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Accumulating evidence has indicated that long noncoding RNA (IncRNA) PIncRNA-1 plays an important
regulatory role in cancers. However, the expression and biological functions of PIncRNA-1 in colorectal cancer
(CRC) are still unclear. In the present study, we determined the expression of PIncRNA-1 in CRC and explored
the function of PIncRNA-1 on CRC cell progression. The results showed that PIncRNA-1 was significantly
increased in CRC tissues and cell lines; high PIncRNA-1 expression was associated with depth of invasion,
lymph node metastasis, and TNM stage of CRC patients. Kaplan—-Meier curve analysis showed that patients
with high PIncRNA-1 expression had a poor overall survival. PIncRNA-1 knockdown remarkably reduced
cell proliferation, migration, and invasion and promoted cell apoptosis in vitro. In vivo xenograft experiments
showed that PIncRNA-1 inhibition significantly suppressed tumor growth. Finally, we used an agonist (740Y-P)
of the PI3K/Akt signaling pathway; function assays showed that PIncRNA-1 exerted its effects by targeting the
PI3K/Akt signaling pathway in CRC. Taken together, our data suggested that PIncRNA-1 might act as an onco-
gene in CRC progression and serve as a potential biomarker and therapeutic target for the treatment of CRC.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most com-
mon malignancies and a leading cause of cancer-related
deaths worldwide'. It is also a cancer type closely related
to genetic and epigenetic alterations’. Despite the great
advances achieved in molecularly targeted agents and
chemotherapy for CRC, many patients do not clini-
cally benefit from treatment because of different tumor
mutation types, chemotherapy resistance, and adverse
reactions™. Therefore, there is an urgent need to identify
and develop a novel promising prognostic marker and
therapeutic target.

Long noncoding RNAs (IncRNAs) are a group of
RNA transcripts greater than 200 nucleotides in length
and without protein-coding capacity’. IncRNAs account
for more than 80% of the entire genome transcripts and
were perceived as transcriptions of “noise” or clonal arti-
facts in the past decades’. But now, increasing evidence
has revealed that IncRNAs were involved in diverse bio-
logical processes, such as cellular development, prolifera-
tion, differentiation, and apoptosis’. The dysregulation of

IncRNAs has been confirmed to be related to tumor ini-
tiation, progression, invasion, and metastasis in various
kinds of cancers. For example, Chen et al. showed that
upregulation of IncRNA HOTTIP promoted metastasis
of esophageal squamous cell carcinoma via induction of
epithelial-mesenchymal transition (EMT)®. Peng and Fan
found that IncRNA CCHEI] indicated a poor prognosis of
hepatocellular carcinoma and promoted carcinogenesis
via activation of the ERK/MAPK pathway’. Wang et al.
indicated that IncRNA TUGI promoted migration and
invasion by acting as a ceRNA of miR-335-5p in osteo-
sarcoma cells'’. However, the roles and clinical values of
IncRNAs in tumors are still unknown.

In the present study, we showed that IncRNA
PIncRNA-1 (prostate cancer upregulated long noncod-
ing RNA 1, also known as CBR3-AS1) expression was
increased in CRC tissues and cell lines; high PIncRNA-1
expression was associated with advanced clinical fea-
tures and poor overall survival of CRC patients. Reduced
expression of IncRNA PIncRNA-1 significantly sup-
pressed cell proliferation, migration, and invasion and
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promoted cell apoptosis. In vivo xenograft experiments
revealed that PIncRNA-1 inhibition suppressed tumor
growth. In addition, we found that PIncRNA-1 exerted
its effects by targeting the PI3K/Akt signaling pathway
in CRC. Thus, these results suggested that PIncRNA-1
might play a crucial role in the progression of CRC.

MATERIALS AND METHODS
Human Tissue Samples

A total of 77 pairs of CRC tissues and adjacent normal
tissues were collected from CRC patients with informed
consent at The First Affiliated Hospital of Zhengzhou
University during 2011-2012. All specimens were fro-
zen immediately in liquid nitrogen and stored at —80°C
until RNA extraction. Patients underwent surgical resec-
tion without preoperative chemotherapy or radiotherapy.
Informed consents were obtained from all patients, and
this study was approved by the Clinical Research Ethics
Committee at The First Affiliated Hospital of Zhengzhou
University. The results for the clinical information are
presented in Table 1.

