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Abstract

Most cervical cancer patients are prone to developing acquired cisplatin (DDP) resistance. Hsa_circ_0074269 (circ_0074269)
plays a promoting role in cervical cancer, but whether circ_0074269 mediates cervical cancer resistance to DDP is unclear.
Expression of circ_0074269 was detected by real-time quantitative polymerase chain reaction (RT-qPCR). The half-maximal
inhibitory concentration (ICs,) value, viability, proliferation, colony formation, migration, and apoptosis of DDP-resistant
cervical cancer cells were determined. The molecular mechanisms associated with circ_0074269 were predicted by bio-
informatics analysis and confirmed by dual-luciferase reporter and RIP assays. Xenograft assay was conducted to validate
the effect of circ_0074269 on DDP resistance in vivo. Exosomes were isolated by ultracentrifugation. Circ_0074269 was
overexpressed in DDP-resistant cervical cancer samples and cells. Silencing of circ_0074269 elevated DDP sensitivity,
repressed DDP-resistant cervical cancer cell proliferation, and induced DDP-resistant cervical cancer cell apoptosis in vivo
and in vitro and curbed DDP-resistant cervical cancer cell migration in vitro. And circ_0074269 could regulate DDP resist-
ance via regulating TUFT1 expression via sponging miR-485-5p. More strikingly, circ_0074269 was also overexpressed
in exosomes from DDP-resistant cervical cancer cells, and circ_0074269 could be delivered via exosomes. Circ_0074269
facilitated DDP resistance via elevating TUFT1 expression via sponging miR-485-5p, proving novel evidence to offer
circ_0074269 as a target for cervical cancer treatment.
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Introduction

Cervical cancer, a common genital cancer among women,
is caused by high-risk human papillomavirus in more than
99% of cases [1, 2]. HPV vaccination and Pap smear test-
ing reduce its incidence and promote early detection. The
treatment of cervical cancer includes surgery, radiotherapy,
and chemotherapy, as well as adjuvant therapy such as tar-
geted therapy and immunotherapy. Patients before stage
IIB (excluding stage IIB) can be treated with surgery, and
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locally advanced (IIB-IVA) or relapsed patients are mainly
treated with radiotherapy or concurrent chemo-radiation [3].
About 30% of patients relapse after undergoing surgery com-
bined with radio-chemotherapy [4]. Cisplatin (DDP)-based
chemotherapy often leads to drug resistance, while targeted
therapy and immunotherapy have limited effects [5]. And
most patients who relapse have experienced chemotherapy
or radio-chemotherapy failure.

DDP, usually administered intravenously, is utilized as
the first-line chemotherapy for the cancer patient, including
cervical cancer. It exerts cytotoxic effects to inhibit DNA
synthesis and cell growth through binding to DNA and form-
ing intra-strand DNA adducts [6]. In addition, it can bind
to tubulin, thioredoxin reductase (TrxR), and membrane-
bound Na*/H* exchanger (NHE) protein, impairing their
function [7]. It is relatively common for tumors to develop
drug resistance after cyclic treatment, and drug resistance is
a challenge for DDP-based anti-cancer therapy [8].

Circular RNAs (circRNAs), new regulators of gene
expression, are mostly formed by parental genes through
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reverse splicing and exon skipping or lasso formation [9].
Since circRNAs have no free ends, they are more stable
than linear mRNAs. Changes in the expression of some
circRNAs can reflect pathological conditions [10], and
their biomarker potential has been demonstrated by various
researches. In particular, circRNAs have been unmasked
to intervene in tumor growth and resistance [11, 12].
Recent shreds of evidence have proved the significant role
of circRNAs in cervical cancer resistance. For instance,
circRNA-MTO1 and circ-0023404 decreased cervical can-
cer sensitivity toward DDP through upregulating S100A 1
[13] and VEGFA [14], respectively. Hsa_circ_0074269
(circ_0074269), derived from the ANKHD1-EIF4EBP3
gene, has been uncovered to exert a promoting effect
on cervical cancer progression [15]. Currently, whether
circ_0074269 is related to the resistance of cervical cancer
to DDP has not been reported yet.

CircRNAs can sequester microRNAs (miRNAs) by bind-
ing to miRNA response elements, thereby acting as compet-
ing endogenous RNAs (ceRNAs) to diminish the effect of
miRNA-mediated regulatory activities [16]. miRNAs medi-
ate target genes related to cancer progression. miR-485-5p is
generally downregulated in different sorts of human tumors
[17-19], and miR-485-5p can alleviate DDP resistance in
ovarian cancer [20] and oral cancer [21]. Also, miR-485-5p
exerts an anti-tumor role in cervical cancer [22, 23]. Tuft-
elin (TUFT1), encoding tuftelin protein, is thought to act
on tooth enamel mineralization [24]. Recent studies have
discovered the association of TUFT1 with various tumors,
and TUFT1 promotes chemoresistance in cervical cancer
[25] and breast cancer [26]. However, it is not clear how
TUFT1 is deregulated in cervical cancer resistance to DDP.

Our results proved the promoting effect of circ_0074269
on DDP resistance in cervical cancer. Moreover,
circ_0074269 increased TUFT1 expression via sequestering
miR-485-5p, facilitating DDP resistance and tumor growth
in cervical cancer.

Materials and Methods
Study Subjects

Patients with cervical cancer were recruited from Jingjiang
People’s Hospital under permission of the Ethical Commit-
tee of Jingjiang People’s Hospital. All registered patients
signed an informed consent form and received radiotherapy
and chemotherapy combined with surgical resection. The
samples collected during the operation were divided into
DDP-resistant group (23 cases) and DDP-sensitive group
(23 cases) according to the evaluation criteria for curative
effect of solid tumors (RECIST).

