Molecular Therapy

Nucleic Acids
Original Article

AMERICAN SOCIETY of
w GENE & CELL

el THERAPY

circAMOTL1 Motivates AMOTL1 Expression
to Facilitate Cervical Cancer Growth

Rongying Ou,'? Jiangmin Lv,”> Qianwen Zhang,® Fan Lin,? Li Zhu,? Fangfang Huang,> Xiangyun Li,* Tian Li,
Liang Zhao,' Yi Ren,® and Yunsheng Xu'-*

Laboratory for Advanced Interdisciplinary Research, Institutes of Translational Medicine, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou 325000,
China; 2Department of Gynaecology and Obstetrics, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou 325000, China; 3Department of
Dermatovenereology, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou 325000, China; “Department of Dermatovenereology, The Seventh
Affiliated Hospital, Sun Yat-sen University, Shenzhen 518000, China; *Department of Gynaecology and Obstetrics, The Seventh Affiliated Hospital, Sun Yat-sen

University, Shenzhen 518000, China; °Department of Biomedical Sciences, Florida State University College of Medicine, Tallahassee, FL, USA

Cervical cancer is acknowledged as the most prevalent gyne-
cological tumor and a severe public issue that threatens
female health, resulting from its high incidence and fatality
rate. Surging evidence have shown that circular RNAs
(circRNAs) play significant roles in the initiation and pro-
gression of various malignancies. Although circAMOTLI1
has been testified to execute oncogenic properties in breast
cancer and prostate cancer, literature on its function and
regulatory mechanism in cervical cancer development is
still scanty. Using a bioinformatics analysis, we found
circ_0004214 was a circular form of AMOTLI1. Through
qRT-PCR analysis, circAMOTLI and its host gene AMOTL1
were both upregulated in cervical cancer tissues and closely
correlated with poor prognosis of cervical cancer. Gain- or
loss-of-function assays and in vivo experiments demonstrated
that AMOTL1 promoted cervical cancer cell growth both
in vitro and in vivo. Mechanically, circAMOTL1 served as a
competing endogenous RNA (ceRNA) to prompt the expres-
sion of AMOTLI through sponging miR-485-5p. Rescue as-
says revealed that miR-485-5p/AMOTLI axis was involved
in circ_AMOTLI1-mediated cervical cancer progression. Our
findings provide a better understanding of the molecular
mechanism underlying circAMOTLI in cervical cancer and
indicated circAMOTL1/miR-485-5p/AMOTLI as a promising
novel therapeutic strategy for the treatment of this disease.

INTRODUCTION

Cervical cancer is listed as the most prevalent gynecological tumor
and the fourth leading reason for mortality in female malignancies
worldwide.! On the basis of global statistics, cervical cancer has
become a severe public issue that threatens female health, leading
to approximately 527,600 new cases and 265,700 mortalities annually
and showing an increasing trend.” Although encouraging improve-
ments have been achieved in therapeutic options, treatment effective-
ness is limited, and the 5-year survival rate of cervical cancer patients
remains only 40%-50%.” Considering that, it is necessary to elucidate
the indistinct mechanism of cervical cancer and figure out promising
potent strategies for the remedy of this disease.
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It is well known that circular RNAs (circRNAs) are a novel category of
non-coding RNAs, which are extensively characterized by lack of 5’
caps or 3’ poly(A) tails.* Mounting documentation has proven that
circRNAs are implicated in the initiation and progression of
multiple malignant tumors, including cervical cancer. For instance,
circRNA8924 promotes cervical cancer cell proliferation, migration,
and invasion by competitively binding to the miR-518d-5p/519-5p
family and modulating the expression of CBX8.” circRNA ciRS-7 cor-
relates with advance disease and poor prognosis, and its downregula-
tion inhibits cell proliferation while inducing cell apoptosis in non-
small-cell lung cancer.’® circZMYM2 regulated JMJD2C in pancreatic
cancer by endogenously competing with miR-335-5p.” It has been re-
ported that circAMOTLI (hsa_circ_0004214) exerts a crucial role in
breast cancer.” However, whether circAMOTLI participates in cervi-
cal cancer development remains to be further explored.

