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Purpose: circHIPK3 has carcinogenic or anti-tumor effects on different cancers. However,
there is no relevant research showing whether circHIPK3 was involved in breast cancer
(BCa). In this research, the aim was to analyze the function and possible molecular
mechanism of circHIPK3 in BCa.

Methods: The expression of circHIPK3 in human BCa tissues and cells was detected by
real-time quantitative PCR (RT-qPCR). CircInteractome and dual-luciferase assays were
performed to detect circRNA-miRNA targeting relationship. Ribonuclease R treatment, RT-
qPCR, Western blot and immunohistochemistry were performed to determine the stability,
expressions, abundance of target genes. Loss-of-function or gain-of-function experiments
were used to analyze the effects of circHIPK3 and miR-326 on BCa in vivo and in vitro. In
vitro, MCF7 and BT20 cells were transfected with circHIPK3 or sicircHIPK3 or miR-326
mimic; in vivo, female BALB/c mice were subcutaneously injected with MCF7 cells
(transfected with CirchipK3 or miR-326 mimic) to establish xenograft models.

Results: The circular structure of circHIPK3 was abundantly expressed in the cytoplasm
and was up-regulated in BCa. Silenced circHIPK3 suppressed malignant phenotype of BCa
cells. MiR-326 interacted with circHIPK3 and the two were negatively correlated.
Overexpressed circHIPK3 promoted cell viability, proliferation, migration and invasion,
but inhibited apoptosis. Moreover, overexpressed circHIPK3 promoted the expressions of
EMT-related genes and antiapoptotic genes, but inhibited proapoptotic gene expressions.
Overexpressed circHIPK3 promoted tumor growth and Ki-67 levels, inhibited apoptosis
in vivo. The above mentioned effects of circHIPK3 were reversed by miR-326 in vitro or
in vivo.

Conclusion: circHIPK3 promoted proliferation, migration and invasion of BCa cells
through regulating miR-326.
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Introduction

Lung cancer, breast cancer (BCa) and colon cancer are the three most common
tumors in women.! The number of BCa deaths reached 41,760 cases, accounting for
15% of the cancer-related death in 2019, and its 5-year relative survival rate was
90%." Surgery is currently the main treatment for BCa, but BCa is metastatic and
aggressive, and patients are prone to relapse again.” In addition, the prognosis of
patients is largely difficult to predict, due to the complex pathogenesis of BCa.>*
Therefore, studying the molecular mechanism of BCa progression and developing
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novel early diagnostic biomarkers and therapeutic targets
are of great significance for an effective treatment of BCa.

The discovery of circRNA changed the traditional cog-
nitive view of non-coding RNA encoding protein in the
body.” Previous studies have noted that the importance of
circRNAs in various physiological and pathological
processes.’ In practice, Ma et al found that circRNA-
0000284 can interact with miR-506 to regulate the prolif-
eration and invasion of cervical cancer cells.” Zhang et al
found that the expression level of circ 101222 is signifi-
cantly different between preeclampsia women and normal
women.® Currently, a large number of studies have found
that circRNA is involved in regulating the molecular char-
acteristics of BCa and the clinical manifestations of BCa
patients.” Zheng et al detected at least 27,000 circRNAs
including circHIPK3 and differentially expressed genes
from normal tissues and BCa tissues.'® In addition, they
pointed out that circHIPK3 was found to directly bind to
miR-124 and inhibit miR-124 activity.'” The expression of
circIRAK3 is upregulated in metastatic BCa cells and can
promote the migration and invasion of BCa cells;
circlRAK3 combines with miRNA-3607 to upregulate
the expression of forkhead box Cl1, thereby promoting
the metastasis of BCa cells in vivo."'

CircHIPK3 (hsa_circ_0000284) is widely distribu-
ted, 12,13

A number of studies proved that circHIPK3 has carci-

rich in content, and stable in structure.
nogenic or anti-tumor effects on different cancers such

as ovarian cancer, colorectal cancer and liver
cancer.'*'® Zhang et al pointed out that circHIPK3
knockdown can improve fibroblast-to-myofibroblast
transition and inhibit fibroblast proliferation by regulat-
ing miR-338-3p.'” However, whether circHIPK3 was
abnormally expressed in BCa was unclear. In this
investigation, the aim was to determine the expression,
mechanism  of

function and possible molecular

circHIPK3 in BCa.

