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various human diseases,
nted. We investigated altera-
tions in IncRNA that may be relate
data.

Methods: In the present s

through analysis of microarray

PCR analysis was used to examine the
expression of taurine upre in PC tissue samples and PC cell lines. In PC cell

lines, MTT assays, colony and flow cytometry were used to investigate the

that EZH2 could bind to the promoter regions of RND3 and MT2A4. The knockdown of TUG!
reduced this binding capacity.

Conclusion: In conclusion, our data suggest that 7UG1 may regulate the expression of PC-
associated tumor suppressor genes at the transcriptional level and these may become potential
targets for the diagnosis and treatment of PC.
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suppressor genes

Introduction

Pancreatic cancer (PC) is one of the most aggressive malignant tumors in the world
and the fourth most common cause of death. The most common sites for metastasis in
PC are the common bile duct, duodenum, stomach, and celiac artery. PC is a discase
characterized by rapid progression, high mortality, and a high degree of malignancy.
In recent years, its morbidity and mortality have increased steadily.'* Although the
diagnostic and therapeutic strategies have rapidly progressed over the past two decades,
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the achievement in diagnosing and curing PC remains inad-
equate. The 5-year survival rate of patients with PC is ~6%.*
Although the combination of tumor markers and imaging
modalities has facilitated prompt and accurate diagnosis of
this disease, the absence of early clinical symptoms continues
to delay diagnosis.? Therefore, the pathogenesis of early PC
has become an important research topic.

In recent years, noncoding RNAs (ncRNAs) have been
shown to act as key regulators of gene expression.’ There is
a class of ncRNAs with a length between 200 and 100,000
nucleotides exhibiting limited or no protein-coding capacity.
These are called long noncoding RNAs (IncRNAs) and they
play essential roles in human diseases like metabolic diseases
and cancers.® IncRNAs are involved in many biological
processes, such as Th-cell differentiation,” embryonic stem
cell differentiation,® cell senescence,’ cancer cell apoptosis
and metastasis,'” autophagy and myocardial infarction,'" and
resistance to chemotherapy.'? Recent studies have shown
that dysregulation in IncRNAs is characterized by specificity
for certain tissues. In addition, its abnormally high expres-
sion in the serum or tumor tissues of some cancer patients
is closely related to tumor metastasis and poor prognosis.'
These IncRNASs participate in tumor occurrence and develop-

ment via the activation of tumor promoters or silencing
tumor suppressors. Different mechanisms, such as epigenet!
modification, RNA decay, alternative splicing, 3

HOTAIR could promo
related apoptosisg i

E-cadherin and pr&@etes cell migration and invasion without
altering cell prolifera¥on.'® H19 promotes metastasis of PC
cells by inhibiting let-7 against its target HMGA2-mediated
epithelial-mesenchymal transition (EMT) inhibition."
IncRNA-PVTI competitively binds miR-448 to regulate
translation of downstream target genes to promote prolifera-
tion and migration of PC cells.?’ As we look into the future,
we recognize the imperative need for further study on the

PC-related IncRNAs.

We conjectured that there are still numerous undiscov-
ered IncRNAs involved in PC and their molecular processes
remain undocumented. We downloaded the microarray data
set (GSE16515; 52 pairs of tumor and normal tissue samples)
from the Gene Expression Omnibus (GEO; https://www.
ncbi.nlm.nih.gov/sites/GDSbrowser?acc=GDS4102) and
analyzed the data to obtain a set of IncRNAs that were abnor-

mally expressed in PC. We found that one of the upregulated
IncRNAs, namely taurine upregulated 1 (TUG/), also showed
significantly increased expression levels in PC tissues. In

addition, we demonstrated its biologicg

aiions, potential

iological behavior of PC cell lines in vitro
0. We investigated the molecular mechanisms that

