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Abstract

Objectives LncRNAs (long noncoding RNAs) have
been reported to critically regulate colorectal cancer
(CRC). We prospectively investigated effects and mech-
anisms of IncRNA LINCO00858 on regulation of CRC
progression.

Methods Expression of LINC00858 and its target were
analyzed by quantitative real-time polymerase chain
reaction and in situ hybridization. MTT and
bromodeoxyuridine/5-bromo-2'-deoxyuridine (BrdU)
staining to assess cell proliferation ability. Flow cytom-
etry, wound healing, and transwell assays were
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conducted to evaluate cell apoptosis, migration, and
invasion, respectively. Interaction between LINC00858
and its target was confirmed by luciferase activity assay
and RNA immunoprecipitation. Subcutaneous
xenotransplanted tumor model was established and
employed to detect tumorigenic functions of
LINCO00858, and further evaluated by qRT-PCR, west-
em blot, immunohistochemistry, and hematoxylin and
eosin staining.

Results With a predicted poor prognosis, LINC00858
was upregulated in CRC patients. LINC00858 knock-
down suppressed cell proliferation, invasion, and migra-
tion abilities, meanwhile induced cell apoptosis. More-
over, LINC00858 could target and inhibit the miR-
4766-5p expression, thus promoting CRC progression.
miR-4766-5p further suppressed serine/threonine kinase
PAK2. Interestingly, interference of LINC00858 sup-
pressed tumorigenic ability of CRC in vivo by down-
regulating PAK2.

Conclusions LINC00858 promoted CRC progression
by sponging miR-4766 to upregulate PAK2, shedding
lights on LINCO00858 as a potential therapeutic target
candidate in CRC treatment from bench to clinic.

Keywords LINCO00858 - miR-4766-5p - PAK2 - CRC -
Progression

Introduction

Ranked as the third leading cause of cancer-related
death worldwide (Hashim et al. 2016), colorectal cancer
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(CRC) is assigned with stages I, II, III, and IV due to
TNM (tumor-node-metastasis) classification (Chapuis
et al. 1986). Current therapeutic strategies targeting
CRC, such as surgery, radiation, chemotherapeutic
agents, and target therapy, have been progressed tremen-
dously. However, the overall survival rate of CRC pa-
tients has not been ameliorated owing to local recur-
rence and distant metastasis (Lee and Chu 2018). Inves-
tigations of the genetic and epigenetic molecular alter-
ations in CRC are urgent and crucial for early diagnosis,
prognosis, and survival rate for patients.

Noncoding RNAs (ncRNAs) are the large proportion
of transcripts in human genome, consisting of short and
long ncRNAs (Consortium et al. 2007). Regarded as
mediators of gene expression (Kornienko et al. 2013),
IncRNAs participate in various pathological processes
(Fatica and Bozzoni 2014). For example, IncRNAs par-
ticipate in tumor progression (Han et al. 2017).
LINCO01296 was shown to be a potential prognostic
biomarker in CRC (Qiu and Yan 2015). LncRNAs
AFAPI-AS1 (Han et al. 2016) and SLCO4A1-AS1
(Yu et al. 2018) promote tumor metastasis of CRC.
LINCO00858 exhibited effects on development of osteo-
sarcoma (Gu et al. 2018) and non-small cell lung cancer
(Zhu et al. 2017b). Recently, upregulation of
LINCO00858 level was validated in CRC (Yamada
et al. 2018), and effects of LINC00858 on CRC pro-
gression have also been investigated (Sha et al. 2019).
However, the detailed molecular mechanisms of
LINCO00858 in CRC remain largely unclear.

LncRNAs mediate gene expression in various man-
ners, including hybridization to specific pre-mRNAs to
alternatively splice mRNAs (Wilusz et al. 2009), sponge
and silence microRNA (miRNA) expression (Ebert and
Sharp 2010), or bind with proteins and thus leading to
dysregulation of protein activity and cellular localization
(Geisler and Coller 2013). Downstream targets of
LINCO00858 in osteosarcoma (Gu et al. 2018) and non-
small cell lung cancer (Zhu et al. 2017b) are identified as
miR-139 and miR-422a. However, downstream targets
of LINC00858 in CRC have not yet been assessed.
LncRNA-PRLB interacts with miR-4766-5p, and regu-
lates breast cancer progression (Liang et al. 2018).
Whether LINC00858/miR-4766-5p axis participates in
regulation process of CRC progression requires further
investigation. Here, we not only evaluated the influence
of LINC00858 on CRC progression, but also explored
the underlying mechanisms, with the aim to clarify the
CRC pathologic process at molecular and cellular level.
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Materials and methods
Patients

This study was approved by Ethics Committee on Drug
Clinical Trials in Affiliated Hospital of Guizhou Medi-
cal University (Approval No. 2018-123-01). Fifty
paired CRC and adjacent normal tissues were collected
from 50 patients with written informed consents in
Affiliated Hospital of Guizhou Medical University. Pa-
tients aged from 52 to 80 years old were diagnosed via
pathology examination, and their clinicopathological
characteristics were shown in Table 1. Patients, diag-