RNA Extraction and Quantitative Real-Time PCR

Total RNA was isolated from cell lines using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) according to

Table 1. Association Between PIncRNA-1 Expression and
Clinicopathological Features of Colorectal Cancer Patients

PIncRNA-1
Expression
Parameters Total High Low  p Value
Gender 0.576
Male 45 24 21
Female 32 15 17
Age (years) 0.427
<60 37 17 20
>60 40 22 18
Tumor size (cm) 0.570
<5 39 21 18
25 38 18 20
Differentiation status 0.119
Well and moderately 48 21 27
Poorly 29 18 11
Depth of invasion 0.014
T1-T2 28 9 19
T3-T4 49 30 19
Lymph nodes metastasis 0.004
Negative 53 21 32
Positive 24 18 6
TNM stage 0.030
I-1I 33 12 21
-1v 44 27 17

TNM, tumor, node, and metastasis.
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the manufacturer’s protocol. cDNA was synthesized from
no more than 5 pg of total RNA by the RecertAid™
First-Strand cDNA Synthesis Kit (Applied Biosystems,
Carlsbad, CA, USA). Real-time PCR was performed
with SYBR Premix Ex Taq™ (Takara, Dalian, P.R.
China) in a 25-pl reaction volume on an MJ Opticon
Monitor Chromo4™ instrument (Bio-Rad, Hercules, CA,
USA). GAPDH was used as an internal control. The PCR
primers were as follows: PIncRNA-1, 5-AGTAGTTG
CTTGTCCTAT-3" (forward) and 5-AAGTCAGTAAG
TCCTAAG-3’ (reverse); GAPDH, 5-CGCTCTCTGCT
CCTCCTGTTC-3" (forward) and 5-ATCCGTTGACT
CCGACCTTCAC-3’ (reverse). The 27*CT method was
used to determine relative gene expression.

Cell Culture and Transfection

Human CRC cell lines (SW480, DLD-1, HCT116, and
SW620) and human colonic epithelial cells (HcoEpiC),
purchased from the Institute of Biochemistry and Cell
Biology of the Chinese Academy of Sciences (Shanghai,
P.R. China), were cultured in Dulbecco’s modified
Eagle’s medium (DMEM; Gibco, Grand Island, NY,
USA) supplemented with 10% fetal bovine serum (FBS)
in humidified air with 5% CO, at 37°C. The siRNAs
targeting PIncRNA-1 (si-PIncRNA-1) and negative con-
trol siRNA (si-NC) were adopted and synthesized by
GeneChem (Shanghai, P.R. China). Cells were trans-
fected with si-PIncRNA-1 or si-NC using Lipofectamine
2000 reagents according to the manufacturer’s instruc-
tion (Invitrogen).

Cell Proliferation Assay

Cell proliferation was detected with CCK-8 assay
(Dojindo, Tokyo, Japan). Briefly, after cell transfection
for 24 h, cells were seeded in 96-well plates at a density
of 100 pl/well (1x 10* cells/well), 5 repeated wells for
each group cells, and the cells were cultured in an incuba-
tor at 37°C, 5% CO,. A 10-ul CCK-8 solution was added
to each well at the 24-, 48-, 72-, and 96-h time points
followed by 4 h of incubation at 37°C. The absorbance
OD value was measured by a microplate reader at 450 nm
(ThermoFisher Scientific, Waltham, MA, USA).

Cell Apoptosis Assay

After 48 h of transfection, Annexin-V-FITC Kit (BD
Biosciences, San Jose, CA, USA) was applied to detect
cell apoptosis. Briefly, the cells were digested with trypsin
and resuspended in PBS. Cells (1x10°) were centri-
fuged (Beckman Coulter, Brea, CA, USA), and 195 pl of
annexin V-FITC-conjugated solution was added to sus-
pend the cells. Afterward, 5 ul of Annexin V-FITC was
added and mixed evenly, and the cells were incubated
at room temperature shielded from light for 10 min.
The cells were centrifuged, and then 190 ul of Annexin
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V-FITC conjugate was added to suspend the cells; 10 ul
of PI staining solution was added, and the cells were put
on ice shielded from light. Apoptosis was detected with
flow cytometry (Beckman) within 1 h.

