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progression of colorectal cancer by
regulating miR-199a/VEGFA pathway
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Abstract. - OBJECTIVE: The aim of this
study is to explore the regulatory mechanism of
circRNA UBAP2 (circUBAP2) in colorectal can-
cer (CRC).

PATIENTS AND METHODS: The expression
levels of circUBAP2, miR-199a, and VEGFA in
tissues and cell lines were detected by RT-qP-
CR. The cell proliferation was examined by CCK-
8 and colony formation assays. The migration
and invasion abilities were evaluated by wound
healing and transwell assays, respectively. Bio-
informatics analysis and Luciferase activity as-
say were applied to determine the interaction
between genes.

RESULTS: The expression of circUBAP2 was
upregulated in CRC tissues and cell lines, and
depletion of circUBAP2 suppressed the cell pro-
liferation, migration, and invasion of CRC. Fur-
thermore, miR-199a inhibitor abrogated the sup-
pressive effect of circUBAP2 knockdown on
CRC progression. Vascular endothelial growth
factor A (VEGFA) was identified as a down-
stream target gene of miR-199a, and overex-
pression of VEGFA rescued the tumor pheno-
types attenuated by circUBAP2 knockdown or
miR-199a overexpression.

CONCLUSIONS: Our findings demonstrated
that circUBAP2 facilitated CRC progression by
sponging miR-199a to upregulate VEGFA. These
findings implied that circUBAP2 may be a poten-
tial therapeutic biomarker for CRC.
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Introduction

Colorectal cancer (CRC) is one of the lead-
ing causes of cancer-related mortality worldwide,
which has become a severe threat to public health
due to its high morbidity and mortality". Al-
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though significant progress has been made in the
diagnosis and surgical treatment of CRC over the
past few decades, the 5-year survival rate of CRC
patients is still unsatisfactory**. Therefore, it is
imperative to identify novel targets to develop
effective therapeutic strategies for CRC.

Circular RNAs (circRNAs) are a class of
non-coding RNAs (ncRNAs) with a ring struc-
ture’; their dysregulation is associated with tum-
origenesis in various types of cancer, including
CRC%". CircFMN2 promoted the cell prolifera-
tion of CRC by upregulating hTERT via sponging
miR-11828, CircRNA UBAP2 (circUBAP2) was
reported to promote ovarian cancer progression
by downregulating miR-114°. However, the un-
derlying molecular mechanisms of circUBAP2 in
CRC tumorigenesis are still unknown.

MiRNAs are a family of small ncRNAs of
~22 nucleotides in length, which regulate gene
expression by complementary binding or com-
plex mechanisms'’. They play a vital role in the
occurrence and development of cancers, includ-
ing CRC. Of note, Yang et al'' demonstrated that
miR-125 inhibited the proliferation and invasion
of CRC cells via binding to transcriptional co-
activator tafazzin (TAZ). In addition, miR-199a
was reported to function as a tumor suppressor
in the occurrence and progression of different
types of cancer'?. Li et al"* showed that miR-199a
inhibited non-small cell lung cancer (NSCLC)
progression by downregulating MAP3KI1. Cir-
cRNAs have been reported to function as com-
peting endogenous RNAs (ceRNAs) to regulate
the development and progression of several types
of cancers'*'® which led to the hypothesis that
circUBAP2 may promote CRC progression via
miR-199a.

The present study demonstrated that circU-
BAP2 promoted CRC progression by regulating
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the miR-199a/VEGFA axis. Our research con-
firmed the oncogenic role of circUBAP2 in CRC
and might provide novel potential mechanisms

and theoretical basis for the targeted treatment
of CRC.

Patients and Methods

Clinical Specimens

22 pairs of CRC tissues and para-carcinoma
tissues were obtained from patients in the Third
Affiliated Hospital of Soochow University. All
subjects provided written informed consent prior
to their inclusion. This study was approved by the
Ethics Committee of the Third Affiliated Hospi-
tal of Soochow University.

