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derived from golgi glycoprotein 1
colorectal cancer (CRC). The
mechanisms of circ_ GLG1 4

Materials and Method
analysis was performed to

everse transcriptase-polymerase chain reaction
G1 expression in 40 pairs of CRC tissues and

adjacent normal g

fys, respectively. Dual-luciferase reporter assays were performed to
es among circ GLG1, miR-622, and Kirsten rat sarcoma (KRAS)

X expression was significantly higher in CRC tissues than in adjacent
ues. Knocking down circ. GLG1 in DLDI cells inhibited tumor cell viability,
invasion, and migration, and these effects were reversed by co-transfecting an
-622 inhibitor. Circ_ GLG1 promoted KRAS expression at both the mRNA and protein
by acting as an miR-622 sponge. Dual-luciferase reporter assays demonstrated that
miR-622 interacted with circ GLG1 and KR4S mRNA.

Conclusion: Our study revealed the role of the circ GLG1-miR-622-KRAS axis in CRC.
Moreover, our findings provide insight into the molecular mechanism of circ GLG1 in CRC
and suggest potential new biomarkers for diagnosing this disease.
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Introduction

Colorectal cancer (CRC) is the third most common cancer in the world and seriously
endangers human health.! In the United States, 140,250 new cases of CRC were
diagnosed, and 50,630 patients died of the disease in 2018.? In China, CRC has the
fifth highest prevalence rate and is the fifth leading cause of cancer-related death.®
With the development of diagnostic and treatment technologies for CRC, the prog-
nosis of patients has improved owing to early detection. However, because the early
symptoms are not evident and screening methods are limited, many patients with CRC
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are diagnosed at an advanced stage, which seriously affects
disease prognosis.* Therefore, there is an urgent need to
explore other unknown mechanisms that contribute to
CRC tumorigenesis and identify biomarkers for early diag-
nosis and therapy.

Circular RNAs (circRNAs) constitute a distinct type of
endogenous non-coding RNA molecules with a closed-
loop structure.” CircRNAs were first discovered in 1976
and initially considered to be by-products of precursor
mRNAs;
attention.

therefore, they did not attract substantial

® However, with the development of high-
throughput sequencing, researchers have identified thou-
sands of circRNAs in viruses, fungi, plants, animals, and
other organisms.” Further research has shown that
circRNAs regulate gene expression at the epigenetic, tran-
scriptional, and post-transcriptional levels.® Recent find-
ings have shown that circRNAs are abnormally expressed
in various types of tumors (including CRC) and can act as
oncogenes or tumor-suppressor genes by helping regulate
the proliferation, invasion, migration, and apoptosis of
tumor cells, thereby affecting tumorigenesis and develop-
ment; examples include CiRS-7 in non-small cell lung
cancer,” circSLC26A4 in cervical cancer,'® circABCB10

specific roles in different

CircRNAs are stably expr

(miRNA) sponges, which
enhance the expiq@ion levels of miRNA-target genes by
adsorbing miRNA

found that circBANP can promote lung cancer progression

Blecules.'””'® For example, Han et al

by regulating miR-503 and LARPI expression.'® Zhong
et al revealed that the circMYLK-miR-29a—VEGFA-
interaction network plays important roles in the prolifera-
tion and invasion of bladder cancer.”® Although in recent
years, great progress has been made in the study of
circRNA in cancers, the exact functions and mechanisms
of circRNAs in cancers, especially CRC, remain unclear.

By performing a microarray analysis, we found that
hsa circ 0003315—a circRNA located at chrl6:-
74493579-74497377, 477 nucleotides in length, and formed
by back-splicing from exons 5-8 of the Golgi glycoprotein 1
(GLG1) gene—was upregulated in CRC tissues compared to
that in adjacent normal tissues (data not shown); therefore,
we have named this circRNA, circ GLG1. To date, no
reports have described a functional role or associated
mechanism for circ. GLG1 in CRC. In this study, we inves-
tigated the roles of circ GLG1 in CRC to determine its
ide a basis for

functional mechanism. Our study wi

March 2019. None of the patients under-
or radiotherapy before surgery. Both

—80°C in an ultra-low temperature freezer
xer analysis. The study was approved by the
thics Committee of The Second Affiliated Hospital of
lin University (approval number 2020-077). Informed con-
ent forms were signed by all individuals prior to acquiring
and studying their tissues.