Materials and methods

Tissue collection and ethics statement

PC tissues and adjacent normal tissues (42 pairs) were
collected from patients with PC. None of the patients
received any local or systemic therapy prior to surgery
and they provided written informed consent prior to their
participation in this study. According to the WHO classi-
fication guidelines, clinical features such as pathological
staging, grading, and lymph node status were determined
by experts with extensive clinical experience. All the
experiments described in this article have been approved by
the ethics committee of Nanjing Medical University. The
national guidelines for care and use of laboratory animals
were strictly enforced during the animal experiments. All
procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the
institutional and/or national research committee and with
the 1964 declaration of Helsinki and its later amendments
or comparable ethical standards.
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Cell lines and culture conditions

We purchased human PC cells (AsPC-1 and BxPC-3)
and human normal pancreatic cells HPDE6-C7 from the
American Type Culture Collection (Manassas, VA, USA).
The cells were cultured in DMEM (Thermo Fisher Scientific,
Waltham, MA, USA) at 37°C, with 5% CO, in humid air.
All media were supplemented with 10% FBS, 100 U/mL
penicillin, and 100 mg/mL streptomycin (Thermo Fisher
Scientific).

RNA extraction and qRT-PCR analyses

We extracted total RNA using TRIzol reagent (Thermo Fisher
Scientific) according to the manufacturer’s instructions, and
subsequently, reverse transcribed the RNA into cDNA using
the Reverse Transcription System Kit (Takara Biotechnol-
ogy, Dalian, China). Real-time PCR was performed to deter-
mine the expression level of mRNA in PC cells or tissues
with GAPDH as a control according to the manufacturer’s
standard procedure (Takara Biotechnology). The relative
level of gene expression is in the form of ACt, and the fold
change in gene expression was calculated using the 2744
method. All experiments were performed in triplicate.

Transfection of PC cells
To prevent off target effects, three separate siRNAS
scrambled negative control siRNA were dg 3
ferent sites and purchased from The
According to the manufacturer’s i

Cell viability was
Co, St LouisggebQ

on of cells according to the manufacturer’s
ells were treated with 20 uL. MTT and then
or 4 hours. After removing the medium,

after tran?®
instructions.
cultured at 37°
150 puL of dimethyl sulfoxide were added to each well to lyse
the cells. Finally, the absorbance was measured at 490 nm.
All experiments were performed in triplicate.

Colony formation and clonogenic assays
The PC cells were trypsinized into single-cell suspensions
48 hours following transfection. For the colony formation

assay, 500 cells were plated into each well of a six-well
plate and maintained in media containing 10% FBS to allow
colony formation. The medium was replaced every 4 days.
The plates were incubated for 1-2 weeks at 37°C in a 5%
CO, atmosphere until colonies were formed. The colonies
were immobilized with methanol and stained with 0.1%
crystal violet (Sigma-Aldrich Co.) in PBS for 15 minutes.
The visible colonies were manually counted. All measure-
ments were performed in triplicate.

Flow cytometry
Cell cycle and apoptosis werg

| group was the target of our comparison.
g the cell cycle, we calculated and compared
ge of cells in the GO/G1, S, and G2/M phase in
ansfected and control groups through FACScan analy-
sis using the CycleTEST PLUS DNA kit (BD Biosciences)
according to the instructions. All samples were assayed in
triplicate.

Xenotransplantation mouse model

We purchased 4-week-old male nude mice from the Animal
Center of Nanjing University (Nanjing, China) and main-
tained all mice pathogen-free in the laminar flow cabinet.
For the in vivo cell proliferation assay, we stably transfected
the BxPC-3 cell line with shRNA and an empty vector.
After collecting the cells, both groups were resuspended at
a density of 2x107 cells/mL. Subsequently, 100 puL of the
shRNA-transfected cells and 100 puL of the empty vector
cells were subcutaneously transplanted to both sides of the
BALB/c male nude mice, respectively. We examined the
growth of xenograft tumors every 2 days and the tumor vol-
ume was measured as length x width? x0.5. Sixteen days after
the injection, the mice were sacrificed through asphyxiation
using CO, and the tumors were peeled off from the nude
mice for further analysis. This study was conducted in strict
accordance with the guidelines of the National Institutes of
Health on the use of experimental animals. Our program was
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approved by the Animal Experimental Ethics Committee of
Nanjing Medical University.

