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Abstract

Circular RNAs (circRNAs) appear to be significant modulators in various physiological

processes. Recently, it is found that circRNA_101996 exerts important roles in vari-

ous cancers. Our previous studies showed that circRNA_101996 promoted cervical

cancer growth and metastasis by regulating miR-8075/TPX2. However, the potential

regulatory role of circRNA_101996 in cervical cancer still needs further investigation.

Our results in this study suggested that circRNA_101996 was over-expressed in cer-

vical cancer patients. circRNA_101996 up-regulation remarkably assisted cell prolif-

eration, cell cycle progression, and cell migration in cervical cancer, while

circRNA_101996 knockdown exerted the inverse effects. The molecular investiga-

tions indicated that circRNA_101996 could increase the expression level of miR-

1236-3p, tripartite motif-containing 37 (TRIM37), through binding to miR-1236-3p

and reducing its expression. Moreover, in vivo results demonstrated that

circRNA_101996 shRNA can function as a tumor suppressor through down-

regulating TRIM37 in cervical cancer. In conclusion, our data indicated that

circRNA_101996/miR-1236-3p/TRIM37 axis accelerated cervical cancer develop-

ment, providing novel insights into cervical cancer diagnosis and treatment.
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1 | INTRODUCTION

Cervical cancer is considered one of the most common female malig-

nant tumors globally. There are 450,000 new cases diagnosed with

cervical cancer each year.1–4 Despite the appearance and populariza-

tion of human papillomavirus (HPV) vaccine, the fatality rate of cervi-

cal cancer still ranks the second place in cancer-related deaths in

women.5 In particular, patients with advanced cervical cancer have

extremely poor prognosis and low survival rate.6 Thus, it is crucial to

investigate the potential molecular mechanism in the development of

cervical cancer, explore new biomarkers for diagnosis or treatment

and figure out effective treatment strategies for cervical cancer.

Characterized as a covalently closed continuous loop, circRNAs

have no 50 to 30 polarity and polyadenylation tails.7 With the progress

of high-throughput sequence, increasing circRNAs have been identi-

fied. However, their roles in carcinogenesis remain largely unclear.

circRNA has a variety of regulatory roles, such as miRNA binding, pro-

tein interaction, and regulatory splicing.8 MiRNAs are usually

regulated by circRNA through the complementary binding sites.9 It

has been reported that miRNA can target genes within their
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30-untranslated region (30-UTR).10 Therefore, the sponge of circRNA

to miRNA may alter gene expression, thereby forming a three-way

functional axis of circRNA-miRNA-mRNA. According to our previous

studies, circRNA_101996 could activate TPX2 expression by inhibiting

mir-8075, which promoted the development of cervical cancer.11 Nev-

ertheless, whether there are other miRNAs that may be regulated by

circRNA_101996 in cervical cancer deserves further research.

microRNAs (miRNAs) are epigenetic regulators that play different

roles in the development of cancer. Recent evidences indicated that

miR-1236-3p expression was frequently reduced in gastric cancer

tissues, and closely associated with poor prognosis of gastric cancer

patients, which may be a new diagnostic and prognostic

biomarker.12–13 Besides, the suppressive roles of miR-1236-3p were

demonstrated in lung adenocarcinoma and ovarian carcinoma.14–15

However, the role of miR-1236-3p in cervical cancer is still unknown.

As evolutionarily conserved proteins, tripartite motif-containing

(TRIM) family proteins, contain some domains, such as ring finger

domain, B-box domains, and coiled coil domain, which are found to be

related to multiple cellular processes.16–17 TRIM37 (tripartite motif-

containing 37) serves as an E3 ubiquitin ligase and is related to the

K63 polyubiquitination of TRAF2, which eventually activates NF-κB

pathway.18 TRIM37 expression at mRNA and protein levels was iden-

tified in non-small-cell lung cancer (NSCLC), which was closely related

to the morbidity and prognosis of NSCLC patients.19 Inhibition of

TRIM37- by LSD1, a histone demethylase, led to down-regulated level

of some cell adhesion-associated genes and subsequently breast can-

cer metastasis.20 In addition, the function of TRIM37 in promoting

tumor growth and metastasis has been demonstrated in many other

cancers, such as liver cancer, gastric carcinoma, and colon cancer.21–23

However, the role of circRNA_101996 in cervical cancer needs to be

elucidated.

In this study, we determined the circRNA_101996 expression in cer-

vical cancer tissues and explored the effects of circRNA_101996 on cervi-

cal cancer cell proliferation, cell cycle, and cell migration. StarBase analysis

was used to predict circRNA_101996's potential target miRNAs. Lucifer-

ase report assay was then used to confirm the targeting relationship.

Based on TargetScan analysis, we found that miR-1236-3p might target

the 30-UTR of TRIM37. Therefore, we speculated that circRNA_101996

might promote cervical cancer development by regulating TRIM37

expression by sponging miR-1236-3p. Biological functions and regulatory

ways of circRNA_101996/miR-1236-3p/TRIM37 axis in cervical cancer

development were systematically explored, which may help to exploit

new diagnostic and therapeutic candidates for cervical cancer.

2 | MATERIALS AND METHODS

2.1 | Tissue samples of patients

Paired cervical cancer tissues (tumor) and normal adjacent tissues

(normal) were collected at The Second Affiliated Hospital of Harbin

Medical University. No cervical cancer patients got any chemotherapy

or radiotherapy before section. The collection and experiments have

received the permission of the Ethics Committee of The Second Affili-

ated Hospital of Harbin Medical University (Approval no. KY2019-060).

