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Abstract
Colorectal cancer (CRC) is one of the most common human malignancies. An increasing body of evidence has revealed
the important roles long noncoding RNA (lncRNA) plays in the growth dynamics of CRC cells. In this study, we aimed to
define the role of LINC00337 in the malignant phenotypes, especially angiogenesis, of CRC and clarify the underlying
molecular basis. Bioinformatic analyses identified promoter region methylation of CNN1 in CRC, which was further
validated by BSP and MSP assays. Loss- and gain- of function approaches were used to determine the roles of CNN1 and
LINC00337 in vitro and in vivo. MTT-based method, Transwell migration/invasion assays, and tube formation assay were
adopted to evaluate the cancer cell proliferation, migration/invasion, and proangiogenetic potency respectively in vitro.
The tumor growth, microvascular density (MVD) and markers of proliferation (Ki67) and angiogenesis (VEGF) were
quantified in nude mice xenografted with CRC cells. It was found that CNN1 downregulation and LINC00337
overexpression occurred in CRC tissues and cells. Besides, the CNN1 promoter region was hypermethylated in CRC.
CNN1 overexpression or LINC00337 knockdown restricted CRC cell proliferation, migration/invasion, and
proangiogenetic potency in vitro, which was substantiated by the in vivo experiments evidenced by facilitated tumor
growth and MVD as well as elevated Ki67 and VEGF. Furthermore, our mechanistic evidence revealed that LINC00337
recruited DNMT1 to the promoter region of CNN1 and restricted the transcription of CNN1. Taken together, this study
indicates that LINC00337 facilitates the tumorigenesis and angiogenesis in CRC via recruiting DNMT1 to inhibit the
expression of CNN1.

Introduction

Colorectal cancer (CRC), one of the leading causes of
cancer-related death in the world, accounts for 8% of all
cancer deaths [1]. It has been estimated that more than 25%
of patients with stage I-III and over 60% of patients at stage
IV CRC suffer from recurrence after curative treatment [2].
Moreover, angiogenesis is held responsible for tumor
growth and metastasis in CRC, and thus targeted anti-
angiogenic therapies have been an promising option for

CRC treatment [3]. This urgent need has resulted in our
focus on the inhibition of angiogenesis, and the knowledge
of the pathogenesis of CRC and novel therapeutic targets
may contribute to better selection of treatment approaches
as well as reduced recurrence [4].

An increasing body of evidence has revealed the critical
roles of long noncoding RNAs (lncRNAs) in human cancers
[5] due to their modulatory effects on a wide variety of
biological and/or pathological processes of human cancers
[6]. For instance, lncRNA B4GALT1-AS1 has been
demonstrated to promote osteosarcoma cell migration via
recruiting RNA-binding protein HuR [7]. Of note, upregu-
lation of lncRNA LINC00337 has been observed in gastric
cancers and has been associated with poor clinical outcomes
[8]. However, the underlying mechanism of LINC00337 in
CRC has not been well developed.

Accumulating evidence has suggested that DNA methyl-
transferase 1 (DNMT1) functions as an oncogene, which
exerts a suppressive effect on the tumor suppressor gene
expression, thereby accelerating the tumor progression [9–11].
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For instance, recruited by lncRNA LINC00337, DNMT1 has
been shown to suppress TIMP2 to facilitate the progression of
lung cancer [12]. However, whether LINC00337 also accel-
erated CRC development through recruiting DNMT1 has not
been studied.

In this study, we explored the role of LINC00337 in
CRC progression in vivo and in vitro and defined the
mechanism by which LINC00337 accelerated the progres-
sion of CRC. Our experimental data suggested that
LINC00337 facilitated the angiogenesis of CRC by sup-
pressing CNN1 expression through recruiting DNMT1.
This study furthered our understanding to the modulatory
function of LINC00337 in CRC development and identified
novel potential therapeutic targets for this disease.

Methods and materials

Bioinformatic analysis

The DNA methylation status of three colorectal tumor
samples and corresponding paired normal colorectal tissues
were analyzed by reduced representation bisulfite sequen-
cing (RRBS). Differential expressed genes (DEGs) in CRC
were analyzed using datasets obtained from Gene Expres-
sion Omnibus (GEO) database (GSE24514 and
GSE32323). The downregulated DEGs and genes with
hypermethylated promoter regions identified through
RRBS were intersected to obtain overlapping genes. CRC-
related transcriptome data were downloaded from the
TCGA database using data transfer tools (provided by
GDC Apps) (https://tcga-data.nci.nih.gov/). Among them,
CRC-related RNA sequencing data contained 469 cancer
samples and 41 normal samples, while CRC-related RNA
sequencing data contained 166 cancer samples and 10
normal samples. The expression of CNN1 in CRC was
assessed using Wilcox.test.

Patient sample collection

Patients with CRC who received surgeries between January
2016 and December 2018 were recruited in this study (n=
34), where cancer tissues and adjacent normal tissues were
harvested. All tumor samples were classified based on the
criteria of WHO Classification of Tumors of the Digestive
System (4th Edition). Among the patients, there were 19
males and 15 females with the median age of 54.5 years old
(33–72 years old).

Cell culture and treatment

Normal human colonic epithelial cell line (HCoEpiC) and
CRC cell lines (HCT116, HT29, SW480, SW620, and

Lovo), and human umbilical vein cells (HUVECs) were
purchased from the American Type Culture Collection
(ATCC, Manassas, VA, USA). Cells were cultured based
on the provided instructions. Briefly, cells were cultured
in six-well plates at the concentration of 3 × 105 cells/
well. When the cell confluency reached 70~80%, the cells
were used for further experiments. HT29 cells at loga-
rithmic growth phase were sub-cultured in six-well plate
at the density of 4 × 105 cells/well. When the cell con-
fluency reached 70–80%, HT29 cells were subjected to
transfection using Lipofectamine 2000 (11668-019,
Invitrogen, Carlsbad, CA) based on the protocols pro-
vided by the manufacturer. For each transfection reaction,
250 μl of serum-free Opti-MEM containing 10 μg plasmid
(final concentration 50 nM) was mixed with same amount
of serum-free Opti-MEM containing 5 μl Lipofectamine
2000. After cell culture for 24 h, the medium was
replaced with fresh RPMI1640 medium containing 10%
FBS and the cells were further cultured for 24–48 h for
further studies.

