Am J Transl Res 2016;8(12):5286-5297
www.ajtr.org /ISSN:1943-8141/AJTRO034779

Original Article

LncRNA-LINC00152 down-regulated by miR-376¢-3p
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Abstract: Recent studies have demonstrated that the crucial regulatory roles of long noncoding RNAs (IncCRNAs)
in tumorigenesis. Expression levels of several IncRNAs are abnormally up-regulated or down-regulated and play a
primary role in colorectal cancer (CRC) cell tumorigenesis. However, the potential role and regulatory mechanisms of
the novel human IncRNA, LINCO0152, in CRC cells are poorly understood. Here, we found that LINCOO152 expres-
sion was significantly decreased in CRC tissues and CRC cell lines, and this change was more frequent in patients
with advanced stage (tumor-node-metastasisi (TNM) Il and V). Overexpression of LINCO0152 (LINCOOO152°)
resulted in decreased cell viability and increased apoptosis in CSC cell lines (HT-29 and SW480). Furthermore,
decreased Ki-67 and B-cell ymphoma-2 (Bcl-2), and increased Fas, were observed in CSC cells. However, a change
in Bax expression was undetected. Interestingly, microRNA (miR)-376¢-3p down-regulated the expression of
LINCO0152 in CSC cells. Overexpression of miR-376¢c-3p (miR-376¢-3p°*") enhanced viability and limited apoptosis
of CSC cells. In addition, miR-376¢-3p°" suppressed the effect of LINCO0152°*" on the viability and apoptosis of
CSC cells. Taken together, these data indicate that LINCO0152 in CSC cells negatively regulated by miR-376¢-3p,
restricts cell viability and stimulates cell apoptosis, possibly by modulating the expression of Ki-67, Bcl-2, and Fas.
MiR-376¢-3p/LINCO0152 plays an important role in the pathogenesis of CRC and may serve as a potential target
for its diagnosis and treatment.
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Introduction er than 200 nucleotides with no protein-coding
capacity [10]. LncRNAs play important regula-
tory roles in diverse cellular processes, includ-
ing cell growth, apoptosis, embryonic develop-
ment, and tumorigenesis, by modulating gene
expression at the chromatin organization, epi-
genetic control, and transcriptional and post-

transcriptional levels [11, 12].

Colorectal cancer (CRC) is one of the most com-
mon malignant tumors worldwide, and is highly
lethal with an increasing incidence annually [1,
2]. Although current detection methods and
therapeutic targets for CRC are under develop-
ment, the overall patient survival rate of CRC
patients remains poor [3]. Consequently, there
exists a great challenge in exploring novel bio-
markers and/or therapeutic targets for early
detection and treatment of CRC.

Based on the National Center for Biotechnolo-
gy Information (NCBI, http://www.nchi.nlm.nih.
gov/gene/112597), IncRNA-LINCO0152 is an

Recently, a variety of molecular markers for the
characterization and prognosis of CRC have
been identified [4-6]. Among these, long non-
coding RNAs (IncRNAs) act as regulators in the
origin and progression of human CRC and may
represent novel therapeutic targets [6-9].
LncRNA is recently discovered RNA that is larg-

intergenic IncRNA located on 2p11.2. Previous
studies have demonstrated that LINCOO152
functions as an oncogene in gastric cancer,
hepatocellular, and clear cell renal cell carcino-
mas [13-17]. It can stimulate the proliferation
and growth in these cancer cells by the epider-
mal growth factor receptor (EGFR) or mammali-
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an target of rapamycin (mTOR) signaling path-
way [15, 16]. In a recent study using several
datasets, CRC patients with higher expression
of LINCO0152 showed significantly better over-
all survival than those with lower expression,
suggesting LINCO0152 may be a negative prog-
nostic factor for CRC [4]. However, the informa-
tion on the expression and role of LINCO0152
in CRC is limited.

