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Abstract. – OBJECTIVE: Long noncoding 
RNA plasmacytoma variant translocation 1 (ln-
cRNA PVT1) is aberrantly expressed and in-
volved in the promotion of various cancers. 
However, the vital epigenetic function of PVT1-
214, a transcript isoform of PVT1, in gastric can-
cer (GC) remains unknown. We aimed to investi-
gate the dysregulation and detailed mechanism 
underlying the involvement of lncRNA PVT1-214 
in GC.

PATIENTS AND METHODS: The expression of 
PVT1-214 in GC tissues and cell lines was de-
tected by qRT-PCR. The relationship between 
increased PVT1-214 levels and the advanced 
clinicopathological features of tumor tissues 
was analyzed using a Chi-square test. The in-
fluence of PVT1-214 on the survival rate of GC 
cell lines was evaluated by the log-rank test. Cell 
lines were used to explore the carcinogenic ef-
fects of PVT1-214 in vitro and in vivo, and specif-
ic tests included cell apoptosis determined by 
flow cytometry, cell proliferation assayed by Cell 
Counting Kit-8 (CCK-8) and colony formation, 
and the use of these cells for mice xenograft 
models. Direct complementary binding was pre-
dicted by bioinformatics and verified by dual lu-
ciferase reporter assay, RNA transfection, quan-
titative polymerase chain reaction (qPCR), and 
Western blotting. Spearman’s correlation coeffi-
cient was adopted to evaluate the correlation be-
tween miR-128 and PVT1-214 levels.

RESULTS: PVT1-214 expression in GC tissues 
and cell lines is markedly elevated. In GC pa-
tients, high expression of PVT1-214 is associat-
ed with late tumor stage, increased tumor size, 
and poor survival. PVT1-214 silencing represses 
cell proliferation and enhances apoptosis of 
GC cells both in vivo and in vitro. Additionally, 

PVT1-214 functions as a competing endogenous 
RNA (ceRNA) by binding to miR-128. Inhibition of 
miR-128 releases Tropomyosin receptor kinase 
C (TrkC) from the complementary binding com-
plex, subsequently increasing the protein level 
of TrkC in GC cells. 

CONCLUSIONS: PVT1-214-induced miR-128 
repression regulates TrkC to further the pro-
gression of GC, indicating that this process will 
provide a promising therapeutic target in GC.

Key Words:
Gastric cancer, Plasmacytoma variant translocation 

1-214 transcript, Tropomyosin receptor kinase C, Com-
peting endogenous RNA.

Introduction

Gastric cancer (GC) persists as the third lead-
ing cause of cancer-related deaths worldwide, 
despite the fact that it ranks sixth in overall in-
cidence1. Clinically, gastric cancer is often diag-
nosed late in disease development due to limited 
screening techniques2. This leads to a lack of cu-
rative therapeutic options, ultimately resulting in 
poor prognosis3. Excessive cellular proliferation 
occurs prominently in the progression of cancers, 
and this is associated with relapse and low sur-
vival rates in patients suffering from GC4. The 
genetic investigation into the cellular proliferation 
underlying GC progression will provide novel in-
sights into GC tumorigenesis, ultimately aiding 
in the identification of potential diagnostic and 
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therapeutic targets that in turn may further the 
improvement of patient survival. 

Human genome sequencing data revealed that 
the majority of the human genome produces non-
coding RNA molecules5. Long noncoding RNAs 
(lncRNAs) are transcripts that possess no defini-
tive protein-coding competence and exceed 200 
nucleotides in length5. An increasing number of 
studies have indicated that lncRNAs are involved 
in several biological behaviors underlying cancer 
progression, including proliferation6, invasion7, 
migration7, and chemoresistance8. Thus, exam-
ining the interesting role of lncRNAs in the pro-
cess of tumorigenesis may be of profound value 
for identifying potential molecular targets in GC 
development. 