Informed consents were signed and gathered from patients. Pathologi-

cal diagnostics were completed by three pathologists, respectively. For

clinical information of cervical cancer patients, see Table 1.

2.2 | RNA extraction and quantitative real-
time PCR

TRIzol reagent (Thermo Fisher Scientific, Rockford, IL) was used to

extract total RNAs from cervical cancer cells and tissues. Nucleus and

cytoplasm were separated using an extraction Kit (inventbiotech,

Beijing, China). A PrimeScript RT Reagent Kit (Takara, Shiga, Japan)

was used to synthesize cDNA from total RNA. Quantitative real-time

PCR (qRT-PCR) assays for genes were conducted by using SYBR Pre-

mix Ex Taq (Takara). SYBR PrimeScript miRNA RT-PCR Kit (Takara)

was applicated to quantity miRNA expressions. To normalize

circRNA_101996 and TRIM37 mRNA levels, phosphoglyceraldehyde

dehydrogenase (GAPDH) was selected as internal control. U6 snRNA

was used to normalize miRNA expressions. The corresponding primer

sequences were listed in Table S1.

2.3 | Overall survival analysis

After qRT-PCR analysis, the mean circRNA_101996 level was calcu-

lated and used as a criterion to estimate the expression of

circRNA_101996. If circRNA_101996 level exceed the mean value,

high expression level was identified. When the circRNA_101996 level

was under the average value, low expression level was classified.

According to patients' follow-up data, overall survival curves were

analyzed by the Kaplan–Meier method.

TABLE 1 Relationship between circRNA_101996 expression and
clinicopathological factors

Characteristics

circRNA_101996 expression

p valueLow (n = 30) High (n = 30)

Age (years) 0.196

≥50 17 12

<50 13 18

Lymph node metastasis 0.038*

Yes 10 18

No 20 12

Tumor size (cm) 0.020*

<4 18 9

≥4 12 21

Clinical stage 0.004*

I/II 19 8

III/IV 11 22

*p < 0.05.
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2.4 | Cell culture

Human cervical epithelial cells (HCerEpiC) and several cervical cancer

cell lines (C33A, Hela, SiHa, and CaSki) were purchased from American

type culture collection (ATCC) cell lines (Manassas, VA) and used in the

present study. CaSki cells were cultured in RPMI-1640 Medium.

Eagle's minimum essential medium was used to culture HCerEpiC,

Hela and SiHa cells, and Dulbecco's modified eagle medium was used

for culture C33A cells. Ten percent of FBS (Thermo Fisher Scientific)

was added into cell medium. Cells were cultured in a humidified atmo-

sphere with 5% CO2 at 37�C.

2.5 | Cell transfection

SiHa or CaSki cells were transfected with shRNA for circRNA_101996

(sh-circ#1, sh-circ#2), circRNA_101996 expressing plasmid (OE-circRNA),

miR-1236-3p-mimics (miR-1236-3p), miR-1236-3p inhibitors (miR-

1236-3p inh), TRIM37 expressing plasmid (TRIM37) or the relevant con-

trols (sh-NC, NC, miR-NC, inh NC, shNC, or Con) using lipofectamine

2000 (Thermo Fisher Scientific). Two shRNAs for circRNA_101996 were

tested, and the more efficient one (sh-circ #1, 50-GCCAAGGGG

CCTTTACAACAA-30) was used for following experiments.

2.6 | Cell growth assay

After transfected with sh-NC, sh-circ, NC, OE-circRNA, inh NC + sh-

NC, inh NC + sh-circRNA, sh-circRNA+miR-1236-3p inh, miR-NC

+ Con, miR-1236-3p + Con, or miR-1236-3p + TRIM37, the prolifera-

tion curves of SiHa or CaSki cells were, respectively, determined. First,

cells were seeded in 96-well plates (6 × 103 cells/per well). Then, a

cell counting kit-8 (CCK-8, Dojindo, Tokyo, Japan) was selected to

determine the number of viable cells after cultured for 0, 24, 48, 72,

96 h. A microplate spectrometer (Thermo Fisher Scientific) was used

to determine the absorbance (OD = 450 nm).

To perform colony formation assay, SiHa or CaSki cells (1 × 103)

were primarily plated onto top agar (1.5 ml). After that, the mixture

was added onto base agar. Crystal Violet was used to stain colonies

after 3 weeks. The colonies could be counted by dis-

section microscope (Nikon, Tokyo, Japan).

Thymidine analog 5-ethynyl-20-deoxyuridine (EDU) incorporated

into DNA during DNA replication was used to monitor cells. Cells

were fixed and incubated with EDU (50 μM, 3 h). Then, 4, 6-

diamidine-2-phenyl indole (DAPI) (1 μg/ml, 10 min) was used to stain

cells. A fluorescence microscopy (Nikon) was used to count the EDU

positive cells.

2.7 | Cell cycle assay

For cell cycle assay, SiHa or CaSki cells were harvested 48 h post-

transfection. Cells were primarily fixed by ethanol (70%). After that,

cells were treated by RNase A (100 μg/ml, Takara) as well as

propidium iodide (PI, 50 μg/ml, Sigma-Aldrich, St. Louis, MO). To ana-

lyze DNA content, FACSCalibur system (BD Biosciences, San Jose,

CA) and ModFit_LT software were applied.

2.8 | Cell migration assay

For wound scratch assay, linear scratch wounds were conducted on the

cell monolayer. After 24 h, an inverted microscope (Nikon) was used to

take photos of cell migration. Then, the distances of the scrape were

determined using an image J software (http://rsb.info.nih.gov/ij/).

