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LINCO00565 promotes the progression of
colorectal cancer by upregulating EZH?2
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Abstract. The present study aimed to illustrate the role
of LINCO00565 in aggravating colorectal cancer (CRC) by
targeting enhancer of zeste homolog 2 (EZH?2). The relative
levels of LINC00565 and EZH?2 in CRC tissues, based on their
Tumor-Node-Metastasis stage and tumor size, were detected
by reverse transcription-quantitative polymerase chain reac-
tion. The diagnostic value of LINC00565 in CRC was assessed
by depicting receiver operating characteristic curves. Pearson's
correlation test was applied to analyze the expression corre-
lation between LINC00565 and EZH?2 in CRC tissues. The
transfection efficacy of three LINC00565 small interfering
RNAs was examined in CRC HCT116 and SW480 cell lines.
After knockdown of LINC00565, the proliferative and migra-
tory abilities of CRC cells were detected by Cell Counting
Kit-8 and Transwell assays, respectively. The subcellular
distribution of LINC00565 was analyzed, and the interaction
between LINCO00565 and EZH2 was determined by RNA
immunoprecipitation. Finally, co-regulation of LINC00565
and EZH2 on CRC cell functions was explored by performing
rescue experiments. Results showed that LINC00565 was
upregulated in CRC tissues, especially in patients with
stage III+IV and in those with large tumor sizes, suggesting
its diagnostic value in CRC. EZH2 was also upregulated in
CRC tissues, showing a positive correlation with LINC00565.
LINC00565 was mainly expressed in the cytoplasm and
was found to bind with EZH2. Validation was performed by
overexpressing EZH2, which abolished the role of silenced
LINCO00565 in regulating proliferative and migratory abili-
ties in CRC. Therefore, the upregulation of LINC00565 in
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CRC tissues was found to stimulate the aggravation of CRC by
upregulating EZH?2.

Introduction

Colorectal cancer (CRC) is a common malignant tumor of
the digestive system that seriously endangers human lives (1).
CRC is the second- and third-most common cancer in women
and men, respectively. In 2012, 614,000 women (9.2% of all
new cancer cases) and 746,000 men (10.0% of new cancer
cases) were diagnosed with colorectal cancer worldwide (2).
Incidence varies geographically, with the highest incidence in
Australia and New Zealand, whereas Western Africa has the
lowest incidence (2). In total, 40-50% of patients with CRC
develop tumor relapse, despite improvements in the diagnostic
and therapeutic methods, leading to a poor prognosis (3). There
is a need to clarify the molecular mechanisms underlying the
occurrence and metastasis of CRC. Meanwhile, developing
effective biomarkers and improving therapeutic strategies for
CRC are the focuses of clinical research.

Long non-coding RNAs (IncRNAs) are transcripts
longer than 200 nucleotides that cannot be translated into
proteins (4); they are involved in the regulation of transcrip-
tional, post-transcriptional and epigenetic cell events (5,6).
Growing evidence has identified that IncRNAs participate
in various biological processes, including embryonic stem
cells development, helper T-cell differentiation, autophagy,
myocardial infarction, cellular senescence, apoptosis and
metastasis of cancer cells, and chemotherapeutic resis-
tance (7,8). In addition, dysregulated IncRNAs are closely
linked to tumor relapse and poor prognosis (9). To date, several
IncRNAs have been revealed to be abnormally expressed in
CRC profiling, such as CCAT1, HOTAIR and H19 (10-12).
The present study aimed to identify novel IncRNAs that
were dysregulated in the development of CRC. To compre-
hensively characterize those aberrantly expressed IncRNAs,
we analyzed CRC and normal tissue RNA sequencing data
downloaded from The Cancer Genome Atlas (TCGA). In
order to identify CRC-associated IncRNAs, the literature was
searched to identify a novel IncRNA named LINC00565 has
already been discovered in gastric cancer (13). LINC00565
spans 2,478 bp length and is located on chromosome 13,
which is significantly upregulated in gastric cancer (GC)
tissues (13). LINC00565 drives the progression of ovarian
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cancer by targeting GAS6 (14). In addition, LINC00565
promotes proliferation and inhibits apoptosis of GC by
targeting miR-665/AKT3 axis. however, its role in CRC is
still unclear (13).