Angiomotin-like 1 (AMOTLI1) is a member of the motin family,
which plays a core role in modulating the migration and polarity of
endothelial cells, together with angiomotin (Amot) and angiomo-
tin-like 2 (Amotl2).” "' It is confirmed by several researchers that
AMOTLLI is a pivotal effector in the Hippo pathway by negatively
regulating YAP expression so as to elicit oncogenic property in breast
cancer.'” " Besides, AMOTLI has been documented to facilitate vas-
culogenic mimicry and cell motility in cervical cancer progression.'
Nevertheless, the interplay between circAMOTLI and its host gene

AMOTLI in cervical cancer is still unclear.

The purpose of this study was to investigate the participation of
circAMOTLI and AMOTLI in cervical cancer and expound the
detailed regulatory mechanism of circAMOTL1 on AMOTLI expres-
sion, which may contribute to enriching the therapeutic strategy for
cervical cancer.
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Figure 1. Existence of circAMOTL1 in Cervical Cancer Cells

(A) Data from the UCSC website revealed that AMOTL1 was the host gene for circAMOTL1. (B) The gPCR analysis was applied to validate the expression of circAMOTL1in
cervical cancer cell lines. (C) The “head-to-tail” splicing sites of circAMOTL1 detected by Sanger sequencing. (D) The expression level of circAMOTL1 and linear AMOTL1 in
CaSki cells treated with Actinomycin D in different time points. (E) The expression level of circAMOTL11 and AMOTL1 mRNA in CaSki cells treated with or without Rnase R
was measured by gRT-PCR. (F) The localization of circAMOTL1 in CaSki cell was evaluated by FISH assay. Scale bar, 200 um. **p < 0.01. n.s.: no significance.

RESULTS

Existence of circAMOTL1 in Cervical Cancer Cells

Searching the University of California Santa Cruz (UCSC) database,
we discovered that circAMOTL1 was located in chromosome 11
and AMOTLI was its host gene (Figure 1A). By employing the
circRNADisease database, we subsequently found circAMOTLI to
be upregulated in cervical cancer. In view of that, we intended to eval-
uate the involvement of circAMOTLLI in cervical cancer development.
Our data manifested the existence of circAMOTLI in cervical cancer
by evaluation of cDNA and genomic DNA from two randomly
selected cervical cancer cell lines CaSki and HeLa (Figure 1B). Besides,
Sanger sequencing was adopted to sequence the amplified product
and corroborated the circularized junction of the circAMOTLI (Fig-
ure 1C). We observed that circ AMOTLI1 exhibited more resistance to

transcription inhibitor actinomycin D (ActD) in comparison with
AMOTLI (Figure 1D). Concordantly, results of RNase R exonuclease
treatment certified the circular nature of the circAMOTLI1
(Figure 1E). FISH assay was conducted to assess the subcellular local-
ization of circAMOTL1 in CaSki cells, and we found that
circAMOTLI1 was principally localized in the cytoplasm (Figure 1F).
On the whole, our findings validate the circular characterization of
circAMOTLI and the relationship between circAMOTLI1 and cervi-
cal cancer.

circAMOTL1 and Its Host Gene AMOTL1 Indicate Poor
Prognosis of Cervical Cancer

In order to probe the role of circAMOTLI and AMOTLLI in cervi-
cal cancer, we estimated circAMOTL1 and AMOTLI1 expression in
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Figure 2. circAMOTL1 and Its Host Gene AMOTL1 Indicate Poor Prognosis of Cervical Cancer

(A) The non-cancer, para-cancer, and tumor tissues were subjected to gRT-PCR for examination of circAMOTL1 and AMOTL1 expression. (B) The higher expression level of
circAMOTL1 and AMOTL1 mRNA in patient samples with metastasis. (C) The high expression level of circAMOTL1 and AMOTL1 mRNA in samples obtained from patients in
stage II/1ll. (D) Kaplan-Meier curve was generated to analyze the overall survival of cervical cancer patients with high or low level of circ_ or. (E) The relationship between circ
and was analyzed by Pearson’s analysis. (F) gRT-PCR was implemented to detect the expression levels of circAMOTL1 and AMOTL1 in normal cervical epithelial cells
(CerEpiC) and cervical cancer cell lines (C-33A, Hela, Siha, and CaSki). *p < 0.05, *p < 0.01.