The present study aimed to investigate whether
LINCO0152 is aberrantly expressed in CRC tis-
sue and cells, to further analyze the regulation
mechanism for LINCO0152 expression, and to
identify the role of LINCOO152 on the viability
and apoptosis of CRC cell lines in vitro.

Materials and methods
Tissue collection

All tissue samples were collected with written
informed consent in accordance with the
requirements of the Research Ethics Committee
in Shanghai Eighth People’s Hospital Affiliated
Jiangsu University. In this study, CRC tissues
and their paired adjacent normal tissues (locat-
ed >5 cm away from the tumor border) were col-
lected from 49 CRC patients. All tissues were
confirmed by histopathological evaluation, and
none of the included patients had received any
therapy before surgery.

Cell lines

All human CRC cell lines (CACO2, HCT-116,
HT-29, SW480, and SW620) were purchased
from the American Type Culture Collection
(ATCC, USA). The human embryonic kidney 293
cell line (HER293) was obtained from the
Institute of Biochemistry and Cell Biology of
the Chinese Academy of Sciences (Shanghai,
China), and the human normal intestinal
mucous cell line (CCC-HIE-2) was purchased
from Type Culture Collection of the Chinese
Academy of Medical Sciences (Beijing, China).

All culture media (Gibco, USA) were supple-
mented with 10% fetal bovine serum (FBS,
Hyclone, Logan, UT, USA). Cells were incubated
at 37°C in a humidified at mosphere containing
5% CO,,.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

gRT-PCR was performed to determine the
expression levels of LINCO0152. Total RNA was
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isolated from tissues or cells using RNAiso Plus
(TaKaRa, Otsu, Japan), and reverse transcribed
into cDNA using a PrimeScript™ Il 1st Strand
Synthesis Kit (TaKaRa) according to the manu-
facturer’s instructions. The qRT-PCR reactions
were performed using an ABI7500 System
(Applied Biosystems, Foster City, CA, USA) and
SYBR Green PCR Master Mix (TaKaRa). MiR-
376¢-3p miRNA was harvested using the
PureLink™ miRNA Isolation Kit (Invitrogen, CA,
USA) and miR-376¢-3p expression was detect-
ed by the TagMan MicroRNA Assay Kit (Applied
Biosystems). The relative expression levels of
LINCO0152 and miR-376¢-3p were analyzed
using the 22CT relative quantification method
with human glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) and small nuclear 6 (U6)
snRNA as internal controls, respectively. Primer
sequences: 1) LINCO0152: forward, 5’-CTCCA-
GCACCTCTACCTGTTG-3’ and reverse, 5-GGAC-
AAGGGATTAAGACACACA-3’; 2) GAPDH: forward,
5-GTCAACGGATTTGGTCTGTATT-3’ and reverse,
5-AGTCTTCTGGGTGGCAGTGAT-3’; 3) miR-376¢-
3p: forward, 5-AACATAGAGGAAATTCCACG-3’;
4) U6 snRNA: forward, 5-CGCAAGGATGACACG-
CAAATTC-3'. All assays were performed in
triplicate.

Overexpression of LINCO0152 and miR-376c-
3p in HT-29 and SW480 cells

Lentiviruses expressing the LINCO0152 sequ-
ence (LINCO0O152-overexpression: pWPXL-LINC-
00152) and the negative control lentivirus
(Vector: pWPXL); the miR-376¢-3p mimic lenti-
virus (miR-376¢-3p-mimics) and its correspond-
ing control miRNA lentivirus (C-miRNA: Negative
ctrl) were constructed by GenePharma (Shang-
hai, China). LINCO0O152-overexpression, miR-
376¢-3p-overexpression and the correspond-
ing control stable cell lines were then estab-
lished. Additionally, the LINCO0152 and miR-
376¢-3p co-overexpressed cell lines were also
constructed. The efficiency of overexpression
was verified by gRT-PCR.