Subcellular fractionation location

A PARIS Kit (Thermo Fisher Scientific) was used to isolate
the nuclear and cytosolic portions of PC cells according to the
manufacturer’s instructions. The levels of TUGI, GAPDH,
and U1 RNA in the cytoplasm and nuclear components were
detected using qRT-PCR. GAPDH was used as a cytoplasmic
control, while Ul was used as nuclear control. The relative
ratios of TUG 1, GAPDH, and U1 in the cytoplasm or nucleus
are presented as percentages of the total RNA.

RIP

In accordance with the manufacturer’s instructions, we
performed RIP experiments using the Magna RIP RNA
Binding Protein Immunoprecipitation Kit (EMD Millipore,
Billerica, MA, USA). AsPC-1 and BxPC-3 cells were lysed in
complete RIP lysis buffer; the cell extracts were mixed with
magnetic beads conjugated with specific antibodies or control
IgG (EMD Millipore), and incubated for 6 hours at 4°C. To
remove the protein, we incubated the extracts with proteinase
K after washing the beads. Finally, the purified RNA was
subjected to qRT-PCR analysis. The EZH2 RIP assay a
body was purchased from Abcam (Cambridge, UK).

ChIP

ChIP assays were performed using the EZ
ing to the manufacturer’s instructio
Immunoprecipitation was perfo
anti-H3K27me3 antibodies (E

referring to the upstr:
transcription stajimm

subsequentl CR according to the
manufactu ing the formula 2npuCt-TargetCy
%0.1x100, th data were calculated as a percentage with

Western blotting analysis and antibodies

Transfected AsPC-1 and BxPC-3 cells were treated with
RIPA protein extraction reagent (Beyotime, Beijing, China)
containing the protease inhibitor and phenylmethylsulfonyl
fluoride. After determining the protein concentration, ~50 g
of the protein extract were separated using 10% SDS-PAGE
and then transferred to a nitrocellulose membrane (Sigma-
Aldrich Co). Subsequently, the nitrocellulose membranes

‘,,» _

were incubated with specific antibodies (Cell Signaling
Technology, Danvers, MA, USA). The intensity of the
bands was observed and determined through densitometry
(Quantity One software; Bio-Rad Laboratories Inc, Hercules,
CA, USA), while GAPDH was used as a control.

Statistical analysis
We performed statistical analysis using the SPSS software
package (SPSS Inc., Chicago, IL, USA) and GraphPad
Prism 5 software (GraphPad Software Inc., La Jolla, CA,
USA). The significance of the differengg .

, we first downloaded the GEO data set
5) and analyzed the microarray data. The results
ghowed that the IncRNA TUG! was abnormally expressed
0 PC tissues compared with normal tissues (Figure 1A). In
addition, we determined the expression levels of 42 TUG1
in PC tissues and adjacent normal tissues using quantitative
reverse transcription PCR (qRT-PCR). The results showed
that 39 of the 42 pairs of tissues showed high levels of TUG/
expression (fold change: >2, P<<0.001) (Figure 1B). The
expression levels of TUGI were subsequently measured in
human PC cell lines (AsPC-1, BxPC-3) and a human normal
pancreatic cell line (HPDE6-C7). As shown in Figure 2A,
the expression of 7UG! was significantly higher in PC cell
lines compared with that observed in human normal pan-
creatic cells (both P<<0.05). We then focused on detecting
the biological function of this overexpressed IncRNA in PC
cells to assess its diagnostic or therapeutic potential for PC.