lncRNA plasmacytoma variant translocation 
1 (PVT1) is known as an activator of the c-myc 
gene9 located on chromosome 8q24.2110,11. Since 
c-myc is involved in the formation of several 
types of gastrointestinal tumors12-14, PVT1 mani-
fests its oncogenic impact on the biological prop-
erties of cancer cells by influencing prolifera-
tion, migration, and invasion in gastric cancer15, 
hepatocellular carcinoma16, pancreatic cancer17, 
and colorectal cancer18. Interestingly, 14 different 
PVT1 transcripts encoded by the PVT1 gene are 
differentially upregulated in colorectal cancer19. 
The transcript PVT1-214 was found to be signif-
icant in stabilizing Lin28, an oncogenic protein 
that is associated with proliferation and invasion 
of colorectal cancer19. However, no preliminary 
data were available regarding the carcinogenic 
effects of PVT1-214 in the context of GC. Here, 
the findings of our study reveal that PVT1-214 is 
significantly overexpressed in GC tissues, and the 
epigenetic regulation of PVT1-214 in the context 
of GC development indicates that it possesses a 
pathogenic role in GC patients.

Materials and Methods

Gastric Cancer Patients and 
Corresponding Tissues

A total of 48 GC patients were enrolled at Fu-
jian Provincial Cancer Hospital, Fujian Medical 
University Cancer Hospital (Fuzhou, Fujian, Chi-
na) from 2017 to 2018. All patients were quali-
fied by pathological diagnosis, whose cancerous 
and non-tumorous were obtained by surgery. 
And subsequent tissues were all rapidly frozen 
at -80°C. The study was approved by the Ethics 
Committee of Fujian Provincial Cancer Hospital. 

All patients were informed to sign the consents 
before this study.

Cell Culture
SGC-7901, MKN-45 cells, BGC-823, and nor-

mal human gastric mucosal epithelial cells (GES-
1) were cultured in Dulbecco’s Modified Eagle’s 
Medium (Thermo Fisher Scientific, Waltham, 
MA, USA). 10%  fetal bovine serum (Thermo 
Fisher Scientific, Waltham, MA, USA) was added 
into medium. All of them were in an atmosphere 
with 5% CO2 at 37 °C, purchased from the ATCC. 

RNAs Construction and Cells 
Transfection 

Two pairs of short hairpin RNAs (shRNAs) 
targeting PVT1-214 were synthesized (Invitrogen, 
Waltham, MA, USA) and expressed using the 
pLKO.1-pruo RNAi expression vector (Addgene, 
Watertown, MA, USA). GC cells were cultured 
in six-well plates with 2 × 106  per well. When 
the cell density reached 80%, RNAi expression 
vector was transfected into harvested cells using 
Lipofectamine 2000 (Thermo Fisher Scientific, 
Waltham, MA, USA). The sequences of final 
double-strand oligo DNAs for PVT1-214 stable 
knockdown and the vector control are presented 
in Supplementary Table I.

For microRNA repression, miR-128 inhibitor 
(RiboBio, Guangzhou, Guangdong, China) or 
negative control were transfected into GC cells 
utilizing  Lipofectamine 2000 (Thermo Fisher 
Scientific, Waltham, MA, USA). All the efficien-
cy for interfering must be evaluated by qRT-PCR.

Nucleus/Cytoplasm Fractionation
Based on the manufacturer’s instructions, 

PVT1-214 fractions in cytosolic and nuclear were 
isolated using the NE-PER Nuclear and Cytoplas-
mic Extraction Reagents (Thermo Fisher Scien-
tific, Waltham, MA, USA). RNU6-1 was applied 
to analyzed nuclear PVT1-214 fraction levels as a 
control transcript, GAPDH as a cytoplasmic con-
trol transcript.

