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

PATIENTS AND METHODS:
PVT1-214 in GC tissues ang

clinicopathological f
was analyzed usin

fluence of PVT1-
cell lines was e
lines were us

NA transfection, quan-
ain reaction (qPCR), and

"WV T1-214 expression in GC tissues
d cell lines is markedly elevated. In GC pa-
nts, high expression of PVT1-214 is associat-
ith late tumor stage, increased tumor size,
oor survival. PVT1-214 silencing represses
cell proliferation and enhances apoptosis of
GC cells both in vivo and in vitro. Additionally,
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as a competing endogenous
ding to miR-128. Inhibition of
ropomyosin receptor kinase
complementary binding com-
ently increasing the protein level
in GC cells.

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

Key Words:

Garstric 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-
cidence!. Clinically, gastric cancer is often diag-
nosed late in disease development due to limited
screening techniques?. This leads to a lack of cu-
rative therapeutic options, ultimately resulting in
poor prognosis®. 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 GC*. 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 molecules’. Long noncoding RNAs
(IncRNAs) are transcripts that possess no defini-
tive protein-coding competence and exceed 200
nucleotides in length®. An increasing number of
studies have indicated that IncRNAs are involved
in several biological behaviors underlying cancer
progression, including proliferation®, invasion’,
migration’, and chemoresistance®. Thus, exam-
ining the interesting role of IncRNAs in the pro-
cess of tumorigenesis may be of profound value
for identifying potential molecular targets in GC
development.

IncRNA plasmacytoma variant translocation
1 (PVTI) is known as an activator of the c-myc
gene’ located on chromosome 8q24.21'"!". Since
c-myc is involved in the formation of several
types of gastrointestinal tumors'*'*, PVT1 mani-
fests its oncogenic impact on the biological prop-
erties of cancer cells by influencing prolifera-
tion, migration, and invasion in gastric cancer',
hepatocellular carcinoma'®, pancreatic capse

of colorectal cancer'®. Ho
data were available regg
effects of PVT1-214 1

cer Hospital, Fujian Medical
ancer Hospital (Fuzhou, Fujian, Chi-
to 2018. All patients were quali-
ied by pathological diagnosis, whose cancerous
non-tumorous were obtained by surgery.
bsequent tissues were all rapidly frozen
at -80°C. The study was approved by the Ethics
Committee of Fujian Provincial Cancer Hospital.
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All patients were informed to sign the consents
before this study.

Cell Culture

MA, USA). 10% fetal b
Fisher Scientific, Waltha

expressed using the
n vector (Addgene,
rtown, MA, USA). GC cells were cultured
ith 2 x 10% per well. When
hed 80%, RNAIi expression
ed into harvested cells using
0 (Thermo Fisher Scientific,
USA). The sequences of final
dauble-strand oligo DNAs for PVTI1-214 stable
; and the vector control are presented
N SupplCmentary 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,
PVTI-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 uM reverse
primer 1 pL, 10 mM dNTP mix 1 pL, total RNA
5 pg, RNAase-free water up to 13 pL. 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 pL,
100 mM DTT 1 pL, RNase Inhibitor 1 pL, Super-
Script IV reverse transcriptase (200 U/uL) 1 pL
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 pL reaction contained
5 ng of cDNA, 500 nM of each primer and 10 pL
2xPowerUp™ 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 272 method with GAPDH as the control.
The primer sequences are presented in S
mentary Table 1.

Proliferation Ability Assay

The proliferation ability of GC cells was
sessed by Cell Counting Kit-

Table I. Relationship betwee

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 4

paraformaldehyde (5 min)
(10 min) were used to fi

of miR-128
them to the

were transfected into SGC-7901 cells.
g la signals (the endogenic con-

E
ntrols
iferase and re
were tested

assays of the interaction between PVTI1-214 and
miR-128 were performed using the Imprint® RNA

nd clinicopathological features of GC patients.

PVT1-214 expression
Low (24) High (24) p-value
Gender
Male 14 9 0.149
Female 10 15
Age (ye
> 60, 13 9 0.369
26 11 13
24 8 16 0.021*
24 16 8
19 13 6 0.039%*
29 11 18
23 14 9 0.149
25 10 15
ant metastasis
36 19 17 0.505
12 5 7

*p<0.05 represents statistical difference.
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Supplemental Table I. The primers for genes detected by real-time PCR.