High expression of TUG/ is associated
with tug-lymph node metastasis (TNM)
stage, tumor size, lymphatic metastasis,
poor prognosis

In order to further understand the importance of the abnor-
mally high expression of TUG1 in PC, we assessed potential

submit your manuscript

1046

Dove

OncoTargets and Therapy 2019:12


www.dovepress.com
www.dovepress.com
www.dovepress.com

Hui et al

Dove

|eAIAIns |jesdno Aiabins Jaye s
Sl ol S

uoissaldxa 9L MO ——
uolssaldxs 191 YbiH

(6g=U)

sled] LON.L YBIH S[9A3| LONL MOT

- 20

- 70

- 90

- 80

- 0L

-C'l

r 0¢—
- 0l—

-0l
- 0C
- 0¢
- oY
- 0S
- 09

- 0L

|EAIAINS Win

(senssi|} |ew.iou 0}
pazijew.lou) uoissaidxa

L9N1 dAnedY

(&)

wo p<

"10°0>dss 'SIPAS] UoIssadxe |9 03 BuIpJoddE S9AIND SO oI —ue|deY| () "(Wd =) $9ZIs Jown) J3|[eWS

wo s

(Zp=u) Jown

oL
F 0C
I 0€

(Zp=u) [lewuo|

ok

uoissasdxa

LONL dAneIdy

em uolissaadxa |90y () “(11/1) sa8eas |ea13ojoyred samo| yum asoya ul ueys (Al/]1]) seSeas [ediSojoyaed uaysiy yum sauaned ur saydiy Apuedyiudis sem
U2 03 SuipJo3se sdno.g oma our payissepd sem uoissaudxa 191 (3) [ LDnaws -
VO 01 pazi[ew.ou pue YO d-1Yb Aq pauiwexa sem uoissaudxa |9y (Zp=u) sanssi Jowni-uou Juadelpe 01 pasedwod (Z=Uu) sanssin Jadued
O 93 wouy erep Aedieoudiw 3uisn pazAjeue (9 |=u) sONssI3 SNOJSdUBIUOU YaIM padedwiod (9g=u) sanssin Dd ul uoissaidxs |9 (W) $930N

downy [ewiou Jeuiou

1D1on) = (" LDnaavo-  LDions)lve se pasuasaud aue

*9ouBdIUSIS [BD1UID SII PUB SANSSII Dd Ul uoissaudxa |9 dAnePRY | d4nSi4

AN 7]
' ’ 0

-0l

- 0C

- 0¢

- OF

uoissaidxa
19N1 3ne|dy

- 0S
- 09

ok - 0L

11]
(=]

(91=u) |lewioN (9g=u) Jown]
L

. 0 _
- 00z m.wm_

vV =)
vY v Foor S 2Q
—— M2 I ey
> YRy toe Z 2@
vy I._.Fq 23%
Loog B S &
238
- 000t & B o
L oozs = K S

, o
L oov'L

1047

submit your manuscript

OncoTargets and Therapy 2019:12

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Hui et al

Dove

|:| si-NC I:l Empty vector
A B W si-TUGT 1# C @ sh-TUG1 vector
@D si-TuGt 2#
20 1 121 [ si-TuG1 3# 12
G ; 5 1.0 « - 1.0
e 151 c O c
D0 D O 084 D 0 08
=g ~n =
[ . (4 4 o
2o 2o 08 : 29 0°
s g s o ® 2
[ X T % 04 1 R i 8 04
2 o 5 g ) i . © O o
0 - 0.0 0.0 -
HPDES6-C7 AsPC-1 BxPC-3 AsPC-1 BxPC-3 AsPC-1 BXPC-3
D AsPC-1 E BxPC-3
2.0 7 b 2.0 7
—_ —
S —— siNC 4 — siNC
<t 16 4| == si-TUGT 1# <+ 164 | == si-TUGT 1#
8 -- SiTUGT 2# 8 - SiTUGT 2#
= 12 1 = 45
S 08 S 08 -
g ]
; 044 === > 04
s [ 8
0.0 . x r | 0.0
0 24 48 72 9 0
Incubation time (h)
F sinc G

si-TUG1 1#

AsPC-1

BxPC-3

Figure 2 TUG/ promotes PC cell proliferation in vitro.
Notes: (A) Analysis of TUGI expression levels in two PC cg

expression was posi-
stage (P<<0.001) and
yession of TUGI was higher
in patients with S@ee I1I/IV or tumor size >4 cm, whereas
it was lower in paticqp with stage I/II or tumor size <4 cm
(Figure 1D and E). However, in our study, there was no
significant relationship between the expression of 7UG!
and other clinical factors such as gender (P=0.352) and age
(P=0.537) (Table 1). To further evaluate the effect of TUG!
expression on the prognosis of PC patients, the samples were
divided according to the median level of TUG1 expression
into a high TUG/ expression group (above median value,

