supplementary material

Table S1 Primers used in this research

Primer name Sequence

GAPDH Forward 5ʹ-GACCCCTTCATTGACCTCAAC-3’

Reverse 5ʹ-CTTCTCCATGGTGGTGAAGA-3’

U6 Forward 5‘-CTCGCTTCGGCAGCACA-3‘

Reverse 5‘-AACGCTTCACGAATTTGCGT-3‘

p4516 Forward 5ʹ-TAGAGTGCAACAGACAATCC-3’

Reverse 5ʹ-TACTTGAGGATGTGCATAGG-3’

E-cadherin Forward 5ʹ-TACACTGCCCAGGAGCCAGA-3’

Reverse 5ʹ-TGGCACCAGTGTCCGGATTA-3’

Vimentin Forward 5ʹ-GACCAGCTAACCAACGACAA-3’

Reverse 5ʹ-GTCAACATCCTGTCTGAAAGAT-3’

Snail Forward 5ʹ-TACAGCGAGCTGCAGGACTCTAAT-3’

Reverse 5ʹ-AGGACAGAGTCCCAGATGAGCATT-3’

ZEB1 Forward 5ʹ-TGAAGACAAACTGCATATTGTGGAA-3’

Reverse 5ʹ-TCCTGCTTCATCTGCCTGAG-3’
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Table S2 RNA probe sequence used in FISH analysis

Probe name Probe sequence (5ʹ-3ʹ)

FISH probe-p4516 TGTCATAGAAACTATATAGCATTGATTTT

TAGCTATGATTTTGATTCAGTTTTTAAAG

TATTTAATTTTTATTATATCAGCCCACAC

TGAACATTGGTTTTTCAGCAGATAATGCA

TCTTCCAAGTGCTCCAAGGCGAAGAGCCG

CAGAGAAGAATACTGCATCTTGAGTCATACC

CTGAAATTACTGAATGAATTACCTGTGGCCA

TGTAAACACTCTGCTTCAGTAGGTAGAGTGCA

ACAGACAATCCAATCATTCAGAACTAAGTTTT

TAGTTAGCTTCTGTTATTCACTGAAGTAGTT

TGCAATTACAGTTGTCTCTAGGTATCCATGGG

GGATTGGTTCCAGAACTCCCTGCTGATAACAA

AATTCATGGATGCTCAAGCGCCTTACATAACTT

GGTGTAGTATTTGCGAATAACCTATGCACATCCT

CAAGTATACTTTATATCATCTCTAAACATATAATA

CTTAATATGTAAATGCTATGTAATTAGTTGTTATTA

CTGTATTTAGTGAATAATGACAAGAAAAAAAAGT

GTGTACCTGTTTAGTACAGACACTACTCTGTACT

GATTTTTTTTTCTGAGTATTTTCCATCCAGGGTT

GGTTGAATCCACAGATGTGTAACTCACAAATAT

GAAGGGCTGACGGTACCTAGTAGTTAATTCAGA

TTTATCGCAGTGATCTAAAGTAATTTTGCAGTTT

ACAAGCATTTTTTTTTGGTTCTAAAAGAAAAAAAC

AAAACGAATATTGGTGATGTGATATTTATGTAATG

TGATGATATTATAATGGCCACGTTTTAAAACTTGA

GAATGTCCTAAGTTCACACACTGTTGGTTTCTAGA

TCCACAAGGCTTCTGTATACAGTTCACGGTCCTCG

GCATTGCTTCTTGTAATTTTTCCATCCCAAAGGAG

AGCTACTGTACTGACTGTACTTGTGGAATGCAGC

GCTTCATTAAATTAAGTTTATTAAAATGCAA
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Table S3 Univariate analysis of prognostic parameters in patients with gastric cancer

Prognostic
parameters

Multivariate p-value

HR 95% CI

Gender

Male 1.091 0.647–1.838 0.745

Female

Age (years)

≤59 1.065 0.661–1.715 0.796

>59

Tumor location

Cardiac 1.336 0.803–2.221 0.265

Noncardiac

Tumor size

≤4 cm 2.114 1.299–3.440 0.003**

>4 cm

Pathological types

Adenocarcinoma 1.319 0.769–2.262 0.314

others

TNM stage

I–II 3.847 2.293–6.454 <0.001***

III–IV

Histologic differentiation

Well or moderate 1.616 0.384–0.999 0.049*

Poor

Vascular invasion

Absent 3.193 1.905-5.352 <0.001***

Present

Depth of invasion

T1-2 3.541 1.423–8.810 0.007**

T3-4

Lymphatic metastasis

No 3.109 1.540–6.279 0.002**

Yes

Distant metastasis

M0 6.944 3.359–14.354 <0.001***

M1

p4516 expression

Low 2.367 1.430–3.918 0.001**

High

Note: *p<0.05, **p<0.01 and ***p<0.001.
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