For transwell assay, SiHa or CaSki cells (1 × 105) were cultured in

the top chamber of a Matrigel (BD Biosciences) pre-coated insert

(Corning Costar Co., Cambridge, MA). In the top chamber, cells were

cultured using serum-free medium. Cell culture medium with FBS

(10%) was added into the lower chamber. Twelve hours later, the

invaded cells fixed. And cells underside of the membrane were then

stained, imaged, and counted.

2.9 | Western blotting

Protein was extracted by radio-immunoprecipitation issay (RIPA) lysis

buffer (Sigma-Aldrich) and quantified by a bicinchoninic acid (BCA)

protein assay kit (Thermo Fisher Scientific). Antibodies including E-

cadherin, N-cadherin, TRIM37, GAPDH, and corresponding secondary

antibodies were used in this study. After Vertical electrophoresis by

SDS-PAGE, proteins were transferred onto PVDF membrane. The

polyvinylidene fluoride (PVDF) membrane was later incubated with

the primary antibodies (overnight at 4�C) after blocking with 5% skim

milk. After that, an HRP (horseradish peroxidase) was used to conju-

gate with anti-mouse IgG (Thermo Fisher Scientific). To normalize tar-

get protein levels, GAPDH was used. Antibody information was

showed in Table S2.

2.10 | In situ hybridization

In situ hybridization (ISH) assay was performed to detect the fluores-

cence of circRNA_101996 and miR-1236-3p using An ISH kit (Thermo

Fisher Scientific) as previously reported.24 Cells were fixed in paraformal-

dehyde, blocked in pre-hybridization buffer, incubated with a

circRNA_101996 probe conjugated by Cy5 or a miR-1236-3p probe

conjugated by fluorescein isothiocyanate (FITC, Exiqon, Vedbaek, Den-

mark) in hybridization buffer, and finally stained by DAPI (Sigma-Aldrich).

Fluorescence images were acquired by a Nikon confocal microscope

(Nikon, Tokyo, Japan). Immunofluorescence experiments were indepen-

dently performed three times.

2.11 | Plasmids

The sequence of circRNA_101996 was amplified using a human geno-

mic DNA and inserted into the PCI or p-MIR-reporter plasmid

(Promega, Madison, WI). The mutant luciferase plasmid (binding site:

GGAAGAG substituted by CCUUCUC) was also used as a control.

SONG ET AL. 549

http://rsb.info.nih.gov/ij/


According to the methods above, the p-MIR-reporter plasmid con-

taining the 30-UTR of TRIM37 was obtained. In addition, the

corresponding mutant luciferase plasmid (binding site: GGGAAGAG

substituted by CCCUUCUC) was constructed as a negative control.

Primers sequences were listed in Table S3.

2.12 | Luciferase reporter assay

Luciferase reporter assays were conducted as previously reported.25

When cell confluence reached 70%–80%, β-galactosidase expression

vector (Promega), firefly luciferase reporter plasmid, and miR-1236-3p

or miR-NC were co-transfected into SiHa or CaSki cells. After 24 h,

luciferase activities were determined by means of a Luciferase

Reporter Assay System (Promega).

2.13 | RNA binding protein
immunoprecipitation assay

RNA binding protein immunoprecipitation assay was performed as

previously reported.26 Ago2 antibodies or IgG were used to incubate

the cell lysates of SiHa or CaSki cells. RNA was extracted from the pull

down complexes, and circRNA_101996 and miR-1236-3p levels were

then determined using qRT-PCR.

2.14 | Cervical cancer xenograft mouse model

Animal experiments were operated according to the Guidelines for the

Care and Use of Laboratory Animals published by the National Institutes

of Health27 and approved by the Ethics Committee XXX University

(Approval no. XXX). To establish a cervical cancer xenograft mouse model,

thymic BALB/c nudemice (16–18 g) were used. First, recombinant lentivi-

rus was used to construct SiHa cells stably expressing circRNA_101996

shRNA (sh-circ) or the corresponding control cells (sh-NC). After that, mice

(six mice/group) were subcutaneously injected with these cells (1 × 106)

at the right flanks. 3, 6, 9, 12, 15, 18, and 21 days later, tumor volume of

each groupwas calculated using the formula of V = 1/2LW2, whereW and

L, respectively, represent the long and wide tumor diameters. Twenty-one

days post-implantation, the tumors were acquired from mice, weighted

and imaged. In addition, hematoxylin and eosin (H&E) staining and immu-

nohistochemistry (IHC) analysis of TRIM37, Ki-67, E-cadherin, and

N-cadherin in the tumor tissues were conducted, respectively. Based on

the Pearson's correlation analysis, correlations among circRNA_101996,

miR-1236-3p, and TRIM37 mRNA levels in xenograft tumors were

analyzed.

2.15 | Statistical analysis

Results were presented as the mean ± SEM. Student's t-test was used

to analyze the statistical differences between two groups, and

one-way analysis of variance was used for multiple groups. Assays

were independently conducted for at least three times. The correla-

tions between circRNA_101996 and miR-1236-3p, miR-1236-3p and

TRIM37 mRNA, circRNA_101996 and TRIM37 mRNA were, respec-

tively, determined by Pearson correlation analysis. p < 0.05 was classi-

fied as significant. */#, p < 0.05; **/##, p < 0.01.