clinical tissues and cell lines of cervical cancer. The qPCR analysis
revealed that both circAMOTLI and AMOTL1 were upregulated in
cervical cancer tissues compared with that in adjacent normal tis-
sues (Figure 2A). Additionally, in contrast with non-metastatic tu-
mor tissues, circAMOTLland AMOTLI were abundant in meta-
static tumor tissues (Figure 2B). We unveiled that the expression
of circAMOTLI and its host gene AMOTLI] were prominently
elevated attributable to the increase of the clinical classification
(Figure 2C). In agreement with the above results, cervical cancer
patients with high levels of circAMOTL1 and AMOTLI1 had worse
survival rates than those with low expression of circAMOTLI and
AMOTL1 (Figure 2D), and results of Pearson’s correlation
coefficient analysis unraveled the positive association between
circAMOTL1 and AMOTLI1 (Figure 2E). There were five circular
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forms of AMOTLI that had the same exons. Through qRT-PCR
examination and northern blot analysis, we determined that four
circular forms of AMOTLI had no significant expression change
in the normal cervical epithelial cell line and four CC cell lines
(Figures SIA and S1B). However, circ_0004214 (corcAmotll)
and its host gene Amotll were upregulated in cervical cancer cells
compared with that in CerEpiC cell (Figure 2F). By and large, up-
regulation of circAMOTL1 and AMOTLI correlates with poor out-
comes of cervical cancer.

circAMOTL1 Boosts Cell Proliferation and Migration in Cervical
Cancer

Consequent upon the findings mentioned, we subsequently explored
the effect of circAMOTL1 on the proliferative and migratory
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Figure 3. circAMOTL1 Boosts Cell Proliferation and Migration in Cervical Cancer
(A) gPCR was utilized to determine the abundance of circAMOTL1 after transfection. (B—-C) Increased or decreased cell viability was assessed in circAmotl1-silenced CaSki
cell or circAmotl1-overexpressed Hela cell by CCK-8 assay. (D-E) EJU assay assessed the proliferative ability of circAmotl1-silenced CaSki cell or circAmotl1-overexpressed

HelLa cell. *p < 0.01, **p < 0.001.

capability of cervical cancer cells. First, circAMOTL] was overex-
pressed in CaSki cells, and the expression of circAMOTLI in HeLa
cells was notably depleted after transfection (Figure 3A). The
CCK-8 assay demonstrated that ectopic expression of circAMOTL1
promoted CaSki cell viability, whereas circAMOTLI downregulation
restrained cell growth of cervical cancer (Figure 3B). The EdU assay
expounded that circAMOTLI1 overexpression resulted in an overt in-
crease of EdU-positive cells, and silencing of circAMOTLI1 produced
the opposite consequence, further validating that circAMOTLI
contributed to the promotion of cell proliferation in cervical cancer
(Figure 3C). Moreover, we verified that cell migration was suppressed
due to upregulation of circAMOTLI and vice versa (Figure 3D). This
result was confirmed by wound healing assay (Figure 3E). To summa-

rize, we illuminate that circAMOTLI induces the proliferation and
migration of cervical cancer cells.

circAMOTL1 Modulates the Expression of AMOTL1 through
Sponging miR-485-5p

To interrogate the regulation of circAMOTLI on AMOTLI, we exam-
ined the expression level of AMOTLI after circAMOTL1 was affected
and discovered that circAMOTLI overexpression enhanced AMOTL1
expression at mRNA and protein levels, whereas circAMOTLI inhibi-
tion decreased the mRNA and protein expression of AMOTLI (Fig-
ure 4A). In view of the fact that the luciferase activity of the
AMOTLLI promoter had no response to upregulation or knockdown
of circAMOTLI, we reasoned that circAMOTL1 may function as a
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Figure 4. circAMOTL1 Modulates the Expression of AMOTL1 through Sponging miR-485-5p

(A) The regulation of circAMOTL1 on AMOTL 1expression was estimated by gqPCR analysis and western blot. (B) The luciferase reporter assay was applied to evaluate whether
circAMOTL 1affected the transcription level of AMOTL1. (C) Results of bioinformatics analysis using PITA, miRmap, and microT databases. (D) Candidate miRNAs were
screened through their expression in cervical cancer cells and tissues measured by gPCR. (E) The correlation between miR-485-5p expression and survival rate was revealed
by Kaplan-Meier analysis. (F) Ago2-RIP assay demonstrated the enrichment of circAMOTL1, miR-485-5p and AMOTL 1 in anti-Ago2 group compared to the negative control
anti-IgG. (G) circAMOTL1 and AMOTL1 were efficiently pulled down by Bio-miR-485-5p-WT but not Bio-NC or Bio-miR-485-5p-MUT. (H) The luciferase activity of reporter
vector containing circAMOTL1-WT was decreased after co-transfection with miR-485-5p mimics but that of circAMOTL1-MUT was not significantly changed. (I) Pearson’s
analysis exposed the association between miR-485-5p, circ, and *p < 0.05, **p < 0.01, **p < 0.001. n.s., no significance.