Enhancer of zeste homolog 2 (EZH2) is a histone meth-
yltransferase that functions as the catalytic subunit of the
polycomb repressive complex 2 (PRC2) (15). PRC2 methylates
lysine 27 on histone 3 (H3K27), resulting in the transcrip-
tional silencing of target genes. EZH?2 is responsible for
methylating lysine 27 of histone 3 to generate H3K27me3, a
histone mark associated with a more condensed chromatin
and transcriptional gene repression (15). A previous study
suggested that silencing EZH2 can induce senescence of
tumor cells, including breast cancer, ovarian cancer, prostate
cancer and non-Hodgkin lymphoma (16). In CRC tissues,
EZH2 is highly expressed and its expression level is known
to be associated with the prognosis of CRC (17). The binding
between EZH2 and IncRNAs triggers the specific binding
of IncRNAs to proteins, thus regulating protein activity and
function (18,19). Recent studies have reported that IncRNAs
recruit polycomb-group proteins to target genes (18,19). A
total of 20% of all human IncRNAs have been shown to physi-
cally associate with PRC2, suggesting that IncRNAs may have
a general role in recruiting polycomb-group proteins to their
target genes (18,19). At present, to the best of our knowledge,
no studies have shown whether LINC00565 can interact
with EZH?2 to influence the occurrence and development of
CRC. Therefore, the present study aimed to explore the role
of LINCO00565 in the malignant progression of CRC and its
interaction with EZH2, in order to provide new strategies for
the clinical diagnosis and treatment of CRC.

Patients and methods

Samples. Samples of CRC were collected from 42 patients
undergoing radical resection between May 2017 and
May 2019 in The Affiliated Jiangyin Hospital of Southeast
University Medical College (Jiangyin, China). There were
31 males and 11 females with an average age of (52.11+£8.99)
years, and the patient age ranged from 37-75 years old.
The inclusion criteria used were as follows: i) Diagnosis
of patients based on the diagnostic criteria for CRC;
and ii) Patients having had no prior CRC treatment. The
exclusion criteria were as follows: i) Patients undergoing
retreatment after cancer recurrence; and ii) Patients with
other malignant tumors. The tumor node metastasis (TNM)
stage of CRC was based on the American Joint Committee
on Cancer CRC 7th edition TNM stage (20). Histology
grade was determined based on a previous report (2).
Normal tissues resected =5 cm away from the edge of
CRC tissues were also collected, and these were patho-
logically confirmed to lack tumor invasive tissue. None
of the recruited patients had undertaken CRC treatment.
Intraoperatively collected tissue samples were immediately
placed in liquid nitrogen and stored at -80°C before use.
The present study was approved by the Ethics Committee
of The Affiliated Jiangyin Hospital of Southeast University
Medical College (approval number JYH-17-03-11-932), and
written informed consent was obtained from each subject.
The clinical data for the patients is shown in Table SI.

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR). Total RNA was extracted from the tissues
and cells using the TRIzol kit (Invitrogen; Thermo Fisher
Scientific Inc.), respectively, followed by measurement of
RNA concentration using an ultraviolet spectrophotometer
(Hitachi Ltd.). The complementary Deoxyribose Nucleic
Acid (cDNA) was synthesized according to the instruc-
tions of the PrimeScript™ RT MasterMix kit (Invitrogen;
Thermo Fisher Scientific Inc.). qPCR was subsequently
conducted following the recommendations of SYBR
Premix Ex Taq™ (Takara Bio, Inc.). The following primer
sequences were used for qPCR: GAPDH forward, 5'-CAC
CCACTCCTCCACCTTTG-3' and reverse, 5'-CCACCA
CCCTGTTGCTGTAG-3"; LINC00565 forward, 5'-GGC
CTGAGCATTGCATAACG-3' and reverse, 5'-CTGATG
GAGCGACCGTCTAC-3" and EZH2 forward, 5-TTGTTG
GCGGAAGCGTGTAAAATC-3' and reverse, 5-TCCCTA
GTCCCGCGCAATGAGC-3'; and U6 forward, 5'-GCGCGT
CGTGAAGCGTTC-3' and reverse, 5-GTGCAGGGTCCG
AGGT-3". GAPDH was served as the internal control. The
thermocycling conditions included pre-denaturation at 94°C
for 5 min, followed by 40 cycles of denaturation at 94°C for
30 sec, annealing at 55°C for 30 sec and extension at 72°C for
90 sec. Gene expression levels were quantitatively analyzed
using the 2244 method (21).

Cell culture. CRC cell lines (HCT116, SW480, HT-29 and
LoVo) and the normal human colonic epithelial cell line
(HCoEpiC) (cat. no. BSC-5005479458-01) were purchased
from the American Type Culture Collection. Cells were
cultured in Dulbecco's modified Eagle's medium (DMEM,;
Gibco; Thermo Fisher Scientific, Inc.) containing 10% fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) and
1% penicillin in a humidified incubator with 5% CO, at 37°C.
Medium was replaced every 24 h. Cell passage was performed
using 0.25% trypsin when cell density was >70%.