Transwell Invasion Assay

The 24-well Transwell chamber with 8-um pores
was purchased from BD Biosciences. The transfected
cells (1x 10’ cells per well) were suspended in 100 pl of
serum-free medium and then seeded into the upper cham-
ber of the 24-well plate, which was precoated with 30 pl
of Matrigel (Sigma-Aldrich, St. Louis, MO, USA). The
lower chamber was filled with 600 pl of medium with
10% FBS. After incubating for 48 h at 37°C, the cells
that migrated into the lower membrane surface were
fixed with methanol, stained with 0.5% crystal violet, and
counted under a light microscope at 100x magnification
in five randomly selected fields across the center and the
periphery of the membrane.
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In Vivo Tumorigenesis Assays

Five-week-old athymic BALB/c mice were maintained
under specific pathogen-free conditions and manipulated
according to protocols approved by the Shanghai Medical
Experimental Animal Care Commission. HCT116 cells
were transfected with Scramble (sh-NC) or sh-PIncRNA-1.
After 48 h, cells were collected and injected into either
side of the posterior flank of the nude mouse. Tumor vol-
umes were examined every 7 days when the implantations
started to grow. Tumor volumes (length x width®x0.5) and
weights were measured every 7 days in mice from the con-
trol or sh-PIncRNA-1 groups. Six weeks after injection, the
mice were killed, and the tumor weights were measured.

Western Blotting

Total proteins were extracted using RIPA protein extrac-
tion reagent (Millipore, Boston, MA, USA). Proteins
were quantified using the BCA Protein Assay Kit. Equal
amounts (20pg) of protein extracts were separated by

C

Relative expression of
IncRNA PIncRNA-1
»

Non-turnc;r tissues CRC ti'ssues

PlIncRNA-1

—High expression
-~ Low expression

T
Non-tumor tissues

>< High expression-censored

08—

Cum Survival
o
5
1

°
S
1

02-

0.0-

' I
30 40

Month

o-
3

8-
a-

>< Low expression-censored

2-

CRC tilssues

Figure 1. Long noncoding RNA (IncRNA) PIncRNA-1 (prostate cancer upregulated long noncoding RNA 1) expression was increased
in colorectal cancer (CRC). (A, B) The relative IncRNA-1 expression in CRC tissues and adjacent nontumor tissues. (C) The rela-
tive IncRNA-1 expression in CRC cell lines (SW480, DLD-1, HCT116, and SW620) and human colonic epithelial cells (HcoEpiC).
(D) Kaplan—Meier survival analysis revealed that patients with high PIncRNA-1 expression had a poor overall survival compared with

patients with low PIncRNA-1 expression. *p<0.05.
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10% SDS gel electrophoresis and then transferred to poly-
vinylidene fluoride membrane (Bio-Rad). After blocking
with 5% skim milk, the membranes were incubated with
primary antibodies at 4°C overnight (Abcam, Cambridge,
UK). Membranes were washed in TBST and incubated
with corresponding secondary antibodies for 2 h at 37°C.
An enhanced chemiluminescence system (ECL; Pierce,
Rockford, IL, USA) was used to view the bands. GAPDH
was used as the loading control.

Statistical Analysis

All statistical data were analyzed by the SPSS18.0
software (SPSS Inc., Chicago, IL, USA). Experimental
data are shown as the means*standard deviation (SD)
and were assessed using Student's #-test, chi-square test,
or ANOVA as appropriate. Statistically significant differ-
ences were defined as a value of p<0.05.

RESULTS

IncRNA PlncRNA-1 Is Overexpressed
in Colorectal Cancer

In the present study, we explored the expression
of PIncRNA-1 in CRC by gRT-PCR. Our data showed
that PIncRNA-1 expression was remarkably increased
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in CRC tissues compared with adjacent nontumor tis-
sues (p<0.05) (Fig. 1A and B). Similarly, the expression
of PIncRNA-1 in the CRC cell lines (SW480, DLD-1,
HCT116, and SW620) was higher than in the human
colonic epithelial cells (HcoEpiC) (p<0.05) (Fig. 1C).
Next we determined the association between PIncRNA-1
expression and clinicopathological features in CRC
patients. The results showed that PIncRNA-1 expression
was significantly correlated with depth of invasion, lymph
node metastasis, and TNM stage. However, no significant
associations were identified between PIncRNA-1 expres-
sion and other clinicopathological features (Table 1). In
addition, we evaluated the value of PIncRNA-1 on the
prognosis of CRC patients. Kaplan—Meier survival analy-
sis revealed that patients with high PIncRNA-1 expres-
sion had a shorter overall survival than patients with low
PIncRNA-1 expression (p<0.05) (Fig. 1D). These find-
ings indicated that PIncRNA-1 might play critical roles in
the development of CRC.