The cell-counting kit-8 (CCK-8) assay and
apoptosis assay

HT-29 and SW480 cells (pWPXL, pWPXL-
LINCO0152, Negative ctrl and miR-376¢-3p-
mimics) were seeded into 96-well plates (5x10°3
cells/well). After culture for 24 h, 48 h or 72 h,
cell viability was analyzed by the CCK-8 assay
(Dojindo, Japan). CCK-8 reagent was added to
each well and cells were incubated at 37°C for
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Figure 1. The expression of LINCO0152 on CRC tissue and cell lines is aberrantly decreased. A-C. gRT-PCR analysis
for LINCO0152 expression in CRC tissues (n=49) and paired adjacent normal tissues. Ctrl: adjacent normal tissues;
tumor: CRC tissues; I-ll: patient with the early stage (TNM: I-Il); Ill-IV: patient with advanced stage (TNM: 1lI-1V). D.
gRT-PCR analysis for LINCOO152 expression in CRC cell lines (CACO2, HCT-116, HT-29, SW480 and SW620) and
non-tumorigenic cell lines (CCC-HIE-2 and HER293). Data are expressed as means + SEM. *P<0.05, **P<0.01 and
***P<0.001 (t-test or one-way ANOVA). NS: no statistically significant difference.

1-4 h according to the manufacturer’s protocol.
The absorbance at 450 nm was measured and
used to represent cell viability. Each experi-
ment was performed in six parallel wells and
repeated in triplicate.

To determine apoptosis, HT-29 and SW480
cells were seeded in 24-well plates (2x10°
cells/well) for 48 h. The level of apoptosis was
then analyzed by the Annexin V-FITC apoptosis
assay (Invitrogen).

Flow cytometry (FCM)

HT-29 and SW480 cells were digested with
trypsin, gently aspirated and washed with phos-
phate-buffered saline. After blocking with 10%
FBS, the recovered cells were mixed with anti-
human Ki-67 (Biolegend, San Diego, USA),
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Bcl-2 (BD Biosciences, USA), Bax (Santa Cruz
Biotechnology, USA), or Fas (Biolegend) anti-
bodies in darkness for 30 min at room temper-
ature. An isotope control was used as a nega-
tive control. After incubation, the cells were
washed and analyzed immediately by FCM
analysis using a Beckman-Coulter CyAN ADP
Analyzer (Beckman Coulter, Inc. Kraemer
Boulevard Brea, CA, USA). Data were analyzed
with FlowJo Version 6.1 software (TreeStar,
Asland, OR, USA). Statistical analysis was con-
ducted using isotype-matched controls as
references.

Statistics

All values are shown as the means + standard
error of the mean (SEM). Data were analyzed
with GraphPad Prism version 5 by t-test, one-
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Figure 2. LINCO0152 suppresses viability and promotes apoptosis of CRC cells. (A) The construction of LINCO0152
overexpression in HT-29 and SW480 cells by transfection. CCK-8 (B) and apoptosis (C, D) assays were performed
to analyze viability and apoptosis of HT-29 and SW480 cells with or without LINCO0152 overexpression. pWPXL:
HT-29 or SW480 cells transfected with the negative control lentivirus (Vector: pWPXL); pWPXL-LINCO0152: HT-29
or SW480 cells transfected with lentiviruses expressing the LINCO0152 sequence. Data are expressed as means *
SEM. *P<0.05, **P<0.01 and ***P<0.001 (t-test or two-way ANOVA).

way analysis of variance (ANOVA) or two-way
ANOVA. Differences were considered statisti-
cally significant at P<0.05.