N=21) and a low TUGI expression group (below median

si-TUG1 2#

3 si-NC
B si-TUGT 1#
@ si-TUGT 2#

N

BxPC-3

ransfected with an empty vector or sh-TUGI were measured using qPCR. (D, E) MTT assays were
-1 and BxPC-3 cells. (F, G) Colony formation assays were used to determine the proliferation of

value, N=21) (Figure 1C). The Kaplan—Meier survival
analysis and logarithmic rank test were used to determine
the overall survival (OS). As shown in Figure 1F, the OS rate
in the high TUG expression group >8 months was 23.8%,
while that of the low TUG! expression group was 47.6%.
Notably, the overexpression of TUGI was associated with
shorter OS (P=0.017). These results suggest that TUG/ may
be a useful marker of PC prognosis or progression.

TUGI promotes proliferation of PC cells
in vitro

To study the function of TUG1 in PC cells, we first performed
gRT-PCR analysis to detect its expression in multiple human
PC cell lines. As shown in Figure 2A, the expression of
TUGI was significantly upregulated in two PC cell lines
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Table | Correlation between TUG/ expression and clinic-
opathological characteristics of 42 PC patients

Characteristics Expression of P-value*
TUGI
Low High
(n=21) (n=21)
Sex 0.352
Male I 8
Female 10 13
Age (years) 0.537
=60 12 10
>60 9 I
Histological grade 0.19
Low or undifferentiated 9 5
Middle or high 12 16
TNM stage 0.025*
land Il 17 9
IIland IV 4 12
Tumor size (cm) 0.00**
=4 18 8
>4 3 13
Regional lymph node invasion 0.0005**
Positive 7 18
Negative 14 3
Distant metastasis 0.01
Positive 3 I
Negative 17 10

Note: *P<<0.05, *P<0.01.
Abbreviations: PC, pancreatic cancer; TUGI, tauri
lymph node metastasis.

we designed three
into cell lines. q

> we chose si-TUGT1 1# and 2# for
subsequent S@eriments. The sh-TUG1 we designed was
successfully intt@uced into cells (Figure 2C). MTT assays
showed that the knockdown of TUG expression significantly
inhibited the growth of AsPC-1 and BxPC-3 cells compared
with the corresponding randomized control (Figure 2D and
E). Similarly, colony formation assays showed a significant
reduction in the survival rate of clonal formation after down-
regulation of 7UG! in AsPC-1 and BxPC-3 cells (Figure 2F
and G). Apoptosis and cell cycle regulation were identified

as two factors leading to the growth of PC cells. Thus, we

performed flow cytometry analysis to characterize these
factors. In order to examine whether the effect of TUGI on
the proliferation of PC cells reflects the change in cell cycle,
flow cytometry analysis was performed to study the cell cycle
progression. The results showed that AsPC-1 and BxPC-3
cells transfected with si-TUGI stagnated at the G1/ GO phase
(Figure 3A). In addition, flow cytometry was performed to
determine whether apoptosis involved in 7TUG1 knockdown
induces cell growth arrest. As shown in Figure 3B, the rate of
early apoptosis (upper right) and late apoptosis (lower right)

