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Background: Colorectal cancer (CRC), characterized by high mortality and incidence rate,
is one of the most common types of rectum tumors in the gastrointestinal tract worldwide.
An increasing number of investigations indicated that long noncoding RNAs (IncRNAs)
have been implicated in the growth of a wide range of cancers. Although it has obtained
general acceptance that IncRNA LINCO00511 plays a significant role in numerous cancers, the
regulatory mechanism of LINCO00511 in CRC still needs to be explored.

Materials and Methods: Bioinformatics analysis and a wide range of experiments of sphere
formation assay, cell proliferation assay, RT-qPCR, colony formation assay, Transwell assay and
Western blot assays investigated the function and mechanism of LINC00511 in CRC tissues and
cells.

Results: Our results manifested that the expression level of LINC00511 was obviously
upregulated in CRC tissues and cells and it accelerated CRC development through facilitat-
ing cell proliferation, metastasis and stemness. Molecular mechanism exploration uncovered
that LINC00511 acted as a ceRNA competing with NFIA to bind with miR-29¢c-3p. Through
rescue experiments, we discovered that NFIA upregulation partly counteracted the inhibitive
effect induced by LINC00511 silencing on CRC progression.

Conclusion: These results revealed that LINC00511 participated in the progression of CRC
by targeting the LINC00511/miR-29¢-3p/NFIA axis, indicating that LINC00511 may be
a potential therapeutic target for CRC treatment.
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Introduction

Colorectal cancer (CRC) has long been one of the most frequent cancers and
the second reason for cancer-associated death worldwide.'” The mortality rate
and incidence remain evidently high among the middle-aged and the elderly in
developed countries on account of therapy resistance and distant metastasis.’
Additionally, in young patients, the incidence of CRC is continuously increasing.*
It has been verified that the occurrence of CRC mainly results from human lifestyle,
dietary environmental factors.” Meanwhile, cancer stem cells (CSCs) possess the
ability of self-renew, differentiation and actuates the occurrence and development
of tumors, becoming an important reason for the failure of cancer treatment.®’
Although there have been many researches on a variety of biomarkers in CRC, the
underlying molecular regulatory mechanisms of these biomarkers are also not very
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explicit. Therefore, it is of great significance to seck out
the biological targets of CRC to advance the diagnosis,
therapy, and survival rate for CRC patients.

Long noncoding RNA (IncRNA) is a kind of noncoding
RNA with more than 200 nucleotides in length.® More and
more evidences show that IncRNA is the main regulatory
factor of cancers.” An increasing number of researchers have
devoted themselves to disclose the function of IncRNAs in
cancers. For example, IncRNA LINC00337 inhibits TIMP2
expression by sponging DNMT1 to accelerate the develop-
ment of NSCLC.'° Upregulation of IncRNA SNHG3 expres-
sion promotes the invasive and metabolic capacity of lung
cancer cells.'" Evidence shows that LINC00511 could act as
a carcinogenic gene in several human cancers. For instance,
overexpression of LINC00511 facilitates cell proliferation,
migration and invasion in lung cancer.'? Through interacting
with Snail, LINC0O0511 accelerates cell proliferation and
invasion in triple-negative breast cancer.'” A recent study
has found that in thyroid carcinoma, LINC00511 sponges
JAK2 to exert oncogenic function.'* Nevertheless, the bio-
logical function and molecular mechanism of LINC00511 in
CRC remain obscure.

In this
LINCO00511 played oncogenic role in the progression of
CRC. Our study demonstrated that LINC00511 regulated
the progression of CRC through mediating LINC00511/
miR-29¢c-3p/NFIA axis, which may become a promising

study, we intended to probe whether

therapeutic target for the treatment of patients with CRC.

Materials and Methods

Clinical Samples

Twelve pairs of CRC tissues and noncancerous samples
were obtained from patients with CRC at China-Japan
Union Hospital of Jilin University (Jilin, China). All col-
lected tissues were instantly stored at —80°C for the fol-
lowing studies. None of the patients accepted treatment
before the operation. All written informed consents of this
study were obtained from the patients with CRC. The
approval of this research was obtained from the Ethics
Committee of China-Japan Union Hospital of Jilin
University (Jilin, China).