Results

LINCO0152 expression in CRC tissues and cell
lines was aberrantly decreased

We measured the expression level of LINC-
00152 in 49 CRC patients. The results in Figure
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1 show that LINCO0152 was significantly down-
regulated in CRC tissues compared with the
adjacent normal tissues (P<0.001) (Figure 1A).
Based on the tumor-node-metastasis (TNM)
stage, low-level LINCOO152 expression was
more frequently observed in CRC patient in
advanced stage (TNM: llI-IV) (P<0.001) (Figure
1B). These data indicate that LINCO0O152 level
is negatively correlated with TNM stage.
However, there was no obvious difference in
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Figure 3. LINCO0152 down-regulates Ki-67 and Bcl-2, and up-regulates Fas expression in CRC cells. The expres-
sion of Ki-67, Bcl-2, Bax and Fas in HT-29 (A, B) and SW480 (C, D) cells after transfection with pWPXL or pW-
PXL-LINCOO152 was detected by FCM. MFI: Median Fluorescence Intensity. Data are expressed as means + SEM.

**P<0.01 and ***P<0.001 (t-test).

LINCO0152 expression in patients with or with-
out distant metastasis (P>0.05) (Figure 1C).

Similarly, there was a marked decrease in
LINCO0152 levels in all five CRC cells (CACO2,
HCT-116, HT-29, SW480 and SW620) com-
pared with the non-tumorigenic cell lines (CCC-
HIE-2 and HER293) (P<0.05, P<0.01 or
P<0.001) (Figure 1D), especially HT-29 and
SWA480 cells (P<0.001) (Figure 1D). Because of
the relatively low level of LINCO0152 in HT-29
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and SW480 cells, these cell lines were chosen
to further study the potential function of
LINCO0O152 in CRC cells in vitro.

LINCO0152 suppresses viability and promotes
apoptosis of CRC cells

To investigate the potential effect of LINCO0152
in CRC cells, we constructed LINCOO152-over-
expression HT-29 and SW480 cells by transfec-
tion (P<0.01 or P<0.001) (Figure 2A). As shown,
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Figure 4. miR-367c-3p negatively correlates with LINCOO152 in CRC tissue and cells. A. gRT-PCR analysis for miR-
367c-3p expression in CRC tissues (n=49) and adjacent normal tissues. B. Relationship analysis between miR-
376¢-3p and LINCO0152 in CRC tissues (R?=0.511). C. Construction of miR-367¢c-3p overexpression in HT-29 and
SWA480 cells by transfection. Negative Ctrl: HT-29 or SW480 cells transfected with the control miRNA lentivirus (C-
miRNA); miR-376¢-3p-mimics: HT-29 or SW480 cells transfected with the miR-376¢-3p mimic lentivirus. D. gRT-PCR
analysis for miR-367¢-3p expression in HT-29 and SW480 cells with or without miR-367¢-3p overexpression. Data
are expressed as means = SEM. **P<0.01 and ***P<0.001 (t-test).

overexpression of LINCO0152 (pWPXL-LINC-
00152) resulted in decreased viability of HT-29
and SW480 cells (P<0.05 or P<0.01) (Figure
2B), especially at 72 h (P<0.01) (Figure 2B).
Further analysis showed that LINCO0152 over-
expression significantly stimulated apoptosis in
HT-29 (P<0.01) (Figure 2C and 2D) and SW480
(P<0.001) cells (Figure 2C and 2D). Collectively,
these data suggest that LINCO0O152 is a sup-
pressor regulator for CRC cell growth.

LINC0O0152 down-regulates Ki-67, and Bcl-2,
and up-regulates Fas expression in CRC cells

To explore the potential mechanism of LINC-
00152 on the growth of CRC cells, levels of the
proliferation-related molecule Ki-67, and apop-
tosis-related molecules Bcl-2, Bax and Fas,
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were analyzed in HT-29 and SW480 cells. As
shown in Figure 3, expression levels of Ki-67
and Bcl-2 in HT-29 (P<0.01) (Figure 3A and 3B)
and SW480 (P<0.001) cells (Figure 3C and 3D)
with overexpression of LINCO0152 were signifi-
cantly higher than in the control HT-29 and
SWA480 cells. On the contrary, the level of Fas in
HT-29 (P<0.001) (Figure 3A and 3B) and
SW480 (P<0.001) cells (Figure 3C and 3D) was
significantly increased after overexpression of
LINCO0152. However, there was no significant
change of Bax expression in HT-29 and SW480
cells between groups (P<0.05) (Figure 3A-D).
These results indicate that the inhibitory effect
of LINCOO152 on the growth of CRC cells may
be dependent on the regulation of Ki-67, Bcl-2,
and Fas.