Total RNA Extraction 
and Quantitative PCR 

Based on the manufacturer’s protocol, total 
RNA was extracted from tissues and cultured 
cells using Trizol solution (Thermo Fisher Scien-
tific, Waltham, MA, USA). Total RNA was tran-
scribed to cDNA using SuperScript IV Reverse 
Transcript (Thermo Fisher Scientific, Waltham, 
MA, USA). Briefly, the following components 
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were combined in a reaction tube: 2 μM reverse 
primer 1 μL, 10 mM dNTP mix 1 μL, total RNA 
5 μg, RNAase-free water up to 13 μL. The mix-
ture was briefly centrifuged and heated at 65°C 
for 5 min, followed by incubation on ice for at 
least 1 min. Then, reverse transcript Buffer 4 μL, 
100 mM DTT 1 μL, RNase Inhibitor 1 μL, Super-
Script IV reverse transcriptase (200 U/μL) 1 μL 
were added into previous mixture. Incubating the 
combined reaction mixture at 50-55°C for 10 min, 
then at 80°C for 10 min. The prepared DNA was 
measured by a NanoDrop 2000 spectrophotom-
eter (Thermo Fisher Scientific, Waltham, MA, 
USA). Then, quantitative PCR was performed 
on the Applied Biosystems 7500 Sequence De-
tection system. Each 20 μL reaction contained 
5 ng of cDNA, 500 nM of each primer and 10 μL 
2×PowerUp™ SYBR™ Green Master Mix (Ther-
mo Fisher Scientific, Waltham, MA, USA) in a 
96-well PCR plate. The following reaction condi-
tions have been applied: 2 min at 50°C, 2 min at 
95°C, and 45 cycles of 15 sec at 95°C and 1 min 
at 60°C. All expression levels were calculated 
by the 2−ΔCt method with GAPDH as the control. 
The  primer  sequences are presented in Supple-
mentary Table I. 

Proliferation Ability Assay
The proliferation ability of GC cells was as-

sessed by Cell Counting Kit-8 (CCK-8; Med-

chembio, USA) assay as well as colony formation 
assay. Cell viability was measured every 24 h ac-
cording to the manufacturer’s instructions of the 
CCK-8. The absorbance at each time point was 
adopted to sharp the proliferation curves. GC cells 
were cultured in 96-well plates with 5× 104 cells/
well for 2 weeks, followed by an implant with 500 
cells/well for colony formation assay. Then, 4% 
paraformaldehyde (5 min) and 1%  crystal violet 
(10 min) were used to fix and stain the colonies. 
All colonies were observed with a microscope.

Dual-Luciferase Reporter Assays
To assess the direct interaction between PVT1-

214 and miR-128, wild-type and mutant PVT1-
214  targeting complementary  bases of miR-128 
were constructed. Then we fused them to the 
pGL3-luciferase reporter vector (Promega, Madi-
son, WI, USA). Luciferase plasmids and miR-128 
or controls were transfected into SGC-7901 cells. 
Luciferase and renilla signals (the endogenic con-
trol) were tested about 48 h hours after transfec-
tion by the Dual-Luciferase Reporter Assay Sys-
tem (Promega, Madison, WI, USA). 

RNA Binding Protein 
Immunoprecipitation (RIP)

According to the manufacturer’s protocol, RIP 
assays of the interaction between PVT1-214 and 
miR-128 were performed using the Imprint® RNA 

Table I. Relationship between lncRNA PVT1-214 expression and clinicopathological features of GC patients.