Stable Cell Lines Generation and
Transfection

CRC cell lines (SW620, HCT116), human nor-
mal colon mucosal cell line (NCM460) and 293T
cells were obtained from the American Type Cul-
ture Collection (ATCC) and maintained in Dul-
becco’s Modified Eagle Medium (DMEM; Corn-
ing Life Sciences, MA, USA) supplemented with
10% fetal bovine serum (FBS; Gibco, MD, USA)
in a humidified incubator containing 5% CO, at
37°C. For transfection experiments, short-hairpin
RNAs (shRNAs) against circUBAP2 (sheircU-
BAP2) and negative control (shNC), miR-199a
mimics, miR-199a inhibitor and their corre-
spondent negative controls were obtained from
Genechem (Shanghai, China). The transfections
were performed using Lipofectamine 2000 (Invi-
trogen, Carlsbad, CA, USA).

CCK-8 Assay

Cells seeded into 96-well plates (2x10* cells/
well) were incubated with 100 pL. Dulbecco’s
Modified Eagle Medium (DMEM; Corning Life
Sciences, MA, USA) for 48 h at 37°C and 5%
CO,. Following the addition of 10 pL CCK-8
solution (Dojindo, Molecular Technologies, Ku-
mamoto, Japan) into each well, then incubated
for an additional 2 h at 37°C and the absorbance
of each well was measured at a wavelength of
450 nm using a microplate reader (Thermo Fisher
Scientific, Waltham, MA, USA).

Wound Healing Assay

The cells were plated into 6-well plates and
grown to a fully confluent monolayer. A 200 puL
pipette tip was used to generate artificial scratch-
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es. Images of the migrated cells were acquired
at 0 and 24 h using an optical microscope (Leica
DMI4000B, Milton Keynes, Bucks, UK).

Transwell Assay

Transwell assay was utilized to determine the
cell invasion ability. Briefly, diluted Matrigel
(Yeasen Biotech, Shanghai, China) was added
onto the membrane of the upper chamber. The
transfected cells were then seeded into the upper
chambers of the transwell insert. Next, 600 pL
Dulbecco’s Modified Eagle Medium (DMEM;
Corning Life Sciences, MA, USA) containing
10% fetal bovine serum (FBS; Gibco, MD, USA)
was added to the lower chamber. Following incu-
bation for 48 h, cells in the lower chamber were
fixed with 95% ethanol and stained with crystal
violet. The invaded cells were observed under a
microscope and counted in five random fields.

Luciferase Reporter Assays

The pmirGLO-circUBAP2-Wt/Mut and pmir-
GLO-VEGFA-Wt/Mut reporter plasmids were
obtained from GenePharma (Shanghai, China).
Subsequently, 293T cells were co-transfected
with pmirGLO-circUBAP2-Wt/Mut or pmir-
GLO-VEGFA-Wt/Mut plasmids and miR-199a or
NC mimics. The luciferase activity was evaluated
by Luciferase Reporter Analysis system (Prome-
ga, Madison, WI, USA).

RT-qPCR

Total RNA was extracted using TRIzol re-
agent (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s instructions. RNA con-
centration was determined using a Nano Drop
spectrophotometer (Thermo Fisher Scientific,
Waltham, MA, USA). Total RNA was reverse
transcribed into cDNA using a PrimeScript RT
reagent kit (TaKaRa Biotechnology Ltd., Dalian,
China). PCR amplification reaction was prepared
using a SYBR® Green Real-Time PCR Master
Mix (Thermo Fisher Scientific, Waltham, MA,
USA). Relative expression levels were calculated
by the 2724¢T method, and U6 and GAPDH were
employed as the internal controls. The primer
sequences were listed in Table I.