Cell transfection. CRC cell lines and HCoEpiC were resus-
pended in antibiotic-free DMEM and re-seeded into 6-well
plates at a density of 3x10° cells/well. CRC cell lines and
HCOoEpiC were incubated for 18-24 h at 20°C and trans-
fected using a Lipofectamine® 2000 kit (Sigma-Aldrich;
Merck KGaA). Cell transfection was performed at 20°C for 48 h.
Transfection efficiency was assessed by RT-qPCR. Liposomes,
si-NC (empty vector), si-LINC00565 and pcDNA-EZH?2 over-
expression plasmid and pcDNA-NC (negative control) were
all purchased from Shanghai Genechem Co. Ltd. Sequences
of LINC00565 small interfering RNAs (siRNAs) were as
follows: si-LINC00565 1, GCCTCCTGGTTTATAGCATGA,;
si-LINC00565 2, GGAGGACGCATCAATCCTTCT; and
si-LINC00565 3, GCTTTGCGAAGACTTTCTTCT. siRNA
at the concentration of 50 nM was added to each well and then
incubated for 48 h following which subsequent experimenta-
tion was performed.

Cell Counting Kit-8 (CCK-8) assay. Transfected CRC cell
lines and HCoEpiC were cultured in 96-well plates at a
concentration of 2x10° cells/well. Six replicates were set in two
groups (si-NC and si-LINC00565). At 6, 24, 48, 72 and 96 h,
10 ul CCK-8 solution (Dojindo Molecular Technologies, Inc.)
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was added per well and incubated for 4 h. The CCK-8 was
used according to the manufacturer's protocol. Optical density
at 450 nm was measured using a microplate reader.

Transwell migration assay. Transfected cells were prepared as
a suspension of 1x10? cells/ml in antibiotic-free DMEM. Next,
200 1 of this cell suspension was added to the top of Transwell
chambers (EMD Millipore), which were pre-inserted in a
24-well plate. In the bottom chambers, 600 u1 of antibiotic-free
DMEM containing 10% FBS was added. The difference in
serum concentration was the inductive factor for cell chemo-
taxis. After incubation for 48 h at 37°C, the invasive cells were
fixed in 4% paraformaldehyde, dyed with crystal violet for
2 min at 37°C and counted using a light microscope (BX-42;
Olympus Corporation). Penetrating cells were counted in ten
randomly selected fields per sample (magnification, x10).
Transwell migration assay was conducted following the same
procedures except for Matrigel pre-coating (I h at room
temperature).

Chromatin fractionation. A total of 1x10° cells in the bottle
were fully lysed in 200 pl of lysis buffer (cat. no. QC25-05099;
Qincheng Biotech Ltd.) and centrifuged at 4°C, 4,500 x g for
5 min to separate the cellular components. The supernatant
contained the cytoplasmic fraction. Subsequently, the pellet
was incubated in buffer SK and absolute ethanol. Nuclear
RNAs were obtained by column (Invitrogen; Thermo Fisher
Scientific, Inc.) centrifugation at 4°C, 4,500 x g for 10 min.
Transfection efficiency was assessed by RT-qPCR. Liposomes,
si-NC (empty vector), si-LINC00565 and pcDNA-EZH?2
overexpression plasmid were all purchased from Shanghai
Genechem Co. Ltd. Cytoplasmic and nuclear RNA levels were
then determined by RT-qPCR.

RNA immunoprecipitation (RIP). CRC cell lines and
HCoEpiC were treated following the manufacturer's
instructions of Millipore Magna RIP RNA Binding Protein
Immunoprecipitation kit (EMD Millipore). Cell debris was
removed from 140 ul of HepG2 2.2.15 supernatant or patient
plasma by high-speed centrifugation (20,800 x g at 4°C for
5 min). Samples were subsequently precleared by incubation
with 50 ul of Protein G MicroBeads (Protein G-Agarose;
cat. no. SC-2003; Santa Cruz Biotechnology Inc.) at room
temperature for 2 h. The samples extracted (10 ul) was used
as input control. After application on a yMACS column,
the flow-through pool was incubated with 2 ug of rabbit
monoclonal enhancer of zeste homolog 2 (EZH?2) antibody
(1:500; cat. no. ab191080; Abcam) or anti-IgG antibody
(1:2,000; cat. no. ab6721; Abcam) at 4°C for 6 h. Following
application on a new yMACS column and washing with
phosphate-buffered saline, bead-bound fractions were
eluted from the columns by using lysis buffer (Nanjing
Jiancheng Bioengineering Institute) for RNA isolation.
A protein RNA complex was captured and digested with
0.5 mg/ml proteinase K containing 0.1% SDS (Nanjing
Jiancheng Bittech Company) to extract RNA. The magnetic
beads were repeatedly washed with RIP washing buffer to
remove non-specific adsorption as much as possible. Finally,
the extracted RNA was subjected to mRNA level determina-
tion using RT-qPCR.