Cell Culture and Treatment

The Ectl/E6E7 cells (CRL-2614, ATCC, Manassas, VA,
USA) were cultured in Keratinocyte-Serum Free medium
(Sigma-Aldrich (SA), St. Louis, MO, USA) with 0.1 ng/
mL human recombinant EGF (SA), 0.05 mg/mL BPE (Cell
Applications Inc., San Diego, CA, USA), and 44.1 mg/L
CaCl, (SA). Cervical cancer cell lines CaSki (CRM-
CRL-1550, ATCC) and HeLa (CCL-2, ATCC) were respec-
tively cultured in ATCC-formulated RPMI-1640 Medium
(30-2001) and EMEM (30-2003) supplemented with 10%
fetal bovine serum (Thermo, Waltham, MA, USA) and 1%
pen/strep (SA). In an incubator with 37 °C, 95% air, and 5%
CO, were the growth conditions for these cells.

DDP-resistant cervical cancer cells CaSki/DDP-R and
HeLa/DDP-R were constructed by exposing their parent
cells to various concentrations of DDP (SA) continuously
and incrementally.

Oligonucleotide Transfection

When grown to 40-50%, DDP-resistant cervical cancer
cells were transfected with oligonucleotides synthesized by
GenePharma (Shanghai, Chia) using Lipofectamine 3000
(Thermo) in Opti-MEM medium (Thermo). These oligo-
nucleotide sequences were si-circ_0074269 (5'-TGGATG
TACCTGCTATCAGGT-3'), si-NC (5'-UUCUCCGAACGU
GUCACGUTT-3’), miR-485-5p inhibitor (anti-miR-485-5p:
5'-GAATTCATCACGGCCAGCCTCT-3'), anti-miR-NC
(5'-GGUUCGUACGUACACUGUUCA-3"), miR-485-5p
mimic (5'-AGAGGCUGGCCGUGAUGAAUUC-3"), and
miR-NC (5-CGGUACGAUCGCGGCGGGAUAUC-3").

Plasmid Construction and Transfection

The TUFT1 overexpression plasmid (TUFT1) was con-
structed using the pcDNA3.1 vector (Thermo) with BamHI
and Xhol restriction enzymes. A plasmid mixed with Lipo-
fectamine 3000 in Opti-MEM medium (Thermo) was used
to transfect DDP-resistant cervical cancer cells.

Real-Time Quantitative Polymerase Chain Reaction

RNA isolation was conducted using the TRIzol reagent
(Thermo), followed by purification with the RNeasy kit
(Qiagen, Valencia, CA, USA). Four hundred nanograms of
total RNA were used in the complementary DNA synthesis
reaction with an M-MLV Reverse Transcriptase Kit (Pro-
mega, Madison, WI, USA) or miScript I RT Kit (Qiagen).
Quantitative PCR was done in triplicate using a ChamQ
Universal SYBR® qPCR Master Mix (Vazyme, Nanjing,
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China) with specific primers (Table 1). The fold change
was calculated by the equation 272! and the housekeep-
ing genes fB-actin and U6 were used for normalization.

In Vitro Drug-Sensitivity and Viability Analysis

About 1x 10* DDP-resistant cells were cultured in the
complete medium containing different concentrations of
DDP (0, 2.5, 5, 10, 20, 40, 80, 160, 320 pg/mL) for 48 h,
followed by incubation with 20 pL of MTT solution (5 mg/
mL, SA). Four hours later, 150 pL of DMSO was used to
dissolve the crystals and the absorbance at 490 nm was
measured with an automatic enzyme-linked immunosorb-
ent assay reader (BioTek, Winooski, VT, USA) for analysis
of cell viability. The ICs,, value was calculated from loga-
rithmic sigmoidal dose-response curves generated using
Graphpad Prism 8.0 software (Graphpad, San Diego, CA,
USA).

5-ethynyl-2’-deoxyuridine Assay

Cell proliferation was analyzed using the Cell-Light EQU
Apollo In Vitro Kit (Ribobio, Guangzhou, China). About
1 x 10* DDP-resistant cells were cultured for 24 h, fol-
lowed by incubation with 100 pL of 50 uM EdU for 2 h.
The cells were decolorized with 50 pL of 2 mg/mL glycine
after immobilization with 4% paraformaldehyde. Then,
100 pL of 0.5% Triton X-100 was utilized to increase the
permeability of the cell membrane. Afterward, the cells
were incubated with 100 pL of 1 X Apollo-staining reac-
tion solution, followed by staining with 100 pL of DAPI.
A fluorescence microscope (Olympus, Tokyo, Japan) was
used to capture images.

Table 1 Primer sequences utilized for RT-qPCR analysis

Name Primers for qRT-PCR (5'-3")
circ_0074269 Forward CTCCAGCTCAGACGCTTACC
Reverse GGCTGGTATGGGTGAAAAGA
GAPDH Forward GGTGGTCTCCTCTGACTTCAACA
Reverse GTTGCTGTAGCCAAATTCGTTGT
TUFT1 Forward AGCGTGGACATTCTCAGGCTGA
Reverse ACTCCACCAGTTCTGAAGCCAG
B-actin Forward CAGCCATGTACGTTGCTATCCA
Reverse TCACCGGAGTCCATCACGAT
miR-485-5p Forward CGAGAGGCTGGCCGTGAT
Reverse AGTGCAGGGTCCGAGGTATT
u6 Forward CTCGCTTCGGCAGCACA
Reverse AACGCTTCACGAATTTGCGT
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Colony Formation Assay

About 5x 10° cells were seeded into 6-well plates and
allowed to grow for 10 days. The cells were then stained
with 0.1% crystal violet (Solarbio, Beijing, China), and the
colonies were visualized using a microscope (Olympus).