Table 1 Association between LINC00858 level and clinicopath-
ological characteristics of 50 CRC patients

Patient Number LINC00858 X’ P
characteristics expression value  value
Low High
(%) (%)
Gender 0.001  0.982
Male 27 13 14
Female 23 11 12
Age (years) 1.423  0.233
<60 21 8 13
>60 29 16 13
Tumor size (cm) 6.559 0.010*
<5 26 17 9
>5 24 7 17
Histological differentiation 1.589 0.452
Well 6 4 2
Moderate 38 14 14
Poor 16 6 10
Lymph node metastasis 0.002  0.963
No 21 10 11
Yes 39 14 15
Distance metastasis 8.013  0.005*
No 23 17 8
Yes 27 7 18
TNM stage 9.828  0.020*
I 4 3
I 23 14 6
I 10 3 10
v 13 4 9
CEA (ng/mL) 1.532  0.216
<5 9 6 3
>5 41 18 23

*P value < 0.05 was considered statistically significant
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nosed or received diagnosis care outside the Affiliated
Hospital of Guizhou Medical University, were excluded
from the study. Patients were returned for follow-up visit
with an interval of 2 months in 5 years. During follow-
up, 5 patients died of CRC.

ISH (in situ hybridization) Five micrometers paraffined
CRC or adjacent normal tissues were dewaxed and
rehydrated, and then digested with 20 pg/mL proteinase
K. Four percent paraformaldehyde-fixed samples were
hybridized overnight with 8 ng/uL specific antisense
oligonucleotide DNA probe at 55 °C, which (5'-
cacttcattgggtgttctaa-3') was synthesized by Invitrogen
(Carlsbad, CA, USA). Samples were then incubated
with horseradish peroxidase (HRP, Sigma Aldrich, St.
Louis, MO, USA). Hybridization signal was amplified
with diaminobenzidine (DAB, Sigma Aldrich), and im-
ages were taken by fluorescent microscope (DP12
SZX7, Olympus Inc., Japan).

Cell culture and transfection

CRC cell lines (T84, HCT 116, SW480 and HT-29) and
NCM460 were acquired from American Type Culture
Collection (Manassas, VA, USA), and cultured in RPMI
1640 medium (Lonza, Basel, Switzerland) at 37 °C
constant temperature incubator with 5% CO,.

shRNAs (1#: 5'-GCTAAGACCTAATAGCCAATA-
3', 2#: 5'-GCCATCCACTTCAAAGTATTC-3’) for
LINC00858 knockdown were subcloned into pLKO.1
(Biosettia, San Diego, CA, USA). pLKO-1#
LINCO00858 (sh1#-LINC00858), pLKO-2# LINC00858
(sh2#-LINCO00858), or pLKO scramble (Scramble)
were then co-transfected with psPAX2 and pMD2.G
using Lipofectamine 2000 into HEK-293T cells for
lentivirus production. HCT 116 or SW480 cells were
infected with lentiviruses under 8 mg/mL polybrene and
ViraPower™ Packaging Mix (Thermo Fisher, Waltham,
MA, USA). Lastly, under the treatment with 5 pg/mL
puromycin for 7 days, the stable cell lines were got.
Cells were transfected with 40 nM miR-4766-5p
mimics, inhibitor, or their negative controls (NC
mimics, NC-inh) (GenePharmam Suzhou, China) using
Lipofectamine 2000.

Fluorescence in situ hybridization (FISH)

Fixed and permeabilized HCT 116 cells were hybridized
with 40 nM fluorescence-conjugated LINCO00858

probes (Invitrogen), and then photographed using laser
scanning confocal microscopy (Carl Zeiss, Jena,
Germany).

Cell proliferation assay

After seeding 2 x 10° HCT 116 or SW480 cells per well
in 96-well plates for 24, 48, 72, or 96 h, cells were mixed
with 20 pL 5 mg/mL MTT (Sigma Aldrich) for 4 h. The
solution were removed, and the cells were incubated
with 150 uLL. DMSO. Four hundred fifty nanometers
absorbance was measured.

For BrdU (5-bromo-2'-deoxyuridine) staining, 5 x
10° HCT 116 or SW480 cells per well were incubated
with 100 uL. 10 uM BrdU labeling solution (Sigma
Aldrich). Fixed and permeabilized cells were incubated
with 1 % Apollo® reaction cocktail (RiboBio, China),
and then incubated overnight with a monoclonal rat anti-
BrdU antibody (1:100, Abcam, Cambridge, MA, USA),
and then incubated with fluorescently labeled secondary
antibody (1:1000, Alexa Fluor 488 goat anti-rat IgG;
Abcam). Cells were visualized using a fluorescence
microscope (Nikon, Japan) after staining nuclei with
Hoechst 33342 solution.

Apoptosis assay

1 x10° HCT 116 or SW480 cells were resuspended in
100 pL binding buffer (KeyGEN BioTech, Jiangning,
Nanjing, China) containing 5 pL propidium iodide
(100 pg/mL) with 1 U/mL ribonuclease (Abcam, Cam-
bridge, MA, USA) in dark. The cells were then incubat-
ed with additional 5 pL. of FITC conjugated annexin V
and then evaluated by FACS flow cytometer (Attune,
Life Technologies, Darmstadt, Germany).