According to the constructs virus received, the cells were
divided into 10 groups: negative control group of over-
expression (oe-NC), CNN1 overexpression group (oe-
CNN1), negative control group of shRNA transduction
(sh-NC), CNN1 knockdown group 1 (sh-CNN1-1), CNN1
knockdown group 2 (sh-CNN1-2), negative control of
siRNA transfection (si-NC), LINC00337 knockdown group
1 (si-LINC00337-1), LINC00337 knockdown group 2 (si-
LINC00337-2), cells transfected with siRNA targeting
LINC00337 and shRNA negative control (si-LINC00337+
sh-NC), cells transfected with siRNA targeting LINC00337
and shRNA targeting CNN1 (si-LINC00337+ sh-CNN1).
Vectors and siRNAs were purchased from GenePharma
(Shanghai, China). Cells were transfected using Lipofecta-
mine 2000 based on the manufacturer’s instruction.

HT29 cells were adopted to establish the stably
lentivirus-transduced cell line for LINC00337 over-
expression or CNN1 silencing. Plasmids used in this study
were obtained from GenePharma.

Reverse transcription quantitative polymerase chain
reaction (RT-qPCR)

Total RNA was extracted from tissues or cells strictly
adhering to protocols provided by TRIZOL reagent
(Invitrogen), and RNA concentration was determined.
Complementary DNA (cDNA) was synthesized using
reverse transcription kit (K1622, Reanta, Beijing China)
based on the protocols provided by the manufacturer. The
samples were analyzed on a ViiA7 Real-Time PCR system
(ViiA7, DAAN GENE, China) GAPDH was used as
internal control and the relative expression of genes was
calculated using 2-ΔΔCt method [13]. Primers for target
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genes were synthesized by Takara (Dalian, China) and
listed in Table 1.

Western blot analysis

Proteins were extracted from tissues or cells using radio-
Immunoprecipitation Assay (RIPA) lysis buffer (Beyotime
Biotechnology, Shanghai, China) and the protein con-
centration of total cell lysate was determined using
bicinchoninic acid (BCA) kit (20201ES76, Yeasen,
Shanghai, China). The cell lysate was separated in SDS-
PAGE gels and transferred onto PVDF membranes
(IPVH85R, Millipore, Billerica, MA). The membranes
were blocked in 5% bovine serum albumin (BSA) and
immunoblots were probed with primary antibodies over-
night at 4 °C: rabbit anti-CNN1 (ab46794, Abcam, Cam-
bridge, UK; 1: 5000), rabbit anti-vascular endothelial
growth factor (VEGF) (PA5-16754, Thermo Fisher, Aus-
tin, Texas, 1: 200). The next day, the membranes were
subjected to incubation with horseradish peroxidase-
conjugated goat anti-rabbit immunoglobulin G (IgG)
(ab205718, Abcam, 1: 20,000) for 1 h at room temperature.
The blots were developed, and images were taken. The
relative expression of proteins, normalized to β-actin, was
represented by gray value ratio of protein bands measured
Image J software (National Institutes of Health, Bethesda).

Fluorescent in situ hybridization (FISH)

Subcellular localization of LINC00337 and DNMT1 in
HT29 cells were determined by FISH assay. Probes tar-
geting LINC00337 and DNMT1 were prepared using
RiboTM lncRNA FISH Probe Mix (Red) (RiboBio,
Guangzhou, China) based on the provided instructions.
HT29 cells at 80% confluency were fixed with 4% paraf-
ormaldehyde, and treated with protease K, glycine,
and acetylation solution. The cells were then incubated
with pre-hybridization solution for 1 h at 42 °C. After
prehybridizaiton, the cells were subjected to incubation
with 250 μl of hybridization solution supplemented with
probes (300 ng/mL) at 42 °C overnight. The nucleus was
stained with DAPI (1: 800) and sealed with antifade
mounting medium for photography. Five randomly selec-
ted views were photographed under immunofluorescent
microscope (Olympus, Tokyo, Japan).

Bisulfite PCR (BSP)

Cellular genomic DNA was isolated using Genomic DNA
extraction kit (DP304, TIANGEN) and the isolated genomic
DNA was treated with bisulfite to convert unmethylated
cytosine to uracil using commercially available kit (ZYMO).
The modified DNA was then purified and enriched
using AxyPrep PCR clean-up kit (AXY-AP-PCR-250,
Axygen). After that, bisulfite-modified promoter regions
were amplified using specific primers (Forward primer:
TGGGTATGGTGATTTATGTTTGTA; Reverse primer:
ATCTCAACCCATCCAAATAATTAAA) for pyrosequen-
cing. Amplified sequences were cloned into pease-t3 vector
(TransGen, China) and sequenced using online tools (http://
quma.cdb.riken.jp/) to determine the methylation status of
CNN1 at the promoter region.

Methylation specific PCR (MSP)

Bisulfite-treated DNA was amplified using specific primers
for methylated DNA (M-MSP) and unmethylated DNA (U-
MSP), respectively by PCR after unmethylated cytosine was
converted to uracil to determine the methylation of CNN1.
The amplified DNA fragments were then subjected to 2%
agarose gel electrophoresis and images were taken. The
primers for Methylated-MSP and Unmethylated-MSP are
listed below: Methylated-MSP forward primer:
ATTGTTGGTATTTGGAGATAAATTC; Methylated-MSP
reverse primer: CACCTAAAAAAACAACCTACGTT;
Unmethylated-MSP forward primer: TTGTTGGTATTTG-
GAGATAAATTTG; Unmethylated-MSP reverse primer:
TTCCACCTAAAAAAACAACCTACAT.