		                                  PVT1-214 expression

	 No.	 Low (24)	 High (24)	 p-value

Gender				  
  Male	 23	 14	 9	 0.149
  Female	 25	 10	 15	
Age (years)				  
  ≥ 60	 22	 13	 9	 0.369
  < 60	 26	 11	 13	
Tumor size				  
  ≥ 5 cm	 24	 8	 16	 0.021*

  < 5 cm	 24	 16	 8	
TNM				  
  I-II	 19	 13	 6	 0.039*
  III-IV	 29	 11	 18	
Lymph node metastasis				  
  No	 23	 14	 9	 0.149
  Yes	 25	 10	 15	
Distant metastasis				  
  No	 36	 19	 17	 0.505
  Yes	 12	 5	 7	

*p<0.05 represents statistical difference.
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Immunoprecipitation RIP Kit (Sigma-Aldrich, St. 
Louis, MO, USA). Briefly, for anti-AGO2 RIP, 
SGC-7901 cells were transfected with miR-128 
mimics or miR-NC. After 48 h, a lysis buffer con-
taining RNase inhibitor and protease inhibitor was 
used to lyse the cells. Then the material was incu-
bated with magnetic beads conjugated to a human 
anti-Ago2 antibody (Abcam, San Francisco, CA, 
USA), or negative control IgG. Finally, RIP-qPCR 
assay with respective target primers was utilized to 
identify the antibody binding target.

Flow Cytometry
The apoptosis analysis of the transfected 

GC cells (after 48 h culture) was performed 
by an Apoptosis Detection Kits (eBioscienc-
es, Waltham, MA, USA). Fifty thousand cells 
stained with Annexin V/FITC were measured by 
FACS Calibur Flow Cytometry (BD Bioscienc-
es, Franklin, Lakes, NJ, USA). 

Mice Model and Tumor Growth In vivo
Athymic BALB/c mice (5-week-old) were 

purchased from the Laboratory Animal Center 
of Fujian Medical University. All mice were fed 
under  specific pathogen-free  conditions on a 12 
h light/dark cycle. The procedures of animal ex-
periments attained approval from the Institutional 
Animal Care and Use Committee of Fujian Pro-
vincial Cancer Hospital. PVT1-214 shRNA and 
shvector control-transfected SGC-7901 cells (2 

× 106 /ml, 100 ul) were respectively injected sub-
cutaneously into mice (n = 5). The tumor sizes 
were recorded every week. Five weeks after in-
jection, the bioluminescence of tumor burden was 
assessed by Xenogen IVIS 200 Imaging System 
(PerkinElmer, Waltham, MA, USA). Then, the 
mice were sacrificed and the weight of tumor 
nude was measured.

Western blot
RIPA buffer with 1 mmol/L  protease inhibi-

tors was used to resolve tested cells. Following the 
manufacturer’s protocol, concentration of the pro-
tein in RIPA buffer was measured by a BCA Pro-
tein Assay Kit (Beyotime, Shanghai, China). The 
nitrocellulose PVDF membrane (Bioss Antibodies, 
Beijing, China) containing the proteins separated 
by 10% SDS-PAGE were incubated with prima-
ry antibodies (anti-TrkC, 1:2000, β-actin, 1:5000, 
Abcam, San Francisco, CA, USA) 4°C overnight. 
Then the secondary antibody with HRP (1:4000 
dilution, Santa Cruz Biotechnology, Santa Cruz, 
CA, USA) was used to incubate the studied blot. 
Blotting was photographed by an ECLTM chemi-
luminescence detection system (Pierce, Waltham, 
MA, USA). The Western blot band intensity was 
quantificationally measured by Image J software.

Statistical Analysis
All data were presented as the mean ± standard 

deviation and analyzed statistically by GraphPad 

Supplemental Table I. The primers for genes detected by real-time PCR.

Gene	 Forward primer (5’-3’)	 Reverse primer (5’-3’)

PVT1-214	 GGACATGATACCTGGATGTG	 CCTGAGTCTCAAGATGCAGTAG

miR-128	 CCACCTCTACGCATCATTCA	 CCAAGCTCGTCTGGTTCTC

PVT1-214	 GATCCGCGGATCTTGGACATGATA	 AGCTTGTCGACAAAAAAGCGGATCT
shRNA1	 CCTTCAAGACGGGTATCATGTCCAA	 TGGACATGATACCCGTCTTGAAGGT
	 GATCCGCTTTTTT GTCGACA	 ATCATGTCCAAGATCCGCG