Wound healing assay

5% 10° HCT 116 or SW480 cells per well were seeded,
and a linear scratch wound was generated with a sterile
pipette tip. After removing the suspended cells, wound
was imaged and calculated the distance 24 h post-
scratch.

Transwell assay
Upper chamber of well (Corning, Tewksbury, MA,

USA) with 0.1 mL Matrigel-coated membrane (50 pg/
mL; BD Biosciences, Bedford, MA, USA) contained
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2% 10* HCT 116 or SW480 cells in 200 pL serum-free
RPMI 1640 medium. Lower chamber contained 400 pL.
RPMI 1640 medium with 20% FBS. Twenty-four hours
later, cells in the lower chamber were stained with 1%
crystal violet, and cell numbers were counted under a
microscope.

Immunofluorescence

Fixed and permeabilized HCT 116 or SW480 cells were
firstly blocked with 5% BSA, and then incubated over-
night with the following primary antibodies: anti-E-
cadherin anti-N-cadherin (Abcam). Lastly, cells were
incubated with fluorescein isothiocyanate (FITC)-con-
jugated secondary antibody, and photographed after
staining with DAPL.

Dual luciferase reporter assay

Wild-type or mutant 3'-UTR of LINC00858 or PAK2
were synthesized and then subcloned into pmirGLO
(Promega, Madison, WI, USA). 3 x 10* HEK-293T
cells per well were seeded and then co-transfected
pmirGLO-wt-LINC00858, pmirGLO-mut-LINC00858,
pmirGLO-wt-PAK2, or pmirGLO-mut-PAK2 with
miR-4766-5p mimic or miR-NC. Forty-eight hours
post-transfection, luciferase activities were performed
via Lucifer Reporter Assay System (Promega).

RNA immunoprecipitation (RIP)

HCT 116 or SW480 cells were collected, and lysed
using a Magna RIP Kit (EMD Millipore, Billerica,
MA). Cell lysates were incubated with protein G Sepha-
rose beads coated with anti-AGO2 antibody (Abcam).
Anti-IgG antibody was used as a negative control.
RNAs were isolated for qRT-PCR analysis.

qRT-PCR (quantitative real-time polymerase chain
reaction)

RNAs and miRNAs were isolated with Trizol
(Invitrogen) and miRcute miRNA isolation kit
(Tiangen, Beijing, China), respectively. cDNAs were
then obtained, and qRT-PCR analyses were performed
using SYBR Green Master (Roche, Mannheim, Germa-
ny). GAPDH and U6 were applied as endogenous con-
trols. The primer used in this study was shown as below.
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Primers table

ID Sequence (5'-3")

GAPDH F ACCACAGTCCATGCCATCAC
GAPDH R TCCACCACCCTGTTGCTGTA
LINC00858 F CCCAGCTCCTTACACACGTT
LINCO00858 R TTCAGAGGCCTGCATCACTG
miR-4766-5p F CAGACATACTTTATCATCCCTT
miR-4766-5p R ACAATGCCACCTCCTCC
PAK2 F TGGTCGGAACGCCATACTG
PAK2 R TTCTGGGGTTCCATTAGTTGC
U6 F CTCGCTTCGGCAGCACA

U6 R AACGCTTCACGAATTTGCGT
Western blot

Thirty micrograms protein samples were separated by
SDS-PAGE, and then transferred onto PVDF mem-
brane. Membrane was incubated overnight with pri-
mary antibodies, including anti-CDK2, p21 antibod-
ies (1:1500, Abcam), Bcl-2, Bax and cleaved
caspase-3 (1:2000, Abcam), MMP2, MMP9
(1:2500, Abcam), PAK2, GAPDH (1:3000, Abcam)
after blocking with 5% BSA. The immunoreactivities
of membranes were determined via enhanced chemi-
luminescence (KeyGen, Nanjing, China) after incu-
bation with HRP labeled secondary antibody
(1:5000; Abcam).

Mouse xenograft assay

All studies involving animals were approved by
Experimental Animal Ethics Committee of Guizhou
Medical University and conducted in accordance
with the guidelines set out by Experimental Animal
Ethics Committee of Guizhou Medical University.

Twenty female BALB/c nude mice with 6-week-
old were purchased from ARS/Sprague Dawley Di-
vision (Madison, WI, USA), and then separated into
two groups. One hundred microliters 1 x 10° SW480
cells expressing scrambled shRNA or stable
LINCO00858 knockdown via pLKO-1# LINCO00858
were subcutaneously injected in the right flank of
nude mice. Tumors, as well as the volume, were
measured every 7 days. Five weeks post-transplanta-
tion, tumor tissues were isolated and weighted after
the mice were sacrificed.
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Immunohistochemistry

Paraffined CRC tissues were dewaxed and rehydrated,
and then incised into 4 pum thick sections. Sections were
incubated in 3% H,0,, and then immersed for antigen
retrieval. After incubation in 4% dry milk and 0.3% goat
serum, tissue sections were incubated with anti-PAK2,
anti-E-cadherin, or Ki-67 (Abcam) antibody with 10%
rabbit serum overnight. After incubation with HRP goat
anti-rabbit IgG secondary antibody, tissues were exam-
ined under light microscope upon hematoxylin staining.