Materials and Methods

Ethics Statement

BCa tissues and adjacent tissues (ANT) (n = 48) were
selected from Cancer Institute and Cancer Hospital,
Chinese Academy of Medical Sciences and Peking
Union Medical College from Jan. 2020 to Jul. 2020 and
were approved by the Ethics Committee of Cancer
Institute and Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College

(BL201912020). All patients had signed and provided
informed consent, and this was conducted in accordance
with the Declaration of Helsinki. The animal assays were
approved by the Institutional Animal Care and Use
Committee of Cancer Institute and Cancer Hospital,
Chinese Academy of Medical Sciences and Peking
Medical with
BN202001015. All animal experiments were performed

Union College, approval number:
in accordance with the guidelines of the China Council

on Animal Care and Use.

Cell Culture

Human normal mammary epithelial cell line MCF-10A (CRL-
10,317), and BCa cell lines MCF7 (HTB-22), SK-BR-3 (HTB-
30), BT549 (HTB-122), BT20 (HTB-19), MDA-MB-231
(HTB-26), and MDA-MB-453 (HTB-131) were cultured in
Dulbecco’s  Modified Eagle’s Medium (DMEM)
(PM150210A, Procell, China) with 10% Fetal Bovine Serum
(FBS, 164,210, Procell) at a 37°C, 5% CO, incubator
(SCO6WE-2, SHELLAB, USA). All cell lines were purchased
from American Type Culture Collection (ATCC, USA).

Ribonuclease R (RNase R) and

Actinomycin D Treatment

For RNase R resistance detection, total RNA of circHIPK3
and HIPK3 (2 pg) were incubated with 3U/ug RNase-R
(07250, Epicentre Technologies, USA) at 37°C for 30
minutes (min). For half-life detection, the cell medium
was added to 2 mg/mL Actinomycin D (129,935,
Millipore, USA) to block transcription. After treatment,
the expressions of circHIPK3 and HIPK3 were determined
by real-time quantitative PCR (RT-qPCR).

Transfection

Overexpressed circHIPK3 (circHIPK3), small interfering
RNAs (siRNAs) targeting circHIPK3 (sicircHIPK3) and
corresponding negative control (siNC or NC) recombinant
plasmids were obtained from Guangzhou GENESEED
company (China). CircHIPK3 junction site: GGTAC
TACAGGTATGGCCTCA. MiR-326 M,
miR10000756-1-5), and mimic  control (MC,
miR1N0000002-1-5) was obtained from RIBOBIO Co.,
Ltd. (Guangzhou, China). The Lipofectamine 3000
(L3000015, Invitrogen, USA) were employed to transfect
MCF7 or BT20 cells. Briefly, MCF7 or BT20 cells (1 x 10°)
were seeded into 6-well plate, and after cells reached 70%

mimic

confluence, cells transfection was  performed.
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Lipofectamine 3000 reagent was diluted with Opti-MEM
medium, and sicircHIPK3, siNC, circHIPK3, NC, miR-326
mimic and mimic control were diluted with Opti-MEM
medium. The two dilutions were then mixed in a 1:1 ratio
and incubated at room temperature for 5 min. The liposome
complex was then added to the cells and incubated at 37°C
for 2 days. Finally, the cells were collected for further
analysis.

RNA Isolation and RT-qPCR

Cytoplasmic & Nuclear RNA Purification Kit (NGB-
21,000, NorgenBiotek, Canada) was used in nuclear and
cytoplasmic RNA extraction. Total RNAs from BCa cells
or tissues were isolated using RNA Extraction Kit
(LS1040, Promega, USA). RT-PCR kit (T2240, Solarbio,
China) and miRcute Plus miRNA First-Strand cDNA Kit
(KR211-01, TTANGEN, Beijing, China) were employed to
generate cDNA. The TB Green Fast gPCR Mix (RR430A,
Takara, China) and miRcute Plus miRNA qPCR Kit
(SYBR Green) (FP411-02, TIANGEN, Beijing, China)
were used to perform RT-qPCR in ABI 7500 real-time
PCR system (Applied Biosystems, USA). The expressions
of target genes were calculated by the 27**“' method,'®
and GAPDH or U6 served as control. All the primer
sequences are listed in Table 1.