PVT1-214	 GATCCGCAGCAGCCATCTGGTAATT	 GCTTGTCGACAAAAAAGCAGCAGCC
shRNA2	 ATTCAAGACGTAATTACCAGATGG	 ATCTGGTAATTACGTCTTGAATAATT
	 CTGCTGCTTTTTT GTCGACA	 ACCAGATGGCTGCTGCG

shRNA	 GATCCGCAGCAGCCATACAAGAAT	 AGCTTGTCGACAAAAAAGCAGCAGC
	 TATTCAAGACGTAATTCTTGTATGG	 CATACAAGAATTACGTCTTGAATAA
	 CTGCTGCTTTTTT GTCGACA	 TTCTTGTATGGCTGCTGCG

Rnu6-1	 CTCGCTTCGGCAGCACA	 AACGCTTCACGAATTTGCGT
β-actin	 TGACGTTGACATCCGTAAAGACC	 CTCAGGAGGAGCAATGATCTTGA
GAPDH	 CCCTTCATTGACCTCAACTACA	 ATGACAAGCTTCCCGTTCTC

*p<0.05 represents statistical difference.
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Prism 5 software (GraphPad Software, La Jolla, 
CA, USA). Comparison of the differences be-
tween the two groups was carried out by the Stu-
dent’s t-test. Further, the Spearman’s correlation 
coefficient was adopted to evaluate the correla-
tion between miR-128 and PVT1-214 levels. Each 
experiment was performed independently three 
times. The difference was deemed statistically 
significant when p-value was less than 0.05.

Results

Increased PVT1-214 Expression in GC Is 
Associated with Poor Prognosis

To identify the role of lncRNA PVT1-214 in GC 
development, the expression levels of the PVT1-214 

transcript were measured in GC tumor tissues and 
adjacent normal tissues. Our results demonstrated 
that the PVT1-214 transcript was more likely to be 
upregulated in GC tissues compared to levels ob-
served in adjacent normal tissues (Figure 1A, **p 
< 0.01). Additionally, compared to normal human 
gastric mucosal epithelial cells  (GES-1), lncRNA 
PVT1-214 expression levels are significantly in-
creased in GC cells (SGC-7901, MKN-45 and BGC-
823) (Figure 1B, **p < 0.01). To further examine the 
role of lncRNA PVT1-214 in GC carcinogenesis, 
we divided the GC patients into a high-level group 
(n = 24) and a low-level group (n = 24) (Figure 1C) 
according to the median value of lncRNA PVT1-214 
expression. The associations between the clinico-
pathological characteristics of GC patients and ln-
cRNA PVT1-214 expression were evaluated and are 

Figure 1. Increased PVT1-214 expression in GC is associated with poor prognosis. A, Evaluation of lncRNA PVT1-214 ex-
pression in GC tissues and adjacent normal tissues by RT-PCR. B, Difference of lncRNA PVT1-214 expression level between 
in GC cells (SGC-7901, MKN-45, BGC-823) and GES-1 by RT-PCR. C, Division of lncRNA PVT1-214 expression by median 
value (high group n = 24, low group n = 24). D, Overall survival analysis of GC patients between high and low lncRNA PVT1-
214 expression. **p<0.01, *p<0.05 compared to the control group.
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shown in Table I. Higher PVT1-214 expression was 
strongly associated with large tumor size (p = 0.021) 
and advanced TNM stage (p = 0.039). Kaplan-Meier 
analysis between those two groups further indicat-
ed that high expression of PVT1-214 was related to 
poor overall survival (Figure 1D, p < 0.05). Collec-
tively, these data suggested that lncRNA PVT1-214 
is highly expressed in the GC tissues, and it can be 
considered as a strong predictor for poor prognosis 
in GC patients.