Cell Culture

Human CRC cell lines (HCT116, SW620, and DLD1 cells)
and the human normal colon epithelial cell line (NCM460)
were purchased from the Shanghai Institute of Biochemistry
and Cell Biology (Chinese Academy of Sciences, Shanghai,
China). Cells were cultured in RPMI 1640 medium (Gibco,
Thermo Fisher Scientific, Waltham, MA, USA) supplemen-
ted with 10% fetal bovine serum (FBS, Gibco) and 1%
penicillin-streptomycin solution (Gibco). All cell lines
were maintained at 37°C in a 5% CO, atmosphere.
Exponentially growing cells were used for the experiments.

RNA Extraction and Quantitative

Reverse Transcriptase-Polymerase Chain
Reaction (QRT-PCR) Analysis

Total RNA was extracted from clinical tissues and cell lines
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA),
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according to the manufacturer’s protocol. Total RNA was
quantified using a NanoDrop 2000 spectrophotometer
(Thermo Scientific, Waltham, MA, USA). Total RNA purity
was evaluated based on the ratio of the optical density (OD)
at 260 nm to that at 280 nm. Total RNA (1 nug) was con-
verted to complementary DNA using a First Strand cDNA
Synthesis kit (TransGen Biotech, Beijing, China), and quan-
titative PCR (qQPCR) was performed using TransStart™ Top
Green qPCR SuperMix (TransGen Biotech, Beijing, China)
on an Applied Biosystems 7500 Sequence Detection System
(Thermo Scientific). Relative expression levels were calcu-
lated using the 27 method.?! The mRNA expression
levels of S-actin were used to normalize the relative expres-
sion levels of circRNAs and mRNAs and the levels of U6
were used to normalize miRNA expression levels. The pri-
mers used for qRT-PCR analysis are shown in Table 1.

Cell Transfections
Two small-interfering RNAs (siRNAs) against circ. GLG1
(siRNA-1 and siRNA-2), a circ GLG1 negative-control
siRNA (siRNA control), and an miR-622 inhibitor were
(Shanghai, China).
sequences are shown in Table 2. For the transfd

purchased from RiboBio

A\
DLDI cells were seeded into 6-well plates at a dd
of 5 x 10° cells/well and cultured for 24

Table | Primers
Polymerase Chai

Product
(Base Pairs)

circ_GLG| AAG AGC AGA CAG GTCAGG T | 178
CTTG GTTATC ATC TGT TT

KRAS F: CATTTT GTG GAC GAATAT GAT | 109
R: CCT CTT GAC CTG CTG TGT

p-actin F: AAG GTG ACAGCAGTCGGTT | 195
R: TGT GTG GAC TTG GGA GAG G

miR-622 F: AGG GGA CAG TCT GCT GAG 63
R: TGC GTG TCG TGG AGT C

ué F: CTT CGG CAG CAC ATATACTA | 132
R: AAC TGG TGT CGT GGA GTC

Table 2 The Sequences of the siRNA or miRNA Inhibitor

Gene Sequence (5'-3')

siRNA-1 Sense: AUU GUG UAA AAA GAG GUU CUG dT
Antisense: CAG AAC CUC UUU UUA CAC AAU dT

siRNA-2 Sense: AAA AAG AGG UUC UGU CCG GAA dT

Antisense: UUC CGG ACA GAA CCU CUU UUU dT

Sense: UUC UCC GAA CGU GUC ACG U dT
Antisense: ACG UGA CAC GUU CGG AGA A dT

siRNA control

miR-622 inhibitor GCU CCA ACC UCA GCA GAC UGU

Abbreviations: siRNA, small-interfering RNA; miRNA, microRNA.