Statistical analysis

Data were expressed as mean + SEM. Statistical analy-
ses were conducted via one-way analysis of variance
using GraphPad Prism software. Kaplan—Meier method
was demonstrated to plot survival curves. Overall sur-
vival analysis of patients was determined via log-rank
test. P<0.05 was regarded as statistically significant
(*P<0.05; **P<0.01; **%P < 0.005).

Results
LncRNA LINC00858 was induced in CRC

The IncRNA expression level LINC00858 in human
CRC tissues was investigated via qRT-PCR.
LINCO00858 was elevated in CRC tumor tissues
(Tumor) (Fig. 1a). In situ hybridization (ISH) further
confirmed the augment of LINC00858 in CRC tissues
(Fig. 1b). Moreover, median expression level of
LINC00858 in CRC patients was considered as a cut-
off, patients were then divided into two groups: high
LINCO00858 expression group (fold change >2.5, N=
26) and low LINCO00858 expression group (N=24).
Kaplan-Meier survival analysis illustrated high
LINCO00858 expression was related to short overall sur-
vival (OS) (*P=0.0351) (Fig. 1c). Further refinement
analysis suggested high LINC00858 expression was
dramatically associated with tumor size (**P=0.010),
distance metastasis (***P =0.005), and TNM stage
(*P=0.020) (Table 1) among the 50 patients. Moreover,
other clinical features, including age (P =0.233) and
gender (P =0.982), showed no significant correlation
with LINCO00858 expression (Table 1). Therefore,
LINCO00858 upregulation was related to poor prognosis
of CRC, suggesting a potential role of LINC00858

functioning as a prognostic biomarker for CRC treat-
ment. Consistent with its level in tissues, LINC00858
was also increased in CRC cell lines (Fig. 1d). HCT 116
and SW480 cells exhibited higher LINC00858 expres-
sion were selected for following experiments. RNA
fluorescence in situ hybridization (RNA-FISH) showed
LINC00858 was localized in the cytoplasm in HCT 116
and SW480 cells (Fig. le).

LINCO00858 knockdown suppressed CRC proliferation
and induced cell apoptosis

HCT 116 and SW480 cells were transfected with
pLKO-1# LINC00858 (sh1#-LINC00858) or pLKO-
2# LINCO00858 (sh2#-LINC00858), and the down-
stream gene expression was confirmed by qRT-PCR in
Fig. 2a. Moreover, MTT (Fig. 2b) and BrdU labeling
(Fig. 2¢) assays indicated that LINC00858 knockdown
suppressed cell proliferation. Furthermore, flow cytom-
etry suggested LINC00858 knockdown would induce
apoptotic cell death (Fig. 2d). Apoptosis biomarkers
were investigated using western blot, and results re-
vealed CDK2 and Bcl-2 were decreased upon
LINCO00858 knockdown while p21, Bax, and cleaved
caspase-3 were increased (Fig. 2e). Taken together, data
obtained from this section suggested LINC00858 might
be contributed to abnormal cell proliferation of CRC.

LINC00858 knockdown suppressed CRC cell
migration and invasion

Wound healing (Fig. 3a) and transwell (Fig. 3b) assays
showed that LINC00858 knockdown inhibited cell mi-
gration and invasion rate, respectively. Immunofluores-
cence revealed the upregulation of E-cadherin and
downregulation of N-cadherin upon sh1#-LINC00858
and sh2#-LINC00858 expression (Fig. 3c), illustrating
the suppression effects of LINC00858 knockdown on
cell migration and invasion. Matrix metalloproteinases
(MMP2 and MMP9) were decreased by sh-LINC00858
using western bot (Fig. 3d).

LINC00858 directly bound to miR-4766-5p

Given FISH assay showed LINC00858 expressed in the
cytoplasm, we subsequently explore the downstream
targets of LINC00858. The potential binding target of
LINCO00858 was predicted, and the transfection efficien-
cy of miR-4766-5p mimics was assessed via qRT-PCR
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Fig. 1 LncRNA LINC00858 a
was induced in CRC. a The
expression of IncRNA
LINC00858 in CRC tissues and
adjacent normal tissues detected
by qRT-PCR (N = 50). **
represents tumor vs. non-tumor
tissues, P <0.01. b In situ
hybridization (ISH) analysis of
LINC00858 expression in CRC
tissues and non-tumor tissues. ¢