Flow Cytometry Assay

Detection of cell apoptosis was carried out with the Annexin
V-FITC/propidium iodide (PI) apoptosis detection kit (Beyo-
time, Shanghai, China) following the manufacturer’s instruc-
tions. In brief, the harvested cells were double-stained with
FITC and PI, followed by analysis on a BD FACS flow
cytometer (Beckman Coulter, Brea, CA, USA).

Wound-healing Assay

About 1x10° cells were seeded into 24-well plates and
allowed to grow to 90% confluence, followed by creating
wounds in the cell monolayer with a 200-pL sterile pipette
tip. The plates were incubated for 24 h after removing the
cell debris, followed by visualization and quantification of
the scratch width.

Western Blotting

Proteins were extracted using RIPA lysis buffer (Thermo)
and quantified using a BCA protein assay kit (Thermo).
Western blotting was carried out as previously described
[27]. Primary antibodies used for western blotting analysis
were cleaved-caspase-3 (ab32042, 1:500, Abcam, Cam-
bridge, MA, USA), MRP1 (ab260038, 1:1000, Abcam),
TUFT1 (ab184949, 1:1000, Abcam), and GAPDH
(ab181603, 1:10,000, Abcam). Bands were visualized using
chemiluminescence (Thermo), and ImageJ software (NIH)
was used for densitometry analysis.

Generation of Stable circ_0074269-knockdown
HeLa/DDP-R Cells

The sh-circ_0074269 or sh-NC synthesized by GenePharma
was cloned into lentiviral pLKO.1 vector (SA). The plas-
mids constructed above were respectively transfected into
HEK?293T cells along with the packaging plasmids psPAX?2
and pMD2.G in accordance with the manufacturer’s guide-
lines. The collected viral supernatants from HEK293T cells
were used to infect HeLa/DDP-R cells, followed by selection
of the stable cell line with puromycin (2 pg/mL).
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Animal Experiments

Xenograft experiments were conducted with the permis-
sion authorized by the Animal Care Committee of Jingji-
ang People’s Hospital. In short, 24 female BALB/c nude
mice (5 weeks old, 15-20 g) (Vital River Laboratory, Bei-
jing, China) were randomly divided into 4 groups (6 mice
in each group) and processed as follows: (1) sh-NC + PBS;
(2) sh-NC + DDP; (3) sh-circ_0074269 + PBS; (4) sh-
circ_0074269 + DDP. Specifically, the HeLa/DDP-R
cells (4 x 10°) carrying sh-NC or sh-circ_0074269 were
injected subcutaneously into the armpits of the mice.
One week later, the mice were administered intraperi-
toneally with 200 pL of PBS or PBS containing DDP
(7.5 mg/kg) every 3 days. Tumor volume was monitored
in synchronization with the administration of PBS (vol-
ume = (length X width2)/2). Twenty-three days after the
injection, the mice were killed, followed by excision of
the tumor and measurement of its weight.

Immunohistochemistry Analysis and Tunel Assay

IHC analysis was performed as previously described [28].
An antibody against Ki67 (ab279653, 1:100, Abcam) was
used for proliferation analysis in tissues. Tunel assay was
performed to evaluate cell apoptosis in tissues using the
Tunel kit (Promega, Madison, WI, USA) following the
manufacturer’s instructions.

Dual-Luciferase Reporter Assay

Luciferase reporters were generated by ligating the
fragments of WT-circ_0074269, MUT-circ_0074269,
WT-TUFT1 3'UTR, or MUT-TUFT1 3'UTR into the
psiCHECK-2 vector (Promega), respectively. DDP-resist-
ant cells were co-transfected with miR-485-5p mimic or
miR-NC and a luciferase reporter. The relative luciferase
activity was normalized to Renilla luciferase activity after
measuring the luciferase activity using the dual-luciferase
assay system (Promega).

RNA Immunoprecipitation Assay

A Magna RIP RNA-Binding Protein Immunoprecipitation
Kit (Millipore) was utilized for RIP analysis following the
manufacturers’ guidelines. The antibodies used in RIP
analysis were anti-Ago2 (Abcam) and anti-IgG (Abcam).
The immunoprecipitated RNAs were detached and then
purified for RT-qPCR analysis.

Isolation and Identification of Exosomes

In short, the collected cell culture supernatant was cen-
trifuged as follows: 300 g for 15 min, 2000 g for 15 min,
and 10,000 g for 40 min. The supernatant was filtered
with a 0.22-pm filter after each centrifugation. The parti-
cles obtained after centrifugation (110,000 g, 75 min) of
the filtrate were considered exosomes. The surface mark-
ers CD63 and CD9 of exosomes were analyzed by western
blotting with antibodies against CD63 (ab134045, Abcam)
and CD9 (ab236630, Abcam). The morphology of the iso-
lated exosomes was observed using a transmission elec-
tron microscope (TEM) (JEM-2100; JEOL, Tokyo, Japan).
The concentration and diameter distribution of the isolated
exosomes were analyzed using NanoSight LM10 system
(NanoSight, Amesbury, UK) with NTA 2.3 analysis soft-
ware (NanoSight).

Statistical Analysis

All in vitro experiments included 3 biological replicates.
Statistical analysis was performed using Graphpad Prism 8.0
software (GraphPad), in which the data was evaluated using
the mean + SD. Our data conformed to the normal distribu-
tion and had been tested using the Shapiro—Wilk normality
test. Comparisons between 2 groups were made by Student’s
t-test, whereas comparisons among more than 2 groups were
made by one-way and two-way ANOVA. Statistical signifi-
cance was ascribed when P <0.05.