Statistical Analysis

All data are presented as mean=standard de-
viation (SD) of three individual experiments.
Statistical analyses were performed using SPSS
18.0 software (IBM Inc., Chicago, IL, USA) and
comparative analyses were assessed using one-
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Table I. The primer sequences for RT-qPCR

Gene

Sequence of primers (5°-3°)

circUBAP2 forward
circUBAP2 reverse
miR-199a forward
miR-199a reverse
VEGFA forward
VEGFA reverse

U6 forward

U6 reverse

GAPDH forward
GAPDH reverse

AGCCTAGAGCCAACTCCTTTG
TCAGGTTGAGATTTGAAGTCAAGA
GCGGCGGACAGTAGTCTGCAC
ATCCAGTGCAGGGTCCGAGG
AGGAGGAGGGCAGAATCATCA
CTCGATTGGATGGCAGTAGCT
CTCGCTTCGGCAGCACATATACTA
ACGAATTTGCGTGTCATCCTTGCG
GATGATCTTGAGGCTGTTGTC
CAGGGCTGCTTTTAACTCTG

way analysis of variance (ANOVA) and Student’s
t-test. p<0.05 was considered as statistically sig-
nificant.

Results

CircUBAP2 Was Upregulated in
CRC Tissues and Cell Lines and
Facilitated CRC Progression

RT-qPCR results demonstrated that circU-
BAP2 expression was significantly upregulated
in CRC tissues (or cell lines including SW620
and HCT116) compared with that in the normal
tissues (or human normal colon mucosal cell line
NCM460) (Figure 1A and B), suggesting that
circUBAP2 might act as an oncogenic factor
for CRC progression. To further investigate the
biological function of circUBAP2 in CRC, cir-
cUBAP2 knockdown (shcircUBAP2) stable cell
lines (SW620 and HCT116) were constructed.
The knockdown efficiency of circUBAP2 was
confirmed by RT-qPCR (Figure 1C). CCK-8 and
colony formation assays suggested that prolifer-
ation ability was decreased in CRC cells trans-
fected with shcircUBAP2 (Figure 1D and E).
Furthermore, wound healing and transwell assays
revealed that CRC cell migratory and invasive
abilities were suppressed following silencing of
circUBAP2 (Figure 1F and G). In summary, our
results suggested that circUBAP2 knockdown
inhibited CRC cell progression.

MiR-199a Inhibitor Partially
Abrogated the Inhibitory Effect
of CircUBAPZ Knockdown on
CRC Phenotypes

Bioinformatics prediction results displayed
that miR-199a has the binding ability for circU-
BAP2 (Figure 2A). Luciferase reporter assay was

conducted to validate the interactions between
circUBAP2 and miR-199a, and results revealed
that miR-199a decreased the Luciferase activi-
ty of pmirGLO-circUBAP2-Wt vector, while no
significant alteration in the Luciferase activity of
pmirGLO-circUBAP2-Mut vector was observed
(Figure 2B). Additionally, miR-199a mimics re-
duced circUBAP2 expression, suggesting miR-
199a could directly target circUBAP2 and inhibit
its expression (Figure 2C). To further determine
the effect of miR-199a on shcircUBAP2-silenced
CRC cells, miR-199a inhibitor was introduced
into shcircUBAP2-expressing SW620 cells. The
data showed that miR-199a expression was in-
creased by circUBAP2 knockdown and the resto-
ration of miR-199a expression occurred after the
transfection of miR-199a inhibitor (Figure 2D).
CCK-8 and colony formation assays exhibited
that cell proliferation suppressed by knockdown
of circUBAP2 was increased by inhibition of
miR-199a in SW620 cells (Figure 2E and F). Be-
sides, the repression of cell invasion and migra-
tion abilities caused by silencing of circUBAP2
was abolished by miR-199a inhibitor (Figure 2G
and H). Taken together, miR-199a downregula-
tion reversed the inhibitory effect of circUBAP2
knockdown on the proliferation and mobility of
CRC cells.