Cell Lines

Four CRC cell lines (HT-29, HCT8, HCE8693, SW620)
and a normal human colorectal cell line NCM460 were
provided by Chinese Academy of Sciences Cell Bank
(Shanghai, China). All these cells were incubated in

Roswell Park Memorial Institute (RPMI) 1640 medium
including 10% fetal bovine serum (FBS). The cells were
cultivated at 37°C with 5% CO,.

Transfection

Cells were seeded on 24-well plates, 1 x 10° per well, and
cultured at 37°C with 5% CO, in a humid incubator. In
order to knockdown the expression of LINCO00511, sh-
LINCO00511#1 and sh-LINC00511#2 vectors were, respec-
tively, designed and synthesized and then transfected to
HT-29 and HCTS8 cells, with sh-NC vectors as negative
control (NC). MiR-29¢-3p mimics were designed and
synthesized to overexpress miR-29¢-3p, and NC mimics
served as negative control. Similarly, pcDNA3.1 vector
was used to overexpress NFIA. Plasmids transfections
were carried out by Lipofectamine 2000 (Invitrogen,
USA). GenePharma (Shanghai, China) provided the
synthetical plasmids including sh-NC, sh-LINCO00511#1
/2, NC mimics, miR-29¢-3p mimics, pcDNA3.1 and
pcDNA3.1/NFIA.

Sphere Formation Assay

In 6-well ultra-low attachment plates (Corning
Incorporated, Corning, NY, USA), CRC cells were
digested, counted and seeded at a density of 5000 cells/
well in serum-free RPMI 1640 medium (Invitrogen,
Shanghai, China) including 20 ng/mL human FGF
(Gibco, USA), 20 ng/mL human EGF (Gibco), 1% N2
supplement (Gibco) and 1% B27 (Gibco). Cells were
cultivated in an atmosphere at 37°C, involving 5% CO,
to form spheres for 2 weeks. After 2 weeks, a light micro-
scope was used for observation and evaluation of the
spheres.

Cell Viability Assay
Cell Counting Kit-8§8 (CCK-8;
Technologies, Japan) was used to measure the viability

Dojindo Molecular

of cells. 96-well plates were applied to incubate the cells.
After adding CCK-8 solution at the time points of 0, 24,
48, and 72 h, cells were then incubated for 2 h at 37°C. An
automatic microplate reader was used for detection of the
OD values at the wavelength of 450 nm.

Western Blot Analysis

Cell lysis was obtained using Radioimmunoprecipitation
assay (RIPA) buffer. Proteins were quantified utilizing the
BCA™ protein analysis kit (Pierce, Appleton, USA).
separated by SDS-PAGE and then

Proteins were
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electrophoretically devolved onto the PVDF membranes.
The membrane was enclosed in skim milk and cultivated
with primary antibodies overnight at 4°C, and then incu-
bated with secondary antibodies for 1 hour. Protein levels
were detected by the chemiluminescent imager (Shanghai,
China). GAPDH acted as an internal control. The primary
antibodies were displayed as follows: Sox-2 (ab97959);
Oct-4 (ab19857); CD44 (ab51037); Nanog (ab80892);
GAPDH (ab8245).

Colony Formation Assay

Transfected cells (1 x 10° cells/well) were planted on
6-well plates. The medium needed to be changed every 3
days. Cultivation of the cells was conducted for 14 days.
Then, the cells were rinsed by PBS, immobilized with
methanol and dyed by crystal violet. Finally, the number
of colonies greater than 50 cells per colony could be
counted manually.