PlncRNA-1 Inhibition Suppressed
CRC Cell Proliferation

To explore the biological functions of PlncRNA-1
in CRC, we knocked down PIncRNA-1 expression in

si-PINcRNA-1  si-PIncRNA-1
+740Y-P
e

SW480 HCT116

si-NC si-PIncRNA-1

si-PIncRNA-1
+740Y-P

Figure 3. Effects of the PI3K/Akt signaling pathway agonist (740Y-P) on the role of PIncRNA-1 in CRC cell migration and inva-
sion. (A) The wound healing assay showed that PIncRNA-1 knockdown reduced the cell migration ability of HCT116 and SW480
cells, whereas 740Y-P reversed the effect of PIncRNA-1 inhibition on CRC cell migration. (B) The Transwell invasion assay found
that PIncRNA-1 suppression inhibited the cell invasion ability of HCT116 and SW480 cells, whereas 740Y-P reversed the effect of

PIncRNA-1 inhibition on CRC cell invasion. *p<0.05.
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HCT116 and SW480 cells by transfecting si-PIncRNA-1
(p<0.05) (Fig. 2A). The CCK-8 assays revealed that
PIncRNA-1 inhibition significantly suppressed the pro-
liferation rate of HCT116 and SW480 cells compared to
the si-NC group (p<0.05) (Fig. 2B). In addition, flow
cytometry was used to explore the role of PIncRNA-1
on cell apoptosis. The results indicated that PIncRNA-1
inhibition dramatically induced apoptosis of CRC cells
compared with the si-NC group (p<0.05) (Fig. 2C).
Those results suggested that PIncRNA-1 inhibition might
suppress CRC cell proliferation by inducing the cell apo-
ptosis process.

PlncRNA-1 Inhibition Suppressed CRC Cell Migration
and Invasion

We further determined the influence of PlncRNA-1
on CRC cell migration and invasion. The wound heal-
ing assay showed that PIncRNA-1 depletion significantly
reduced cell migration ability in HCT116 and SW480
cells (p<0.05) (Fig. 3A). A Transwell invasion assay
revealed that PIncRNA-1 inhibition suppressed HCT116
and SW480 cell invasion ability compared with the si-NC
group (p<0.05) (Fig. 3B). Those data indicated that
PIncRNA-1 suppression might inhibit CRC cell metas-
tasis in vitro.
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PlncRNA-1 Suppression Reduced Tumor Growth In Vivo

To explore the effect of PIncRNA-1 on tumor growth
in vivo, we injected sh-PIncRNA-1- or sh-NC-transfected
HCT116 cells into nude mice. The results showed that the
growth in the sh-PIncRNA-1 group was slower compared
to the sh-NC group (p<0.05) (Fig. 4A and B). At 6 weeks
after injection, the tumors were weighed and measured. We
found that the average tumor weight in the sh-PIncRNA-1
group was obviously lower than that in the sh-NC group
(p<0.05) (Fig. 4C). Those data suggested that PIncRNA-1
suppression depresses tumor growth in vivo.

PincRNA-1 Suppression Inhibited PI3K/Akt Signaling
Pathway in CRC Cells

In order to determine the possible mechanism by
which PIncRNA-1 regulated proliferation and metastasis
of CRC cells, we used Western blot analysis to explore
the effects of PIncRNA-1 knockdown on the PI3K/
Akt signaling pathway. The Western blot showed that
PIncRNA-1 silencing markedly decreased the phospho-
rylation of PI3K and Akt protein expression compared
to the si-NC group (Fig. 5). Furthermore, to confirm
whether the PI3K/Akt signaling pathway contributed to
the function of IncRNA PIlncRNA-1, an agonist (740Y-P)
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Figure 4. The effect of PIncRNA-1 inhibition on tumorigenesis in vivo. (A) Photographs of tumor xenografts 6 weeks after inoculation.
(B) Sh-PIncRNA-1 or sh-NC was transfected into HCT116 cells, which were injected into nude mice. The tumor volumes were calculated
every 7 days from 2 to 6 weeks. (C) Tumor weight in the sh-PIncRNA-1 group was lower than that in the sh-NC group. *p<0.05.
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of the PI3K/Akt signaling pathway was added to the
PIncRNA-1 knockdown CRC cells. When compared with
the PIncRNA-1 knockdown cells, 740Y-P increased CRC
cell proliferation and inhibited CRC cell apoptosis (Fig. 2C
and D). Furthermore, the in vitro assay showed that cell
migration and invasion abilities were significantly increased
in CRC cells transfected with 740Y-P+si-PIncRNA-1
when compared with the PIncRNA-1 knockdown group
(Fig. 3A and B). Thus, these results further confirmed that
the downregulation of PIncRNA-1 had an effect on the bio-
logical behavior of CRC cells by regulating the PI3K/Akt
signaling pathway.