3 | RESULTS

3.1 | circRNA_101996/miR-1236-3p/TRIM37 axis
was associated with cervical cancer

To study the interrelation between circRNA_101996/miR-1236-3p/

TRIM37 and cervical cancer development, we determined their levels

in cervical cancer tissues (tumor, n = 60) and adjacent normal tissues

(normal, n = 60). The results suggested that the level of

circRNA_101996 was significantly over-expressed in cervical cancer

samples compared with normal samples (Figure 1A). We found that

circRNA_101996 expression levels were correlated with clinical path-

ological parameters (Table 1). As shown in Figure 1A, the

circRNA_101996 expression level in patients at stage III/IV was

higher than that of patients at stage II, which was higher than that of

patients at stage I. The patients groups with positive lymph node

metastasis (LNM) or larger tumor sizes (≥4 cm) had higher

circRNA_101996 levels compared to the groups with negative LNM

or smaller tumor sizes (<4 cm). Then, the relationships between sur-

vival of cervical cancer patients and the circRNA_101996 level were

analyzed by Kaplan–Meier method. As shown in Figure S1A, cervical

cancer patients with high circRNA_101996 expression had a relatively

lower survival rate. In addition, circRNA_101996 expressions in four

cervical cancer cell lines (C33A, Hela, SiHa, and CaSki) were higher

than that in human cervical epithelial cells (HCerEpiC, Figure S1B).

Among the cervical cancer cells, SiHa and CaSki had higher

circRNA_101996 expressions, thus these two cell lines were selected

to investigate the role of circRNA_101996 in cervical cancer. RNase R

is a ribonuclease that can degrade linear RNA, but is not efficient for

circular RNA. As shown in Figure S1C, RNase R could degrade the lin-

ear transcript of GAPDH. However, RNase R treatment was not appli-

cable for circRNA_101996. The above data revealed that

circRNA_101996 is up-regulated in cervical cancer tissues and cells.

In addition, we also determined miR-1236-3p levels in patients.

The results suggested that miR-1236-3p level was markedly down-

regulated in cervical cancer tissues (Figure 1B). Through Pearson's

correlation analysis, a negative relationship between miR-1236-3p

and circRNA_101996 in tissues of cervical cancer patients was dem-

onstrated (Figure 1C). Furthermore, we determined TRIM37 mRNA

levels in patient tissues by qRT-PCR. The results demonstrated that

TRIM37 mRNA levels were significantly increased in cervical cancer

patients (Figure 1D). Based on the Pearson's correlation analysis, a

negative relationship between miR-1236-3p and TRIM37 mRNA

levels, and a positive relationship between circRNA_101996 and

TRIM37 mRNA levels were found in cervical cancer patients
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(Figure 1E). Western blot data also revealed that TRIM37 protein level

was markedly up-regulated in tissues of cervical cancer patients

(Figure 1F). These data revealed that the axis of circRNA_101996/

miR-1236-3p/TRIM37 was associated with cervical cancer, which

may exert an important function in cervical cancer.

3.2 | CircRNA_101996 affected cell proliferation,
cell cycle progression, and cell migration in cervical
cancer

qRT-PCR and ISH were performed to study the expression and distri-

bution of linear and circular RNA. As shown in Figures S2A and S2B,

circular RNA was expressed in both cytoplasm and nucleus, but was

primarily expressed in cytoplasm. The expression of circRNA_101996

was significantly reduced upon sh-circ#1 and sh-circ#2 transfection

compared with sh-NC transfected cells, and OE-circRNA transfection

led to up-regulation of circRNA_101996 (Figure S2C). Cell prolifera-

tion was suppressed in SiHa or CaSki cells transfected with

circRNA_101996 shRNA, and was promoted in cells transfected with

OE-circRNA (Figure S2D). Colony formation assay showed that down-

regulation of circRNA_101996 markedly inhibited the colony forma-

tion, and circRNA_101996 over-expression increased the colony

numbers (Figure S2E). In addition, cell numbers of SiHa or CaSki cells

incorporating EDU were markedly decreased in the sh-circ-treated

group and up-regulated in the OE-circRNA-treated group contrast

compared with the control cells (Figure S2F). Furthermore, down-

regulation of circRNA_101996 in SiHa or CaSki cells led to an

up-regulated G1-phase cell population and a decreased S-phase cell

population. In the contrast, circRNA_101996 over-expression in SiHa

or CaSki cells resulted in a down-regulated G1-phase cell population

and an increased S-phase cell population (Figure S2G).

Moreover, the effects of circRNA_101996 on cell migration were

studied by means of wound scratch healing, transwell and western

blot assays. The results indicated that the mobility of SiHa or CaSki

cells was significantly inhibited after sh-circ treatment and was pro-

moted after OE-circRNA treatment (Figure S3A). In addition, the num-

ber of migrated SiHa or CaSki cells transfected with sh-circ was

significantly reduced, and markedly increased in cells transfected with

OE-circRNA (Figure S3B). In addition, the protein level of E-cadherin

was significantly up-regulated upon sh-circ treatment and was

inhibited after OE-circRNA treatment compared with the control cells.

While, the protein level of N-cadherin was markedly suppressed upon

sh-circ treatment and was up-regulated after OE-circRNA treatment

(Figure S3C). Furthermore, wound scratch healing and transwell

assays were performed using C33A, HeLa, Siha, CaSki cells. The

results showed that SiHa or CaSki cells with a higher circRNA_101996

levels had higher metastatic properties (Figure S4). Together, these

F IGURE 1 circRNA_101996/miR-1236-3p/TRIM37 axis was associated with cervical cancer. (A) Relative circRNA_101996 expression levels
in cervical cancer tissues (tumor, n = 60) and normal adjacent tissues (normal, n = 60), as determined using qRT-PCR. Relative circRNA_101996
expression levels in cervical cancer tissues (tumor, n = 60), stratified by tumor stages (I, II, or III/IV), lymph node metastasis (LNM, no, or yes), and
tumor sizes (<4 cm or ≥4 cm). (B) Relative miR-1236-3p levels in cervical cancer tissues (tumor, n = 60) and normal adjacent tissues (normal,