Chromatin immunoprecipitation (ChIP)

The enrichment of DNMT1, DNMT3a, and DNMT3b at
the promoter region of CNN1 was evaluated by ChIP
assay using EZ-Magna ChIPTM A kit (Millipore). DNA
and protein in the neuronal cells were crosslinked by 1%
formaldehyde. After centrifugation, the pelleted cells were
then suspended in lysis buffer at the density of 2 × 106

cells/200 μl. Then, protease inhibitor cocktail was added
into the lysis buffer and nucleus were pelleted by cen-
trifugation (5000 × g, 5 min). Next, the DNA-protein
complex was sheared into 200–1000 bp fragments by

Table 1 Primer sequences used
for RT-qPCR.

Gene Forward primers (5’–3’) Reverse primers (5’–3’)

CNN1 GCGGAAATTCGAGCCGGGGAA TGTGCCCAGCTTGGGGTCGT

LINC00337 TGAGCAAACCCGCGCCTGCTTG TGCCATTCGGGGTGCGCGAAG

GAPDH GCACCGTCAAGGCTGAGAAC ATGGTGGTGAAGACGCCAGT

CNN1 calponin-1, GAPDH glyceraldehyde 3-phosphate dehydrogenase.
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sonication. After centrifugation (14,000 × g, 10 min), the
supernatant was then mixed with ChIP dilution buffer. The
protein-DNA complex were then precleared by incubating
with Protein G magnetic beads. From each sample, 20 μl
supernatant was harvested as Input. Mouse anti-DNMT1
(ab13537, Abcam), rabbit anti-DNMT3a (ab2850,
Abcam), rabbit anti-DNMT3b (ab2851, Abcam) and iso-
type IgG (rabbit IgG, ab172730, Abcam; mouse IgG,
ab18413, Abcam) were added into supernatants. Mean-
while, 60 μl magnetic protein G beads were subjected to
incubation for 2 h at 4 °C followed by centrifugation
(700 × g, 1 min). The pelleted complexes were then
washed with ChIP washing buffer and de-crosslinked
before the DNA was purified and harvested. The interac-
tion was investigated by RT-qPCR using specific primers
detecting the promoter region of CNN1.

MTT-based method

Cells were seeded into 96-well plates at a density of 5 × 105

cells/well and cultured in 5% CO2 incubator at 37 °C. The
cells were incubated with 5 mg/ml MTT (20 μl each well) in
5% CO2 incubator at 37 °C for 4 h. After that, the cells were
incubated with dimethyl sulfoxide (DMSO) (200 μl) for
10 min to solubilize the formazan. Spectrophotometric
absorbance of the samples at 570 nm was determined by
microplate reader. The cell survival rate was calculated
based on the formula: survival rate (%)=OD (570 nm)
treated group/OD (570 nm) control group.

Transwell migration and invasion assays

Transwell migration and invasion assays were performed as
previously described [14]. Transwell chambers (8-μm pore
size; Corning, Midland, MI) were adopted in 24-well plates.
The Transwell chamber polycarbonate membrane coated
with Matrigel (invasion) or without Matrigel (migration). The
lower chamber were preadded with 600 mL of 20% FBS
RPMI1640 medium. Next, 48 h after transfection, HT29 cells
(1 × 106 cells/ml) were seeded to the upper chamber, and
incubated in 5% CO2 at 37 °C for 24 h. Transwell chamber
were fixed with 5% glutaraldehyde. The cells were then
stained with 0.1% crystal violet. Unmigrated cells or unin-
vaded cells were removed with cottons. Five randomly
selected views under an inverted microscope (TE2000,
Nikon, Tokyo, Japan) were photographed and analyzed.

Tube formation assay

Forty-eight hours after transfection, the cells were starved
for 1 h, and single cell suspension was prepared using
DMEM medium. The cells were seeded onto 96-well plates
coated with Matrigel (356234, Shanranbio, Shanghai,

China) at the density of 1 × 105 cells/ml. The cells were
cultured for 18 h and then were photographed under
an inverted phase contrast microscope (Leica, Weztlar,
Germany). The number of capillary structures was counted
by Image-Pro Plus (version 6.0) under at least three views.

Immunofluorescence colocalization

Subcellular localization of LINC00337 and DNMT1 in
HT29 cells were determined by immunofluorescence colo-
calization method. Probes targeting LINC00337 and
DNMT1 were prepared using RiboTM lncRNA FISH Probe
Mix (Red) (RiboBio, Guangzhou, China). HT29 cells at
80% confluency were fixed with 4% paraformaldehyde, and
treated with protease K, glycine, and acetylation solution.
After prehybridizaiton, the cells were incubated with 250 μl
of hybridization solution supplemented with probes
(300 ng/mL) at 42 °C overnight. The nucleus was stained
with DAPI, and the cells were sealed with antifade
mounting medium for photography. Five randomly selected
views were photographed under immunofluorescent
microscope (Olympus, Tokyo, Japan).

RNA immunoprecipitation (RIP)

The interaction between lncRNA and DNMT1 was inves-
tigated by RIP assay using commercially available kit
(Millipore). Briefly, cells were solubilized with RIPA lysis
buffer (P0013B, Beyotime). For each binding system, 50 μl
of magnetic beads were suspended in 100 μl RIP Wash
buffer. Then, 5 μl antibodies were added into the binding
system based on the experiment requirement. Beads-
antibody complexes were then washed and suspended in
900 μl of RIP Wash Buffer. After that, 100 μl cell lysate was
added for binding overnight at 4 °C. The next day, beads-
protein complex were immobilized on a magnetic stand.
Samples and Input were treated with protease K for RNA
extraction, which were used for the detection of lncRNA by
RT-qPCR. Antibodies used in this assay are listed as fol-
lows: mouse anti-DNMT1 antibody (ab13537, Abcam, 1:
100) or mouse IgG (ab18413, Abcam, 1: 100), which was
used as negative control.