ined using a colony-formation assay. Briefly,
transfected DLD1 cells were seeded into 35-mm cell
culture dishes at a density of 2000 cells/well and cul-
tured for 2 weeks at 37°C with 5% CO,. Then, the
colonies were fixed with 4% paraformaldehyde for 15
min and stained with 1% crystal violet for 10 min at
The colonies were counted and
photographed using Image] software (National
Institutes of Health, Bethesda, MD, USA). The experi-
ment was repeated three times.

room temperature.

Transwell Assay

The cell-invasion ability of transfected DLD1 cells was
determined using 24-well transwell chambers pre-coated
with Matrigel (Corning, Corning, NY, USA). Briefly, at 24
h post-transfection, DLD1 cells (2 x 10%) in 200 pL serum-
free medium were seeded into the upper compartment and
700 pL culture medium containing 10% FBS was added to
the lower compartment. After 24 h, the cells located on the
upper surfaces of the transwell chamber were removed
with cotton swabs and the cells located on the lower
surfaces were fixed at room temperature for 15 min with
4% paraformaldehyde and then stained for 15 min with
0.5% crystal violet. Five random areas of the membrane
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were photographed and used for cell counting using an

inverted microscope (Olympus, Tokyo, Japan). The

experiment was repeated three times.

Wound-Healing Assay

Cell-migration abilities were assessed by performing
a wound-healing assay. Transfected DLDI cells were cul-
tured in 6-well plates until 100% confluency was reached,
after which a straight scratch with a width of approxi-
mately 0.8 mm was made in the center of each well
using a sterile 1-mL pipette tip. After the cells were
scratched (0 h), detached cells were washed away with
phosphate-buffered saline (PBS), and the remaining cells
were cultured at 37°C for 24 h. Images were taken at 0 and
24 h, using microscopy. For each image, the distance
between both sides of the scratch was measured using
Image] software (National Institutes of Health). The
experiment was repeated three times.

Western Blot Analysis
When transfected DLDI1 cells, cultured in 6-well plates,
reached 80% confluence, the medium was aspirated ang
cells were washed with pre-chilled 1x PBS. Then,
DLDI1 cells in each well were lysed with 200 pL. RIPA
buffer (Beyotime Biotechnology,
and 2 pL phenylmethyl
Biotechnology). The protein concen

turer’s protocol. Proteins

dodecyl sulfate polyac

a horseradish peroxidase-conjugated secondary antibody
(1:5000 dilution, ZSGB-BIO, Beijing, China). The
membranes were washed and visualized using enhanced

chemiluminescence (Thermo Scientific) and the bands
(National
Institutes of Health). B-Actin protein expression was

were quantified using Image] software

used as an internal control. The experiment was

repeated three times.

Dual-Luciferase Reporter Assay

Based on the complementary region of circ. GLGI/KRAS
and miR-622, wild-type dual-luciferase reporter plasmids
(pEZX-MT06-Wt-circ GLG1 and pEZX-MT06-Wt-
KRAS) and mutant plasmids (pEZX-MTO06-Mut-circ
_GLG1 and pEZX-MT06-Mut-KRAS) were synthesized
by RiboBio. The sequences of the four plasmids are
shown in Table S1. For the luciferase reporter assays,
DLDI1 cells were seeded into 24-well plates and cultured
for 24 h. The reporter plasmid and miR-622 or negative-
o DLDI1 cells

control (NC) mimic were co-transfeg
using Lipofectamine 2000 (Invitrg
miR-622 mimic were 5-ACA 8

AGA CUG UAA-3’
mimic were 5-UA

Statistical analysis of the results was performed using IBM
PSS software, Version 22 (IBM Corp., Armonk, NY,
SA) and the results are presented as the means + stan-
dard deviation. Student’s t-test was used to calculate
P values when comparing two independent groups.
Associations between clinicopathological features and
circ. GLGI expression were evaluated by performing chi-
P < 0.05 was considered to
a statistically significant difference.