Lnc RNA PVT1-214 Furthers GC Cells 
Proliferation and Growth In Vitro

To verify the impact of lncRNA PVT1-214 
on the proliferation of GC cells, we synthesized 
short hairpin RNA to knock down the expression 
of lncRNA PVT1-214 (two pair of oligonucle-
otides) with a significant efficiency confirmed by 
qPCR 48 h after transfection (Figure 2A, **p < 
0.01). A CCK-8 assay then revealed that PVT1-
214 restrained by short hairpin RNA inhibited the 

proliferation of GC cells (SGC-7901, MKN-45, 
BGC-823) (Figure 2B, C, D, *p < 0.05). Addition-
ally, PVT1-214 knockdown decreased the number 
of clones in GC cells compared to those observed 
in cells treated with vector control, and this was 
indicated by the colony formation assay (Figure 
2E, **p < 0.01, *p < 0.05). In addition, the apop-
totic rate of GC cells increased after PVT1-214 
was silenced compared to levels of apoptosis ob-
served in cells treated with vector controls (Fig-
ure 3F, ** p < 0.01, *p < 0.05). Thus, these results 
indicate that lncRNA PVT1-214 may regulate the 
proliferative abilities of GC cells in vitro.

Lnc RNA PVT1-214 Promotes GC Cell 
Growth In Vivo 

We next utilized MKN-45 GC cells trans-
fected with sh-PVT1-214 or sh-VectorControl to 
construct xenograft tumor models in nude mice 
to observe the carcinogenic effects of PVT1-214 
dysregulation in vivo. The mouse models revealed 

Figure 2. Lnc RNA PVT1-214 furthers GC cells proliferation and growth in vitro. A, Two synthesized shRNAs targeting 
PVT1-214 was transfected to GC cells to knockdown PVT1-214 expression. B-D, Proliferative ability of GC cells (SGC-7901, 
MKN-45, BGC-823) measured by CCK-8 assay after PVT1-214 knockdown. E, Colony formation ability of GC cells after 
PVT1-214 knockdown. F, The apoptotic cells rate of GC cells transfected with shRNA or controls showed by flow cytometry. 
*p <0.05, **p<0.01 compared to the control group.
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that stable knockdown of PVT1-214 resulting from 
the lentivirus suppressed the tumor growth of GC 
cells compared to that observed in control mice, 
and these factors included tumor size (11.9 ± 3.2 
mm vs. 8.8 ± 2.4 mm; p = 0.043; Figure 3 A and 
B) and tumor weight (1.16 ± 0.24 g vs. 0.44 ± 0.14 
g; p = 0.032; Figure 3 C and D). These data indi-
cate that the expression of PVT1-214 could pro-
mote GC cell growth in vivo.

PVT1-214 Modulates GC Development by 
Interacting with MiR-128 

Increasing numbers of lncRNAs have been 
found to endogenously compete with microRNA 
to promote the upregulation of target genes with-
in the cytoplasm during tumorigenesis. A subcel-
lular localization assay revealed that PVT1-214 is 
mainly located within the cytoplasm (Figure 4A), 
suggesting a potential role for PVT1-214 as a ceR-

NA. We utilized bioinformatics analyses to predict 
that miR-128 may be the target for the comple-
mentary  binding sites  within PVT1-214 (Figure 
4B). Specifically, luciferase activity of miR-128 
was initially found to be inhibited significantly by 
wild-type PVT1-214 and not by mutant PVT1-214 
(Figure 4C, **p <0.01). Next, an AGO2-depen-
dent  immunoprecipitation performed in GC cells 
confirmed that PVT1-214 directly targets miR-128 
(Figure 4D, **p <0.01). Additionally, miR-128 
expression was increased in GC cells transfected 
with sh-PVT1-214 compared to levels found in con-
trol cells (Figure 4E, **p <0.01), and these levels 
were likely lower in GC cells (SGC-7901, MKN-
45, BGC-823) than those present in normal gastric 
mucosa cells (Figure 4F, **p <0.01). Our results 
also revealed a negative correlation between miR-
128 and PVT1-214 expression in human GC tissue 
(Figure 4G; r = -0.4157, p = 0.0021). In conclusion, 