Am J Transl Res 2016;8(12):5286-5297
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MIiR-367¢c-3p is negatively correlated with
LINC0O0152 in CRC tissues and cells

To further investigate the possible mechanisms
underlying the abnormal level of LINCOO152 in
CRC cells, we performed a search for potential
binding sites of mMiRNA-LncRNA using the online
software programs miRcode 11 (http://mir-
code.org) and starBase v2.0 (http://starbase.
sysu.edu.cn/mirLncRNA.php), and found that
LINCO0152 contains complementary sites
related miRNAs such as miR-376¢-3p [13, 18].
We then detected the expression of miR-376¢-
3p in CRC tissues and found that the level of
miR-376¢-3p was significantly increased in CRC
tissues relative to adjacent normal control tis-
sues (P<0.001) (Figure 4A). Further analysis of
the relationship between miR-376¢-3p and
LINCO0152 showed there was a significant
negative correlation in the expression of miR-
376¢-3p and LINCO0152 (R?=0.511, P<0.001)
(Figure 4B). Subsequently, we overexpressed
the level of miR-376¢-3p in HT-29 and SW480
cells (Figure 4C).

The gRT-PCR results demonstrated the nega-
tive regulatory effect of miR-376¢c-3p on LINC-
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Figure 5. miR-367c¢-3p enhances viabil-
ity and restricts apoptosis of CRC cells.
CCK-8 (A, B) and apoptosis (C, D) assays
were performed to analyze the viability
and apoptosis of HT-29 and SW480 cells
with or without miR-367c¢-3p overexpres-
sion. Data are expressed as means +
SEM. *P<0.05 and **P<0.01 (t-test or
two-way ANOVA).

00152 in CRC cells (P<0.01 or P<0.001) (Figure
4D).

MiR-376¢-3p enhances the growth of CRC
cells by down-regulating LINCO0152

We next analyzed the potential role of miR-
376¢-3p in the biological behavior of CRC cells.
Compared to the control group (Negative ctrl),
HT-29 and SW480 cell viability was obviously
increased after overexpression of miR-376¢-3p
(miR-376¢-3p-mimics) for 48 h and 72 h
(P<0.05 or P<0.01) (Figure 5A and 5B).
Moreover, overexpression of miR-376¢-3p led
to a low level of apoptosis in HT-29 and SW480
cells (P<0.01) (Figure 5C and 5D). Together,
these results suggest that miR-376¢-3p repre-
sents an oncogene in CRC cells.

To confirm whether the effect of miR-376¢-3p
on CRC cells is dependent on LINCO0152, we
analyzed whether overexpression of miR-376c¢-
3p and LINCO0O152 could promote and inhibit
HT-29 and SW480 cell viability, respectively
(P<0.05, P<0.01 or P<0.001) (Figure 6A and
6B). However, co-overexpression of miR-376c¢-
3p restricted the inhibitory effect of LINCO0152

Am J Transl Res 2016;8(12):5286-5297
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Figure 6. miR-367¢c-3p enhances the growth of CRC cells by down-regulating LINCO0152. CCK-8 (A, B) and apopto-
sis (C, D) assays were performed to analyze the viability and apoptosis of HT-29 and SW480 cells with or without
co-overexpression of LINCO0O152 and/or miR-367¢-3p. Data are expressed as means + SEM. *P<0.05, **P<0.01

and ***P<0.001 (two-way ANOVA).

overexpression on the viability of HT-29 and
SWA480 cells (P>0.05) (Figure 6A and 6B). We
then observed a similar role in cell apoptosis
(P>0.05) (Figure 6C and 6D), suggesting that
miR-376¢-3p promotes the growth in CRC cells
by down-regulating LINCO0152.