RNA Extraction and Quantitative
Real-Time PCR

Total RNA extraction was performed with the employment
of TRIzol reagent (Takara, Otsu, Japan) following the man-
ufacturer’s protocols. RNAs were reverse transcribed into
complementary DNA (cDNA) using a SYBR Green Master
Mix kit (Takara, Otsu, Japan). The RT-qPCR was conducted
by SYBR-Green Real-Time PCR Kit (Takara, Otsu, Japan)
in a CFX96™ Real-Time System (Bio-Rad). PCR was con-
ducted under the following conditions: 40 cycles of 94°C for
15 s, 60°C for 10 s, and 72°C for 20 s. NCBI online tool
Primer-BLAST (www.ncbi.nlm.nih.gov/tools/primer-blast)

was adopted to design the primers which were listed
below: LINCO00511, forward: 5'-CT
AACAAGAGGGTAAGTGTCAG-3’, reverse: 5'-AAG
TCGACAACCCCATCGTTAC-3’; miR-29¢-3p forward: 5'-
GCTGGTTTCATATGGTGG-3', reverse: 5'-GAACATGTC
TGCGTATCTC -3'; NFIA, forward: 5-ACCAGCTC
AAAAAACCTGTGGA-3, reverse: 5-TGTTGTGAAA
CGAAACACCCC-3"; Glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH), forward: 5'-CATCAAGAAGG
TGGTGAAGCAG-3', reverse: 5-CGTCAAAGGTGGA
GGAGTGG-3"; U6, forward: 5'-GCGCGTCGTGAAGCG
TTC-3', reverse: 5-GTGCAGGGTCCGAGG-3'. GAPDH
was used as the internal reference for IncRNA and mRNA,
while U6 was used as an internal reference for miRNA.
Calculation of relative genes expressions was performed
with the 224" method.

Transwell Assay

Transwell assays were conducted to detect cell invasion
and migration abilities. Transfected cells were added to the
upper chambers while the lower chambers were added
with 10% FBS. Forty-eight hours later, we respectively
immobilized and dyed the invaded or migrated cells with
the employment of methanol and crystal violet (Amresco
Co, USA). Afterwards, the stained cells were counted
from 5 random fields. The operation procedures of cell
migration and invasion assay were the same except that
there was no Matrigel coated in the upper chambers in
migration assay.

Subcellular Fractionation Location

A Nuclear/Cytosol Fractionation Kit (Biovision, USA)
was utilized to separate the RNAs from nuclear or cyto-
plasm fraction. Subcellular fractionation location assay
was conducted to detect the levels of LINCO00511,
GAPDH, and U6 in cytoplasm or nuclear components.
GAPDH and U6 were separately functioned as nuclear or
cytoplasm control.

RNA Pull-Down Assay

Pull-down assay was adopted to measure the potential
binding capacity between LINCO00511 and miR-29¢-3p.
MiR-29¢c-3p was biotinylated to be miR-29¢c-3p probe-no
biotin and miR-29¢-3p probe-biotin by GenePharma
Company (Shanghai, China). Cells were lysed by RIPA
lysis buffer and incubated with miR-29¢-3p probe-no bio-
tin or miR-29¢-3p probe-biotin in HT-29 or HCTS cells.
Afterwards cell lysate was cultivated with Dynabeads
M-280 Streptavidin (Invitrogen, USA). Purified RNA
complex was subjected to RT-qPCR for miR-29¢c-3p
expression detection.

Luciferase Reporter Assay

The 3’-UTR sequences of NFIA including the predicted
miR-29¢c-3p binding sites and full-length sequences of
NFIA-Mut were subcloned into the pmirGLO vectors
(Promega, Madison, USA) to produce the wild-type
NFIA reporter (NFIA-WT) and the mutant NFIA reporter
(NFIA-Mut). NC mimics or miR-29¢-3p mimics were co-
transfected with pmirGLO-NFIA-WT or pmirGLO-NFIA-
Mut into HT-29 or HCTS cells. After 48 h of incubation,
the luciferase activities were tested using a dual-luciferase
reporter assay system (Promega, USA).
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Statistical Analysis

Student’s #-test and One-way/two-way analysis of variance
were employed to compare differences of each group. Data
are shown as the mean + standard deviation (SD). Statistical
analysis was analyzed by SPSS 20.0 software (SPSS, USA).
Differences were considered as statistically significant while
the p-value was less than 0.05. All experiments were repeated
three times.