Relative LINC00858 level

b

Non-tumor

Tumor

OS analysis of CRC patients with

high or low LINC00858

expression levels. d LINC00858

levels in CRC cell lines (T84, Cc

HCT 116, SW480, and HT-29) 1205

and normal human colon mucosal
epithelial cell line NCM460)
were detected by qRT-PCR. **
represents CRC cell lines vs.
NCM460, P<0.01. e Subcellular
localization of LINC00858 in
HCT 116 and SW480 cells via
RNA-FISH
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(Fig. 4a,b). miR-47766-5p mimics inhibited luciferase
activity of pmirGLO-wt-LINC00858, which did not
change pmirGLO-mut-LINC00858 (Fig. 4c). RNA im-
munoprecipitation (RIP) assay furtherly confirmed the
binding between LINC00858 and miR-4766-5p,
LINCO00858 and miR-4766-5p were both enriched in
Ago2-containing beads (Fig. 4d). Moreover, miR-4766-
5p expression was decreased upon sh1#-LINC00858 or
sh2#-LINC00858 (Fig. 4e), indicating the directly inhi-
bition ability of LINC00858 on miR-4766-5p. Collec-
tively, LINC00858 inhibited miR-4766-5p expression by
directly binding. Decreased miR-4766-5p was observed
in CRC tumor tissues (Fig. 4f), showing negative corre-
lation between LINC00858 and miR-4766-5p (Fig. 4g).
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Fig. 2 LINC00858 knockdown suppressed CRC proliferation and P>
induced cell apoptosis. a Transfection efficiency of sh1#-LINC00858
or sh2#-LINC00858 in HCT 116 and SW480 cell lines detected by
gRT-PCR. ** represents shl1#-LINC00858 or sh2#-LINC00858 vs.
Scramble, P<0.01. b Effects of sh-LINC00858 on cell viability of
HCT 116 and SW480 cells detected by MTT. ** represents sh1#-
LINCO00858 or sh2#-LLINC00858 vs. Scramble, P < 0.01. ¢ Effects of
sh-LINCO00858 on cell proliferation of HCT 116 and SW480 cells
detected by BrDU staining. The number of BrdU positive cells were
counted. ** represents sh1#-LINC00858 or sh2#-LINC00858 vs.
Scramble, P<0.01. d Effects of sh-LINC00858 on cell apoptosis of
HCT 116 and SW480 cells detected by flow cytometry. The number
of apoptosis cells were counted. *, ** represents sh1#-LINC00858 or
sh2#-LINC00858 vs. Scramble, P<0.05, P<0.01. e Effects of sh-
LINCO00858 on protein expression of CDK2, p21, Bel-2, Bax, and
cleaved caspase-3 in HCT 116 and SW480 cells detected by western
blot. *, ** represents sh1#-LINC00858 or sh2#-LINC00858 vs.
Scramble, P < 0.05, P<0.01
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Fig. 3 LINCO00858 knockdown suppressed CRC cell migration
and invasion. a Effects of sh-LINC00858 on cell migration of
HCT 116 and SW480 cells detected by wound healing assay. *, **
represents shl1#-LINC00858 or sh2#-LINC00858 vs. Scramble,
P<0.05, P<0.01. b Effects of sh-LINC00858 on cell invasion of
HCT 116 and SW480 cells detected by transwell assay. ** repre-
sents sh1#-LINC00858 or sh2#-LINC00858 vs. Scramble,

PAK?2 was a direct target of miR-4766-5p

Similarly, PAK2 was predicted as a miR-4766-5p binding
target via Targetscan, miRDB, and miRTarBase (Fig. 5a).
The predicted binding site was shown in Fig. 5b, and then
binding ability was verified via dual luciferase reporter
assay (Fig. 5¢). Then HCT 116 and SW480 cells were
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— —
HCT116 SW480
[0 Scramble
B sh1#-LINC00858
B sh2#-LINC00858
157 HeT116 SW480

Relative protein level

P <0.01. ¢ Effects of sh-LINC00858 on protein expression of E-
cadherin and N-cadherin in HCT 116 and SW480 cells detected by
immunofluorescence. d Effects of sh-LINC00858 on protein ex-
pression of MMP2 and MMP9 in HCT 116 and SW480 cells
detected by western blot. ** represents sh1#-LINCO00858 or
sh2#-LINC00858 vs. Scramble, P <0.01

transfected with miR-4766-5p mimics or inhibitor, which
was confirmed via qRT-PCR (Fig. 5d). miR-4766-5p
mimics decreased protein expression of PAK2 (Fig. Se),
similarly miR-4766-5p inhibitor could restore PAK2 level
(Fig. 5e). Interestingly, immunohistochemistry showed
PAK2 was upregulated in CRC tumor tissues (Fig. 5f).
Bivariate correlation analysis showed positive correlation
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Fig. 4 LINCO00858 directly bound to miR-4766-5p. a Transfec-
tion efficiency of miR-4766-5p mimics in HCT 116 and SW480
cells. ** represents miR-4766-5p mimics vs. NC mimics,
P<0.01. b The predicted wild-type (WT) binding site of miR-
4766-5p in LINC00858. Mutant (MUT) with disrupted binding
site of miR-4766-5p in LINC00858 was also shown. ¢ Effects of
miR-4766-5p mimics on luciferase activity of reporter gene with
wild-type or mutant LINC00858 detected by luciferase reporter
assay. ** represents miR-4766-5p mimics vs. NC mimics, P <
0.01. d RNA immunoprecipitation (RIP) assay were performed

between PAK2 and LINC00858 in context of CRC, while
there was a negative correlation with miR-4766-5p
(Fig. 5g). The elevated PAK2 in CRC tissues was also
confirmed by western blot analysis (Fig. 5h).