Discussion

LINCO0152 is confirmed to be aberrantly and
highly express in several cancer cells, such as
gastric and hepatocellular carcinomas [13-17].
LINCO0152 can also be detected in plasma,
and one possible mechanism for its stable
expression in peripheral blood is dependent on
protection by exosomes [19]. Many studies
have indicated a positive relationship between
LINCO0152 and the pathogenesis of gastric
cancers [14, 16, 17]. LINCO0152 is reported to
be involved in cell cycle arrest, apoptosis, epi-
thelial to mesenchymal transition (EMT), cell
migration and invasion in gastric cancer [16,
20]. However, the expression level and role of
LINCO0152 in CRC are not well-understood. In
the current study, LINCO0152 was detected at
an abnormally low expression level in CRC tis-
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sues and cells, and correlated negatively with
TNM stage. These results are comparable with
a previous CRC study [4].

Here, the in vitro results showed that LINC-
00152 significantly suppressed viability and
promoted apoptosis of CRC cell lines (HT-29
and SW-480). Ki-67 is a known nuclear protein
that is associated with cellular proliferation and
ribosomal RNA transcription [21, 22]. Usually,
the fraction of Ki-67-positive tumor cells is
often correlated with the clinical course of can-
cer. As an anti-apoptosis molecule, Bcl-2 plays
an important role in inhibiting the actions of
pro-apoptotic proteins and promoting cellular
survival [23]. In the BCL-2 family, the pro-apop-
totic proteins Bax and Bak, which often pro-
mote permeabilization and release of cyto-
chrome C and reactive oxygene species (ROS)
are important signals in the apoptosis cascade.
In turn, these pro-apoptotic proteins are inhib-
ited by the function of Bcl-2 and its relative, Bcl-
XI [23]. Fas (also known as CD95 or APO-1) is
considered to be the prototypic and major
member of the death-receptor family. Interac-
tion of Fas with its cognate ligand (Fas ligand,
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Figure 7. The role of LINCOO152 and miR-367¢c-3p in CRC. A. LINCO0152
down-regulated by miR-367¢c-3p decreases the expression of proliferation-
related molecule Ki-67 and anti-apoptosis molecule Bcl-2, and increases
the expression of pro-apoptosis molecule Bax in CRC cells, further suppress-
ing viability and promoting apoptosis in CRC cells. B. The abnormally low
level of LINCOO152, possibly induced by the aberrant up-regulation of miR-
367c¢-3p, will lead to an increase of CRC cell growth, and may be involved in

the tumorigenesis and progression of CRC.

FasL) results in the process of cell apoptosis
[24]. Thus, we next analyzed the effect of
LINCO0152 on proliferation- and apoptosis-
related molecules (Ki-67, Bcl-2, Bax and Fas),
and found that overexpression of LINCO0152
obviously down-regulated the expression of
Ki-67 and Bcl-2, and up-regulated the expres-
sion of Fas in CRC cells. In gastric and hepato-
cellular carcinomas, LINCO0152 promotes cell
cycle progression and proliferation possibly via
binding to specific proteins, similar to ZFAS1
[25], MINCR [26], and GAS5 [27] in an EGFR or
mTOR-dependent manner [15, 16]. However,
LINCO0152 inhibited CRC cell growth in vitro,
and this effect may be associated with the reg-
ulation of Ki-67, Bcl-2, and Fas. The detailed
mechanisms for the different roles of LINC-
00152 in CRC and gastric cancer warrant fur-
ther research.