with low TUG1 in AsPC-1 and Bx glls was higher than

the proliferation rate
induced apoptosis.
an oncogene inyo

xPC-3 cells were stably transfected with sh-
pty vector (Figure 2C). MTT assays showed
vector transfection impaired BxPC-3 cell
ro. In addition, colony formation assays showed
PC-3 decreased colony formation following transfec-
tion with the sh-TUG1 vector. Subsequently, sh-TUGI or
BxPC-3 cells stably transfected with an empty vector were
injected into mice. As shown in Figure 4A, silencing of
TUG! inhibited tumor growth compared with the control
group. Twenty days after injection, the tumors formed in
the sh-TUG1 group were significantly smaller than those
formed in the control group (Figure 4B). Meanwhile, the
weight of the tumor in the sh-TUG1 group was significantly
reduced compared with that observed in the empty vector
group (Figure 4C). In addition, the qRT-PCR assay showed
that levels of TUG1 expression in tumor tissues formed by
sh-TUGT cells were lower than those observed in the control
group (Figure 4D). In addition, tumors formed from BxPC-3
cells transfected with sh-TUG1 showed a decreased positivity
for Ki-67 compared with the control cells (Figure 4E). These
data suggest that the knockdown of 7UG! inhibits tumor
growth in vivo.

TUGI suppresses the transcription
of Rho family GTPase 3 (RND3)/
metallothionein 2A (MT2A) in PC

In order to explore the molecular mechanism of TUG! in
the phenotype of PC cells, we investigated potential targets
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regulate tumor initiation and
progression. Inte’Ngiingly, the expression levels of RND3 and
MT24 increased in A -1 and BxPC-3 cells transfected with
si-TUGI (Figure 5A). The expression of the RND3/MT2A
protein was determined through Western blotting analysis.
After transfection with si-7UG I, the levels of RND3 were 3.4-
fold higher in AsPC-1 cells, 2.7-fold higher in BXxPC-3 cells,
2.3-fold higher in AsPC-1 cells, and 2.9-fold higher in BxPC-3
cells (Figure 5B). Meanwhile, the expression of RND3/MT2A4
in 42 PC tissues and PC cell lines was determined using
qRT-PCR. The results showed that the mRNA levels of

RND3/MT24 in PC tissues and cell lines (AsPC-1 and BxPC-
3) were generally lower than those observed in matched
normal tissues and cell lines (Figure 5C and D). These data
showed that RND3 and MT2A were negatively regulated by
the mRNA and protein levels of TUG in PC cells. Moreover,
the inhibition of TUG contributed to the activation of RND3/
MT24, confirming our earlier findings that 7UG/ may be
involved in promoting the proliferation of PC cells.

Tumor-suppressive function of RND3 and

MT2A in PC
In the present study, we specifically observed the effect of RND3
and MT2A overexpression on the proliferation of PC cells.
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Figure 4 TUG/ promotes tumorigenesis of PC cells in vivo.

Notes: (A) Empty vector or sh-TUGI was transfected into BxPC-3 cells, which were
calculated every 2 days after injection. The mean tumor volumes are indicated by poi
tumor weights + SD. (D) qRT-PCR analysis was performed to determine the average e

examined using H&E staining and immunohistochemical staining with antibodies against

I in the xenograft tumors (n=7). (E) The tumor sections were
indicate the mean + standard error. *P<<0.05 and **P<0.01.

pcDNA-MT2A atthe mRNA
After transfection with p

RND3/MT2A by binding with EZH2 at the

transcriptional level

In order to determine the distribution of TUG! in PC cells,
we performed hierarchical separation of PC cell lines and
obtained nuclear and cytoplasmic grades. We found that
the TUGI RNA was mainly located in the nucleus rather
than the cytoplasm (Figure 7A), indicating that it plays a
regulatory role at the transcriptional level. Excessive levels

cessful grading. Recent studies have concluded that ~20%
of IncRNAs regulate downstream target genes by binding
to the polycomb repressive complex 2 (PRC2).2 PRC2 is a
methyltransferase that trimethylates H3K27 to suppress the
transcription of specific genes; one of its major components
is EZH2.% A previous study demonstrated that HOXA-AS2
can epigenetically silence the expression of P21/PLK3/
DDIT3 via binding to EZH2.?" In addition, ANRIL was
shown to be able to cross talk with microRNAs by binding
to PRC2, thus regulating the growth of PC cells.?® In view of
this background, RNA immunoprecipitation (RIP) analysis
was performed to confirm the binding of TUG/ to PRC2.
As shown in Figure 7B, endogenous TUG was enriched in
anti-EZH2 RIP level in PC AsPC-1 and BxPC-3 cells. Our
results suggest that 7UGI may be genetically suppressed by
binding to EZH2.