Gene Forward primer (5’-3°) Reverse primer (5°-3°)
PVTI-214 GGACATGATACCTGGATGTG CCTGAGTCTCAAGATGCAGTA4
miR-128 CCACCTCTACGCATCATTCA CCAAGCTCGTCTGGTT4
PVTI-214 GATCCGCGGATCTTGGACATGATA AGCTTGTCGACAAAAAAG
shRNAL1 CCTTCAAGACGGGTATCATGTCCAA TGGACATGATACCCGRCTT

GATCCGCTTTTTT GTCGACA
PVTI-214 GATCCGCAGCAGCCATCTGGTAATT
shRNA2 ATTCAAGACGTAATTACCAGATGG

CTGCTGCTTTTTT GTCGACA
shRNA GATCCGCAGCAGCCATACAAGAAT

TATTCAAGACGTAATTCTTGTATGG

CTGCTGCTTTTTT GTCGACA
Rnu6-1 CTCGCTTCGGCAGCACA
p-actin TGACGTTGACATCCGTAAAGACC
GAPDH CCCTTCATTGACCTCAACTACA

*p<0.05 represents statistical difference.

Immunoprecipitation RIP Kit (Sigma-Aldrich, St.
Louis, MO, USA). Briefly, for anti-AGO
SGC-7901 cells were transfected with
mimics or miR-NC. After 48 h, a lysis buffe
taining RNase inhibitor and protease inhibito
used to lyse the cells. Then the material was irk
bated with magnetic beads conjugs
anti-Ago2 antibody (Abcam,
USA), or negative control Ig

or Growth In vivo

mice (5-week-old) were
e Laboratory Animal Center
ical University. All mice were fed
pathogen-free conditions on a 12

vincial Cancer Hospital. PVT1-214 shRNA and
shvector control-transfected SGC-7901 cells (2
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ere respectively injected sub-
mice (n = 5). The tumor sizes
ere recorded every week. Five weeks after in-
bioluminescence of tumor burden was
sessed 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, B-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
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Results
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development, the expression levels of the PVT1-214
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, Difference of IncRNA PV TI1-214 expression level between
-PCR. C, Division of IncRNA PVT1-214 expression by median
val analysis of GC patients between high and low IncRNA PVT1-

group.

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), IncRNA
PVTI1-214 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 IncRNA PVTI-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 IncRNA PVT1-214
expression. The associations between the clinico-
pathological characteristics of GC patients and In-
cRNA PVT1-214 expression were evaluated and are
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Figure 2. Lnc RNA PVTI1-214 furthers GC cells p
PVT1-214 was transfected to GC cells to knockdown I
MKN-45, BGC-823) measured by CCK-8 assay after
PVT1-214 knockdown. F, The apoptotic calls rate of G
*p <0.05, **p<0.01 compared to the

erify thé®mpact of IncRNA PVTI-214
iaration of GC cells, we synthesized
RNA to knock down the expression
IncRNA PVTI1-214 (two pair of oligonucle-
es) with a significant efficiency confirmed by
q 48 h after transfection (Figure 2A, **p <
0.01). A CCK-8 assay then revealed that PVTI-
214 restrained by short hairpin RNA inhibited the
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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 IncRNA PVT1-214 may regulate the
proliferative abilities of GC cells in vitro.

Lnc RNA PVTI-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
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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.

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

Increasing numbers of IncRNAs 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-
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e 3. Lnc RNA PVTI1-214 furthers GC cell growth in vivo. A-B, Tumor size (A) and burden (B) between PVT1-214

stablYgnockdown 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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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. IncRNA PVTI1 is significantly associ-
ated with the initiation and migration of various
cancers®*?, including gastric cancer”?*. High
expression of IncRNA PVT1 can be used to pre-
dict regional lymph node metastasis, poor overall
survival, and disease-free survival in gastric can-
cer”?*. IncRNA-PVTI overexpression in gastric
cancer cells not only promotes angiogenesis with-
in tumor stroma by initiating STAT3/VEGFA
activation®, but it also promotes the proliferation
and invasion of cancer cells by cooperating with
ed in control cells (Figure FOXMI1%. The oncogenic role of IncRNA PVT1
0.05). Collectively, these re- in cancers has been widely confirmed; however,
kC is the functional protein tar- subtypes of IncRNA PVTI still remain unde-
=214/miR-128 in GC cells. fined. Investigation of the downstream targets
of transcript isoforms from IncRNA PVTI and
the elaborate regulatory mechanisms controlling

these results suggested that IncRNA PVT1
could form a complementary bagmmsairing w
miR-128 as a ceRNA.