LINCO00858 knockdown suppressed CRC progression
via sponging miR-4766-5p

Cells were then co-transfected with sh1#-LINC00858 and
miR-4766-5p inhibitor. Firstly, MTT (Fig. 6a) and BrdU
labeling (Fig. 6b) assays indicated that inhibition of cell
proliferation upon sh1#-LINCO00858 could be promoted
by miR-4766-5p inhibitor. In addition, miR-4766-5p

using the AGO2 antibody, and qRT-PCR was used to detected the
enrichment of miR-4766-5p and LINC00858 in HCT 116 and
SW480 cells. *, ** represents Anti-Ago2 or input vs. Anti-IgG,
P<0.05, P<0.01. e Effects of sh-LINC00858 on miR-4766-5p
expression in HCT 116 and SW480 cells. ** represents shl#-
LINCO00858 or sh2#-LINC00858 vs. Scramble, P <0.01. f miR-
4766-5p levels in CRC tissues and adjacent normal tissues detect-
ed by gqRT-PCR (N=60). ** represents tumor vs. non-tumor
tissues, P<0.01. g Negative correlation between LINC00858
and miR-4766-5p in CRC tissues

inhibitor reversed promotion effects of sh1#-LINC00858
on cell apoptosis (Fig. 6¢). The reduced migration (Fig. 6d)
and invasion (Fig. 6e) abilities upon sh1#-LINC00858
could also be reversed by miR-4766-5p inhibitor. Second-
ly, immunofluorescence showed increase of E-cadherin
and decrease of N-cadherin upon sh1#-LINC00858 could
be furtherly restored by miR-4766-5p inhibitor (Fig. 6f).
Western blot analysis showed the decreased levels of
PAK2, CDK2, Bcl-2, MMP2, and MMP9, and the in-
creased p21, Bax, and cleaved caspase-3 upon shl#-
LINCO00858 could be reversed by miR-4766-5p inhibitor,
further demonstrating functions of LINC00858 in spong-
ing miR-4766 to promote cell progression of CRC.
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Fig. 5 PAK2 was a direct target of miR-4766-5p. a Predicted
binding targets for miR-4766-5p binding target via Targetscan,
miRDB, and miRTarBase. b The predicted wild-type (WT) bind-
ing site of miR-4766-5p in PAK2. Mutant (MUT) with disrupted
binding site of miR-4766-5p in PAK2 was also shown. ¢ Effects of
miR-4766-5p mimics on luciferase activity of reporter gene with
wild-type or mutant PAK2 detected by luciferase reporter assay. **
represents miR-4766-5p mimics vs. NC mimics, P<0.01. d
Transfection efficiency of miR-4766-5p inhibitor in HCT 116
and SW480 cells. ** represents miR-4766-5p inhibitor vs. NC-

LINC00858 knockdown suppressed in vivo CRC tumor
growth

We then inoculated SW480 cells expressing shl#-
LINCO00858 into nude mice. Firstly, the transfection
efficiency was confirmed (Fig. 7a), as shown by a
downregulation of LINC00858 and upregulation of
miR-4766-5p. Moreover, intratumoral injection of
sh1#-LINC00858 suppressed tumor growth (Fig. 7b),
as shown by a reduced tumor volume and weight
(Fig. 7c). Furthermore, immunohistochemistry demon-
strated decrease of PAK2 and Ki67, increase of E-
cadherin in xenograft tumor tissues injected with sh1#-
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inh, P<0.01. e Effects of miR-4766-5p mimics or inhibitor on the
protein expression of PAK2 in HCT 116 and SW480 cells. **
represents miR-4766-5p inhibitor vs. NC-inh or miR-4766-5p
mimics vs. NC mimics, P<0.01. f Immunohistochemistry of
human CRC tissues and non-tumor tissues. g Positive correlation
between PAK2 and LINC00858 and negative correlation between
PAK?2 and miR-4766-5p in CRC. h Western blot analysis of PAK2
in human CRC tissues and non-tumor tissues. ** represents tumor
vs. non-tumor tissues, P<0.01

LINCO00858 (Fig. 7d). Finally, we investigated the effect
of LINCO00858 on tumor metastasis in vivo, and discov-
ered that LINC00858 knockdown dramatically reduced
the metastatic nodules in the lung (Figs. 7e and 8),
confirming the suppression effect of LINC00858 knock-
down on xenograft tumor growth.