MiR-199a Could Directly Target VEGFA
and Inhibit its Expression

According to TargetScan (www.targetscan.
org), VEGFA has a binding site for miR-199a
in the 3’UTR region (Figure 3A). Luciferase
reporter assay indicated that miR-199a mimics
and miR-199a inhibitor markedly reduced and
increased the luciferase activity compared with
the correspondent negative controls respectively,
while there was no effect on cells transfected with
mutant 3’-UTR of VEGFA (Figure 3B). More-
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Figure 1. CircUBAP2 was upregulated in CRC tissues and cell lines, and promoted CRC progression. A, RT-qPCR analysis showed the relative expression of circUBAP2
expression in CRC tissues and para-carcinoma tissues, n=22. B, RT-qPCR analysis showed the relative expression of circUBAP2 expression in CRC cell lines (SW620 and HCT116)
and human normal colon mucosal cell line (NCM460). C, RT-qPCR analysis showed the relative expression of circUBAP2 expression in SW620 and HCT116 transfected with
shNC or shecircUBAP2. D-E, CCK-8 and colony formation assays showed the cell proliferation of SW620 and HCT116 transfected with shNC or shcircUBAP2 (magnification
x20). F-G, Wound healing and transwell assays showed the migration and invasion abilities of SW620 and HCT116 transfected with shNC or shcircUBAP2 (magnification x40).

The data were presented as mean + SD (*¥p<0.05, **p<0.01).
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Figure 2. MiR-199a inhibitor rescues circUBAP2 knockdown-attenuated progression of CRC cells. A, Bioinformatic prediction of the putative binding site at 3’-UTR of
circUBAP2 by miR-199a. B, Luciferase reporter assay showed luciferase activity in 293T cells transfected with NC mimics, miR-199a mimics. C, RT-qPCR analysis showed the
relative expression of miR-199a in SW620 cells transfected with NC mimics, miR-199a mimics. D, RT-qPCR analysis showed the relative expression of miR-199a in SW620 cells
transfected with shNC, shcircUBAP2, shcircUBAP2 plus miR-199a inhibitor. E-F, CCK-8 and colony formation assays showed the cell proliferation of SW620 cells transfected
with shNC, shcircUBAP2, shcircUBAP2 plus miR-199a inhibitor (magnification x20). G-H, Wound healing and transwell assays showed the cell migration and invasion abilities
of SW620 cells transfected with shNC, shcircUBAP2, shcircUBAP2 plus miR-199a inhibitor (magnification x40). The data were presented as mean = SD (**p<0.01).
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over, RT-qPCR analysis revealed that the VEGFA
expression was obviously reduced in miR-199a
mimics transfected cells (Figure 3C). Our results
demonstrated that miR-199a directly interacted
with VEGFA and significantly suppressed its
expression level.

CircUBAPZ2 promoted CRC
cell progression via the
miR-199a/VEGFA axis

To investigate whether VEGFA mediated cir-
cUBAP2/miR-199a-regulated CRC phenotypes,
VEGFA-overexpressed shcircUBAP2 and miR-
199a mimics SW620 cells were established. The
transfection efficiency was determined by RT-qP-
CR (Figure 4A). CCK-8 and colony formation as-
says showed suppression of circUBAP2 or over-
expression of miR-199a reduced cell proliferation,
which was reversed by the upregulation of VEG-
FA (Figure 4B and C). Moreover, overexpression
of VEGFA counteracted the inhibitory effect
of circUBAP2 knockdown or miR-199a overex-
pression on cell migration and invasion (Figure
4D and E). Collectively, these data revealed that
circUBAP2/miR-199a/VEGFA axis promoted the
development and progression of CRC.

Discussion

CircRNAs act as vital modulators in the tum-
origenesis and development of diverse malignan-
cies'”'8. Wang et al' showed that the overexpres-
sion of circ-UBE2D2 was associated with poor
prognosis and promoted breast cancer progres-
sion by regulating the expression of miR-1236

and miR-1287. Yao et al** demonstrated that
circ_0058124 promoted papillary thyroid cancer
progression via NOTCH3/GATAD2A signaling.
However, only a limited number of studies have
evaluated circRNA-mediated CRC progression.
The present study revealed that circUBAP2 was
upregulated in CRC tissues and cell lines. Fur-
thermore, the depletion of circUBAP2 suppressed
the cell proliferation, migration, and invasion of
CRC, suggesting that circUBAP2 could serve as
a carcinogenic factor in CRC progression.