Figure 3. Lnc RNA PVT1-214 furthers GC cell growth in vivo. A-B, Tumor size (A) and burden (B) between PVT1-214 
stably knockdown group and the negative control showed by tumorigenesis assay. C-D, The tumor growth of GC cells in vivo 
mice indicated by macrography (C) and weight (D) of tumor nudes after stable knockdown of PVT1-214. *p<0.05, **p<0.01 
compared to the control group.
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these results suggested that lncRNA PVT1-214 
could form a complementary base pairing with 
miR-128 as a ceRNA. 

MiR-128 Directly Targets TrkC in GC Cells
lncRNA PVT1-214 has been identified as an on-

cogenic gene in GC that targets miR-128. Therefore, 
we attempted to identify the potential effector pro-
tein of PVT1-214 and miR-128. Using TargetScan, 
bioinformatics prediction revealed that miR-128 
shares complementary binding sites with Tropomy-
osin receptor kinase C (TrkC) shared mRNA (Fig-
ure 5A), and this finding was verified by luciferase 
reporter assay (Figure 5B, **p <0.01). In SGC-7901/
MKN-45/BGC-823 cells, the level of TrkC was sig-
nificantly upregulated by the repression of miR-128 
compared to that observed in control cells (Figure 
5C, D, **p <0.01, *p <0.05). Collectively, these re-
sults indicate that TrkC is the functional protein tar-
geted by PVT1-214/miR-128 in GC cells.

Discussion

Recently, an increasing number of lncRNA 
transcripts have been demonstrated to be highly 

overexpressed in cancers. However, the biologi-
cal effects of this overexpression remain unclear. 
Further investigations examining the regulatory 
mechanisms of these transcripts may help dis-
cover important targets for tumor diagnosis and 
therapy. lncRNA PVT1 is significantly associ-
ated with the initiation and migration of various 
cancers20-22, including gastric cancer23-25. High 
expression of lncRNA PVT1 can be used to pre-
dict regional lymph node metastasis, poor overall 
survival, and disease-free survival in gastric can-
cer23,24. lncRNA-PVT1 overexpression in gastric 
cancer cells not only promotes angiogenesis with-
in tumor stroma by initiating STAT3/VEGFA 
activation25, but it also promotes the proliferation 
and invasion of cancer cells by cooperating with 
FOXM115. The oncogenic role of lncRNA PVT1 
in cancers has been widely confirmed; however, 
subtypes of lncRNA PVT1 still remain unde-
fined. Investigation of the downstream targets 
of transcript isoforms from lncRNA PVT1  and 
the elaborate regulatory mechanisms controlling 
their function will facilitate a clearer under-
standing of their roles in tumorigenesis. Using 
microarray analysis, He et al19 found 11 PVT1 
transcripts possessing lengths of more than 500 

Figure 4.  PVT1-214 modulated GC development by interacting with miR-128. A, The subcellular localization assay for 
PVT1-214. B, The schematic diagram presents the complementary binding sites within PVT1-214 and miR-128. C, Luciferase 
reporter assay confirmed the molecular binding between PVT1-214 and miR-128. D, RIP and then PCR was conducted to 
measure the enrichment of PVT1-214 and miR-128 in Ago2 immunoprecipitate and IgG-pellet. E, RT-PCR showed the miR-
128 expression in GC cells transfected with shPVT1-214 or controls. F, MiR-128 expression in GC cells (SGC-7901, MKN-45, 
BGC-823). G, A significant negative correlation between the levels of miR-128 and PVT1-214 in GC tissues. **p<0.01 com-
pared to the control group.
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nt that were highly expressed in CRC tissues rela-
tive to non-tumor tissues, and this was verified by 
quantitative PCR. Interestingly, the fold change 
of over-expression in transcript PVT1-214 was the 
highest among the 11 PVT1 transcripts19. In the 
present study, elevated PVT1-214  was detected 
in GC clinical samples associated with advanced 
stage, large tumor size, and poor prognosis (Table 
I). Knockdown of lncRNA PVT1-214 reversed the 
oncogenesis of GC (Figures 2 and 3), suggesting 
an important role for lncRNA PVT1-214 in the 
regulation of tumorigenesis. 