Human CRC xenograft in nude mice

Twenty-four BALB/c nude mice (3–5 weeks old, 10–12 g)
housed in SPF animal laboratory were used for the
establishment of xenograft model. The laboratory humid-
ity was 40–60% and the temperature was kept at 24–26 °C.
The laboratory was sterilized with UV periodically, and
the cage, bedding, water, and food were sanitized by
autoclave. HT29 cells were suspended in PBS and the cell
density was adjusted to 1 × 106 cells/ml, and 50 μl of cell
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suspension was injected into the right flank area of each
mice subcutaneously. One week after the cell xenograft-
ing, the mice were randomly divided into four groups
(n= 6). Meanwhile, four different lentivirus (lv) con-
structs, lv-sh-NC, lv-sh-CNN1, lv-oe-NC, and lv-oe-
LINC00337 were injected into the xenograft of mice.
The subcutaneous tumors were measured every 5 days.
Mice were euthanized after 30 days using pentobarbital
(100 mg/kg, P3761, Sigma, St Louis, MO). Tumor tissues
were harvested, and volume was calculated by the formula
π(a2b)/6, where a and b are the tumor short and long
diameters (in mm), respectively. Tumor volume in the
mice was plotted against time and the final tumor weights
were determined.

Immunohistochemical staining

Tumor tissue of the xenografts was subjected to paraf-
ormaldehyde fixation and paraffin embedding. Antigen
retrieval was performed by boiling the sections in citrate
buffer (0.01 M sodium citrate, pH 6.0) in a high-pressure
container. The endogenous hydrogenase was quenched
with 50 μl 3% hydrogen peroxide. After that, the sections
were stained with rabbit antibodies against CNN1
(ab46794, Abcam) or Ki67 (ab15580, Abcam) at 4 °C
overnight, and normal rabbit serum was added as NC.
The next day, the sections were subjected to incubation
with HRP-conjugated secondary antibody against rabbit
IgG. The sections were then visualized with diamino-
benzidine (DAB) solution and nucleus were counter-
stained with hematoxylin. After that the sections were
dehydrated and sealed with mounting media and were
subjected to observation under microscope (CKX53,
OLYMPUS).

Evaluation of microvascular density (MVD) by
immunohistochemistry

For MVD evaluation in the xenografts was evaluated by
immunohistochemical staining. The sections were stained
with MVD IgG. The determination of microvascular
density based on MVD was performed as previously
described [15]. In brief, yellow/brown colored cells or
areas that can be clearly distinguished from proximal
microvessel or grands were defined as neovascular struc-
ture. The unconnected branch of the newly form micro-
vessel was also considered as a neovascular structure. Five
views were randomly selected on each slide for counting
and the mean number was used to represent the MVD of
each slide. MVD positive was defined as mean number
≥the threshold of MVD, and MVD negative was defined as
mean number <MVD threshold (Note: MVD threshold
refers to Weidner standard).

Statistical analysis

All data was analyzed by SPSS 21.0 software (IBM,
Armonk, NY, US) and was presented as means ± standard
deviation (SD) of at least three independent experiments.
Data between two groups were compared using paired
(tumor vs. paired adjacent normal tissue) or unpaired t-test.
Comparisons among multiple groups were conducted using
one-way analysis of variance (ANOVA) with Tukey’s post-
hoc test. Comparisons over time were performed with
repeated measures ANOVA followed by Bonferroni post-
hoc test. The correlation between two factors was analyzed
by Pearson analysis. A value of p < 0.05 was considered as
statistically significant.

Results

In colorectal tumor, CNN1 is poorly expressed and
its promoter region is hypermethylated

The DNA methylation of three colorectal tumor and the
paired adjacent normal tissues were retrieved from
Sequence Read Archive (SRA) database (SRR5311099,
SRR5311100, SRR5311101, SRR5311102, SRR5311103,
and SRR5311104). The differentially methylated regions
(DMRs) within those tumor tissues and adjacent normal
tissues were investigated using R language packages
“methylkit” and “edmr” and were annotated the using the
annotation information of genes and CpG islands (hg19).
We obtained 565 (difference= 25, q value= 0.01) and
8285 (DMC. Q value= 0.05, num. DNMs= 1, num.
CpG= 1, DMR.methdiff= 5) DMRs from R packages
“methylkit” and “edmr” respectively. We then intersected
these two sets and identified 444 common DMR (Fig. 1A).
Meanwhile, the annotation of those common DMRs were
obtained from R package “methylkit”. After that, the
mRNA expression profile related to CRC was analyzed
using datasets obtained from GEO database (GSE23514 and
GSE32323) (cutoff line: |logFC | >2, adjustP value < 0.05)
in order to determine the differential expressed mRNA in
CRC. We noticed that, from the dataset GSE24514, 21
genes were upregulated, and 56 genes were downregulated
(Fig. 1B, C). In addition, from the other dataset, there were
62 upregulated genes and 122 downregulated genes (Fig.
1D). We then overlapped the downregulated genes in
GSE24514 and GSE32323 with genes obtained from
DMRs, which identified that CNN1 was in the intersection
(Fig. 1E). Meanwhile, the expression of CNN1 was
downregulated in CRC and rectal cancer based on the
results obtained from GEPIA database (Fig. 1F). With
Wilcox.test, the expression of CNN1 in CRC and normal
samples from TCGA database was detected. We found that
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Fig. 1 The CNN1 is poorly expressed and its promoter region is
hypermethylated in CRC. A Prediction of differentially methylated
genes at promoter region. (left circle: differentially methylated genes
predicted by R package “methylkit”; right circle: differentially
methylated genes predicted by R package “edmr”; intersection: the
intersected genes of differentially methylated genes; B Heatmap of
mRNA expression profile of GSE24514; The x-axis represents the
sample number, while the y-axis represents the mRNA. The tree dia-
gram on the left represents the clustering of mRNA expression, while
each small square in the figure represents the expression level in a
sample, and the histogram in the upper right is the color scale.
C Volcano plot of mRNA expression profile of GSE24514; green area:
downregulated mRNA; red area: upregulated mRNA; black area:
mRNA without significant change. D Volcano plot of mRNA
expression profile of GSE32323; E Prediction of promoter
hypermethylation-mediated downregulated genes; blue circle: down-
regulated genes identified in GSE24514; red circle: downregulated
genes identified in GSE32323; green circle: gene with