Transfection of EZH2 siRNA into PC AsPC-1 and
BxPC-3 cells with si-EZH2 1# and 2# showed more effec-
tive interference than si-EZH?2 3# (Figure 7C). Furthermore,
we detected increased expression of RND3 and MT2A4 in
EZH?2-depleted PC cells (Figure 7D). Based on our qRT-
PCR data (Figures 5A and 7D), RND3 and MT2A are the
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e expression &

pression by binding to EZH2.
In addition, tiN@esults of a chromatin immunoprecipita-
tion (ChIP) analysis®howed that EZH2 could bind to the
RND3 and MT2A promoter regions to induce histone lysine
27 trimethylation (H3K27me3) modification in PC AsPC-1
and BxPC-3 cells. Knockdown of TUG! results in binding
of the RND3 and MT2A initiators by EZH2 and reduction in
H3K27me3 occupancy (Figure 7E). These results showed
that TUG1 can promote the growth of PC cells and regulate
transcription of RND3 and MT2A by binding to EZH2.

Relative MT2A
expression
(normalized to
normal tissues)

HPDE6-C7  AsPC-1 BxPC-3

LATSI, LATS2, RRAD, and ASPP2 were determined using qPCR after knockdown of TUG/ in AsPC-
atermined using Western blotting analysis in AsPC-1 and BxPC-3 cells following TUG! knockdown.
ere compared with the corresponding non-tumor tissues (n=42). The expression of RND3
GAPDH. Lower ACt values indicate higher expression. (D) Analysis of the RND3 and MT2A
ancreatic cell line (HPDE6-C7) using qRT-PCR. *P<<0.05, ***P<<0.001.

I; qRT, quantitative real-time; qPCR, quantitative PCR.

Discussion

Recent findings have suggested that many IncRNAs
(such as HOTTIP,® NORAD,* PVTI,*" and MEG3*) play
important biological roles in PC. Our previous investiga-
tion also identified that IncRNA SNHG15 inhibits the
expression of P15 and KLF2 to promote the proliferation
of PC cells through EZH2-mediated H3K27me3.** Gen-
erally, IncRNAs are involved in the regulation of cancer
cells, phenotypes by regulating the expression of target
genes through different molecular mechanisms, includ-
ing chromatin modification, genomic imprinting, RNA
decay, sponging miRNAs, and binding with RNA binding
protein.3*3
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Fetermined the overexpression of the IncRNA
PC tissues by analyzing data from the GEO
ing the findings in paired cancer tissues
and adjacent non-tumor tissues obtained from patients who
had not undergone drug therapy prior to surgery. In addi-
tion, the knockdown of TUG1 expression led to significant
inhibition of cell proliferation and promotion of apoptosis
in vitro and in vivo. These findings suggest that TUGI plays
a direct role in regulating cell proliferation and progression
of PC, and may be a useful novel marker of prognosis or

(] Empty vector
B pcDNA-RND3
@8 pcDNA-MT2A

Hok

BxPC-3

progression for PC.3%37 As additional IncRNAs are studied,
many have been shown to function by binding to PRC2 and
silencing downstream target genes involved in multiple can-
cers, including PC. TUG1 has been reported to be involved in
the proliferation of cancer cells by silencing the expression
of KLF2,® P57,* and BAX.* In this study, we found that
TUG1 is mostly located in the cell nucleus and could bind
to EZH2, a core subunit of PRC2, resulting in suppressing
the transcription of RND3 and MT2A.