Results

Elevated circ_0074269 Expression in Cervical
Cancer-resistant Samples and Cells

To address the role of circ_0074269 in DDP resistance of
cervical cancer, we first validated the overexpression of
circ_0074269 in cervical cancer-resistant samples (Fig. 1A).
We established 2 DDP-resistant cervical cancer cell lines
CaSki/DDP-R and HeLa/DDP-R, and the resistance to DDP
in DDP-resistant cell lines was increased relative to their
parental cells (Fig. 1B). Moreover, circ_0074269 expres-
sion was higher in cervical cancer cells (compared to Ectl/
E6E7 cells) and DDP-resistant cells (compared to their
parental cells) (Fig. 1C). Furthermore, circ_0074269 was
resistant to RNase R exonuclease, while linear GAPDH
was digested post-RNase R treatment (Fig. 1D and E).
Compared with random primers, circ_0074269 expres-
sion in DDP-resistant cells was significantly reduced when
using Oligo (dT),g primers, but not linear GAPDH, indi-
cating that circ_0074269 had no poly-A tail (Fig. 1F and
G). In addition, RT-qPCR assay presented the predominant
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Fig.1 Circ_0074269 expression was elevated in DDP-resistant cer-
vical cancer. A Relative levels of circ_0074269 in DDP-resistant
samples and DDP-sensitive samples (unpaired Student’s r-test). B
The ICy, of DDP-resistant cells (one-way ANOVA). C Relative lev-
els of circ_0074269 in DDP-resistant cells and their parental cells
(one-way ANOVA). D and E Relative levels of circ_0074269 and
linear GAPDH in DDP-resistant cells treated with RNase R (two-

cytoplasmic distribution of circ_0074269 in DDP-resistant
cells (Fig. 1H and I). In conclusion, circ_0074269 was over-
expressed in DDP-resistant cervical cancer.

Circ_0074269 Silencing Increased Cervical Cancer
Cell Sensitivity to DDP

To interrogate the potential significance of circ_0074269 in
cervical cancer resistance toward DDP, we knocked down
circ_0074269 in DDP-resistant cells with si-circ_0074269
(Fig. 2A). Moreover, a high sensitivity toward DDP was
observed in circ_0074269-knockdown DDP-resistant cells
(Fig. 2B). Also, circ_0074269 silencing caused a decrease
in circ_0074269 expression in both HeLL.a and HeLa/DDP-R
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way ANOVA). Both groups were normalized with the B-actin level
of the mock group (as an internal control). F and G Analysis of
circ_0074269 and linear GAPDH in DDP-resistant cells with random
and oligo (dT),g primers (two-way ANOVA). H and I The percentage
of circ_0074269 in the cytoplasm and nucleus of DDP-resistant cells
(two-way ANOVA). ““P<0.001 and “***P <0.0001

cell lines. However, circ_0074269 knockdown decreased
the IC50 of DDP in the HeLa/DDP-R cell lines but not
the HeLa cell line (supplementary Fig. 1). The MTT assay
exhibited lower cell viability in circ_0074269-knockdown
DDP-resistant cells than control cells (Fig. 2C). EdU and
colony formation assays showed that circ_0074269 silencing
resulted in an overt reduction in the number of EdU-positive
cells and colony formation, manifesting that circ_0074269
knockdown could decrease DDP-resistant cell prolifera-
tion (Fig. 2D and E). Flow cytometry assay presented that
circ_0074269 knockdown elevated cell apoptosis in DDP-
resistant cells (Fig. 2F). Wound-healing assay indicated
that silenced circ_0074269 expression decreased DDP-
resistant cell migration (Fig. 2G). In addition, circ_0074269



Reproductive Sciences (2022) 29:2236-2250

2241

s
Ay B
¢ 1513 siNC __ 50933 si-NC
S |Em sicirc_0074269 2 |Em sicirc_0074269
[ E 2w
210 2
N ~ 30
E % Fkkk
S 0 20 folaid
Z[ 0.5 Fkkk fppaiaied 5
-— 2 10
5 g
NNl Nl
2 00 r r T T
&  CaSki/DDP-R  HeLa/DDP-R CaSki/DDP-R  HeLa/DDP-R
&
D si-NC si-circ_0074269 si-NC si-circ_0074269
DAPI
o
o o
g o
g a
» a
5 3
o D
T
Merge
E si-circ_0074269
o [ .}"’ 5
. g
g =
[=) [=]
=2 ®
] -
S £
F
o o
o o
a o
[a) o
Z 3
% )
(3] T
Annexin V-FITC
G si-NC si-NC si-circ_0074269
o
o o
Q &
Q a
S ®
@ -
41 ]
© T
H 5. sinc CaskiDDP-R I
Cleaved wes D 5 B sieire o 129 Cleaved |
-caspase-3 : 20 .caspase-3. T -—
— Lo
MRP1 = 25" MRP1 e s—
| — — é c 10 |
GAPDH T *x GAPDH =« s
ey G5
o 6\ 0.0 r T & ,\“l
b Cleaved-caspase-3  MRP1 N
& &7
% O