Previous studies®?' have demonstrated that
circRNAs interact with miRNAs by acting as
ceRNAs to regulate the proliferation and migra-
tion of tumor cells. Zhang et al*? reported that
circ_ 0000285 acted as a ceRNA to facilitate
the progression of osteosarcoma via sponging
miR-599. In addition, Yang et al* revealed that
circITGA7 suppressed the proliferation of CRC
by sponging miR-3187 to upregulate additional
sex combs-like 1 (ASXL1) expression. In the cur-
rent study, miR-199a was predicted to be a direct
downstream target gene of circUBAP2 and the
upregulation of miR-199a markedly suppressed
circUBAP2 expression. Moreover, we found that
miR-199a depletion abolished the inhibitory ef-
fect of circUBAP2 knockdown on cell pheno-
types of CRC.

VEGFA belongs to the VEGF family, which
plays a crucial role in cell proliferation, invasion,
and angiogenesis in several malignancies®**.
Several miRNAs inhibit tumor growth, metas-
tasis, and angiogenesis**** by directly or indi-
rectly targeting VEGFA. For example, Feng et
al?® discovered that miR-26b suppressed tumor
growth of hepatocellular carcinoma by targeting
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Figure 3. MiR-199a directly targets VEGFA. A, Bioinformatic prediction of the putative binding site at 3’-UTR of VEGFA
by miR-199a. B, Luciferase reporter assay showed luciferase activity in 293T cells transfected with NC mimics, miR-199a
mimics, miR-199a inhibitor and NC inhibitor. C, RT-qPCR analysis showed the relative expression of miR-199a and VEGFA
in SW620 cells transfected with NC mimics, miR-199a mimics. The data were presented as mean + SD (**p<0.01).
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Figure 4. VEGFA mediates circUBAP2/
miR-199a-regulated CRC phenotypes. A,
RT-gPCR  analysis showed the relative
expression of VEGFA in SW620 cells
transfected with shNC, shcircUBAP2, miR-
199a mimics, shcircUBAP2 plus VEGFA,
miR-199a mimics plus VEGFA. B-C, CCK-
8 and colony formation assays showed the
cell proliferation of SW620 cells transfected
with shNC, shcircUBAP2, miR-199a mimics,
shcircUBAP2 plus VEGFA, miR-199a mimics
plus VEGFA (magnification x20). D-E, Wound
healing and transwell assays showed the cell
migration and invasion abilities of SW620
cells transfected with shNC, shcircUBAP2,
miR-199a mimics, shcircUBAP2 plus VEGFA,
miR-199a mimics plus VEGFA (magnification
x40). The data were presented as mean = SD
(**p<0.01).
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VEGFA via NF-kB/MMP-9 signaling. Wang et
al?’ reported that miR-377 inhibited gastric can-
cer metastasis by downregulating VEGFA. In our
study, VEGFA was predicted as a downstream
target of miR-199a by bioinformatics analysis,
which was further validated by Luciferase re-
porter assay. The results prompted us to make
subsequent experiments to verify the directly
regulatory axis between circUBAP2/miR-199a
and VEGFA in CRC cells. Rescue experiments
showed the overexpression of VEGFA enhanced
the CRC progression attenuated by circUBAP2
knockdown or miR-199a overexpression.

Conclusions

Our results revealed that circUBAP2 upreg-
ulated VEGFA expression through sponging
miR-199a and accelerated CRC progression. This
study offers an improved understanding of the
pathogenesis of CRC and may provide potential
therapeutic strategies for CRC treatment. How-
ever, in vivo experiments are required to further
validate these findings in follow-up studies.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) THerkitDseN C, BERGMANN TK, HENRICHSEN-SCHNACK T,
Labetuno S, Nisert M. The predictive value of
KRAS, NRAS, BRAF, PIK3CA and PTEN for an-
ti-EGFR treatment in metastatic colorectal can-
cer: a systematic review and meta-analysis. Acta
Oncol 2014; 53: 852-64.

2) SiceL RL, Miter KD, JemaL A. Cancer statistics,
2017. CA Cancer J Clin 2017; 67: 7-30.