DISCUSSION

CRC is a group of diverse heterogeneous diseases
arising through various molecular pathways. This hetero-
geneity determines tumor prognosis and response to ther-
apy and brings great challenges not only in studying the
molecular basis of the disease but also in clinical patient
management''. Increasing evidence showed that IncRNAs
might act as oncogenes or cancer suppressors, contribut-
ing to CRC pathogenesis and progression. For example,
Liu et al. showed that overexpression of IncRNA DANCR
was associated with advanced tumor progression and poor
prognosis in patients with CRC". Zhou et al. suggested
that knockdown of IncRNA GHET! could inhibit cell
proliferation and invasion of CRC". Han et al. found that

t-PI3K

p-PI3K

t-Akt
p-Akt
GAPDH
si-NC  si-PIncRNA-1
HCT116
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IncRNA CRNDE could promote CRC cell proliferation
and chemoresistance via miR-181a-5p-mediated regula-
tion of Wnt/B-catenin signaling'*. These studies indicated
that IncRNAs play important roles in CRC progression.

PIncRNA-1, a new IncRNA that locates in the anti-
sense region of carbonyl reductase 3 (CBR3), was first
found to be generally overexpressed in prostate cancer
cell lines and tissues'”. Wang et al. found that upregula-
tion of the PIncRNA-1 promoted esophageal squamous
carcinoma cell proliferation and correlated with advanced
clinical stage'®. Dong et al. revealed that PIncRNA-1
could promote metastasis and induce EMT in hepatocel-
lular carcinoma'’. However, the role of PIncRNA-1 in the
progression of CRC is still unclear.

In the current study, our data showed that the expres-
sion of PIncRNA-1 was increased in CRC tissues and cell
lines. High PIncRNA-1 expression was correlated with
depth of invasion, lymph node metastasis, TNM stage,
and poor overall survival of CRC patients. In addition,
we explored the function of PIncRNA-1 in CRC cells by
applying loss-of-function approaches. The CCK-8 assay
revealed that PIncRNA-1 suppression reduced CRC cell
proliferation in vitro. Flow cytometry indicated that
PIncRNA-1 inhibition induced cell apoptosis in vitro. The
wound healing and Transwell invasion assays suggested
that PIncRNA-1 inhibition suppressed CRC cell migration
and invasion in vitro. Additionally, the xenograft tumor
growth assay showed that PIncRNA-1 inhibition reduced

si-NC

si-PIncRNA-1
SW480

Figure 5. Effect of PIncRNA-1 on the PI3K/Akt signaling pathway in CRC cells. The Western blot showed that PIncRNA-1 inhibition
suppressed the phosphorylation of PI3K and Akt protein expression compared to the si-NC group.
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CRC cell growth in vivo. Therefore, those results illumi-
nated that PIncRNA-1 was one of the critical IncRNAs
contributing to CRC carcinogenesis and progression.

The PI3K/Akt signaling pathway regulates various
biological events in cells, such as gene expression, cell
growth, metabolism, and metastasis'®. Recent studies
showed that IncRNAs could regulate tumor progres-
sion via the PI3K/Akt signaling pathway. For example,
Lu et al. found that IncRNA HULC promoted cell pro-
liferation by regulating the PI3K/Akt signaling pathway
in chronic myeloid leukemia'. Zhang et al. found that
IncRNA ANRIL indicated a poor prognosis of cervical
cancer and promoted carcinogenesis via the PI3K/Akt
pathways™. In the present study, the Western blot showed
that PIncRNA-1 knockdown decreased the phosphoryla-
tion of PI3K and Akt protein expression. Furthermore,
740Y-P, an agonist of PIncRNA-1, increased proliferation,
migration, and invasion of CRC cells transfected with si-
PIncRNA-1. These data indicated that PIncRNA-1 might
contribute to malignant CRC cell phenotypes via the acti-
vation of the PI3K/Akt signaling pathway.

In conclusion, our findings indicated that IncRNA
PIncRNA-1 plays critical roles in CRC development and
progression. PIncRNA-1 is a potential diagnostic and
therapeutic agent for the treatment of CRC patients.
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