Relative

[ si-NC
—_ Il sicirc_0074269
S
2> 100
E *kk
8 Fkkk
2 50
©
(8]
0 T T
CaSki/DDP-R HeLa/DDP-R
—~ 50,3 si-NC
& |BE_si-circ_0074269
©» 40
3
‘g 30 *kk ek
5 20
g
=) 10
bl
w . :
CaSki/DDP-R HelLa/DDP-R
[ si-NC
" 1501 @@ si-circ_0074269
2
c
[]
o 100
o %
‘s ok
g so
£
S
=
0 T T
CaSki/DDP-R  HelLa/DDP-R
301 si-NC
9 Il sicirc_0074269 kK
< *okkk
Q
R
v
[
5 10
o
o I—T—l |l|
<
0 T T
CaSki/DDP-R HeLa/DDP-R
% 15933 si-NC
"; Bl si-circ_0074269
8
210
8 *%k
.ﬂ *kKk
T
c 05
)
s
9’ 0.0
= CaSki/DDP-R  HelLa/DDP-R
1 si-nc HeLa/DDP-R
I si-circ_0074269
25 Fekkk
c
220
o
5 1.5
3
c 10
E dedek
0 0.5
> B
0.0 T

Cleaved-caspase-3 MRP1

@ Springer



2242

Reproductive Sciences (2022) 29:2236-2250

«Fig. 2 Downregulation of circ_0074269 reduced cervical cancer cell
resistance toward DDP. A Knockdown efficiency of circ_0074269
was measured by RT-qPCR (two-way ANOVA). B The ICs, value of
circ_0074269-knockdown DDP-resistant cells (two-way ANOVA).
C, D, E, F, G The viability (C), proliferation (D), colony formation
(E), apoptosis (F), and migration (G) of circ_0074269-knockdown
DDP-resistant cells were evaluated (two-way ANOVA). H and I Rel-
ative protein levels of cleaved-caspase-3 and MRP1 in circ_0074269-
knockdown DDP-resistant cells (two-way ANOVA). *P<0.01,

P <0.001, and “"P <0.0001

inhibition decreased MRP1 protein levels and elevated
cleaved-caspase-3 protein levels (Fig. 2F and I). Col-
lectively, these results suggested the promoting effect of
circ_0074269 on resistance toward DDP in cervical cancer.

Circ_0074269 Silencing Improved Cervical Cancer
Cell Sensitivity Toward DDPIn Vivo

To corroborate our in vitro findings, we constructed
a stable circ_0074269 knockdown HeLa/DDP-R cell
line, and the knockdown efficiency was exhibited in
Fig. 3A. And the effect of circ_0074269 knockdown
produced anti-tumor activity was further verified by

mouse models. Administration of sh-NC+ DDP or sh-
circ_0074269 + PBS decreased tumor volume and weight
compared with the sh-NC + PBS control. Administration
of sh-circ_0074269 + DDP also significantly decreased
tumor volume and weight with respect to the sh-NC + DDP
control (Fig. 3B and C). Furthermore, administration of
sh-circ_0074269 + PBS overtly decreased circ_0074269
expression in tumor tissues relative the sh-NC + PBS con-
trol, and mice administrated with sh-circ_0074269 + DDP
showed lower circ_0074269 levels compared to the
sh-NC + DDP control (Fig. 3D). Also, mice administrated
with sh-circ_0074269 + PBS and sh-circ_0074269 + DDP
showed a decrease in the number of Ki67-positive cells, but
an elevation in the number of Tunel-positive cells, manifest-
ing circ_0074269 silencing repressed cell proliferation and
induced cell apoptosis (Fig. 3E). In summary, these findings
demonstrated that circ_0074269 knockdown reduced tumor
growth and sensitized the response to DDP in vivo.

Circ_0074269 was a ceRNA of miR-485-5p

Circ_0074269 was mainly in the cytoplasm, enabling
it to act as a ceRNA. To clarify the specific miRNAs
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Fig. 3 Inhibition of circ_0074269 reduced tumor growth and sen-
sitized the response to DDP in vivo. A The knockdown efficiency
of sh-circ_0074269 in HeLa/DDP-R cells (unpaired Student’s
t-test). B and C Tumor volume and weight of mice administrated
with sh-NC+PBS, sh-NC+DDP, sh-circ_0074269 +PBS, and
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sh-circ_0074269 + DDP (one-way ANOVA). D Relative levels of
circ_0074269 in tumor tissues derived from mice (one-way ANOVA).
E IHC analysis and Tunel assay showing the number of Ki67/Tunel-

stitive cells in tumor tissues. P <0.05, “P<0.01, “*P<0.001, and

P <0.0001
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interrelating with circ_0074269, we used the online tool
starbase to search for partner molecules that could bind to
circ_0074269. And miR-485-5p had sequence complemen-
tarity with circ_0074269 on 11 bases (Fig. 4A). We then
overexpressed miR-485-5p in DDP-resistant cells (Fig. 4B),
and miR-485-5p overexpression restrained the luciferase
activity in DDP-resistant cells with the WT-circ_0074269
reporter (Fig. 4C and D). Moreover, RIP assay showed that
circ_0074269 and miR-485-5p were enriched in Ago2-
RIPs compared with control IgG-RIPs (Fig. 4E and F). The
Cancer Genome Atlas (TCGA) database download cervical
squamous cell carcinoma (CESC) data showed lower levels
of miR-485-5p in the primary tumor and individual cancer
stages of CESC (Fig. 4G and H). Similar results were also
observed in DDP-resistant cervical cancer tissues (Fig. 41),
and miR-485-5p expression was negatively correlated with
circ_0074269 expression (Fig. 4]). Similarly, miR-485-5p
expression was decreased in DDP-resistant cells compared
to their parental cells (Fig. 4K). Together, these results indi-
cated that circ_0074269 served as a miR-485-5p sponge.