3) Van Cursem E, NorbLNGER B, CervanTEs A, GROUP
EGW. Advanced colorectal cancer: ESMO Clini-
cal Practice Guidelines for treatment. Ann Oncol
2010; 21 Suppl 5: v93-v97.

4) Dt Roock W, Piessevaux H, DE ScHUTTER J, JANSSENS
M, De HertogH G, PersoNENI N, Biesmans B, VAN La-
ETHEM JL, PeeTters M, HumBLET Y, VAN CuTsem E, TEJPAR
S. KRAS wild-type state predicts survival and is
associated to early radiological response in met-
astatic colorectal cancer treated with cetuximab.
Ann Oncol 2008; 19: 508-515.

5) Per W, Tao L, ZHANG LW, ZHANG S, Cao J, Jiao Y, TonG
J, Nie J. Circular RNA profiles in mouse lung tis-
sue induced by radon. Environ Health Prev Med
2017; 22: 36.

7970

6) Dal X, Guo X, Liu J, CHENG A, PeENG X, ZHA L, WaNG
Z. Circular RNA circGRAMD1B inhibits gastric
cancer progression by sponging miR-130a-3p
and regulating PTEN and p21 expression. Aging
(Albany NY) 2019; 11: 9689-9708.

7) ZHu CL, SHA X, WANG Y, L1 J, ZHANG MY, Guo ZY, SuN
SA, He JD. Circular RNA hsa_circ_0007142 is up-
regulated and targets miR-103a-2-5p in colorec-
tal cancer. J Oncol 2019; 2019: 9836819.

8) Ren C, ZHANG Z, WANG S, ZHu W, ZHENG P, WAaNG
W. Circular RNA hsa_circ_0001178 facilitates
the invasion and metastasis of colorectal cancer
through upregulating ZEB1 via sponging multiple
miRNAs. Biol Chem 2020; 401: 487-496.

9) SHeng M, WeI N, Yang HY, Yan M, Znao QX, JiNGg
LJ. CircRNA UBAP2 promotes the progression of
ovarian cancer by sponging microRNA-144. Eur
Rev Med Pharmacol Sci 2019; 23: 7283-7294.

10) Sun Q, Liu T, Zuang T, Du S, XiE GX, Lin X, CHEN
L, Yuan Y. MiR-101 sensitizes human nasopha-
ryngeal carcinoma cells to radiation by targeting
stathmin 1. Mol Med Rep 2015; 11: 3330-3336.

11) Yang M, Xiaou T, WanG Z, Wu X, Tang D, WanaG D.
MiR-125 inhibits colorectal cancer proliferation
and invasion by targeting TAZ. Biosci Rep 2019;
39: BSR20190193.

12) Liao K, LIN Y, Gao W, XiA0 Z, MeDINA R, DMITRIEV P,
Cul J, ZHUANG Z, ZHAo X, Quu Y, ZHANG X, GE J, Guo
L. Blocking IncRNA MALAT1/miR-199a/ZHX1 ax-
is inhibits glioblastoma proliferation and progres-
sion. Mol Ther Nucleic Acids 2019; 18: 388-399.

13) LY, Wang D, Li X, SHAao Y, HE' Y, Yu H, Ma Z. MiR-
199a-5p suppresses non-small cell lung cancer via
targeting MAP3K11. J Cancer 2019; 10: 2472-2479.

14) CHeNn Z, Xino K, CHEN S, HuaNnG Z, YE Y, CHen T. Cir-
cRNA hsa_circ_001895 serves as a sponge of
miR-296-5p to promote cell carcinoma progres-
sion via regulating SOX12. Cancer Sci 2020; 111:
713-726.

15) WanG Q, Li Z, Hu Y, ZHenG W, Tang W, ZHal C,
Gu Z, Tao J, Wang H. Circ-TFCP2L1 promotes
the proliferation and migration of triple negative
breast cancer through sponging miR-7 by inhib-
iting PAK1. J Mammary Gland Biol Neoplasia
2019; 24: 323-331.