square tests. indicate

Results
Circ_GLGI| Was Upregulated in CRC

Tissues

Circ_ GLG1 was formed via back-splicing from exons 5-8
of the GLGI gene, with a length of 477 nucleotides. The
structure of circ GLG1 is shown in Figure 1A. We
detected circ._ GLG1 expression in 40 pairs of CRC tissues
and adjacent normal tissues. The results showed that the
expression of circ GLG1 was significantly upregulated
(P < 0.05) in the CRC tissues (Figure 1B), and 75% (30/
40) of the CRC patients showed increased expression of
circ. GLGI in tumor tissues compared with that in the
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Figure | Circ_GLGI expression in tumor tissues from p
significantly higher in CRC tissues than in adjacent no
tissues. *P < 0.05.

Abbreviations: circ_GLGI, circular RNA deriv,

Migration

We detected circ GLG1 expression levels in three colon can-
cer cell lines (HCTS, HCT116, and DLDI1 cells) and a normal
human colonic epithelial cell line (NCM460 cells). The results
showed that circ GLGI expression levels were higher in all

three colon cancer cell lines than in NCM460 cells (Figure
2A). The highest circ GLG1 expression level was found in the
DLDI1 cell line; therefore, we used the DLDI cell line for

Structural representation of circ_GLGI. (B) Average expression level of circ_GLGI is
is upregulated in 30 out of 40 pairs of CRC tissues compared with adjacent normal

RNA; CRC, colorectal cancer.

subsequent experiments. Two circ_ GLG1-specific siRNAs
(siRNA-1 and siRNA-2) and a control siRNA were transfected
into the DLD cells. The qRT-PCR results showed that, com-
pared with the siRNA control, both siRNA-1 and siRNA-2
significantly downregulated (P < 0.05) circ. GLGI expression
in DLD1 cells (Figure 2B).

In the CCK-8 experiments, we found that DLDI cells
transfected with circ GLG1 siRNAs had significantly lower
proliferation rates (P < 0.05) than cells transfected with the
control siRNA (Figure 2C). Similarly, DLD1 cell clone for-
mation was significantly inhibited (P < 0.05) in the circ. GLG1
siRNA transfectants compared to that in the control-siRNA
transfectant (Figure 2D). Further, we performed transwell and
wound-healing assays to analyze the effect of circ. GLG1 on
cell invasion and migration. The results showed that down-
regulating circ_ GLGI significantly decreased (P < 0.05) the
invasion and migration abilities of DLDI cells (Figure 2E
and F).
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Figure 2 Silencing circ_GLG| inhibits the proliferation, migration, and invasion of CRC cells. (A) Circ_GLGl is significantly higher in CRC cell lines than in normal colonic
epithelial cells. (B) Both siRNA-I and siRNA-2 silence circ_GLGI expression in DLD| cells. Downregulating circ_GLG 1 expression suppresses DLD| cell (C) proliferation,
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Abbreviations: circ_GLGI, circular RNA derived from Golgi glycoprotein | mRNA; CRC, colorectal cancer; siRNA, small-interfering RNA.
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Circ_GLGI Promoted CRC Cell
Proliferation and Invasion by Regulating
miR-622 Expression

Considering that the major function of circRNAs in various
cancers is serving as miRNA sponges, we predicted that
some miRNAs could potentially bind to circ GLGI1. The
online software program, Circular RNA Interactome,”” pre-
dicted that the potential targets of circ GLG1 comprise
a total of 12 miRNAs including miR-622, with the selection
criteria of context score percentile > 90, as shown in Table

S3. A luciferase vector encoding circ GLG1 was con-
structed with or without the miR-622-binding site (referred
to here as the wild-type and mutant vector, respectively).
The results of dual-luciferase reporter assay showed that,
after normalization to the control group, the luciferase activ-
ity decreased significantly (P < 0.05) in cells co-transfected
with an miR-622 mimic and the wild-type circ GLG1 vec-
tor, but not the mutant circ GLG1 vector (Figure 3A and B).
Furthermore, downregulation of circ GLG1 expression with
siRNA-1 or siRNA-2 led to upregulation of miR-622
expression (P < 0.05, Figure 3C).