Results
LINCOO51 | Expression is Prominently

Upregulated in CRC Tissues and Cells

Although LINCO00511 upregulation has been discovered in
numerous cancers, its expression status in CRC remains to
be explored. GEPIA database displayed that the expression of
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LINCO00511 in colorectal tumor tissues was much higher than
in non-tumor tissues, and then this result was further deter-
mined by RT-qPCR assay (Figure 1A and B). Consistently, the
expression of LINC00511 was evidently upregulated in CRC
cell lines (HT-29, HCTS, HCE8693, SW620) in comparison
with the normal human colorectal cell line NCM460 (Figure
1C). Overall, the above results delineated that LINCO00511
was highly expressed in CRC tissues and cells.

LINCOO5I1| Contributes to the Malignant
Phenotypes of CRC Cells

In order to investigate the possible biological function of
LINCO00511 in CRC development, LINC00511 was knocked
down through the utilization of sh-LINC00511#1 or sh-
LINCO00511#2 with sh-NC as a scramble control. Then, the
interference efficiency of sh-LINC00511#1/2 in HT-29 and
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Figure 1 LINCOO0511 level is observably elevated in CRC tissues and cells. (A) LINCO0051 | expression in CRC tissues and adjacent normal tissues was found at the GEPIA
website. (B) RT-qPCR analysis was conducted to determine LINCO05! | expression in |12 pairs of CRC tissues and normal colorectal tissues. (C) The expression of
LINCO0051 I in normal colorectum cell line NCM460 and in CRC cell lines (HT-29, HCT8, HCE8693 and SW620) was measured by RT-qPCR assay. *P<0.05, **P<0.01.
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HCTS8 cells was confirmed by RT-qPCR assay. As presented
in Figure 2A, the introduction of sh-LINC00511#1/2 caused
a significant reduction of LINC00511 expression in HT-29
and HCT8 cells compared with scramble control, suggesting
that sh-LINC00511#1/2 were suitable for the following func-
tional experimentations. Then, the influence of LINC00511
down-regulation on cell stemness, viability, proliferation,
migration and invasion were further tested in HT-29 and
HCTS8 cells. Sphere formation assay exhibited that
LINCO00511 knockdown induced a notable reduction on the
number of spheroids (Figure 2B). Western blot assay indi-
cated that LINC00511 deficiency reduced the protein expres-
sion of Sox-2, Oct-4, CD44 and Nanog which were
associated with stemness in HT-29 and HCT8 cells
(Figure 2C). CCK-8 assay demonstrated that LINC00511
knockdown inhibited
(Figure 2D). In addition, colony formation assay illustrated

significantly cell proliferation
that LINCO00511 suppression dramatically decreased the
number of colonies formed by HT-29 and HCT8 cells
(Figure 2E). Moreover, transwell assays revealed that silence
of LINC00511 conspicuously hampered the migration and
invasion abilities of CRC cells (Figure 2F-G). Taken
together, LINC00511 facilitates the malignant phenotypes
of CRC through promoting cell stemness, viability, prolifera-

tion, migration, and invasion.

LINCOO51 | Serves as a Sponge for

miR-29¢-3p in CRC Cells

As LINCO00511 was reported to function as a ceRNA in
multiple cancers,'”'® we designed to figure out whether
LINCO00511 could combine with specific miRNAs in CRC.
As shown in Figure 3A, LINCO00511 level was upregulated in
cell cytoplasm than that in nucleus based on subcellular
fraction assay. By searching starBase website, six candidate
miRNAs (miR29a-3p, miR-29¢-3p, miR-150-5p, miR-15b-
5p, miR-195-5p, miR-525-5p) were speculated to have bind-
ing sites with LINC00511 (Table 1). Moreover, we discov-
ered that miR-29¢-3p expression was the most enriched in
the LINC00511 probe-biotin group in HT-29 and HCTS cell
lines relative to other candidate miRNAs by RNA pulldown
analysis (Figure 3B). RT-qPCR assay showed that the
expression of miR-29¢-3p was significantly elevated by
transfection of miR-29¢-3p mimics vector (Figure 3C).
Then, we validated the interaction between LINC00511 and
miR-29¢-3p. Luciferase reporter assay showed that the luci-
ferase activity of LINC00511-WT reporters was consider-
ably decreased in miR-29¢c-3p mimics transfected cells,