hypermethylated promoter region commonly predicted by R package
“methylkit” and “edmr”, intersection represents the potential down-
regulated gene(s) caused by promoter hypermethylation; F Expression
level of CNN1 in colon adenocarcinoma (COAD) (left) and rectal
adenocarcinoma (READ) (right) analyzed by GEPIA, red represents
the expression level of CNN1 in tumor, gray indicates the CNN1
expression in normal tissues; G The expression of CNN1 in colorectal
adenocarcinoma and rectal adenocarcinoma in TCGA database. The
expression in colorectal adenocarcinoma on the left side, rectal ade-
nocarcinoma on the right side, tumor tissue in red and normal tissue in
blue. H–J Result of RT-qPCR (n= 34) (H), western blot analysis (I),
and immunohistochemistry (J) detecting the expression of CNN1 in
CRC and adjacent normal tissues; K Online tool (MethPrimer) pre-
dicted potentially hypermethylated CpG islands (blue) within CNN1
promoter region; L, M. Results of MSP (L) and BSP (M) detecting
methylation status of CNN1 promoter region using tumor tissues and
paired adjacent normal colorectal tissues (n= 34). Data were presented
as mean ± standard deviation. *p < 0.05 by paired t-test.
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CNN1 was indeed appreciably downregulated in CRC and
colorectal adenocarcinoma (Fig. 1G). Moreover, results of
RT-qPCR, western blot analysis, and immunohistochem-
istry identified the significant downregulation of CNN1 in
CRC tissues relative to adjacent normal tissues (Fig. 1H–J).
Importantly, downregulation of CNN1 has also been
observed in CRC [16] and CNN1 has been shown to impair
tumor metastasis [17]. Thus, it is possible that down-
regulation of CNN1 in CRC accelerated the cancer devel-
opment, and the CNN1 downregulation is caused by
hypermethylation at its promoter region. To test the spec-
ulation, the CpG island methylation status of CNN1 pro-
moter region (promoter region: upstream 1500 bp,
downstream 200 bp) was predicted using online tools
(MethPrimer). The result indicated that 1 CpG island at
CNN1 promoter region could be hypermethylated
(Fig. 1K). Therefore, MSP and BSP analyses were per-
formed to determine the CNN1 promoter region methyla-
tion status using three colorectal tumor tissues and adjacent
normal tissues. In consistent with the result of bioinformatic
analysis, the methylation at CNN1 promoter region was
increased in colorectal tumors compared with that in paired
adjacent normal tissues (Fig. 1L, M).

Overexpressing CNN1 suppresses CRC cell growth,
mobility, and proangiogenetic potency in vitro

In order to elucidate the function of CNN1 in CRC, in vitro
studies were conducted using colorectal epithelial cell lines.
RT-qPCR and western blot analysis demonstrated that the
expression of CNN1 in CRC cells (HCT116, HT29,
SW480, SW620, and lovo) was appreciably lower than that
in normal colonic epithelial cells(HCoEpiC) (Fig. 2A, B).

Among, the expression of CNN1 was the lowest in HT29
cell line, so HT29 cells were selected for further studies.
Transfection efficiency of sh-CNN1 and oe-CNN1 was
evaluated by RT-qPCR and Western blot analysis, which
validated upregulation of CNN1 in the presence of oe-
CNN1 and downregulation in the presence of sh-CNN1.
Besides, sh-CNN1-2 achieved optimum knockdown effect.
Thus, sh-CNN1-2 was used for further analysis (Fig. 2C).

Based on assessment on the malignant phenotypes of
CRC cells by MTT-based method, Transwell migration and
invasion assay, CNN1 overexpression suppressed the via-
bility, migration, and invasion. However, knockdown of
CNN1 resulted in opposite results (Fig. 2D–F). Moreover,
we co-cultured HT29 cells with HUVECs and evaluated the
angiogenetic potency of HUVECs by tube formation assay.
We noticed that HT29 cells with CNN1 overexpression
restricted the HUVEC-mediated angiogenesis, while those
with CNN1 ablation resulted in enhanced angiogenesis
(Fig. 2G). Coherently, CNN1 elevation suppresses CRC
cell growth, mobility, and proangiogenetic potency.

Inhibiting CNN1 impairs the tumorigenesis and
tumor angiogenesis in vivo

In order to investigate the role of CNN1 in the tumorigen-
esis and angiogenesis of CRC in vivo, mouse models
xenografted with human CRC were established. CNN1 was
knocked down in HT29 cells using lentivirus-based trans-
duction system (lv-sh-CNN1 or lv-sh-NC), and the effi-
ciency was validated by western blot in Fig. 3F. Thereafter,
HT29 cells transduced with lv-sh-CNN1 or lv-sh-NC were
delivered into mice subcutaneously. The mice were sacri-
ficed 30 days after the xenografting. We observed that