16) Liu Z, Yu Y, HuanG Z, Kong Y, Hu X, Xiao W, QuaN
J, Fan X. CircRNA-5692 inhibits the progression of
hepatocellular carcinoma by sponging miR-328-
5p to enhance DAB2IP expression. Cell Death
Dis 2019; 10: 900.

17) Dong Y, He D, Peng Z, Peng W, SHi W, WanG J, Li
B, ZHanGg C, Duan C. Circular RNAs in cancer: an
emerging key player. J Hematol Oncol 2017; 10: 2.

18) MEenG S, Zrou H, Feng Z, Xu Z, Tang Y, Li P, Wu M. Cir-
cRNA: functions and properties of a novel potential
biomarker for cancer. Mol Cancer 2017; 16: 94.

19) WanG Y, Li J, Du C, ZHANG L, ZHANG Y, ZHANG J,
WanG L. Upregulated circular RNA circ-UBE2D2
predicts poor prognosis and promotes breast
cancer progression by sponging miR-1236 and
miR-1287. Trans| Oncol 2019; 12: 1305-1313.



CircRNA UBAP?2 facilitates the progression of CRC by regulating miR-199a/VEGFA pathway

20)

21)

22)

23)

24)

Yao Y, CHEN X, YANG H, CHEN W, QiaN Y, YaN Z, Li-
A0 T, Yo W, Wu W, YuT, CHEN Y, ZHANG Y. Hsa_
circ_0058124 promotes papillary thyroid can-
cer tumorigenesis and invasiveness through the
NOTCHS3/GATAD2A axis. J Exp Clin Cancer Res
2019; 38: 318.

L H, JNn X, Liu B, ZHanGg P, CHen W, Li Q. CircRNA
CBL.11 suppresses cell proliferation by sponging
miR-6778-5p in colorectal cancer. BMC Cancer
2019; 19: 826.

ZHANG Z, Pu F, WaNG B, Wu Q, Lwu J, SHAO Z. Hsa_
circ_0000285 functions as a competitive endoge-
nous RNA to promote osteosarcoma progression
by sponging hsa-miRNA-599. Gene Ther 2020;
27: 186-195.

YANG G, ZHANG T, YE J, YAnG J, CHEN C, Cal S, MA J.
Circ-ITGA7 sponges miR-3187-3p to upregulate
ASXL1, suppressing colorectal cancer prolifera-
tion. Cancer Manag Res 2019; 11: 6499-6509.
WanaG JY, Jiang JB, Li Y, WanG YL, Dal Y. MicroR-
NA-299-3p suppresses proliferation and invasion
by targeting VEGFA in human colon carcinoma.
Biomed Pharmacother 2017; 93: 1047-1054.

25)

26)

27)

28)

29)

KoNG R, MA'Y, FENG J, Li' S, ZHANG W, JIANG J, ZHANG
J, Qiro Z, Yana X, ZHou B. The crucial role of miR-
126 on suppressing progression of esophageal
cancer by targeting VEGF-A. Cell Mol Biol Lett
2016; 21: 3.

Feng Y, Zu LL, ZHAnG L. MicroRNA-26b inhibits
the tumor growth of human liver cancer through
the PI3K/Akt and NF-kappaB/MMP-9/VEGF
pathways. Oncol Rep 2018; 39: 2288-2296.

Liu F, Wu W, Wu K, CHEN Y, WU H, WANG H, ZHANG
W. MiR-203 participates in human placental an-
giogenesis by inhibiting VEGFA and VEGFR2 ex-
pression. Reprod Sci 2018; 25: 358-365.

LuY, QiNT, LiJ, WANG L, ZHANG Q, JIANG Z, MAO
J. MicroRNA-140-5p inhibits invasion and an-
giogenesis through targeting VEGF-A in breast
cancer. Cancer Gene Ther 2017; 24: 386-392.

WaNG CQ, CHeN L, DonG CL, SoNG Y, SHEN ZP, SHEN
WM, Wu XD. MiR-377 suppresses cell prolifer-
ation and metastasis in gastric cancer via re-
pressing the expression of VEGFA. Eur Rev Med
Pharmacol Sci 2017; 21: 5101-5111.