Circ_0074269 Mediated Cervical Cancer Cell
Sensitivity Toward DDP Through miR-485-5p

We further investigated the interaction between
circ_0074269 and miR-485-5p in DDP-resistant cell

c
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Fig.4 Circ_0074269 acted as a miR-485-5p decoy. A A schematic
drawing showing the putative miR-485-5p-binding sites with respect
to circ_0074269. B Relative levels of miR-485-5p in DDP-resistant
cells after transfection of miR-485-5p mimic or miR-NC (two-way
ANOVA). C, D, E, F Dual-luciferase reporter and RIP assays were
performed to verify the prediction relationship between circ_0074269
and miR-485-5p (two-way ANOVA). G and H Expression of miR-

resistance toward DDP. Transfection of miR-485-5p
inhibitor reversed the elevated miR-485-5p expression
in circ_0074269-silenced DDP-resistant cells (Fig. SA).
Moreover, miR-485-5p inhibitor weakened the decreased
IC50 value of DDP-resistant cells mediated by circ_0074269
knockdown (Fig. 5B). In addition, the altered viability, pro-
liferation, colony formation, apoptosis, and migration in
DDP-resistant cells caused by circ_0074269 inhibition were
impaired after miR-485-5p silencing (Fig. 5C-G). And the
elevated cleaved-caspase-3 protein levels and the reduced
MRP1 protein levels in circ_0074269-inhibiting DDP-
resistant cells were overturned by miR-485-5p knockdown
(Fig. 5H and I). In summary, circ_0074269 regulated cervi-
cal cancer cell sensitivity toward DDP via miR-485-5p.

TUFT1 was a Direct Target of miR-485-5p

Bioinformatics analysis predicted that TUFT1 might be a
target of miR-485-5p, and the predicted binding sites were
presented in Fig. 6A. And miR-485-5p upregulation led
to a decrease in the luciferase activity of the WT-TUFT1
3'UTR reporter (Fig. 6B and C). RT-qPCR revealed an over
37-fold enrichment of miR-485-5p and TUFT1 in purified
RNAs derived from the Ago2 group (Fig. 6D and E). In
addition, there was an apparent elevation in TUFT1 expres-
sion in the primary tumor and individual cancer stages of
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485-5p in the primary tumor and individual cancer stages of CESC in
the TCGA database. I Relative levels of miR-485-5p in DDP-resistant
samples and DDP-sensitive samples (unpaired Student’s #-test). J The
correlation between circ_0074269 and miR-485-5p in DDP-resistant
samples. K Relative levels of miR-485-5p in DDP-resistant cells and
their parental cells (one-way ANOVA). P<0.01, “P<0.001, and
P <0.0001
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Fig.5 circ_0074269 sponged miR-485-5p to mediate cervical cancer
cell sensitivity toward DDP. A, B, C, D, E, F, G, H, I DDP-resistant
cervical cancer cells were transfected with si-NC, si-circ_0074269,
si-circ_0074269 + anti-miR-NC, or  si-circ_0074269 + anti-miR-
485-5p. A Relative levels of miR-485-5p in DDP-resistant cells (two-
way ANOVA). B The ICs, value of DDP-resistant cells (two-way

CESC (Fig. 6F-H). And the upregulation of TUFT1 mRNA
was also obtained in DDP-resistant tumor samples (Fig. 6I).
Moreover, a negative correlation between miR-485-5p and
TUFT1 mRNA was observed in DDP-resistant tumor sam-
ples (Fig. 6J). Consistently, TUFT1 protein levels showed
an upregulation trend in DDP-resistant tumor samples and
cell lines compared to controls (Fig. 6K and L). Collectively,
TUFT]1 acted as a target of miR-485-5p.
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ANOVA). C, D, E, F, G Evaluation of cell viability, proliferation,
colony formation, apoptosis, and migration in DDP-resistant cells
was performed (two-way ANOVA). H and I Relative protein levels
of MRP1 and cleaved-caspase-3 in DDP-resistant cells (two-way

ANOVA). “P<0.01, " P<0.001, and “*"P <0.0001

miR-485-5p Elevated Cervical Cancer Cell Sensitivity
to DDP Via Targeting TUFT1

To validate whether miR-485-5p-mediated functional
effects depend specifically on TUFT1, DDP-resistant cells
were co-transfected with miR-485-5p mimic and TUFT1
overexpression plasmid. miR-485-5p mimic repressed
TUFT1 protein levels in DDP-resistant cells, but this effect
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Fig.6 Identification of the targeting relationship between miR-
485-5p and TUFT1. A Sequence alignment of the miR-485-5p and
TUFT1 3'-UTR-binding sites. B and C Relative luciferase activi-
ties in DDP-resistant cells co-transfected with miR-485-5p mimic or
miR-NC and WT-TUFT1 3'UTR or MUT-TUFT1 3'UTR (two-way
ANOVA). D and E RT-qPCR analysis of miR-485-5p and TUFT1
mRNA levels in DDP-resistant cells using an antibody against Ago2
or IgG (two-way ANOVA). F, G, H Expression of TUFT1 mRNA

was weakened after introduction of the TUFT1 overex-
pression plasmid (Fig. 7A). Additionally, miR-485-5p
mimic caused a decrease in ICs value, viability, prolifera-
tion, and colony formation, an increase in apoptosis rate,
and a reduction in migration distance in DDP-resistant
cells, but these changes were partially overturned after
TUFT1 overexpression (Fig. 7B-G). Furthermore, miR-
485-5p overexpression elevated cleaved-caspase-3 protein
levels and reduced MRP1 protein levels, but these effects
were impaired by TUFT1 upregulation (Fig. 7H and I).
Collectively, miR-485-5p decreased cervical cancer cell
sensitivity to DDP via targeting TUFTI.