RND3 (also known as RhoE) encodes proteins belong-
ing to the superfamily of small GTPase proteins, includ-
ing Rnd1l, Rnd2, and RND3, which are involved in cell

migration, invasion, and cell responses to nerve processes
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extension and branching.' RND3, also known as RhoE, H520 cell proliferation through a Notch1/NICD/Hes| sig-
has been shown to play a separate role in the oncogen-  naling axis independent of Rho Kinase.*> Zhu et al showed
esis of human cancer. Previous studies have shown it to  that wild-type TP53 significantly increased the expression
be an antiproliferative protein. Tang et al reported that of RND3, while the enhanced expression of RND3 sig-
RND3 is downregulated in lung cancer cell lines, and its  nificantly inhibited proliferation. These findings indicated
reintroduction can block the proliferation of cancer cells.  that RND3 is a tumor suppressor regulated by TP53.% In
Mechanistically, Notch intracellular domain (NICD) protein  addition, downregulation of RND3 in esophageal squamous
abundance in H358 cells was regulated by Rnd3-mediated  cell carcinoma cells promotes cell proliferation and cell
NICD proteasome degradation. Rnd3 regulated H358 and  cycle progression, whereas upregulation of RND3 inhibits
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cell proliferation and leads to cell cycle arrest at the GO/
G1 phase. Also, overexpression of RND3 increased PTEN
and CDKN1B/p27, and decreased pAKT and CCNDI (cell
cycle protein D1).* It has been reported that RND3 prevents
the release of EIF4E from EIF4EBP1/4e-bp1 and inhibits
cap-dependent translation. Therefore, RND3 also inhibits
the expression and transcription activity of the EIF4E target
MY C/c-myc.* Poch et al confirmed that RND3 inhibits
the activation of ERK, thereby reducing CCND1 expres-
sion and leading to decreased inactivation of RB1/retino-
blastoma 1. This mechanism is involved in the inhibition
of glioblastoma cell growth induced by RND3.4 RND3
induces inhibition of the proliferation of fibroblasts and
serum-induced s-entry. In addition, human papillomavirus
E7, adenovirus E1A, and CCNE (cell cycle protein E) can
rescue cell cycle progression in RND3 expressing cells,
indicating that RND3 can inhibit cell cycle progression
upstream of the phosphorylated RB1 checkpoint.*’ There-
fore, the underlying mechanism for the anti-proliferation
capability of RND3 is context-dependent. Moreover, we
found that upregulation of RND3 also inhibits the prolif-
eration of PC cells and its upregulation could be caused by
TUGI knockdown in PC cells.

hromosoife 16, containing
F, G, H, and X genes)

one set of MT1 g
‘ T3,and MT4). MT is

and another g

expression o may change its functional characteristics

related to tumom®and neurodegeneration.*” The effects of
MTs on pathophysiological processes, particularly on the
development of cancer, are the subject of numerous studies.
However, the complexity of MT expression has been shown
to be associated with tumorigenesis, tumor progression, and
patient prognosis in different types of cancer. For example,
the expression of MT is increased in breast, kidney, bladder,
and ovarian cancers.*! In contrast, the expression of MT
is low due to epigenetic silencing and plays a role in tumor
inhibition in a range of other human tumors, such as thyroid,

esophagus, liver, colon, and prostate cancer.’>>” The present
study found that upregulation of MT2A can inhibit the pro-
liferation of PC cells and TUG! knockdown could induce
MT2A upregulation in PC cells. However, the regulatory
mechanism of MT2A in PC remains elusive.

Although to date only a few IncRNAs have been well
characterized, they have been shown to regulate various
levels of gene expression, including chromatin modification
and posttranscriptional processing.’®* Despite the observa-
tion of TUGI-induced proliferation of PC cells, other pos-

sible targets and mechanisms that iggimaeht such regulatory

behavior need to be fully elucj

Conclusion
In summary, the
increased in PCz

results suggest that IncRNAs may regulate
f different target genes at the transcriptional

s. Our findings shed light on the pathogenesis of
d facilitate the development of targeted IncRNAs for
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