competing endogenous RNA (ceRNA) to modulate AMOTLI1 (Fig-
ure 4B). We performed bioinformatics analysis with the assistance of
three databases (PITA, miRmap, and microT) and uncovered that
there were 61 joint predictive binding miRNAs of AMOTLI. In
addition, only miR-485-5p and miR-513a-5p can combine with both
circAMOTLI and AMOTLLI (Figure 4C). As a result, we intended to
identify the miRNA targeting AMOTLI through detection of its expres-
sion in cervical cancer tissues and cells. Our data illustrated that miR-
485-5p was dramatically declined in cervical cancer cells, and the level
of miR-485-5p was lower in tumor samples than in normal and adjacent
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cancer tissues, but there was no alteration of miR-513a-5p expression in
tumor samples and cells (Figure 4D). Kaplan-Meier analysis revealed
that survival times of cervical cancer patients in low miR-485-5p expres-
sion were much shorter than those in high miR-485-5p level
(Figure 4E). RNA FISH assay revealed that circAmtoll and miR-485-
5p were co-localized in CaSki cells (Figure S1C). We observed that
circAMOTL1, miR-485-5p, and AMOTLI were enriched by antibody
against Ago2 in contrast with immunoglobulin G (IgG) antibody (Fig-
ure 4F). Meanwhile, only wild-type (WT) miR-485-5p can pull down
circAMOTLI and AMOTLI1 compared with mutant miR-485-5p and
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Figure 5. circAMOTL1 Exerts Oncogenic Activities in Cervical Cancer Progression via the miR-485-5p/AMOTL1 Axis

(A) The increased or decreased level of miR-485-5p or Amotl1 expression was measured after transfection with indicted plasmids. (B-G) CCK-8, EdU assay and transwell
migration assay detected that the cell proliferation and migration affected by the downregulation or overexpression of circAmotl1 was recovered after co-transfection with
miR-485-5p mimic or inhibitor or sh-Amotl1 or pcDNA3.1-Amotl1. *p < 0.05, **p < 0.01, **p < 0.001. n.s., no significance.

miR-NC (NC) (Figure 4G). Consistently, luciferase activity of
circAMOTLI-WT and AMOTLI-WT presented a significant reduc-
tion under ectopic expression of miR-485-5p, whereas there was no
change in circAMOTLI-Mut and AMOTLI-Mut (Figure 4H). More-
over, it was indicated by Pearson’s analysis that circAMOTLI was nega-
tively correlated with miR-485-5p, and there was a negative relationship
between miR-485-5p and AMOTLI (Figure 4I). Taken together, we
conclude that circAMOTLI regulates AMOTLI by acting as a sponge
of miR-485-5p. As previously reported, circAMOTLI can interact
with c-myc to regulate tumorigenesis. Here, we detected whether
circAMOTLI can regulate c-myc expression in cervical cancer cells
transfected with circAMOTLI1 expression vector or sh-circAMOTLI#1.
Both mRNA and protein levels of c-myc were not significantly changed
(Figures S2A and S2B).

circAMOTL1 Exerts Oncogenic Activities in Cervical Cancer
Progression via the miR-485-5p/AMOTL1 Axis

To investigate whether circAMOTL1 executed function through
targeting miR-485-5p and AMOTLI, we conducted rescue experi-
ments. First, miR-485-5p was overexpressed in CaSki cells and
knocked down in HeLa cells, whereas AMOTL1 was silenced in
CaSki cells and upregulated in HeLa cells. Also, the efficiency of
transfection was verified by qPCR assay (Figure 5A). Afterward,
CCK-8 and EdU assays delineated that overexpression of miR-
485-5p or repression of AMOTLI renovated the increased prolifer-
ation of cervical cancer cells caused by circAMOTLI upregulation
(Figures 5B and 5C). Finally, transwell assay corroborated that
the rebound of cell migration promoted by circAMOTLI overex-
pression occurred with miR-485-5p ectopic expression or
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Figure 6. circAMOTL1 Accelerates the Deterioration of Cervical Cancer In Vivo