Discussion
Recently, studies have demonstrated functional roles of

IncRNAs as promoter or inhibitor of cancer-critical
genes in CRC (Zhu et al. 2017a), which mediated the
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Fig. 6 LINC00858 knockdown suppressed CRC progression via
sponging miR-4766-5p. a The inhibited cell viability by shl#-
LINCO00858 was promoted by additional transfection with miR-
4766-5p inhibitor in HCT 116 and SW480 cells detected by MTT
assay. *, ** represents sh1#-LINC00858 + NC-inh vs. Scramble +
NC-inh or shl#-LINC00858 + miR-4766-5p inh, P<0.05,
P<0.01. b The inhibited cell proliferation by sh1#LINC00858
was promoted by additional transfection with miR-4766-5p inhibitor
in HCT 116 and SW480 cells detected by BrDU staining assay. **
represents sh1#-LINC00858 + NC-inh vs. Scramble + NC-inh or
sh1#-LINC00858 + miR-4766-5p inh, P<0.01. ¢ The promoted
cell apoptosis by shl#-LINC00858 was inhibited by additional
transfection with miR-4766-5p inhibitor in HCT 116 and SW480
cells detected by flow cytometry. ** represents sh1#-LINC00858 +
NC-inh vs. Scramble + NC-inh or sh1#-LINC00858 + miR-4766-
Sp inh, P <0.01. d The inhibited cell migration by sh1#-LINC00858
was promoted by additional transfection with miR-4766-5p inhibitor

regulation process of cell progression (Smolle et al.
2014). Due to the increasing mortality and incidence
of CRC worldwide, especially in China (Li et al. 2014),
IncRNAs became a research hotspot due to its potential
role as prognosis biomarker in CRC. IncRNAs may not
only contribute to early diagnosis, but also would im-
prove the individualized treatment of CRC patients
(Yang et al. 2017). Accumulating evidence have report-
ed LINCO00858 participates in carcinogenesis and pro-
gression of various types of tumors. We hypothesized
that LINC00858 dysregulation in CRC might be a mo-
lecular therapeutic target in CRC (Yamada et al. 2018).
However, the functional role and clinical relevance of
LINCO00858 in CRC is far from clear. Therefore, we
investigated potential mechanisms of LINCO00858 in
tumorigenesis of CRC.

We discovered that high expression level of
LINCO00858, occurred in CRC tissues, was closely related
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in HCT 116 and SW480 cells detected by wound healing assay. **
represents sh1#-LINC00858 + NC-inh vs. Scramble + NC-inh or
sh1#-LINCO00858 + miR-4766-5p inh, P < 0.01. e The inhibited cell
invasion by sh1#-LINC00858 was promoted by additional transfec-
tion with miR-4766-5p inhibitor in HCT 116 and SW480 cells
detected by transwell assay. ** represents shl#-LINC00858 +
NC-inh vs. Scramble + NC-inh or sh1#-LINC00858 + miR-4766-
5p inh, P<0.01. f The increase of E-cadherin and decrease of N-
cadherin in HCT 116 and SW480 cells transfected with sh1#-
LINCO00858 were reversed by cotransfection with sh1#-LINC00858
and miR-4766-5p inhibitor detected by immunofluorescence. g
Protein expression of PAK2, CDK2, p21, Bcl-2, Bax, cleaved
caspase-3, MMP2 and MMP9 in HCT 116 and SW480 cells
transfected with sh1#-LINC00858 were reversed by cotransfection
with sh1#-LINC00858 and miR-4766-5p inhibitor detected by west-
e blot. ** represents sh1#-LINC00858 + NC-inh vs. Scramble +
NC-inh or sh1#-LINC00858 + miR-4766-5p inh, P < 0.01

to some clinical parameters and predicted a poor prognosis
in CRC patients, which is in consistent with previous
studies in other cancers including osteosarcoma (Gu et al.
2018) and non-small cell lung cancer (Zhu et al. 2017b).
Similar to Sha et al (Sha et al. 2019)’s work, high expres-
sion of LINCO00858 was related to poor OS of CRC
patients with more frequently occurred in patients with
TNM stages III and TV, suggesting LINC00858 might be
a poor prognosis indicator of CRC. However, due to the
small sample size of our current clinical analysis (N = 50),
the significant correlation between expression levels of
LINCO00858 with histological grades and lymph nodes
metastasis found in research before (Sha et al. 2019) was
not reported in this study. A larger patient cohort is required
to strengthen the clinical significance of LINC00858 in
CRC patients for future investigations.

Similar to the clinical results, in vitro loss-of-function
assays using LINC00858 shRNAs showed LINC00858
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Fig. 7 LINCO00858 knockdown
suppressed in vivo CRC tumor
growth. a Transfection efficiency
of sh1#-LINC00858 and the
expression of miR-4766-5p in
xenograft tumor mice detected by
qRT-PCR. ** represents shl#-
LINCO00858 vs. Scramble,
P<0.01. b Effects of shl#-
LINC00858 on tumor growth in
xenograft tumor mice. ¢ Effects of
sh1#-LINC00858 on the tumor
volume and weight. ** represents
sh1#-LINC00858 vs. Scramble,
P<0.01.d
Immunohistochemistry staining
was used to determine expression
of PAK2, E-cadherin, and Ki-67
affected by sh1#-LINCO00858.
Black bar: 50 um. e LINC00858
knockdown remarkably reduced
the metastatic nodules in the lung.
The liver sections were shown via
H&E staining. Scale bar, 50 pm.
** represents sh1#-LINC00858
vs. Scramble, P <0.01

Fig. 8 Mechanism-oriented
overview of LINC00858 in CRC.
LncRNA LINC00858 was
upregulated in CRC. Through
sponging and inhibiting of miR-
4766-5p, LINC00858 increased
PAK?2 and promoted cell
proliferation, migration, and
invasion of CRC
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knockdown not only inhibited CRC progression, but also
induced cell apoptosis, which is consistent with Sha et al
(Sha et al. 2019)’s study. Moreover, our in vivo subcuta-
neous xenotransplanted tumor model for the first time
revealed that interference of LINC00858 could suppress
CRC growth in vivo, indicating the potential clinical
application of LINC00858 in CRC treatment.