n = 60), as determined using qRT-PCR. (C) Pearson's correlation analysis of the relative expressions between miR-1236-3p and circRNA_101996.
(D) TRIM37 mRNA levels in cervical cancer tissues (tumor, n = 60) and normal adjacent tissues (normal, n = 60), as determined using qRT-PCR. (E)
Pearson's correlation analysis of the relative expressions between miR-1236-3p and TRIM37 mRNA, circRNA_101996 and TRIM37 mRNA in
cervical cancer patients. (F) TRIM37 protein levels in cervical cancer tissues (tumor, n = 5) and normal adjacent tissues (normal, n = 5), as
determined using western blotting (mean ± SEM, */#p < 0.05, **/##p < 0.01)
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data e suggested that down-regulation of circRNA_101996 could sup-

press the cell proliferation, cycle progression and migration in cervical

cancer, while over-expression of circRNA_101996 had an opposite

effect on cervical cancer cells.

3.3 | CircRNA_101996 directly sponged miR-
1236-3p and negatively adjusted its expression

CircRNA_101996 was demonstrated to affect some cell biological

functions, such as cell proliferation, cell cycle progression and cell

migration. However, the molecular mechanisms remain unknown.

Thus, we analyze the potential miRNA that could be targeted by

circRNA_101996. By using starBase (http://starbase.sysu.edu.cn/

starbase2/), we predicted that circRNA_101996 may bind to miR-

1236-3p. Binding affinity of circRNA_101996 with miR-1236-3p

was predicted (Hybridization ΔG = −24.3 kcal/mol). The ISH results

in Figure 2A showed that Cy5 fluorescence of circRNA_101996

was mostly overlapped with FITC fluorescence of miR-1236-3p,

and they were mainly co-localized in cytoplasm. As shown in

Figure 2B, the potential base pairing between miR-1236-3p and

circRNA_101996 were predicted. Up-regulation of miR-1236-3p

suppressed the luciferase activity of the circRNA_101996 reporter

plasmids. However, after the binding sites were mutated, miR-

1236-3p up-regulation could not cause remarkable changes of luciferase

activities (Figure 2C). Furthermore, both circRNA_101996 and miR-

1236-3p were significantly enriched by Ago2 antibody (Figure 2D).

Because Ago2 is a vital member of RISC protein complex mediated by

miRNA, this result ulteriorly suggested the bond between miR-1236-3p

and circRNA_101996. Altogether, these results revealed that

circRNA_101996 negatively regulated miR-1236-3p in cervical cancer

cells.

3.4 | miR-1236-3p negatively adjusted TRIM37 by
binding to its 30-UTR

In cervical cancer cells, circRNA_101996 could target miR-1236-3p.

However, the role miR-1236-3p in cervical cancer remains to be eluci-

dated. Then, we predicted the target gene of miR-1236-3p by means

of TargetScan, and TRIM37 stood out. The potential binding sites

between miR-1236-3p and TRIM37 were depicted in Figure 3A. As

shown in Figure 3B, over-expression of miR-1236-3p suppressed the

luciferase activity of the TRIM37 30-UTR reporter plasmids. However,

after we mutated miR-1236-3p's binding sites, its over-expression did

not lead to remarkable changes of luciferase activities. As shown in

Figure 3C, the miR-1236-3p level was significantly up-regulated after

miR-1236-3p transfection compared to miR-NC transfected cells.

Accordingly, miR-1236-3p inhibitors (miR-1236-3p inh) markedly

reduced miR-1236-3p levels. qRT-PCR (Figure 3C) and western blot

(Figure 3D) results demonstrated that TRIM37 mRNA and protein

expression levels were markedly reduced after miR-1236-3p transfec-

tion, and miR-1236-3p inhibitors led to opposite effects. These

findings indicated that miR-1236-3p may negatively regulate TRIM37

by binding to its 30-UTR in cervical cancer.

3.5 | CircRNA_101996 affected cervical cancer cell
proliferation, cycle progression, and migration by
suppressing miR-1236-3p

So far, our results revealed that circRNA_101996 can affect cell prolif-

eration, cell cycle progression, and cell migration in cervical cancer.

And circRNA_101996 could sponge miR-1236-3p. Then, we studied

the effect of circRNA_101996/miR-1236-3p axis on cervical cancer

cells. As shown in Figure 4A, cell proliferation was suppressed after

knocking down circRNA_101996, which could be abolished b inhibi-

tion of miR-1236-3p. Colony formation assay indicated that down-

regulation of circRNA_101996 markedly reduced the numbers of

colony formation, and the colony formation numbers could be

restored by sh-circRNA+miR-1236-3p inh treatment (Figure 4B). The

cell number of SiHa or CaSki cells incorporating EDU was decreased

in the sh-circ-treated group, and treatment of sh-circRNA+miR-1236-

3p inh rescued the numbers of EDU-incorporated cells, compared to

the inh NC + sh-NC control cells (Figure 4C). In addition, sh-circRNA

would significantly increase G1-phase cell population and decrease S-

phase cell population in SiHa or CaSki cells (Figure 4D). However,

circRNA_101996 inhibition caused-cell cycle delay could be rescued

by knocking down of miR-1236-3p. The mobility of SiHa or CaSki cells

was markedly suppressed in the condition of circRNA_101996 sup-

pression, which was weakened upon the treatment of sh-circRNA

+miR-1236-3p inh (Figure 5A). As shown in Figure 5B, the migrated

cell number upon sh-circRNA treatment was significantly reduced,

compared to those treated with inh NC + si-NC. Whereas, simulta-

neously knocking down of circRNA_101996 and miR-1236-3p greatly

up-regulated the migrated the cell number. In addition, western blot

results suggested that down-regulation of circRNA_101996 reduced

the protein expressions of E-cadherin and elevated the protein levels

of N-cadherin. Moreover, synchronous suppression of miR-1236-3p

and circRNA_101996 eliminated sh-circRNA-caused expression

changes of these two metastasis related proteins, E-cadherin and N-

cadherin (Figure 5C). These results indicated that circRNA_101996

down-regulation inhibited the cell proliferation, cell cycle progression,

and cell migration in cervical cancer, by negatively regulating miR-

1236-3p expression.