(A) Tumors derived from circAmotl1-overexpressed cells were bigger than those derive from cells transfected with empty vector. (B) Tumor weight in circAmotl1-overex-
pressed group were more than that in empty vector group. (C) The expression level of circAmotl1 and Amotl1 mRNA was higher in circAmotli1-overexpressed group. (D)
Protein level of Amotl1 was higher in circAmotl1-overexpressed group than that in empty vector group. (E) The expression correlation between circAmotl1, miR-485-5p and
Amotl1 in tumor samples. (F) The expression of Amoti1, Ki-67 and PCNA were assessed and found to be higher in circAmotl1-overexpressed group than that in empty vector
group. (G) circAmotl1 promotes tumor progression in cervical cancer by sponging miR-485-5p to upregulate Amotl1. *p < 0.05, **p < 0.01.

silencing of AMOTLI1 (Figure 5D). Inversely, miR-485-5p knock-  cervical cancer (Figures 5E-5G). Namely, circAMOTLI1 facilitates
down or AMOTLI upregulation reversed the restraining influence ~ the tumorigenesis of cervical cancer by targeting miR-485-5p/
of circAMOTL1 depletion on cell proliferation and migration in ~ AMOTLI.
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circAMOTL1 Accelerates the Deterioration of Cervical Cancer

In Vivo

Animal experiments were carried out to further prove the carcinogenic
function of circAMOTLLI in vivo. circAMOTLI stable overexpression
C-33A cells were hypodermically inoculated into nude mice. We man-
ifested that elevated tumor sizes and weights were observed owing to
upregulation of circAMOTLI (Figures 6A and 6B). It was suggested
by qPCR analysis and western blot that circAMOTL1 and AMOTLI
exhibited higher expression in tumors from the circAMOTLlupregu-
lation group than in xenografts of the control group (Figures 6C and
6D). Furthermore, circAMOTLI expression was positively associated
with the level of AMOTLI in neoplasms, whereas there was a negative
association between miR-485-5p and circAMOTLI, as well as miR-
485-5p and AMOTLYI, in xenografts (Figure 6E). Similarly, IHC assay
indicated that overexpressing circAMOTLI contributed to a dimin-
ished level of AMOTLI and the increased expression of Ki-67 and
Proliferating Cell Nuclear Antigen (PCNA) in tumor tissues (Fig-
ure 6F). In a word, it is confirmed that circAMOTLI promotes cervical
cancer development in vivo.

DISCUSSION

Cervical cancer is identified as a main contributor of cancer-associ-
ated deaths worldwide, constituting a large proportion of global fe-
male mortalities.'® Due to its high incidence and fatality rate, probing
the potential molecular mechanisms underlying cervical cancer
tumorigenesis has great significance for the improvement of thera-
peutic effects.

circRNAs, originating from back splicing or exon skipping of precur-
sor mRNA templates, has been validated to exert important functions
in human cancer by regulation of cell processes, such as cell prolifer-
ation, migration, invasion, and apoptosis.”’19 For instance, circRNA
hsa_circ_0072309 inhibits proliferation and invasion of breast cancer
cells via targeting miR-492.”° circRNA hsa_circ_0000523 regulates
the proliferation and apoptosis of colorectal cancer cells as miRNA
sponge.” circSSMAD?2 inhibits the epithelial-mesenchymal transition
by targeting miR-629 in hepatocellular carcinoma.”” It has been re-
ported that circAMOTLI acts as an oncogene in breast cancer and
prostate cancer,””” but the exploration on the function of
circAMOTTLLI in cervical cancer remains deficient. By application of
the circRNADisease database, we found that circAMOTLI1 was upre-
gulated in cervical cancer, and then our results proved the circular
characterization of circAMOTLI and that high expression of circA-
MOTLI predicted poor prognosis of cervical cancer. In addition,
we unveiled that circAMOTLI facilitated the proliferative and migra-
tory ability of cervical cancer cells.