Although Sha et al. (Sha et al. 2019) have reported
the oncogenic role of LINC00858 on CRC depended
on the promotion of cell apoptosis, its functional
targets remain unclear. In this study, our results
showed to regulate cell apoptosis, CDK2, p21, Bcl-
2, Bax, and cleaved caspase-3 were found to be
involved in regulation of LINC00858 on CRC. Gen-
erally, CDK2 (cyclin-dependent kinase 2), as the
mediator of cell cycle transition, has been found to
be upregulated in CRC (Diaz-Moralli et al. 2013).
CDK2 inhibitor exhibits anti-proliferative effect on
CRC (Shi et al. 2015). Moreover, as a cyclin-
dependent kinases inhibitors, p21 suppressed cell
growth as an antitumor agent (Pasz-Walczak et al.
2001). Bax and cleaved caspase-3 promoted CRC
apoptosis, and Bcl-2 inhibited apoptosis by suppres-
sion of Bax (Khodapasand et al. 2015; Noble et al.
2013).We showed that LINC00858 knockdown in-
creased p21, Bax, and cleaved caspase-3 and de-
creased CDK2 and Bcl-2 levels, and thus promoting
CRC cell apoptosis. Flow cytometry also confirmed
the pro-apoptotic effects of LINC00858 knockdown.
Meanwhile, the effects of LINC00858 on CRC cell
cycle should be further investigated.

In addition to promotion of cell apoptosis, the
oncogenic role of LINC00858 in CRC was also
dependent on the promotion of epithelial to mesen-
chymal transition (EMT) (Sha et al. 2019). EMT is
essential for the development of metastasis, which
contributes to the unfavorable prognosis in cancer
(Pino et al. 2010). Reduced E-cadherin level accom-
panied by elevated mesenchymal markers (N-
cadherin or vimentin) led to disassembly of cell
adherens junctions and cell invasion (Buhrmann
et al. 2019). Sha et al (2019) only reported
LINCO00858 knockdown decreased N-cadherin and
vimentin, we reported that LINC00858 knockdown
increased E-cadherin and decreased N-cadherin,
demonstrating the anti-migration and invasion abili-
ties of LINCO00858 knockdown on CRC. Moreover,
MMP2 and MMP9, biomarkers significantly associ-
ated with invasive cancer stages of CRC (Araujo Jr.

et al. 2015), were downregulated upon LINC00858
knockdown in the present study, which is beneficial
for the inhibition of CRC metastasis (Damodharan
et al. 2011). EMT also participate in mediation of
cancer stemness (Fender et al. 2015). IncRNA
UICLM induced EMT and promoted stemness prop-
erties of CRC for the metastasis (Chen et al. 2017).
Considering that LINC00858 was associated with
EMT of CRC, the impact of LINC00858 on
stemness properties of CRC also required further
investigation.

As well known, IncRNAs depends on its binding
targets (miRNAs and proteins) to perform biological
functions. Sha et al. (2019) reported that miR-22-3p
was a target of LINC00858, which was associated
with regulation of CRC cell progression. By dual
luciferase reporter assay and RIP, miR-4766-5p was
validated as a binding target of LINC00858. Other
than miR-22-3p/YWHAZ axis reported before (Sha
et al. 2019), our results for the first time confirmed
LINCO00858 could promote CRC progression by
sponging miR-4766-5p to upregulate PAK2. PAKs
(p21-activated kinases), as commonly oncogenic ki-
nases, have been considered as promoter of CRC
progression (Ye and Field 2012). PAKs could pro-
mote cell cycle progression via Erk, Akt, and Wnt
signaling pathways, trigger apoptosis via nuclear fac-
tor kB (NF-kB) pathway, as well as activate invasion
and metastasis via various pathways (Senapedis et al.
2016; Carter et al. 2004). However, different from
other PAKs, PAK2 inhibits cell cycle progression,
performs anti-apoptotic and anti-metastatic in CRC
(Lv et al. 2018). Loss-of-function assays showed that
LINCO00858 knockdown decreased PAK?2 expression,
and thus suppressing cell progression of CRC. How-
ever, other isoforms of PAKs in CRC have yet not
been evaluated.

In summary, this study reported IncRNA LINC00858
knockdown inhibited CRC progression and induced cell
apoptosis, via miR-4766-5p-mediated PAK2. The re-
search regarding LINC00858/miR-4766-5p/PAK2 reg-
ulatory axis shed lights on LINC00858 as a potential
therapeutic candidate targeting tumor progression for
CRC treatment from bench to clinic.
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