while no significant change was found in LINC00511-Mut
reporters (Figure 3D). As illustrated in Figure 3E, the expres-
sion of miR-29c¢-3p was significantly lower in CRC cell lines
(HP75, GH1, HT-29, HCT®8) than in human normal color-
ectal cell line NCM460. Besides, miR-29c-3p expression
was also found to be downregulated in CRC tumor tissues
relative to adjacent normal tissues. Moreover, miR-29¢-3p
could negatively regulate LINC00511 expression (Figure
3F). Overall, these results suggested that LINC00511
sponged miR-29¢-3p in CRC.

NFIA is a Downstream Target Gene of
miR-29¢c-3p in CRC Cells

To find out the downstream target genes of miR-29¢-3p, we
searched starBase website first. Then, the potential target
genes (NFIA, DIP2C, SVIL, BACEI, IGFI, RNFI38,
KMT5C, BCLI114, CIQTNF6, ADAMTSY, KLHDCS3,
AMER]I) of miR-29¢c-3p were presented by Veen diagram
(Figure 4A). RT-qPCR assay revealed that among all pre-
dicted mRNAs, the relative expressions of the five mRNAs
(NFIA, SVIL, IGF1, AMERI and BACEI) were dramati-
cally decreased in miR-29¢c-3p mimics transfected cells.
NFIA protein expression was obviously decreased by
miR-29¢-3p mimics (Figure 4B). Furthermore, we discov-
ered the marked upregulated level of NFIA in 12 pairs of
CRC tumor tissues compared with non-tumor tissues
(Figure 4C). RT-qPCR assay declared the downregulated
NFIA expression in sh-LINCO0511#1 or miR-29¢c-3p
mimics transfected cells (Figure 4D). Based on the above
research and through searching starBase website, we
hypothesized that NFIA shared binding sites with miR-
29c-3p (Figure 4E). Luciferase reporter assay revealed
that luciferase activity of NFIA-WT reporters was signifi-
cantly decreased by transfection of miR-29¢-3p mimics,
while no significant difference was found in NFI4A-Mut
reporters, indicating that NFIA could bind with miR-29c-
3p (Figure 4E). RNA pulldown assay further revealed the
abundant enrichment of NFIA precipitated by miR-29¢-3p
probe-biotin, compared with the miR-29¢c-3p probe-no bio-
tin, suggesting that miR-29¢c-3p could directly bind with
NFIA (Figure 4F). In conclusion, these data suggested that
NFIA could bind to miR-29¢-3p in CRC cells.

LINCOO051 | Promotes CRC Malignant
Phenotypes via Regulating NFIA

To certify whether LINC00511 made a cancerogenic
impact on CRC progression through regulating NFIA
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Table | The Potential miRNAs for LINCOO051 | Were Predicted by starBase Website

miRNA ID miRNA Name Gene ID Gene Name Gene Type Pancancer Num
MIMAT0000086 hsa-miR-29a-3p ENSG00000227036 LINCOO51 | lincRNA 10
MIMATO0000681 hsa-miR-29¢-3p ENSG00000227036 LINCOO51 | lincRNA 19
MIMATO000045 | hsa-miR-150-5p ENSG00000227036 LINCOO51 | lincRNA 12
MIMAT0000417 hsa-miR-|5b-5p ENSG00000227036 LINCOO51 | lincRNA 10
MIMATO000046 | hsa-miR-195-5p ENSG00000227036 LINCOO51 1 lincRNA I
MIMAT0002838 hsa-miR-525-5p ENSG00000227036 LINCOO51 | lincRNA 10