Fig. 2 CNN1 elevation inhibits in the malignant phenotypes of CRC cells in vitro. A, B Results of RT-qPCR (A) and western blot analysis
(B) detecting the expression of CNN1 in normal colonic epithelial cells (HCoEpiC) and CRC cells (HCT116, HT29, SW480, SW620, and lovo);
C Result of RT-qPCR and Western blot analysis evaluating the transfection efficiency of CNN1 in HT29 cells; D–F Results of MTT-based method
(D), Transwell migration assay (E), and Transwell invasion assay (F) demonstrated that CNN1 overexpression restricted CRC cell viability,
migration, and invasion while CNN1 knockdown accelerated those cellular activities in vitro. G Result of tube formation assay revealed that CNN1
restricted HUVEC-mediated tumor angiogenesis in vitro. Data were presented as mean ± standard deviation. Comparisons among multiple groups
were conducted using one-way ANOVA with Tukey’s post-hoc test. Comparisons over time were performed with repeated measures ANOVA
with Bonferroni post-hoc test. *p < 0.05 vs. HCoEpiC cells or oe-NC; #p < 0.05 vs. sh-NC. Cell experiment was repeated in triplicate.
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tumor formed by HT29 cells with CNN1 knockdown dis-
played higher growth rate (Fig. 3A) and increased tumor
volume (Fig. 3B) and weight (Fig. 3C). Furthermore,
immunohistochemistry pointed out that CNN1 silencing
(Fig. 3D) appreciably elevated the expression of Ki67 in
xenograft tumors (Fig. 3E), suggesting that CNN1 knock-
down enhanced the tumorigenesis in vivo.

It is well documented that VEGF functions as a key
player in tumor angiogenesis [18], so it is reasonable to
speculate that CNN1-silenced CRC cells-regulated angio-
genesis is VEGF dependent. Thus, we determined the
expression of CNN1 and VEGF in xenograft tumors by
western blot analysis and observed that CNN1 knockdown
resulted in the elevation of VEGF protein level (Fig. 3F).

Meanwhile, MVD analysis suggested that the MVD of
tumors from mice injected with CNN1-silenced HT29 cells
was appreciably enhanced, as reflected by more yellow/
brown stained cells in the tumor tissue (Fig. 3G). Therefore,
CNN1 knockdown restricts the tumorigenesis and tumor
angiogenesis in vivo.

LINC00337 recruits DNMT1 to promote CNN1
promoter region methylation and inhibit CNN1
transcription

To better understand the mechanism by which CNN1 was
downregulated in CRC, we further investigated the mole-
cular activity by which CNN1 was regulated in CRC. As we

Fig. 3 CNN1 silencing promotes tumorigenesis and tumor angiogenesis in vivo. CNN1 was knocked down in HT29 cells using lentivirus-
based transduction system (lv-sh-CNN1 or lv-sh-NC). Thereafter, HT29 cells transduced with different lentivirus vectors including lv-sh-CNN1 or
lv-sh-NC were injected into nude mice subcutaneously. A Representative xenograft tumors obtained from each group. B Quantitation of tumor
volume from indicated groups. C Quantitation of tumor weight from indicated groups. D Representative images and quantitative analysis of
immunohistochemistry detecting the expression of CNN1 in colorectal xenografts from indicated groups. E Representative images and analyzed
result of immunohistochemistry detecting the expression of Ki67 in colorectal xenografts from indicated groups. F Representative images and
quantitative analysis of western blot assay detecting the expression of CNN1 and VEGF in tumors from indicated groups. GMicrovascular density
evaluation of CRC xenografts from indicated groups. Data were presented as mean ± standard deviation. Comparisons between two groups were
conducted using unpaired t-test. Comparisons over time were performed with repeated measures ANOVA followed by Bonferroni post-hoc test.
*p < 0.05 vs. Lv-sh-NC.
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have shown that CNN1 promoter region has been hyper-
methylated in CRC, and the DNMT family members, which
are DNMT1, DNMT3a, and DNMT3b, have central func-
tion on the epigenetic gene regulation [19]. Therefore, we
formed a hypothesis that DNMT family members may be
involved in the transcriptional inhibition of CNN1 expres-
sion. ChIP assay demonstrated that the major DNMT family
member recruited to CNN1 promoter region was DNMT1
(Fig. 4A). Further, we noticed that DNMT1 knockdown
appreciably elevated the expression of CNN1 (Fig. 4B).
Moreover, we predicted 188 CNN1 promoter binding
motifs on DNMT1 via Blast analysis, and we presented the
first three with the lowest E value (Fig. 4C). These findings
indicated that DNMT1 might exert a modulatory effect on
CNN1 expression in CRC.

Accumulating evidence has suggested that LINC00337
suppresses gene transcription through recruiting DNMT1 to

the promoter region of target genes [8, 12]. Thus, it
is reasonable to postulate that DNMT1 mediates
CNN1 suppression in a LINC00337-dependent manner in
CRC. To test this speculation, we evaluated the expression
level of LINC00337 in CRC in GEPIA database. The result
suggested that the expression of LINC00337 was elevated
in CRC (Fig. 4D). Moreover, we performed FISH assay to
detect the subcellular localization of LINC00337 in CRC
cells. The results showed that LINC00337 was mainly
localized in the nucleus (Fig. 4E). Meanwhile, the result of
RT-qPCR also validated the upregulation of LINC00337 in
CRC tissues versus adjacent normal colorectal tissue
(Fig. 4F). Furthermore, the Pearson correlation analysis
revealed that the expression of LINC00337 was negatively
related with that of CNN1 in CRC (Fig. 4G). These
observations further highlighted the possibility that the
hypermethylation of CNN1 promoter region was mediated

Fig. 4 LINC00337 recruits DNMT1 to promote CNN1 promoter
region hypermethylation and inhibit CNN1 transcription. A Result
of ChIP assay evaluating the recruitment of DNMT1, DNTM3a,
DNMT3b at CNN1 promoter region; B Expression of CNN1 in HT29
cells in response to DNMT1, DNMT3a, or DNMT3b knockdown; C
Result of blast predicting the binding motif, which interacted with
CNN1 promoter region, on DNMT1; the figure displays first three with
lowest E values; D LINC00337 expression in CRC analyzed by
GEPIA; E Subcellular localization of LINC00337 in CRC cell deter-
mined by FISH assay. F Result of RT-qPCR measuring the expression
of LINC00337 in CRC tissues and paired adjacent normal tissues
(n= 34); G Result of Pearson correlation analysis evaluating the
relationship between the expression of LINC00337 and CNN1; H
Result of immunofluorescence assay investigating the localization of