3.6 | miR-1236-3p affected cervical cancer cell
proliferation, cycle progression, and migration by
inhibiting TRIM37

The above results revealed that circRNA_101996 can affect cell pro-

liferation, cell cycle progression, and cell migration in cervical cancer

by regulating miR-1236-3p. Because miR-1236-3p could target

TRIM37. Then, we studied the effect of miR-1236-3p/TRIM37 axis

on cervical cancer cells. As shown in Figure 6A, cell proliferation was
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F IGURE 2 circRNA_101996 could directly bind to miR-1236-3p and negatively regulate its expression. (A) Co-location detection of
circRNA_101996 and miR-1236-3p in SiHa or CaSki cells using ISH. (B) StarBase prediction identified seeds match for circRNA_101996 in the
mature sequence of miR-1236-3p. The predicted seed-recognition site in the miR-1236-3p sequence and the corresponding circRNA_101996
sequence is marked in bold. (C) Relative luciferase activity of the circRNA_101996 reporter plasmid in SiHa or CaSki cells upon miR-1236-3p or
the miR-NC transfection. The mutant circRNA_101996 reporter was used as a negative control. (D) SiHa or CaSki cells were harvested and
incubated with Ago2 antibodies to perform RNA binding protein immunoprecipitation (RIP) assay. circRNA_101996 or miR-1236-3p levels were
tested by qRT-PCR and compared to the groups of IgG and input (mean ± SEM, **p < 0.01)
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suppressed after overexpressing miR-1236-3p, which could be

abolished when up-regulating miR-1236-3p and TRIM37 together.

Colony formation assay indicated that miR-1236-3p up-regulation

markedly reduced the number of colony formation, and the colony

formation number could be restored by miR-1236-3p + TRIM37

treatment (Figure 6B). Cell numbers of SiHa or CaSki cells incorporat-

ing EDU were decreased in the miR-1236-3p + Con group, and treat-

ment of miR-1236-3p + TRIM37 rescued the numbers of EDU-

incorporated cells, compared to the miR-NC + Con cells (Figure 6C).

In addition, miR-1236-3p would result in a significant up-regulated

G1-phase cell population and a decreased S-phase cell population in

SiHa or CaSki cells (Figure 6D). However, miR-1236-3p caused-cell

cycle delay could be rescued by overexpressing miR-1236-3p and

TRIM37 together. The mobility of SiHa or CaSki cells was markedly

suppressed by miR-1236-3p expression, which was weakened upon

the treatment of miR-1236-3p + TRIM37 (Figure 7A). As shown in

Figure 7B, migrated cell numbers upon miR-1236-3p treatment were

significantly reduced, compared to those upon miR-NC + Con treat-

ment. Whereas, up-regulating miR-1236-3p and TRIM37 together

greatly up-regulated the migrated cell numbers. In addition, west-

ern blot results suggested that up-regulation of miR-1236-3p

reduced the protein expressions of E-cadherin and elevated the

protein levels of N-cadherin. Moreover, synchronous over-

expression of miR-1236-3p and TRIM37 eliminated miR-1236-3p-

caused expression changes of these two metastasis correlative

proteins, E-cadherin and N-cadherin (Figure 7C). These results

indicated miR-1236-3p inhibited the cell proliferation, cell cycle

progression, and cell migration in cervical cancer, by negatively reg-

ulating TRIM37 expression.

3.7 | CircRNA_101996 down-regulation inhibited
tumor growth in a mouse xenograft model

Since circRNA_101996 inhibition down-regulated the cell prolifera-

tion, cell cycle progression, and cell migration in vitro, the role of

circRNA_101996 was whereafter studied in vivo. To construct a

xenograft tumor mouse model, SiHa cells stably expressing

shRNA interfering circRNA_101996 was established. As shown in

Figure 8A, at 21 days post-implantation, significant down-regulated

circRNA_101996 level and increased miR-1236-3p level were found

in xenograft tumors from the sh-circ group compared to those in sh-

NC groups. The corresponding tumors were excised and showed in

Figure 8B. The tumor sizes of sh-circ group mice were significantly

smaller than those in sh-NC group, and the tumor weight of sh-circ

group mice was reduced (Figure 8C). The degree of infiltration of tumor

cells was significantly reduced in xenograft tumors of the sh-circ group

after histopathological analysis (Figure 8D). Furthermore, down-

regulation of circRNA_101996 decreased the expression of TRIM37 and

Ki-67 positive cell number, up-regulated E-cadherin level as well as

decreased N-cadherin expression in xenograft tumors (Figure 8E).