AMOTLI belongs to the family of angiomotins (Amots) and is
known as an adaptor protein, localizing in the nuclear, cytoplasmic,
or membranous fraction in a cell context-dependent manner.**
Growing evidence has certified that AMOTLI controls biological ac-
tivities, including migration, cell polarity, tight junction formation,
and angiogenesis.'"">>*° Furthermore, previous investigations have
demonstrated that AMOTLI exhibits cancerigenic activities in malig-

nancies, such as breast cancer and cervical cancer.'>'”> However, the
specific molecular mechanism of AMOTLI in cervical cancer needs
to be illuminated. With the aid of the UCSC database, we verified
that AMOTLI was the host gene of circAMOTLI, implying the un-
derlying administration of circAMOTL1 on AMOTLI. Further ex-
periments manifested that AMOTL1 was obviously upregulated in
cervical cancer tissues, which had close correlation with poor out-
comes of cervical cancer patients. Moreover, circAMOTLI turned
out to modulate AMOTLI expression at mRNA and protein levels,
whereas it had no effect on luciferase activity of AMOTLI.

An increasing number of mechanistic studies have suggested that
circAMOTLI can protect mRNAs from miRNA-mediated degrada-
tion by serving as sponges for miRNAs.”’ ">’ Therefore, we reasoned
that circAMOTLI may function as a ceRNA to regulate AMOTLI. By
bioinformatics analysis, miR-485-5p was predicted to interact with
circAMOTLI and target AMOTLI, and our findings revealed that
circAMOTL1 upregulated the expression of AMOTLI through
sponging for miR-485-5p. Additionally, circAMOTLI exerted onco-
genic activities in cervical cancer progression via the miR-485-5p/
AMOTLI axis, and in vivo assays further testified the pro-cancer
role of circAMOTLI in cervical cancer. A previous study reported
that circ. AMOTL1 promoted tumorigenesis via interacting with
c-myc.® In our current study, c-myc expression was found to be un-
changed by the silencing or overexpression of circ. AMOTL1. We
may do further mechanism investigation about the circ. AMOTL1/
c-myc axis in the future. In conclusion, this study exposed that
circAMOTLI1 prompted the expression of its host gene AMOTL1
to accelerate cervical cancer deterioration as miR-485-5p sponge
(Figure 6G), which offered clues for clinical therapy of patients
with cervical cancer and indicated circAMOTLI as a novel target.

MATERIALS AND METHODS

Clinical Samples

Forty normal specimens from healthy volunteers and 80 pairs of tu-
mor samples and matched adjacent non-tumor tissues from cervical
cancer patients were acquired from The First Affiliated Hospital of
Wenzhou Medical University. All patients enrolled in this study
signed written informed consent. Procedures of this study were in
line with the Declaration of Helsinki and approved by the Institu-
tional Review Board of The First Affiliated Hospital of Wenzhou
Medical University. As soon as surgical resection was completed, tis-
sues were immediately frozen with liquid nitrogen and stored at
—80°C for subsequent use.

Cell Culture

Human cervical cancer cell lines (C-33A, HeLa, SiHa, and CaSki)
were bought from American Type Culture Collection (ATCC,
Bethesda, MD, USA) and cultivated in DMEM medium (GIBCO,
Carlsbad, CA, USA) mixed with 10% fetal bovine serum (FBS;
GIBCO) and 100 U/mL penicillin sodium. Human CerEpiCs were
purchased from ScienCell Research Laboratories (Carlsbad, CA,
USA) and maintained in Cervical Epithelial Cell Growth Supplement
(CerEpiCGS; ScienCell Research Laboratories), a complete medium
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designed for CerEpiC in vitro. All cells were cultured at 37°C under a
moist incubator with 5% CO,.

Cell Transfection

Short hairpin RNA (shRNA) targeting circAMOTL1 (sh-circA-
MOTL1#1/2/3) or AMOTL1 (sh-AMOTL1#1/2/3) and NC shRNA
(sh-NC) were used for silencing of circAMOTLI or AMOTLLI.

The sequences for sh-NC or circAMOTLI1-specific shRNAs were
listed as follows: sh-NC: 5-CCGCAACGAGTTCAACTCGTT
ACCCTCGAGGTAACGAGTTGAACTCGTTTTTTTG-3'; sh-cir-
cAMOTL1#1: 5'-CCGCGGTAACGAGTTGAAGATCCTCCTCGA
GGAGGATCTTCAACTCGTTACCTTTTTG-3'; sh-circAMOTL1#2:
5'-CCGCGTATGGGGTAACGAGTTGAAGCTCGAGCTTCAACT
CGTTACCCCATACTTTTTG-3'; sh-circAMOTL1#3: 5-CCGCCT
CGTTACCTTGAAGATCCTCCTCGAGGAGGATCTTCAAGGTA
ACGAGTTTTTG-3'. For overexpression of circAMOTL1 or
AMOTLI, circAMOTL1 or AMOTLI sequences were cloned
into pcDNA3.1(+) CircRNA Mini Vector (YBscience, Shanghai,
China), and empty vector served as NC. miR-485-5p mimic,
miR-485-5p inhibitor, and NC (NC mimic and NC inhibitor)
were procured from Gene Pharma. All vectors were transfected
into cells with Lipofectamine 2000 (Thermo Fisher Scientific,
Waltham, MA, USA) following the manufacturer’s instructions.