To further confirm that circ_ GLG1 plays a biological
role by regulating miR-622 expression, we co-tran

forming colony-formation
the transwell assays,

ough the membrane
to a level comparable
us eliminating the negative
re 3F). Similar results were
ound-healing assays, which were used to

detect cell-migW@on abilities (P < 0.05, Figure 3G).

Circ_GLG]I Regulates CRC via the
circ_GLG|-miR-622—-KRAS Axis

As circRNA-miRNA-mRNA axes have been found to
play important roles in various cancers, we used the online
software program, miRWalk2.0,%* to identify a predicted

binding site of miR-622 in the KRAS gene transcript. The
dual-luciferase reporter assay showed that the luciferase

activity significantly decreased in cells co-transfected with
miR-622 mimics and a wild-type KRAS vector, but not
a mutant KRAS vector (P < 0.05, Figure 4A and B).

To validate the circRNA-miRNA-mRNA axis in DLD1
cells, we knocked down circ. GLG1 expression, which was
subsequently transfected with an miR-622 inhibitor. The
gRT-PCR results showed that miR-622 expression was sig-
nificantly lower (P < 0.05) in cells co-transfected with the
miR-622 inhibitor and siRNA-2 than in cells transfected
with siRNA-alone (Figure 4C). Then, we detected KRAS

expression by performing qRT-P. ad Western blotting

g expression of
significantly
is effect was

elucidgi¥d its role in CRC. We found that circ GLG1
was antly overexpressed in CRC tissues and three
cell lines. In in vitro experiments, we showed that
circ. GLG1 knockdown inhibited DLDI cell proliferation,
invasion, and migration. Mechanistically, we found that
circ. GLG1 promoted the proliferation and invasion of
CRC cells through the circ. GLG1-miR-622—-KRAS axis.
We first measured circ. GLGI expression levels in 40
pairs of CRC tissues and matched non-tumor tissues. The
results showed that circ GLG1 expression was upregu-
lated in CRC tissues compared to that in matched non-
tumor tissues, indicating that circ GLG1 could be used
as a potential diagnostic biomarker. To verify its func-
tion, we detected circ_ GLGI1 expression in three colon
cancer cell lines (HCT116, HCTS, and DLD1 cells) and
one normal human intestinal epithelial cell line
(NCM460 cells). The results showed that circ GLGI1
expression was higher in all three colon cancer cell
lines than in the normal intestinal epithelial cell line.
that
expression inhibited the growth and invasion of CRC

Subsequently, we found silencing circ GLG1
cells by performing CCK-8, colony-formation, transwell,
and wound-healing assays. The above experiments con-
firmed the carcinogenic effect of circ GLG1 in CRC.
The known mechanisms of circRNAs include the fol-

lowing: (1) CircRNAs can act as miRNA sponges;** (2)
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Figure 3 Circ_GLGI serves as a sponge for miR-622. (A) Predicted miR-622-binding sites compared with wild-type (Wt) or mutant (Mut) circ_GLGI. (B) Luciferase
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significantly upregulated after circ_GLG| silencing. Co-transfection with an miR-622 inhibitor reverses the inhibition of (D) proliferation, (E) colony formation, (F) invasion,
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Abbreviations: circ_GLGI, circular RNA derived from Golgi glycoprotein | mRNA; miR-622, microRNA 622; CRC, colorectal cancer.
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Figure 4 Circ_GLGI regulates CRC progression through the miR-622-KRAS axis. (A) Predicted binding sites of miR-622 in KRAS. (B) Luciferase reporter assays were
performed with CRC cells co-transfected with an miR-622 mimic and a reporter plasmid encoding wild-type or mutant KRAS. (C) The miR-622 inhibitor reduces miR-622
expression compared with circ_GLGI siRNA transfectants. (D) Circ_GLGI siRNA reduces KRAS mRNA expression in DLD| cells, which was prevented with the miR-622
inhibitor. (E) Circ_GLGI siRNA reduces KRAS protein expression in DLDI cells, which was prevented via the miR-622 inhibitor. *P < 0.05.