According to the Pearson's correlation analysis, a negative relationship

F IGURE 3 miR-1236-3p negatively regulates TRIM37 through targeting its 30-UTR. (A) TargetScan prediction software identified seeds
match for miR-1236-3p in the 30-UTR of TRIM37; the predicted seed-recognition sites in the TRIM37 mRNA sequence and the corresponding
miR-1236-3p sequence are marked in bold. (B) Relative luciferase activity of the TRIM37 30-UTR reporter plasmid was measured in SiHa or CaSki
cells after expressing miR-1236-3p or miR-NC. The mutant TRIM37 30-UTR reporter was used as a negative control. (C) Relative miR-1236-3p
(left) and TRIM37 mRNA (right) expression levels in SiHa or CaSki cells after transfected with miR-1236-3p, miR-1236-3p inh, miR-NC, or inh NC,
as determined using qRT-PCR. (D) TRIM37 protein levels in SiHa or CaSki cells after transfected with miR-1236-3p, miR-1236-3p inh, miR-NC, or
inh NC, as determined using western blotting. Bands and images were quantified by image J and shown as histogram (mean ± SEM, **p < 0.01)
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F IGURE 4 circRNA_101996/miR-1236-3p affected the proliferation and cycle progression of cervical cancer cells. (A) Growth curves of SiHa
or CaSki cells after transfection with inh NC + sh-circRNA, sh-circRNA+miR-1236-3p inh, or the corresponding control (inh NC + sh-NC).
Measurements of the cell growth rate were obtained using a CCK-8 kit. (B) Colony formation analysis of SiHa or CaSki cells expressing inh NC
+ sh-circRNA, sh-circRNA+miR-1236-3p inh, or inh NC + sh-NC. Colony numbers were quantified. (C) Representative profiles of EDU cell growth
in SiHa or CaSki cells after transfection with inh NC + sh-circRNA, sh-circRNA+miR-1236-3p inh, or inh NC + sh-NC. EDU positive cell numbers
were quantified. (D) Cell cycle analysis of SiHa or CaSki cells after transfection with inh NC + sh-circRNA, sh-circRNA+miR-1236-3p inh, or inh
NC + sh-NC. Cell percentage in G1, S, and G2 phages were quantified (mean ± SEM, */#p < 0.05, **/##p < 0.01)
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between circRNA_101996 and miR-1236-3p levels, a negative relation-

ship between miR-1236-3p and TRIM37 mRNA levels, and a

positive relationship between circRNA_101996 and TRIM37

mRNA levels were observed in xenograft tumors (Figure 8F).

Together, these findings revealed that down-regulation of

circRNA_101996 could up-regulate miR-1236-3p level, suppress

TRIM37's protein expression, decrease tumor growth and thus

inhibit the cervical cancer development in vivo.

F IGURE 5 circRNA_101996/miR-1236-3p affected the migration of cervical cancer cells. (A) Wound scratch healing assay of SiHa or CaSki
cells after transfection with inh NC + sh-circRNA, sh-circRNA+miR-1236-3p inh, or inh NC + sh-NC. Quantification of the wound-healing assay
was shown as histograms. (B) Migration assay of SiHa or CaSki cells inh NC + sh-circRNA, sh-circRNA+miR-1236-3p inh, or inh NC + sh-NC. The
migrated cells were quantified and shown as histograms. (C) Protein expression levels of E-cadherin and N-cadherin in SiHa or CaSki cells inh NC
+ sh-circRNA, sh-circRNA+miR-1236-3p inh, or inh NC + sh-NC, as determined using western blotting. Bands and images were determined by
image J and shown in histogram (mean ± SEM, *p < 0.05, **/##p < 0.01)
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4 | DISCUSSION

In this study, we not only demonstrated the regulatory functions of

circRNA_101996, cell proliferation, cycle progression, and migration, but

also identified a regulatory relationships between circRNA_101996 and

miR-1236-3p/TRIM37. Recently, circRNAs are one of the new regulators

that have been investigated in cervical cancer.28 For example, Zhang

et al. found circ_0023404 sponged oncogenic miR-136, activated

TFCP2/YAP pathway and promoted cervical cancer progression.29 Rong

et al. suggested circ_0007534 exerted suppressive functions in cervical

F IGURE 6 miR-1236-3p/TRIM37 affected the proliferation and cycle progression of cervical cancer cells. (A) Growth curves of SiHa or CaSki
cells after transfection with miR-1236-3p + con, miR-1236-3p + TRIM37, or the corresponding control (miR-NC + con). Measurements of the cell
growth rate were obtained using a CCK-8 kit. (B) Colony formation analysis of SiHa or CaSki cells expressing miR-NC + con, miR-1236-3p + con,
or miR-1236-3p + TRIM37. Colony numbers were quantified. (C) Representative profiles of EDU cell growth in SiHa or CaSki cells after
transfection with miR-NC + con, miR-1236-3p + con, or miR-1236-3p + TRIM37. EDU positive cell numbers were quantified. (D) Cell cycle
analysis of SiHa or CaSki cells after transfection with miR-NC + con, miR-1236-3p + con, or miR-1236-3p + TRIM37. Cell percentage in G1, S,
and G2 phages were quantified (mean ± SEM, */#p < 0.05, **/##p < 0.01)
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cancer by affecting the axis of miR-498/BMI-1.30 Together, these studies

indicated circRNAs usually exert their regulatory functions by down-

regulating their target-bound miRNAs. Our previous studies found that

circRNA_101996 down-regulated miR-8075, and then increased the

expression of TPX2, miR-8075's target in cervical cancer cells.11 On

account of that, one circRNA might simultaneously sponge several

miRNAs. Other potential miRNAs targeting circRNA_101996 and the

corresponding molecular functions in cervical cancer development

require further study. Our data in this study suggested that miR-1236-3p

can also be targeted by circRNA_101996 in cervical cancer.