It is reported that LINCOO152 responds highly
to chemical stresses [28]. Furthermore, LINC-
00152 may interact with thrombospondin
(THBS1) mediated by miR-18a-5p [29]. How-
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ever, the regulatory mecha-
nism for LINCO0152 in cancer
cells is largely unknown. To
fully understand CRC patho-
genesis, we next focused on
the mechanism of low-level
LINCO0152 in CRC cells, bas-
ed on bioinformatics analysis,
and found that miR-376¢-3p
was highly expressed in CRC
tissue and cells. Further anal-
ysis showed an inverse corre-
lation between miR-376¢-3p
and LINCO0152.

MiR-368, known as miR-376¢,
belongs to an evolutionary
conserved miRNA family that
also includes miR-376a, miR-
376a* and miR-376b, and
these genes are characterized
in a syntenic cluster on human
chromosome 14 [30]. MiR-
376¢ suppresses the prolifer-
ation and invasion of osteo-
sarcoma and non-small-cell
lung cancer cells by targeting
transforming growth factor
(TGF)-alpha or liver receptor
homolog-1 (LRH-1) [31, 32],
respectively. However, as a
potential biomarker for preeclampsia, the
abnormal decrease of miR-376¢ in the placen-
tal preeclampsia tissue may be involved in the
impairment of trophoblast cell invasion [33,
34]. In addition, miR-376¢ is reported to be up-
regulated in various acute myeloid leukemia
specimens [35, 36]. Similarly, miR-376¢ exerts
pro-survival functions in ovarian cancer cells by
suppressing the expression of activin receptor-
like kinase 7 (ALK7) [18]. Here, we also found
miR-376¢-3p down-regulated the expression of
LINCO0152, and promoted the viability and
restricted the apoptosis of CRC cells in vitro.
Furthermore, the overexpression of miR-376¢-
3p significantly reversed the role of LINCO0152
on the viability and apoptosis of CRC cells, sug-
gesting a stimulatory effect of miR-376¢-3p on
the growth of CRC cells possibly by down-regu-
lating the expression of LINCOO152.

It has been reported that the miR-376 cluster
transcripts can undergo adenosin-to-inosine
editing in a tissue-specific manner, leading to
silencing of a different set of genes [37].
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Therefore, the detailed mechanisms for the
diverse effect of miR-376¢ in different cancer
cells may be due to tissue specificity. Hypoxia
condition can up-regulate the expression of
miR-376¢ in glioblastoma (GBM) tumors [38].
Tumor cells usually respond to hypoxia through
activation of several different pathways, lead-
ing to many biological consequences [39],
including angiogenesis, proliferation, glycolytic
tumor metabolism, metastasis, autophagy, and
apoptosis regulation [40-42]. The above results
suggest that the low level of miR-376¢-3p in
CRC cells may be induced by hypoxia. The up-
regulation of miR-376¢-3p triggered by hypoxia
may lead to the high level of LINCO0152 and
the rapid growth of CRC cells. This complex role
of hypoxia/miR-376¢-3p and LINCOO152 requ-
ires further research.

Taken together and as shown in Figure 7, it can
be concluded that LINCOO152 can increase
expression of the proliferation-related molecule
Ki-67 and anti-apoptosis molecule Bcl-2, and
decrease expression of the pro-apoptosis mol-
ecule Bax in CRC cells to suppress viability and
promote apoptosis of CRC cells. The abnormal-
ly low level of LINCO0152, possibly induced by
hypoxia/miR-376¢-3p, likely lead to increased
CRC cell growth. With this rapid growth, the
local hypoxia condition would aggravate and
further induced the up-regulation of miR-376¢-
3p and the down-regulation of LINCO0O152 in
CRC cells. These processes form a vicious cir-
cle finally leading to tumorigensis and progres-
sion of CRC. Therefore, targeting hypoxia/miR-
376¢-3p/LINCO0152 may be a potential treat-
ment strategy for inhibiting the growth of CRC
cells.
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