qPCR

Total RNA extraction was carried out with TRIzol reagent (Life Tech-
nologies, Grand Island, NY, USA) in light of the manufacturer’s in-
structions. Transcriptor First Strand cDNA Synthesis Kit (Takara,
Tokyo, Japan) was adopted to synthesize ¢cDNA. Subsequently,
qPCR was accomplished with SYBR PremixEx Taq (Takara) under
ABI 7500 real-time PCR system (Thermo, Rockford, IL, USA) in
accordance with the manufacturer’s protocol. The gene expression
was depicted using the 2~ "°“" method, and each sample was detected
in triplicate. GAPDH and U6 served as internal controls, respectively.
The sequences of primers were as follows: circAMOTL1 (forward):
5-GATGGTCAAGCCCTACCCTG-3' and (reverse): 5-CCCTGA
TGCTACTGGTTGCC-3'; miR-485-5p (forward): 5'-AGAGGCTG
GCCGTGAT-3' and (reverse): 5-GAACATGTCTGCGTATCTC-3;
miR-513a-5p (forward): 5-TTCACAGGGAGGTGTCA-3' and
(reverse): 5-GAACATGTCTGCGTATCTC-3'; AMOTLI (forward):
5'-GTCTACCACCAAGCGAGAATCG-3' and (reverse): 5'-CTGCT
GGATAGTTGCCTGTTAGC-3'; U6 (forward): 5'-CTCGCTTCG
GCAGCACATA-3' and (reverse): 5-CGAATTTGCGTGTCATC
CT-3'; GAPDH (forward): 5-GGAGCGAGATCCCTCCAAAAT-3'
and (reverse): 5'-GGCTGTTGTCATACTTCTCATGG-3'.

CCK-8 Assay

CCK-8; Beyotime Institute of Biotechnology, Haimen, China) was
applied for the evaluation of cell viability. Transfected cells (10°/well)
were plated to 96-well plates and then incubated for 0, 24, 48, 72, or
96 h prior to the supplement of 10 pL CCK-8 solution. After another
4 h of incubation at 37°C, the absorbance at 450 nm was detected un-
der a microplate reader (Bio-Rad Laboratories, Hercules, CA, USA).
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EdU Incorporation Assay

According to product manuals of the EdU labeling/detection kit
(RiboBio, Guangzhou, China), cells were treated with 50 uM EdU la-
beling solution, fixed with 4% paraformaldehyde, followed by incuba-
tion with glycine, washed by PBS, stained with anti-EdU working
solution, and then permeabilized with PBS containing 0.5% Triton
X-100. DAPI (5 pg/mL) was applied to stain the cell nucleus, and cells
were observed under fluorescent microscopy.

Western Blot

After transfection, cells were lysed with RIPA assay lysate blend with
protease inhibitor. Protein concentration was determined by BCA
method, and equal protein extracts were detached by electrophores-
ing on SDS-PAGE, transferred to PVDF membrane, and blocked in
5% skim milk powder for 1 h. Then, PVDF membranes were probed
by primary antibody against AMOTLI1 (Abcam, Cambridge, MA,
USA) at 4°C overnight and incubated with appropriate secondary
antibody at room temperature for 2 h. Finally, the enhanced chemilu-
minescence kit (Pierce, Thermo) was employed to visualize the bands,
and the gray value of bands was analyzed by Scion Image analysis
software (Scion Corporation, Frederick, MD, USA) with GAPDH
(Abcam) as the endogenous control.

Wound Healing Assay

Cells were plated in six-well plates and grown to confluence. Subse-
quently, the scratch wound was obtained with a pipette tip, and the
generated floating cells were washed off using PBS. Cells were incu-
bated at 37°C for 48 h, and images were captured with a microscope
(Nikon, Tokyo, Japan) at 0 and 48 h after the scratch wound was made.