As a recently discovered miRNA, miR-1236-3p expression was

first reported to be down-expressed in ovarian carcinoma.15 In addi-

tion, it was reported that down-expression of miR-1236-3p is related

to clinical tumor degree and poor prognosis of gastric cancer

patients.6 Our data demonstrated that the expression of miR-1236-3p

was accordingly decreased in cervical cancer and it inhibited cell pro-

liferation, cell cycle progression, and cell invasion through targeting

TRIM37. Based on the multi-targets characteristics, other tumor

related genes have also been found to be targeting by miR-1236-3p,

mainly containing zinc-finger E-box binding homeobox 1 (ZEB1) in

ovarian carcinoma,13 Krueppel-like factor 8 (KLF8) in lung adenocarci-

noma14 and metastasis associated 1 family member 2 (MTA2) in gas-

tric cancer.31. In contrast to these genes and TRIM44, the mRNA

TRIM37 was highly expressed in cervical cancer cells (Figure S5A).

Moreover, miR-1236-3p led to the strongest inhibition of the lucifer-

ase activity of the TRIM37 30-UTR reporter plasmids (Figure S5B).

F IGURE 7 miR-1236-3p/TRIM37 affected the migration of cervical cancer cells. (A) Wound scratch healing assay of SiHa or CaSki cells after
transfection with miR-NC + con, miR-1236-3p + con, or miR-1236-3p + TRIM37. Quantification of the wound-healing assay was shown as
histograms. (B) Migration assay of SiHa or CaSki cells after transfection with miR-NC + con, miR-1236-3p + con, or miR-1236-3p + TRIM37. The
migrated cells were quantified and shown as histograms. (C) Protein expression levels of E-cadherin and N-cadherin in SiHa or CaSki cells after
transfection with miR-NC + con, miR-1236-3p + con, or miR-1236-3p + TRIM37, as determined using western blotting. Bands and images were
determined by image J and shown in histogram (mean ± SEM, *p < 0.05, **/##p < 0.01)
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Therefore, TRIM37 is demonstrated as the main target of miR-

1236-3p in cervical cancer. Whether miR-1236-3p exerts its activity

through negatively adjusting these genes in cervical cancer requires

further investigations. The effect of circRNA_101996/miR-1236-3p

on cervical cell functions might be associated with the regulation of

TRIM37 and other possible targets.

TRIM37 is located on chromosome 17q23, and has an estimated

molecular weight of 130 kDa.32 It has also been found that TRIM37 may

result in extensive changes in gene expression, involving in several can-

cers, including colon cancer, liver cancer and glioma.23,33–34 To date, the

expression pattern and the biological function of TRIM37 in cervical

cancer remain to be elucidated. Our data demonstrated that the mRNA

and protein expression levels of TRIM37 were up-regulated in cervical

cancer, suggesting its tumor promoting effect. Previous studies have dem-

onstrated some signaling pathways mediated by TRIM37. For example,

TRIM37 was found to exert a vital role in constitutive NF-κB pathway

excitation and target AKT in lung cancer.19,35 In addition, TRIM37 knock-

down suppressed the growth and metastasis of human glioma partially

through the down-regulation of PI3K/Akt signaling pathway.33 Further-

more, SIP1-mediated epithelial-mesenchymal transition and

MTORC1-TFEB axis mediated autophagy were, respectively, found to be

regulated by TRIM37.21,36 However, there is no report about miRNA

F IGURE 8 circRNA_101996 knockdown inhibited tumor growth in a cervical cancer mouse xenograft model. (A) Expression levels of
circRNA_101996 and miR-1236-3p in the xenograft tumors derived from subcutaneous implantation of SiHa cells stably expressing sh-circ or sh-
NC, as determined using qRT-PCR. (B) Image of corresponding tumors dissected from mice 21 days post-implantation. (C) Volumes (up) and
weights (down) of the xenograft tumors derived from subcutaneous implantation of SiHa cells stably expressing sh-circ or sh-NC. (D) H&E

staining and (E) IHC staining of TRIM37, Ki67, E-cadherin, and N-cadherin in the xenograft tumors derived from subcutaneous implantation of
SiHa cells stably expressing sh-circ or sh-NC. Scale bar = 50 μm. (F) Pearson's correlation analysis of the relative expressions between
circRNA_101996 and miR-1236-3p, miR-1236-3p and TRIM37 mRNA, circRNA_101996 and TRIM37 mRNA in in the xenograft tumors
(mean ± SEM, **p < 0.01)
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mediated regulation of TRIM37 expression. Our results for the first time

demonstrated that circRNA_101996 knockdown suppressed TRIM37

expression by up-regulating miR-1236-3p, which could enrich the regula-

tionmechanism of TRIM37 and improve cervical cancer clinical treatment.

Together, our data revealed that circRNA_101996 over-expression

promoted the cell proliferation, cell cycle progression and cell migration of

cervical cancer cells, whereas circRNA_101996 knockdown exerted oppo-

site effects. In addition, circRNA_101996 negatively modulated miR-

1236-3p and decreased its expression. The axis of circRNA_101996/miR-

1236-3p exerted an important function by regulating TRIM37 expression

through targeting its 30-UTR in cervical cancer. Moreover, the effect of

circRNA_101996/miR-1236-3p/TRIM37 on cervical cancer growth was

confirmed in a mouse xenograft model. On account of the effects of cell

proliferation, cell cycle progression, and cell migration, the axis of

circRNA_101996/miR-1236-3p/TRIM37 has the potential to be investi-

gated as the therapeutic target for the treatment of cervical cancer.
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