Statistical analysis. SPSS 19.0 software (IBM Corp.) was used
for data analysis. Data were expressed as the mean + standard
deviation. Each set of experiments was repeated three times.
The diagnostic value of LINC00565 in CRC was assessed
by depicting receiver operating characteristic (ROC) curves.
Pearson's correlation test was conducted to analyze the correla-
tion between LINC00565 and EZH?2 expression. Comparison
of pairwise differences between groups was performed using
Student's t-test. Comparison between multiple groups was
performed using one-way ANOVA followed by the post hoc
Bonferroni test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

LINCO00565 is upregulated in CRC. Firstly, the LINC00565
level in CRC tissues compared with normal tissues was
assessed. As shown by the RT-qPCR results, LINC00565 was
upregulated in CRC tissues compared with that in normal
tissues (Fig. 1A). In addition, the classification of CRC tissues
based on Tumor-Node-Metastasis (TNM) staging and
tumor size, indicated that CRC tissues from more advanced
TNM stages, such as stage III+IV, exhibited a higher level
of LINCO00565 than those from stage I+II tissues (Fig. 1B).
Furthermore, CRC tissues with large tumor sizes (>5 cm)
expressed a higher abundance of LINC00565 compared with
those with small lesions (Fig. 1C). These results suggested that
LINCO00565 may be involved in the progression of CRC as an
oncogene. To confirm the diagnostic value of LINC00565 in
CRC, ROC curves were depicted to determine the area under
the curve (AUC). The results of the ROC curves demonstrated
that LINC00565 has diagnostic value in CRC (AUC, 0.8163;
P<0.05; cut-off value, 0.1236) (Fig. 1D).

LINC00565 promotes proliferative and migratory abilities in
CRC. To investigate the effects of LINC00565 on prolifera-
tive and migratory abilities in CRC in vitro experiments were
conducted to clarify the role of LINC00565 in regulating cell
phenotypes of CRC. LINC00565 was highly expressed in
CRC cell lines, especially SW480 and HCT116 cells, when
compared with HCoEpiC control cells (Fig. 2A). In order to
silence LINC00565 expression in SW480 and HCT116 cells,
three siRNAs sequences were used. LINC00565 expression
was inhibited by the transfection of all of the sequences
(Fig. 2B and C), but si-LINC00565 3# presented the best
efficacy and was selected for the following experiments.
Knockdown of LINC00565 markedly decreased proliferation
in the HCT116 and SW480 cells (Fig. 2D and E). In addition,
the migratory ability of the CRC cells was suppressed by the
transfection of cells with si-LINC00565 3# (Fig. 2F). These
results suggested that knockdown of LINC00565 could statis-
tically inhibit proliferative and migratory potentials in CRC.

LINC00565 positively regulates the expression levels of
EZH?2. Subsequently, whether EZH2 was involved in the
progression of CRC was investigated. Subcellular distribu-
tion of LINCO00565 was analyzed. LINC00565 was mainly
expressed in the cytoplasm of HCT116 and SW480 cells
(Fig. 3A and B). EZH2 is one member of PRC2 family (15).
Compared with normal tissues, EZH2 expression levels were
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Figure 1. LINCO00565 is upregulated in CRC. (A) Relative mRNA expression levels of LINC00565 in CRC tissues and normal tissues. (B) LINC00565
mRNA expression levels in CRC tissue samples from TNM stage I+II and stage ITI+IV. (C) LINC00565 mRNA expression levels in CRC tissues of tumors
<5 and >5 cm. (D) Receiver operating characteristic curve depicted based on the diagnostic value of LINC00565 in CRC (AUC, 0.8163; P<0.05; cut-off value,
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upregulated in CRC tissues and were positively correlated
with the expression levels of LINC00565 (Fig. 3C and D).
This result suggested that EZH2 may also be involved in the
progression of CRC. The interaction between LINC00565
and EZH2 was determined by RIP. Furthermore, LINC00565
was found to be largely enriched in EZH2, indicating that
there is an interaction between LINCO00565 and EZH?2
(Fig. 3E and F).