Circ_0074269 Mediated TUFT1 Expression Through
Sponging miR-485-5p

We then determined whether circ_0074269 could act as an
endogenous miR-485-5p sponge to regulate TUFT1 expres-
sion. As shown in Fig. 8 A and B, circ_0074269 knockdown
resulted in a decrease in TUFT1 mRNA and protein levels

{s]

- Sensitive Resistant é;\ ’?} qg- é;\ e,‘b Qg-
on RS \00 R
o A O 'b
2 &
< A

in the primary tumor and individual cancer stages of CESC in the
TCGA database. I The TUFT1 mRNA levels in DDP-resistant/-sen-
sitive cervical cancer samples (unpaired Student’s #-test). J Correla-
tion of TUFT1 mRNA and miR-485-5p expression in DDP-resist-
ant cervical cancer samples. K and L The TUFT1 protein levels in
DDP-resistant cervical cancer samples (K, unpaired Student’s z-test)
and DDP-resistant cells (L, one-way ANOVA). “P<0.05, “P<0.01,
"P<0.001, and *"*P <0.0001

in DDP-resistant cells, but the decrease in TUFT1 mRNA
and protein levels caused by circ_0074269 knockdown
was attenuated by miR-485-5p silencing, manifesting that
circ_0074269 regulated TUFT1 expression through acting
as an endogenous miR-485-5p sponge.

Exosomes were Involved in the Transport
of circ_0074269

Tumor cell-derived exosomes have been reported to
participate in drug resistance [29]. Thus, we explored
whether circ_0074269 could be transported via exosomes.
Ultracentrifugation was carried out to isolate exosomes
from the culture medium used to incubate DDP-resistant
cervical cancer cells. TEM analysis showed that the sepa-
rated exosomes had a round appearance (Fig. 9A). And
the isolated pellets were determined to be exosomes by
detecting the exosomal markers CD63 and CD9 (Fig. 9B).
NTA showed that the size of the isolated exosomes
ranged from 30 to 160 nm (Fig. 9C). Relative levels of

@ Springer



2246

Reproductive Sciences (2022) 29:2236-2250

TUFTY e e e

: RNC C .
LNy o Ty p———— B iR 456-5p 0 mRae
I miRNC B miR-485-5p+pcDNA 3 miR485-5p+pcDNA
B miR-485-5p 50, MiR-485-5p+TUFT1 1501 MiR-485-5p+TUFT1
1513 miR-485-5p+pcDNA = phuds 1
£ |E3 miR485-5p+TUFT1 Kokk
- 9 ke Kk § 404 Fkkx M ) *kkk ek
E 8 1 Hekeke g KKk < *% — -
5 10, o ' s 2 30, 2 1001 i
o b
o X [a] .8
>0 o 204 |
® .S 0.5 ‘S E 50
T3 2 10 ©
o g S S
0.0 : 0 o 0 . .
CaSki/DDP-R  HelLa/DDP-R CaSki/DDP-R  Hela/DDP-R CaSki/DDP-R  HelLa/DDP-R
=1 miR-NC !
D =3 miR-NC E Bl miR-485-5p F L1 miR-NC
Bl miR-485-5p 1 miR-485-5p+pcDNA E “‘!Ejgg'gh DNA
1 miR-485-5p+pcDNA 3 miR-485-5p+TUFT] = e _485:53+ T
=1 miR-485-5p+TUFTA L — 5 Liww o
3 50 1 I - ek o o .fmk' 3 I |2| [ |
< — c — & 204
7 101 — i % ool =20 — { T
T o B 45
o 301 ] 2 T l
2 5 50 8 10-
= 204 o 1 -
o £ g 5 as e
2 10 3 S 7]
) z <
3 0 , 0 ' r
0 . . CaSki/DDP-R  HeLa/DDP-R CaSki/DDP-R  HeLa/DDP-R
CaSki/DDP-R HeLa/DDP-R
Cleaved Cleaved
— — — —
-caspase-3 - -caspase-3 - e
MRP1 S s s= o MRP/| S s s -
1 miR-NC ; R — | g~
G Bl miR-485-5p H cAPDH “.. | GAPDH -— - - -
5 [ miR-485-5p+pcDNA c g N
iR-485-5p+TUFT1 6 N
Zrs B m p 3 261 CaSki/DDP-R 25 s sng VDOPR
Fkkk i i
x utid g 20 P 2 204
o *k - g 3
© 1.0
c [ ) )
5 c 151 c 151 -
E T *% * D —i *%
k-] © 1.0 1 0 1.04 U
c 051 5 g
=]
2 g 0.54 2 054 . rl
1 - -
E’o.o . 200 , 3 00 . r
CaSki/DDP-R HelLa/DDP-R x Cleaved-caspase-3 MRP1 x Cleaved-caspase-3 MRP1
1 miR-NC 1 miR-NC
Bl miR-485-5p Bl miR485-5p