LncRNAs have been demonstrated to act as 
microRNA sponges to repress the regulatory 
function of miRNAs, which results in post-tran-
scriptional modification on target messenger 
RNAs26,27. Various lncRNAs act as the competing 
endogenous RNA (ceRNA) of miR-128 in various 
cancers28,29.  Our study revealed the existence of 
an interaction between PVT1-214 and miR-128 by 
dual-luciferase reporter assay. In accordance 
with  the complementary  binding sites on miR-
128 and PVT1- 214, luciferase activity of miR-
128 was inhibited by wildtype PVT1-214 (Figure 

4C).  Additionally, our data also indicated that 
miR-128 expression was significantly recovered 
by silencing PVT1- 214 expression in GC cells 
(Figure 4E) and was negatively correlated with 
PVT1-214 levels in GC tissues (Figure 4G). Thus, 
these findings indicated that miR-128 acted as a 
potential tumor suppressor gene in GC. Consis-
tent with this, Yu et al30 found that miR-128 re-
stricted the expression of Bmi-1, which could pro-
mote epithelial-to-mesenchymal transition in GC. 
Moreover, Liu et al31 reported that miR-128, in cooperation 
with miR-27b and miR-101, downregulated vas-
cular endothelial growth factor (VEGF) to inhibit 
angiogenesis in GC. 

The important role of TrkC in tumor develop-
ment was initially observed in the context of intra-
cranial cancer. High expression of TrkC is a use-
ful predictor for improved prognosis in patients 
suffering from neuroblastomas32 or medulloblas-
tomas33. Various studies34,35 have also shown that 
the regression of the TrkC gene could be detected 
by examining the proliferation and migration of 
colorectal cancer. However, different expression 
patterns and diverse contributions to tumorigen-

Figure 5. miR-128 directly targets TrkC in GC cells. A, Bioinformatics tools reveal the complementary binding sites within 
miR-128 and TrkC 3’-UTR. B, Luciferase reporter assay validated the molecular binding between miR-128 and TrkC 3’-UTR. 
C-D, Western blot assay showed the TRKC protein expression in GC cells transfected with miR-128 inhibitor or the other 
controls. *p<0.05, **p<0.01 compared to the control group.
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esis indicated that the role of TrkC in cancers is 
still unclear. TrkC enhances epithelial-mesenchy-
mal transition in breast cancer by regulating the 
JAK2/STAT3 activation, ultimately contributing 
to the formation of pulmonary metastasis36. In 
contrast, TrkC  expression in breast cancer was 
indicative of tumor relapse and poor disease-free 
survival in an observational study37. In the current 
study, TrkC expression was elevated in gastric 
cell lines and upregulated by lncRNA PVT1-214 
(Figure 5C). These results suggested that TrkC 
functioned as a tumor suppressor gene in gastric 
cancer, which was consistent with another repre-
sentative study recently published by Bu et al38.

Conclusions

We have demonstrated that lncRNA PVT1-214 
was vital for the proliferation of GC cells in vitro 
and for tumor growth in vivo. Additionally, we 
have identified the complementary binding site of 
lncRNA PVT1-214, and we found that the repres-
sion of miR-128 was attributed to a direct interac-
tion with lncRNA PVT1-214. Furthermore, miR-
128 inhibition increased the expression of TrkC 
to promote tumorigenesis. These findings suggest 
that lncRNA PVT1-214 may provide a promising 
molecular target for GC therapy.
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