Effect of LINC00565 in CRC progression requires EZH?2.
Next, whether the effects of LINC00565 on CRC progression
require EZH?2 was studied. EZH2 was found to be down-
regulated upon transfection of si-LINC00565 3# in CRC
cells (Fig. 4A). Next, pcDNA-EZH?2 overexpression plasmid
was used to transfect cells, which resulted in a marked
increase of EZH?2 expression levels in SW480 and HCT116
cells (Fig. 4B and C). EZH2 overexpression was found to
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partially reverse the decreased proliferation observed with
LINCO00565-knockdown in CRC cells (Fig. 4D and E). In
addition, the reduced migratory ability of CRC cells trans-
fected with si-LINCO00565 3# was also attenuated by the
overexpression of EZH?2 (Fig. 4F). These results indicated that
LINCO00565 promoted proliferative and migratory potentials
in CRC by positively regulating EZH2 expression levels.

Discussion

CRC is a prevalent tumor, ranking globally as the third and
second most common tumor in men and women, respec-
tively (2). In 2012, ~1.4 million individuals were diagnosed
with CRC, causing 693,900 deaths (22). According to the
latest report, the incidence and mortality rates of CRC in the
United States were in the top three among other cancers in
2012 (1). Great improvements have been made with regards to
the diagnosis and treatment of CRC. However, the incidence
of CRC in Asia still shows an upward trend (22). As a result,
early diagnosis and the development of CRC biomarkers are of
clinical significance.

IncRNAs were initially detected from DNA transcripts by
Okazakietal(23).Currently,alarge number of tumor-associated
IncRNAs have been identified. For example, Kogo ef al (11)
demonstrated that the IncRNA HOTAIR was upregulated
in CRC tissues when compared with non-tumoral tissues.
Highly expressed HOTAIR also predicted liver metastasis and
a poor prognosis in CRC. KEGG pathway analysis revealed
that HOTAIR induces gene silencing by interacting with the
PRC2 family (including SUZ12, EZH2 and H3K27me3) and
LSDI1 (9). Thus, it is possible that CRC-associated IncRNAs
can be utilized as diagnostic and therapeutic targets. However,
the regulatory mechanisms of CRC-specific IncRNAs in
cancer progression should be further validated. LINC000565
has been reported to be significantly increased in ovarian
cancer and to be closely associated with the prognosis of
ovarian cancer (14). Notably, in the present study, LINC00565
was found to play a similar role in CRC, with LINC00565
being upregulated in CRC tissues when compared with normal
tissues, and higher levels of LINC00565 being detected in
advanced stages of CRC and in those with larger tumor sizes.
In addition, in vitro assays showed the promotive effects of
LINCO00565 on the proliferative and migratory potential of
CRC cells. The results suggested that LINC00565 might be an
oncogene involved in CRC progression.

EZH?2 was also upregulated in CRC tissues in the present
study. Pearson's correlation analysis showed a positive correla-
tion between the mRNA expression levels of LINC00565 and
EZH2. A number of studies have shown that EZH2 may serve
a crucial role in the occurrence and development of CRC. In
CRC tissues, EZH?2 is highly expressed and its expression level
is known to be associated with the prognosis of CRC (17).
Xie et al (24) found that MALAT1 functioned as a competing
endogenous RNA to promote CRC development and EZH2
expression through sponging miR-363-3p in vitro and in vivo.
As a catalytic subunit of PRC2, EZH2 silences target genes by
catalyzing H3K27me3 and the methylation of lysine at posi-
tion 9 of histone H3 through its highly conserved region in
histone methyltransferase (15). Functionally, EZH2 regulates
gene activities at the chromosome level, which are responsible

for mediating cell growth, differentiation and other cellular
functions (25). For example, 20% of all human IncRNAs
have been demonstrated to physically associate with EZH2,
suggesting that IncRNAs may have a general role in recruiting
polycomb-group proteins to their target genes (18,19). Previous
studies have reported that upregulated EZH?2 in CRC samples
is closely related to its degree of invasiveness, lymphatic
metastasis and differentiation level. In addition, EZH?2 is
considered as an independent factor influencing the prognosis
in CRC (26,27). In the present study, EZH2 was shown to
interact with LINC00565. Importantly, it was able to attenuate
the regulatory effects of LINC00565 on CRC cell phenotypes.
Collectively, LINC00565 and EZH?2 synergistically stimulated
the aggravation of CRC, indicating their potential as CRC
biomarkers to monitor disease progression.

In summary, to the best of our knowledge, the present
study is the first to find that LINC00565 is upregulated in
CRC tissues, which stimulates the aggravation of CRC by
upregulating EZH2. The current findings indicated that EZH2
was involved in the oncogenic role of LINC00565 in CRC.
However, the specific mechanism of LINC00565 regulating
EZH2 in the occurrence and development of CRC remains to
be further studied.
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