LINC00337 and DNMT1; I Result of RIP assay detecting the inter-
action between LINC00337 and DNMT1; J Result of RT-qPCR
measuring the expression of LINC00337 under indicated conditions;
K Results of RT-qPCR and western blot analysis investigating the
expression of CNN1 under indicated conditions; L Result of ChIP
assay evaluating the recruitment of DNMT1 at CNN1 promoter region
under indicated conditions; M Result of BSP assay detecting the
methylation status of CNN1 promoter region. Data were presented as
mean ± standard deviation. Comparisons between two groups were
conducted using paired or unpaired t-test. Comparisons among mul-
tiple groups were conducted using one-way ANOVA with Tukey’s
post-hoc test. The correlation between two factors was analyzed by
Pearson analysis. *p < 0.05 vs. sh-NC, si-NC, adjacent normal tissues,
IgG or si-LINC00337-2. Cell experiment was repeated in triplicate.
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by LINC00337-recruited DNMT1. We then confirmed the
localization of LINC00337 and DNMT1 by immuno-
fluorescence assay, which validated the prediction of
LncATLAS website, suggesting the nuclear localization of
LINC00337 (Fig. 4H). RIP assay result demonstrated that
LINC00337 could be precipitated by DNMT1 (Fig. 4I).

In order to further identify the function of LINC00337 in
the development of CRC, the expression of LINC00337
was altered in HT29 cells (Fig. 4J). The result indicated that
compared with si-LINC00337-2, si-LINC00337-1 achieved
higher knockdown efficiency. Thus, si-LINC00337-1 was
used for further studies. We then measured the expression
of CNN1 in LINC00337-silenced cells and control cells
where LINC00337 expression was not changed. We noticed
that LINC00337 silencing led to elevated CNN1 expression
at both protein and mRNA levels (Fig. 4K). Meanwhile, the
recruitment of DNMT1 at CNN1 promoter region was also
evaluated and the result indicated that the recruitment of
DNMT1 at CNN1 promoter region was impaired by
LINC00337 knockdown (Fig. 4L). As expected, results of
BSP analysis revealed that LINC00337 silencing mitigated
the methylation status of CNN1 promoter region (Fig. 4M).
These findings suggested that LINC00337 inhibits CNN1
transcription through recruiting DNMT1.

Silencing LINC00337 restricts CRC cell growth,
mobility, and tube formation ability via
upregulating CNN1 expression

Of note, our data have demonstrated that
LINC00337 suppresses CNN1 expression in CRC cells. To
evaluate whether LINC00337 regulates the activities of CRC
cells via inhibiting CNN1, we silenced LINC00337 and/or
CNN1 in HT29 cells and validated the knockdown effi-
ciency via RT-qPCR and western blot analysis (Fig. 5A, B).
The result of MTT-based method indicated that LINC00337
knockdown impaired the viability of HT29 cells while the
trend was reversed by LINC00337- and CNN1-silenced
HT29 cells (Fig. 5C). Moreover, LINC00337 knockdown
restricted the CRC cell mobility as reflected by the reduced
migrated and invaded HT29 cells, which was rescued by
further CNN1 silencing (Fig. 5D, E, Supplementary Fig. 1a,
b). Meanwhile, knockdown of LINC00337 restricted tube
formation and then angiogenetic ability of co-cultured
HUVECs, but further CNN1 knockdown rescued the tube
formation and angiogenetic ability (Fig. 5F, Supplementary
Fig. 1c). Taken together, LINC00337 knockdown inhibits
CRC cell proliferation, migration, invasion, and tube for-
mation ability in vitro.

Fig. 5 Silencing of LINC00337 suppresses CRC cell proliferation,
migration, invasion, and proangiogenetic potency in vitro. A Result
of RT-qPCR detecting the expression of CNN1 and LINC00337 in
HT29 cells under indicated conditions; B Representative images of
western blot analysis detecting the expression of CNN1 in HT29 cells
under indicated conditions; C Result of MTT-based method evaluating
the viability of HT29 cells under indicated conditions; D, E Quanti-
tative data of Transwell migration assay (D) and Transwell invasion
assay (E) investigating the mobility potency of HT29 cells under

indicated conditions; F Quantitative data of tube formation assay
evaluating the proangiogenetic potency of HUVECs under indicated
conditions. Data were presented as mean ± standard deviation. Com-
parisons among multiple groups were conducted using one-way
ANOVA with Tukey’s post-hoc test. Comparisons over time were
performed with repeated measures ANOVA with Bonferroni post-hoc
test. *p < 0.05 vs. si-NC; #p < 0.05 vs. si-LINC00337+ sh-NC. Cell
experiment was repeated in triplicate.
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LINC00337 promotes tumorigenesis in vivo by
inhibiting CNN1 transcription