Cell Viability Assay

BCa cells (about 1x10*well) were incubated regularly for
24, 48 or 72 hours (h). Next, cell counting kit-8 (CCK-8)
reagents (10 pL) (HY-K0301, MedChemExpress, USA)
were added and incubated for 2 h. Thereafter, the OD
value at 450 nm was analyzed with an EnVision micro-
plate reader (PerkinElmer, USA).

Table | All Primers in This Study

Colony Formation Assay

BCa cells (1 x10%/well) were inoculated into 6-well plates
and incubated regularly for about 2 weeks. Thereafter, the
colonies were fixed with 4% paraformaldehyde (16,005,
Sigma-Aldrich, USA) for 15 min and stained with 0.1%
crystal violet (V5265, Sigma-Aldrich, USA) for 15 min.
Finally, the numbers of colonies were analyzed by a Nikon
ECLIPSE Ts2 microscope (Japan).

Wound-Healing Assay

BCa cells were transfected with sicircHIPK3, siNC,
circHIPK3, NC, miR-326 mimic and mimic control in
100 mm petri dish. After cell collection, the cell density
was adjusted to 5x10°/mL and seeded into 35 mm petri
dish and incubated regularly until approximately 90%
confluence. Then, a pipette tip was used to create
a straight line wound on cell layers. At 48 h after culture,
the cell images were analyzed with a microscope (magni-
fication x 100). Relative migration rate of cells was ana-
lyzed by Image J (version 1.48, National Institutes of
Health), relative migration rate = (0 h scratch width — 48
h scratch width)/0 h scratch width x 100%.

Transwell Assay

Firstly, the Transwell chamber (3422, Corning, USA) was
covered with Matrigel (YZ-356,234, Solarbio, China) to
form an artificially restructured basement membrane. Then,
the medium containing 10% FBS was added to the 24-well
plate. The Transwell chamber was placed in the 24-well plate,
and added with 100 pL of BCa cell suspensions (1 x 10° cells/
well). After 48 h, the chamber was taken out and the cells on
the inner surface of the filter were wiped off. Finally, the
invading cells were fixed by formaldehyde (F8775, Sigma-

ID Forward Sequence (5'-3") Reverse Sequence (5'-3")
circHIPK3 TTCAACATATCTACAATCTCGGT ACCATTCACATAGGTCCGT
HIPK3 TCACAAGTCTTGGTCTACCCA CACATAGGTCCGTGGATAGTTTC
E-Cadherin CGAGAGCTACACGTTCACGG GGGTGTCGAGGGAAAAATAGG
Vimentin GACGCCATCAACACCGAGTT CTTTGTCGTTGGTTAGCTGGT
N-Cadherin TTTGATGGAGGTCTCCTAACA GTTTAACACGTTGGAAATGTG
Bax CCCGAGAGGTCTTTTTCCGAG CCAGCCCATGATGGTTCTGAT
Bcl-2 GGTGGGGTCATGTGTGTGG CGGTTCAGGTACTCAGTCATCC
GAPDH CTGGGCTACACTGAGCACC AAGTGGTCGTTGAGGGCAATG
ué AGCCCGCACTCAGAACATC GCCACCAAGACAATCATCC
miR-326 CCCTTCCTCCAGGTCGTATC TATCCAGTGCGTGTCGTGG
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Aldrich, USA), stained with crystal violet, and ultimately
analyzed under a microscope (magnification x 250).

Flow Cytometry

Annexin V-FITC Apoptosis Detection Kit (CA1020) was
purchased from Solarbio (China). The pre-digested BCa
cells (1x10°/well) were mixed with 5 puL of Annexin
V-FITC for 10 min, followed by mixing with 5 pL of
propidium iodide staining solution for 5 min. Afterwards,
CytoFLEX flow cytometry (Beckman Coulter, USA) was
performed for the detection of cell apoptosis.

Bioinformatics Prediction and

Dual-Luciferase Assay

CircInteractome  (https://circinteractome.nia.nih.gov/) was
used to screen circHIPK3 targeted miRNAs (Supplementary
Table). Dual-luciferase assay was constructed for target gene

verification. The sequences of circHIPK3 containing wild-
type or mutant miR-326 binding sites (circHIPK3-WT or
circHIPK3-MUT) were synthesized and sub-cloned into
pmirGLO reporter plasmids (E1330, Promega, USA). BCa
cells were co-transfected with circHIPK3-WT or circHIPK3-
MUT, and with miR-326 inhibitor (miR20000756-1-5,
RIBOBIO, China) or inhibitor control (miR2N0000001-1-5,
RIBOBIO, China). After transfection for 48 h, dual-luciferase
activities were determined by TransGen Biotech luciferase
detection kit (FR201-01, China) and a GENios Pro plate
reader (Tecan, Switzerland).