MiR-128 Directly Targ
IncRNA PVT1-214
cogenic gene in GC t

Discussion their function will facilitate a clearer under-

standing of their roles in tumorigenesis. Using

Recently, an increasing number of IncRNA microarray analysis, He et al'” found 11 PVTI
transcripts have been demonstrated to be highly transcripts possessing lengths of more than 500
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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 PVTI transcripts”. 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 IncRNA PVT1-214 reversed the
oncogenesis of GC (Figures 2 and 3), suggesting
an important role for IncRNA PVTI1-214 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
RNAs?7. Various IncRNAs act as the competing
endogenous RNA (ceRNA) of miR-128 in various
cancers?®?. 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 PVTI- 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

mote epithelial-to-mese
Moreover, Liu et al’' *2
with miR-27b and
cular endothelial
angiogenesis i

The impo

prognosis in patients
s*? or medulloblas-
s*. Various studies**"have also shown that
regression of g TrkC gene could be detected
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owever, different expression
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5. miR-128 directly targets TrkC in GC cells. 4, Bioinformatics tools reveal the complementary binding sites within

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 metastasis®. In
contrast, TrkC expression in breast cancer was
indicative of tumor relapse and poor disease-free
survival in an observational study?’. In the current
study, TrkC expression was elevated in gastric
cell lines and upregulated by IncRNA PVTI1-214
(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 al®®,

Conclusions

We have demonstrated that IncRNA 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
IncRNA PVTI1-214, and we found that the repres-
sion of miR-128 was attributed to a direct interac-
tion with IncRNA PVTI1-214. Furthermore, gaiR-
128 inhibition increased the expression
to promote tumorigenesis. These findings s
that IncRNA PVT1-214 may provide a prom
molecular target for GC therapy.

Conflict of interest
The authors declare no conflic,

crrormed the animal experiment and molec-
ar biological analysis, and made a major contribution in
aing the manuscript. Xiaohui Chen assisted to perform
S formatics prediction. Changhua Zhuo helped Shen
ZhaoW finish the animal experiment. Chunwei Xu contrib-
uted to the assessment of clinicopathological data. Nanfeng
Fan analyzed the survival data from GC patients. Rongbo

Lin directed all these researches and reviewed this manu-
script. All authors read and approved the final manuscript.

References

CAN estimates of incide
wide for 36 cancers in
J Clin 2018; 68: 394-

GeNEr DJT. Signific
surement in i
34:781-90.

EPP. No improvement
in median survival for patients with metastatic
gastric cance spite increased use of chemo-
therapy. Ann ol 2013; 24: 3056-3060.

| Discovery and annotation of long
. Nat Struct Mol Biol 2015; 22: 5-7.

YL, Lin MF, KoeceL AK, Kotake Y, GRANT
GD, HoruNngs HM, SHAH N, UmBRICHT C, WANG P, WANG
B, LANGEROD A, BorreseN-DALE AL, Kiv SK, van
ER M, SUKUMAR S, WHITFIELD ML, KEeLLs M, XIONG
Y, Wone DJ, CHanG HY. Extensive and coordinated
transcription of noncoding RNAs within cell-cycle
promoters. Nat Genet 2011; 43: 621-629.

7) Znuo W, Liu YM, Li S, Guo DY, Sun Q, Jin J, Rao XP, Li
MJ, Sun M, Jiang MC, Xu YJ, Teng LS, Jin YF, SiJM, Liu
W, KanG YB, ZHou TH. Long noncoding RNA GMAN,
upregulated in gastric cancer tissues, is associated
with metastasis in patients and promotes translation
of ephrin A1 by competitively binding GMAN-AS.
Gastroenterology 2019; 156: 676-691.