Cell Migration Assay

Transwell assay was utilized to estimate cell migration using transwell
chambers (8-pum pore size; Corning, NY, USA). Cells resuspended in
serum-free culture medium were added to the upper chamber, and
the lower chamber was supplemented with the medium containing
10% FBS. After 24 h of incubation, cells on the bottom surface were
fixed in 4% paraformaldehyde, stained by 0.1% crystal violet, photo-
graphed, and counted by using a microscope.

FISH

FISH kit (Guangzhou Biosense Bioscience, Guangzhou, China) was
adopted to identify the subcellular localization of circAmoltl
following the manufacturer’s recommendations. Harvested cells
were fixed by 4% paraformaldehyde, followed by permeabilization
with 0.5% Triton X-100, and treated with hybridization solution. Af-
terward, cells were incubated with the probe bond to the backspliced
junction of circAmolt1 overnight at 37°C, and cell nuclei were stained
using DAPI at room temperature. The laser scanning confocal micro-
scope (LSM700; Carl Zeiss, Germany) was used to capture fluores-
cence images.

RNA Pull-Down Assay
According to the manufacturer’s recommendations, WT miR-485-
5p, mutant miR-485-5p, and NC miR-NC were biotinylated with
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Pierce RNA 3’ End Desthiobiotinylation kit (Pierce; Thermo Fisher
Scientific, Waltham, MA, USA). Cell lysates were obtained using lysis
buffer (Sigma-Aldrich; Merck, Darmstadt, Germany) and incubated
with the streptavidin magnetic beads (Sigma-Aldrich) for 2 h at
4°C. Lastly, precipitated RNAs were eluted from magnetic beads by
elution buffer (Sigma-Aldrich) and subjected to qPCR analysis.

Luciferase Reporter Assay

The WT or mutant of circAMOTL1 or AMOTLI was integrated into
a pmir-GLO Dual-luciferase vector to construct the circAMOTLI-
WT, circAMOTL1-Mut, AMOTL1-WT, or AMOTL1-Mut reporter
vector. HEK293 cells were then co-transfected with reporter vectors
and miR-485-5p mimic or NC mimic using Lipofectamine 2000.
48 h later, the luciferase activity was determined with the dual-lucif-
erase reporter assay system (Promega, Madison, WI, USA).

Tumor Xenograft Assay

Procedures of animal experiments were carried out with the approval
of the Animal Care and Use Committee of The First Affiliated Hos-
pital of Wenzhou Medical University. The 4-week-old BALB/c
nude mice were injected subcutaneously with 5 x 10° pcDNA3.1/
circAMOTLI stably transfected HeLa cells or the empty vector trans-
fected HeLa cells, respectively. Volumes of tumors were monitored
every 4 days. After 4 weeks, the mice were euthanized and tumor
weights were measured.

RIP Assay

RNA immunoprecipitation (RIP) experiment was carried out using
the Magna RIP RNA-Binding Protein Immunoprecipitation Kit
(Millipore, Billerica, MA, USA) in line with the manufacturer’s pro-
tocol. Cell extracts were acquired with RNA lysis buffer and then
blended with RIP buffer and magnetic beads coated with anti-Ago2
antibody (Abcam) or NC IgG (Millipore). Subsequently, protein
A/G beads were utilized to enrich RNA-protein complexes, and
precipitated RNAs were eluted and detected by qPCR assay.

IHC Assay

The slides were dewaxed with xylene and dehydrated using a graded
alcohol series. Tissue sections were rinsed three times by PBS and
treated with 3% hydrogen peroxide. After washing with PBS three
times, antigen retrieval was carried out in citrate-buffered solution
(pH 6.0) with pressure cooking. Tissues went through overnight incu-
bation with the following primary antibodies: anti-AMOTL1 (Ab-
cam), anti-Ki67 (Abcam), and anti-PCNA (Abcam) at 4°C, followed
by incubation with appropriate secondary antibody at room temper-
ature for 1 h. Lastly, sections were treated with 3’_diaminobenzidine
tetrahydrochloride (DAB) and counterstained with hematoxylin.
Images were photographed under a microscope.

Statistical Analysis

GraphPad Prism version 5 (La Jolla, CA, USA) was employed for sta-
tistical analysis, and all data were displayed as mean + SEM. Overall
survival analysis was conducted with Kaplan-Meier plots and log rank
tests. Differences between groups were identified by Student’s t test or

one-way ANOVA test. Correlations were analyzed by Pearson’s cor-
relation coefficient analysis. p < 0.05 was defined as the criterion for
statistical significance.
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