To evaluate the role of LINC00337 in the tumorigenesis of
CRC in vivo, human CRC xenograft model was established.
Mice were injected with HT29 cells transduced with lv-oe-
NC or lv-oe-LINC00337 respectively, with LINC00337
overexpression validated by qRT-PCR in Fig. 6A. It was
established that LINC00337 overexpression appreciably
increased the tumorigenesis of CRC, as reflected by
increased larger tumor volume (Fig. 6B), and higher tumor
weight (Fig. 6C). Furthermore, LINC00337 overexpression
appreciably diminished the expression of CNN1, indicating
that LINC00337 suppressed the CNN1 expression at tran-
scription level (Fig. 6D). Besides, we evaluated the methy-
lation status of CNN1 promoter region and found that
LINC00337 overexpression resulted in enhanced methyla-
tion at CNN1 promoter region (Fig. 6E). Western blot ana-
lysis confirmed that LINC00337 overexpression diminished
protein expression of CNN1 but elevated that of VEGF in
xenograft tumors (Fig. 6F). Moreover, immunohistochem-
istry results revealed that overexpressing LINC00337
facilitated the expression of Ki67 (Fig. 6G). Meanwhile, we
evaluated the MVD in xenografts and observed that
LINC00337 upregulation led to an increase in the neovas-
cular structure in xenografts as reflected by increased MVD-
positive structures (Fig. 6H). This observation suggested that

LINC00337 accelerated the proangiogenetic potency of
xenograft tumors of CRC cells, at least partially, by inhi-
biting the expression of CNN1 and enhancing the expression
of VEGF.

Discussion

CRC, with a high capacity for tumor metastasis, is one of
the leading causes of cancer-related death in both men and
women [20]. Despite the advanced achieved on treatment,
majority of patients are often diagnosed at advanced stages
resulting in bad clinical outcome of this malignancy [21].
Therefore, novel and effective therapeutic strategy is
urgently needed, which requires better understanding to the
pathogenesis of CRC. It is interesting that lncRNAs have
been suggested to modulate gene expression associated with
tumor etiology and development of variable malignancies,
such as angiogenesis in CRC [22], which may offer clues
for improved understanding of underlying molecular
mechanisms. Our findings demonstrated that oncogenic
LINC00337 recruited DNMT1 to promote CNN1 promoter
region methylation and inhibit CNN1 transcription in CRC.

It has been well documented that CNN1 functions as a
tumor suppressor [17] and it has been shown to be down-
regulated in tumors [23, 24]. The experimental observations
obtained indicated corroborating findings that CNN1 was

Fig. 6 LINC00337 promotes tumorigenesis in vivo via increasing
CNN1 promoter region methylation which subsequently sup-
presses CNN1 transcription. A Result of RT-qPCR detecting the
efficiency of lentiviral oe-LINC00337 transduction; B Quantitation of
tumor volume from indicated groups; C Quantitation of tumor weight
from indicated groups; D Result of RT-qPCR detecting the expression
of CNN1 in response to lentiviral oe-LINC00337. E Result of BSP
assay detecting the methylation of CNN1 promoter region. F Repre-
sentative images and quantitative analysis of western blot assay

detecting the expression of CNN1 and VEGF in tumors from indicated
groups; G. Result of immunohistochemistry assay evaluating the
expression of Ki67 in tumors from indicated groups; H. Result of
MVD assay evaluating the MVD in tumors from indicated groups.
Data were presented as mean ± standard deviation. Comparisons
between two groups were conducted using unpaired t-test. Compar-
isons over time were performed with repeated measures ANOVA
followed by Bonferroni post-hoc test. *p < 0.05. n= 6.
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poorly expressed in colorectal tumor and its promoter
region was hypermethylated. Our in vivo experiments also
revealed that CNN1 knockdown induced not only higher
growth rate, increased tumor volume and weight of tumor,
but also accelerated proliferation and angiogenesis, as evi-
denced by elevated Ki67 and VEGF. Since VEGF is a
pivotal modulator of angiogenesis in various malignancies,
where oncogenes elevate its expression [25], inhibition of
VEGF induced by CNN1 therefore halts angiogenesis and
tumor growth in CRC.

Further mechanistic studies suggested that LINC00337
recruits DNMT1 to augment CNN1 promoter region methy-
lation and inhibit CNN1 transcription. DNMT1 has been
shown to be recruited by LINC00337 to the promoter region
of metalloproteinase inhibitor (TIMP2) to suppress its
expression [12]. In alignment with our study, most recent
study has demonstrated that LINC00337 exerts an inhibitory
effect on p21 expression by recruiting EZH2 at its promoter
region [8]. Moreover, our results that LINC00337 knockdown
suppressed the CRC proliferation, invasion, migration and
proangiogenetic potency. Consistently, most recent studies
have demonstrated that knockdown of LINC00337 impairs
the growth and mobility of lung cancer cells and gastric
cancer cells [12, 26]. Besides, we found that LINC00337
overexpression, by reducing CNN1, not only increased tumor
volume and weight of tumor, but also accelerated proliferation
and angiogenesis evidenced by elevated Ki67 and VEGF.
Therefore, our future direction is to explore how LINC00337
is involved in mediating the cell–cell communication between
CRC cells and endothelial cells.

In conclusion, our study demonstrates that LINC00337
recruits DNMT1 to the promoter region of CNN1. The
LINC00337-recruited DNMT1 then methylates the CNN1
promoter region and inhibits its transcription, which
consequently promotes the tumor growth and angiogen-
esis in CRC (Fig. 7). The current study has revealed the
oncogenic role of LINC00337 in the malignant

phenotypes of CRC and defined the underlying molecular
mechanism by which LINC00337 facilitated the tumor
growth and angiogenesis. More importantly, we have
identified the critical molecules that play important roles
in CRC cell growth, mobility, and proangiogenetic
potency. These findings will contribute to the develop-
ment of novel therapeutic approach. Besides, the regula-
tion of CNN1 on VEGF is indeed worthy of further
investigation. Further experiments are required to explore
the modulatory mechanism of CNN1 on VEGF and large-
scale cohorts should be performed to validate findings
obtained in this study.

Data availability
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available.
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Fig. 7 Mechanism graph of the modulatory network and function
of LINC00337 in regulating angiogenesis in CRC. In CRC
cells, LINC00337 recruits DNMT1 to the promoter region of CNN1.

The LINC00337-recruited DNMT1 then methylates the CNN1 pro-
moter region and inhibits its transcription, which consequently pro-
motes tumor angiogenesis.
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