expression, the follow-up explorations were conducted. As
exhibited in Figure 5A, overexpression of NFIA reversed
the inhibitive function of LINCO00511 silencing on the
expression of NFIA. As displayed in Figure 5B, NFIA
overexpression offset the inhibitory effect of LINC00511
silencing on sphere formation. Furthermore, compared
with sh-LINC00511#1
expression of Sox-2, Oct-4, CD44 and Nanog were also
partly recovered by transfection with sh-LINC00511#1
+pcDNA3.1/NFIA (Figure 5C). LINCO00511 knockdown
repressed cell viability and proliferation of CRC cells,

transfected cells, the protein

but this effect was rescued by NFIA overexpression
(Figure 5D and E). Likewise, NFIA overexpression
reversed the inhibitory effect on cell migration and inva-
sion caused by LINC00511 knockdown (Figure 5F-G).
The above results led to the conclusion that knockdown
of LINC00511 inhibited cell stemness, viability, prolifera-
tion, migration and invasion in CRC cells by mediating
LINCO00511/miR-29¢-3p/NFIA axis.

Discussion

Previous researches implied that IncRNAs have taken part
in numerous cancers like glioblastoma, gastric cancer and
19721 Additionally, it was found that
a certain amount of IncRNAs were associated with poor

ovarian cancer.

prognosis in CRC patients.”*>* Experimental investiga-
tions indicate that LINC00511 exerted oncogenic function
in many cancers.'>'> Although the biological role of
LINCO00511 in CRC has been studied once, its biological
function and regulatory mechanisms still deserve further
exploration. In this research, highly expressed LINC00511
expression was discovered in CRC tissues and cell lines.
Besides, LINCO00511 silencing cut down cell viability,
proliferation, migration, invasion and stemness in CRC.
All evidences demonstrated that LINC00511 facilitated the
malignant phenotypes of CRC.

MicroRNAs (miRNAs) are a class of short non-coding
single-stranded RNA molecules with approximately 22

nucleotides, exerting an influence on regulating gene
expressions.”> MiR-29¢-3p has been reported to have anti-
tumor effect in many cancers. For example, miR-29¢-3p
inhibits tumor progression in hepatocellular carcinoma by
regulating DNMT3B and LATS1 methylation.”® MiR-29c-
3p inhibits gastric cancer by regulating MCL-1.%
has been reported that IncRNAs sponge miRNAs and then
regulate a wide variety of diseases.”® For example, IncRNA

Recently, it

GAPLINC facilitates the progression of glioblastoma via
binding with miR-331-3p.?* LncRNA NNT-ASI promotes
the proliferation and invasion of cholangiocarcinoma cells
via modulating miR-485 expression.*® Besides, IncRNA
LINCO00511 sponges miR-185 to exert an oncogenic role in
breast cancer.’! However, the interaction between
LINCO00511 and its target miRNAs in CRC cells still needs
to be explored. In our current study, we selected miR-29¢-3p
for LINC00511 from the potential target miRNAs. Despite
the fact that miR-29¢-3p was upregulated in gastric cancer,**
documents have also confirmed that miR-29¢-3p was down-
regulated and served as a tumor suppressor gene in various
cancers like esophageal carcinoma, hepatocellular carcinoma
and ovarian cancer.?®>*3* In this research, we certified that
miR-29¢-3p was downregulated in CRC tissues and cells.
LINCO00511 and miR-29¢-3p can interact with each other in
CRC cells.

It is well known that NFIA plays a carcinogenic role in
many human cancers.*> >’ For example, high NFI4
expression was reported to be firmly related to lymph
node metastasis in patients with ESCC.>> NFIA leads to
adverse prognosis and recurrence for GBM patients.>® Our
study verified that miR-29¢c-3p combined with NFIA in
CRC. Rescue assays illuminated that NFIA upregulation
partially counteracted LINC00511 silencing-induced inhi-
bition on CRC progression.

In conclusion, our study -certified that silenced
LINCO00511 inhibited the malignant phenotypes of CRC
via modulating the LINCO00511/miR-29¢c-3p/NFIA4 axis,
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suggesting that this axis might provide a novel therapeutic

target for CRC treatment.
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