8) JianGg XH, LI Q, ZHANG S, SonG C, ZHenG P. Long non-
coding RNA GIHCG induces cancer progression
and chemoresistance and indicates poor progno-
sis in colorectal cancer. Onco Targets Ther 2019;
12: 1059-1070.

9) CoryS, Graram M, Wess E, Corcoran L, Abams JM. Vari-
ant (6-15) translocations in murine plasmacytomas
involve a chromosome-15 locus at least 72 Kb from
the C-Myc oncogene. EMBO J 1985; 4: 675-681.

10) SHTIVELMAN E, HENGLEIN B, GroiTL P, Lirp M, BisHor JM.
Identification of a human transcription unit affect-
ed by the variant chromosomal translocations 2-8
and 8-22 of Burkitt-lymphoma. Proc Natl Acad Sci
USA 1989; 86: 3257-3260.

11) SHmveman E, BisHop JM. Effects of translocations
on transcription from Pvt. Mol Cell Biol 1990; 10:
1835-1839.

12) Liu RQ, Li YJ, Tian LT, SHi HW, WaNG JB, LiaNG YJ,
Sun BS, WanNG SJ, ZHou M, Wu L, Nie JH, Lin BL,




LNcRNA PVT1-214 enhances GC progression by upregulating TrkC expression

13)

14)

15)

16)

17)

18)

19)

22)

TanGg SL, ZHanG YQ, WANG GY, ZHAnG CH, HaNn
JG, Xu BJ, Liu LX, Gong KM, ZHeng TS. Gankyrin
drives metabolic reprogramming to promote tu-
morigenesis, metastasis and drug resistance
through activating beta-catenin/c-Myc signaling
in human hepatocellular carcinoma. Cancer Lett
2019; 443: 34-46.

ALLEN-PETERSEN BL, Risom T, Feng ZP, WANG ZP,
THomA MC, PeLz KR, MorTtoN JP, SAnsom OJ, Lorez
CD, SHerPARD B, CHRISTENSEN DJ, OHLMEYER M, NARLA
G, Sears RC. Activation of PP2A and inhibition of
mTOR synergistically reduce MYC signaling and
decrease tumor growth in pancreatic ductal ade-
nocarcinoma. Cancer Res 2019; 79: 209-219.

ZHANG JY, ReN PW, Xu D, Liu XF, Liu ZZ, ZHanG CF, Li
Y, WanG LJ, Du XJ, Xing BC. Human UTP14a pro-
motes colorectal cancer progression by forming a
positive regulation loop with c-Myc. Cancer Lett
2018; 440: 106-115.

Xu MD, WanG YQ, Weng WW, WEel P, Qi P, ZHANG
QY, Tan C, Ni SJ, DonG L, YanG YS, Lin WR, Xu QH,
Huanag D, HuanGg ZH, MA YQ, ZHANG W, SHENG WQ,
Du X. A positive feedback loop of INcRNA-PVT1
and FOXM1 facilitates gastric cancer growth and
invasion. Clin Cancer Res 2017; 23: 2071-2080.

23)

24)

ZHANG Y, DANG YW, WANG X, YANG X, ZHANG R,
Lv ZL, CHen G. Comprehensive analysis of long
ula-

non-coding RNA PVT1 gene interaction r
tory network in hepatocellular carcinom
gene microarray and bioinformatics. Am
Res 2017; 9: 3904-3917.

ZHAo L, Kong HR, Sun HW, CHen ZJ, CHeN BC,
MT. LncRNA-PVT1 promotes pancreatic ca
cells proliferation and migratiog i

28)

29)

30)

31)

Wel JC, We F,
PVT1-214 promotes

32)

Mori M, Mimori K. Amplifi-
olved in poor prognosis via
n in colorectal cancers. Br J

- 164171, 33)

H, RonNING P, REuLAnD B, GUENTHER K,
BEADNELL TC, Essig J, Otto GM, O’'SuLivan M@, LAr-
GAESPADA DA, ScHWERTFEGER KL, MARAHRENS Y, KAWAKAMI
BaccHi A. PVT1 dependence in cancer with MYC
y-number increase. Nature 2014; 512: 82-86.

WaNG Y, ZHou J, WanG ZX, WaNG PS, Li SQ. Up-
regulation of SOX2 activated LncRNA PVT1 ex-

34)

pression promotes breast cancer cell growth and
invasion. Biochem Biophys Res Commun 2017;
493: 429-436.