Abbreviations: circ_GLGI, circular RNA derived from Golgi glycoprotein | mRNA; CRC, colorectal cancer; miR-622, microRNA 622.

CircRNAs can regulate the transcription of host genes by
interacting with RNA polymerase II and -cis-acting
elements;”> (3) Some circRNAs can bind to RNA-

binding proteins and regulate their functions;*® (4) In
addition to acting as non-coding RNAs, some circRNAs
have a conserved open reading frame that can be translated
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into proteins that play functional roles;’’ Among the
abovementioned biological functions, the sponge function
of miRNAs is the most important discovered to date.
Therefore, we questioned whether circ GLGI1 exerts its
oncogenic effects by sponging one or more miRNAs.
The regulation between circRNAs and miRNAs is
complex. A circRNA molecule can combine with multiple
miRNAs. In addition, a single miRNA may be regulated
via multiple circRNAs at the same time.”® Because the
interaction between circRNA and miRNA occurs through
complementary hybridization, databases have been devel-
oped that can predict miRNA targets based on their
using the Circular RNA

Interactome online tool to predict the potential miRNA-

sequences.”’ In this study,

binding sites in circ GLG1, we obtained a total of 12
miRNAs. Among them, miR-622 attracted our attention,
mainly because it is closely related to the occurrence and
development of various cancers.’*>* It has been reported
that miR-622 expression is significantly downregulated in
melanoma cells and tissues, which correlates with the
In addition,
miR-622 has been identified as a tumor suppressor gene in

overall survival of patients with melanoma.*

patients with hepatocellular carcinoma,’’ gastric cancer,>

33 and glioma.** In this study, we

colorectal cancer,
confirmed the existence of an miR-622-binding site 1

circ. GLG1 by performing dual-luciferase repog

expression of circ GLGI,
exerted its biological funct

that KRAS is one of
622. Accumulatig
inhibit cell p
geting KR
KRAS is a
downstream sign®

& of the RAS oncogene family.>® As
o molecules of the epidermal growth
factor receptor, RA®proteins are involved in many key
cellular processes, including cell-cycle regulation, cell pro-
liferation, cell survival, regulation of inflammatory
responses, and vesicular transport.’” In CRC, KRAS muta-
tions drive tumorigenesis and are associated with the effi-
cacy of targeted therapy.*’ It has been confirmed that
KRAS expression can be regulated via some miRNAs in
different tumors. For example, miR-316 can inhibit the

proliferation and invasion of malignant melanoma cells

by inhibiting KRAS expression and the activity of the
AKT-ERK signaling pathway.*' MiR-532-5p promotes
apoptosis of lung adenocarcinoma cells by targeting
KRAS mRNA.** Overexpressing miR-19a inhibits KRAS
expression and angiogenesis in CRC cells, which in turn
inhibits tumor proliferation and invasion.*’ In this study,
we first confirmed the existence of an miR-622-binding
site in KRAS mRNA by performing dual-luciferase repor-
ter assays. Then, we showed that downregulating
circ. GLG1 expression caused KRAS downregulation at
both the mRNA and protein levels 4 hat this effect

inhibitor,

function

for patients with CRC. However, some
this study were not Very rigorously assessed

miRNAs or some RNA binding proteins. Furthermore, in
the future, we plan to verify the regulation of circ. GLG1
on tumors in vivo, using mouse tumor models.
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