[ miR-485-5p+pcDNA
[ miR-485-5p+TUFT1

Fig.7 miR-485-5p targeted TUFT1 to mediate cervical cancer cell
sensitivity to DDP. A, B, C, D, E, F, G, H, I DDP-resistant cells
were transfected with miR-NC, miR-485-5p, miR-485-5p+pcDNA,
and miR-485-5p+TUFT1. A Analysis of TUFTI protein levels in
DDP-resistant cells (two-way ANOVA). B, C, D, E, F, G The ICs,

circ_0074269 in exosomes from DDP-resistant cervical
cancer cells and their parental cells were detected, and
the results exhibited that circ_0074269 expression was
higher in exosomes from cervical cancer cells (relative to
Ect1/E6E7 cells) and DDP-resistant cervical cancer cells
(relative to their parental cells) (Fig. 9D). We then incu-
bated cervical cancer cells with exosomes derived from
DDP-resistant cervical cancer cells, and an elevation in
circ_0074269 expression was obtained in cervical cancer
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viability, proliferation, colony formation, apoptosis, and migration
of DDP-resistant cells were evaluated (two-way ANOVA). H and I
Detection of cleaved-caspase-3 and MRP1 protein levels in DDP-
resistant cells (two-way ANOVA). “P<0.05, “P<0.01, P <0.001,
and """P<0.0001

cells after incubation with exosomes (Fig. 9E). In addi-
tion, circ_0074269 expression in exosomes from DDP-
resistant cervical cancer cells with GW4869 treatment
was lower than that in exosomes from DDP-resistant cer-
vical cancer cells with DMSO treatment, indicating that
circ_0074269 existed in exosomes derived from DDP-
resistant cervical cancer cells (Fig. 9F). These results
manifested that circ_0074269 could be delivered in cervi-
cal cancer cells via exosomes.
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Discussion treatment. Our results were consistent with the published

Most patients are prone to developing acquired DDP resist-
ance, which is a huge obstacle encountered in cervical can-
cer treatment [30]. In recent years, several circRNAs have
been confirmed to be associated with chemoresistance in
different cancers, including cervical cancer [31]. So far, the
mechanisms by which circRNAs mediate cervical cancer
resistance to DDP resistance are unclear.

Our data verified the upregulation of circ_0074269 in
DDP-resistant cervical cancer samples and cells. In xeno-
graft models, circ_0074269 silencing decreased tumor
growth and elevated DDP sensitivity. In vitro functional
experiments uncovered that circ_0074269 knockdown
reduced DDP resistance, repressed proliferation and migra-
tion, as well as induced apoptosis of DDP-resistant cervical
cancer cells. These findings manifested that circ_0074269
might be a key node of cervical cancer intervention

article that circ_00742609 silencing reduced cervical cancer
cell proliferation and induced cervical cancer cell apoptosis
[15]. In contrast, circ_0074269 was overtly low-expressed in
hepatocellular cancer samples and cells, and circ_0074269
overexpression curbed cell growth in vitro and xenograft
models, which might be related to the tissue-specific expres-
sion of circ_0074269.

The miRNA sponge function of circRNAs has been
well demonstrated in tumorigenesis [32]. Herein,
circ_0074269 preferred to locate in the cytoplasm
of DDP-resistant cervical cancer cells, implying that
circ_0074269 might function as a miRNA sponge. After
bioinformatics analysis, circ_0074269 was identified as
a potential sponge for miR-485-5p, which was reported
to play a tumor-inhibiting role in cervical cancer [33-35].
Also, miR-485-5p silencing weakened circ_0074269
knockdown-mediated effects on DDP resistance,
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Fig.9 Circ_0074269 could be delivered via exosomes. A TEM
analysis of the morphology of separated exosomes. B The exosomal
markers CD63 and CD9 were detected by western blotting. C NTA
showing the size and number of isolated exosomes. D Relative lev-
els of circ_0074269 in exosomes from cervical cancer cells (relative
to Ectl/E6E7 cells) and DDP-resistant cervical cancer cells (rela-

illustrating that circ_0074269 regulated DDP resistance
via miR-485-5p in cervical cancer.

Furthermore, TUFT1 was validated as a miR-485-5p
target. TUFT1 exhibits an oncogenic role in tumor pro-
gression [36-38]. Our results were consistent with Luo
et al.’s report showing that TUFT1 was overexpressed in
DDP-resistant cervical cancer cells [25]. Herein, TUFT1
upregulation impaired miR-485-5p mimic-mediated effects
on DDP resistance, manifesting that miR-485-5p mediated
DDP resistance through TUFT]1 in cervical cancer. Nota-
bly, circ_0074269 could act as a ceRNA to regulate TUFT1
expression through adsorbing miR-485-5p. Accordingly, we
inferred that circ_0074269 sponged miR-485-5p to elevate
TUFT1 expression, thus promoting DDP resistance in cervi-
cal cancer.

Exosomes, tiny extracellular vesicles secreted by differ-
ent types of cells, play a vital role in cell-to-cell communi-
cation [39]. Researchers found that circRNAs are enriched
and stable in exosomes, and circRNAs can participate in
tumor resistance through exosomes [40-42]. More strik-
ingly, we discovered that circ_0074269 was also overex-
pressed in exosomes from DDP-resistant cervical cancer
cells, and circ_0074269 expression was higher in cervical
cancer cells after co-incubation with exosomes from DDP-
resistant cervical cancer cells, indicating that circ_0074269
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tive to their parental cells) (one-way ANOVA). E Relative levels of
circ_0074269 in cervical cancer cells treated with exosomes from
DDP-resistant cervical cancer cells or PBS (two-way ANOVA). F
Relative levels of circ_0074269 in exosomes from DDP-resistant
cervical cancer cells with GW4869 or DMSO treatment (two-way
ANOVA). “P<0.01, ™ P<0.001, and P <0.0001

could be delivered via exosomes. Thus, we concluded that
circ_0074269 could regulate DDP resistance in cervical
cancer via exosomes. Unfortunately, we have not further
explored whether exosomal circ_0074269 is involved in
DDP resistance in cervical cancer, which can be explored
in depth in the future.

In conclusion, circ_0074269 promoted DDP resist-
ance via upregulating TUFT1 via sponging miR-485-5p in
cervical cancer. We reported a new mechanism by which
circ_0074269 decreased DDP sensitivity, contributing new
evidence to support circ_0074269 as a treatment target for
cervical cancer.
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