YuaN CL, LI H, Znu L, Liu Z, ZHou J, SH

patients with gastric cancer.
63: 442-449.

Ren XX, Cao DD, YanG L, Lj
XY, Li F, Li DM, Pan ZM.
non-coding RNA PVT1

tes glloma cell prollferahon mi-
ion through regulating miR-577.
armacol Sci 2018; 22: 3085-

NG F, Wu J, Wu Y, HuanGg W, Liu D,
HUANG ZHang XM, Ke AW. LncRNA SNHGS3
ces EMT and sorafenib resistance by modu-
e miR-128/CD151 pathway in hepatocel-
lular carcinoma. J Cell Physiol 2019; 234: 2788-
2794.

Yu C, Liu LF, LonGg W, FENG Z, CHeN JB, CHao L, Liu
PH, Zu XB, CHen HQ. LncRNA PVT1 regulates
VEGFC through inhibiting miR-128 in bladder
cancer cells. J Cell Physiol 2019; 234: 1346-1353.

Yu WW, Jiang H, ZHang CT, Penc Y. The SNAIL/
miR-128 axis regulated growth, invasion, metas-
tasis, and epithelial-to-mesenchymal transition of
gastric cancer. Oncotarget 2017; 8: 39280-39295.

Liu HT, XiNnG AY, CHEN X, MA RR, WANG YW, SHI DB,
ZHANG H, Li P, CHeN HF, LI YH, Gao P. MicroR-
NA-27b, microRNA-101 and microRNA-128 inhibit
angiogenesis by downregulating vascular endo-
thelial growth factor C expression in gastric can-
cers. Oncotarget 2015; 6: 37467-37479.

Grotzer MA, Janss AJ, Fung KM, BieceL JA, SutToN
LN, Rorke LB, ZHAO H, CNAAN A, PHILLIPS PC, LEe VMY,
Trosanowski JQ. TrkC expression predicts good clin-
ical outcome in primitive neuroectodermal brain tu-
mors. J Clin Oncol 2000; 18: 1027-1035.

SINNAPPAH-KANG ND, Kaiser AJ, BLust BE, Mrak RE,
MarcHeTTi D. Heparanase, TrkC and p75(NTR): their
functional involvement in human medulloblastoma
cell invasion. Int J Oncol 2005; 27: 617-626.

Luo YX, KAz AM, KANNGURN S, WELScH P, Morris SM,
WAaNG JP, LutterBauGH JD, Markowitz SD, GrRaDy WM.
NTRKS3 is a potential tumor suppressor gene com-
monly inactivated by epigenetic mechanisms in
colorectal cancer. PLoS Genet 2013; 9: e1003552.

4183



S. Zhao, N.-F. Fan, X.-H. Chen, C.-H. Zhuo, C.-W. Xu, R.-B. Lin

35) Genevors AL, IcHim G, Coissieux MM, LAMBERT MP, LA-
VIAL F, GOLDSCHNEIDER D, JARROSSON-WUILLEME L, LEpI-
NASSE F, Gouysse G, HErceG Z, Scoazec JY, TAuszig-DEe-
LAMASURE S, MEeHLEN P. Dependence receptor TrkC
is a putative colon cancer tumor suppressor. Proc
Natl Acad Sci USA 2013; 110: 3017-3022.

36) Kim MS, JeonG J, Seo J, Kim HS, Kim SJ, Jin W. Dys-
regulated JAK2 expression by TrkC promotes me-
tastasis potential, and EMT program of metastatic
breast cancer. Sci Rep-Uk 2016; 6.

4184

37)

38)

ZHANG W, LIN ZC, ZHANG TX, Liu S, Liu X, Liu JJ, Niu
Y. TrkC expression predicts favorable clinical out-
come in invasive ductal carcinoma of breast in-
dependent of NT-3 expression. Am J Capg
2014; 4: 811-823.

BuJY, Lv WZ, Liao YF, Xiao XY, Lv BJ.
ing RNA LINC00978 promotes
and tumorigenesis via regulati
NTRKS axis in gastric cancer. Int
2019; 123: 1106-1114.

g non-cod-
proliferation