RNA Immunoprecipitation (RIP) Assay
RIP assay was performed using the EZ-Magna RIP RNA-
Binding Protein Immunoprecipitation kit (17-701, Millipore,
USA), according to the manufacturer’s instructions. MCF7
and BT20 cells were lysed in complete RIP lysis buffer, and
then incubated with RIP buffer containing magnetic beads
conjugated with Anti-Ago2 antibody and normal negative
control IgG (Millipore) for 6 h at 4°C. circHIPK3 and miR-
326 enrichment in the precipitation were detected by RT-
qPCR assay.

Western Blot

Total protein extraction kit (BC3711, Solarbio, China) was
performed for extraction of total protein from BCa cells or
tumor tissues. The concentrations of total proteins were mea-
sured with BCA kit (P0011, Beyotime, China), and separated
with 10% SDS-PAGE gel. After that, the proteins were trans-
ferred onto the PVDF membrane (1600184, Bio-Rad, USA)

and then sealed for 2 h. Thereafter, the membranes were
incubated with corresponding primary antibodies at 4°C for
overnight, followed by incubation with secondary antibodies
at room temperature for 2 h. Subsequently, the bands were
visualized with BeyoECL Plus (P0018M, Beyotime) and ana-
lyzed with Image J 1.42 software (USA). Antibodies informa-
tion were listed in Table 2.

Tumorigenesis Assay
Thirty-two female BALB/c mice (4—6 weeks old, N000020)
were obtained from Nanjing Information Technology Center
of Gempharmatech (China). All the mice were raised in SPF-
level animal laboratory with 22-25°C and 55+5% humidity,
and provided with free access to food and water.

NC + MC, NC + M, circHIPK3+ MC, circHIPK3 +
M groups were transfected into MCF7 cells and prepared
into cell suspension (2x10°/mL) for use. Female BALB/c
mice were randomly divided into four groups (n = 3), and the
same amount of different groups of MCF7 cells were sub-
cutaneously injected into the mice to establish xenograft
models. Tumor formation was frequently observed. Then,
about four weeks later, the mice were euthanized (sodium
pentobarbital, 150 mg/kg, intraperitoneal, P3761, Sigma-
Aldrich, USA). Afterwards, the tumor was collected, and
the weight was calculated. Images were captured, and the
tumor tissues were quickly frozen or fixed for later use.

Immunohistochemistry (IHC)
Tumor paraffin sections were placed in a 60°C incubator
for 120 min to repair the tissue sections. The Ki-67

Table 2 All Antibodies Information and Sources in This Study

ID Catalog Company Molecular Dilution
Number (Country) Weight Ratio
Bcl-2 ab59348 Abcam (USA) 26 kDa 1/500
Bax ab32503 Abcam (USA) 2| kDa 1/1000
Cleaved ab2302 Abcam (USA) 17 kDa | pg/mL
Caspase-3
GAPDH ab8245 Abcam (USA) 36 kDa 1/500
E-Cadherin | ab40772 Abcam (USA) 97 kDa 1/10,000
N-Cadherin | ab18203 Abcam (USA) 130 kDa | ug/mL
Vimentin ab92547 Abcam (USA) 54 kDa 1/1000
Mouse IgG ab205719 Abcam (USA) 1/5000
Rabbit IgG ab205718 Abcam (USA) 1/5000
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Figure | CircHIPK3 had a strong RNase R resistance and was high-expressed in breast cancer (BCa) tissues and cells. (A) The expression of circHIPK3 in BCa tissues (n =
48) and ANT (n = 48) was determined by RT-qPCR. (B) The expression of circHIPK3 in BCa cells was determined by RT-qPCR. (C) Ribonuclease R (RNase R) was used to
treat MCF7 and BT20 cells to detect the RNase R resistance of circHIPK3 and HIPK3. (D) The expressions of circHIPK3 and HIPK3 in cytoplasm and nuclear of MCF7 and
BT20 cells were determined by RT-qPCR. Real-time quantitative PCR (RT-qPCR). Experiments were repeated in triplicates. GAPDH was set as control. “#P < 0.001 vs

AAA

adjacent tissue (ANT); **P < 0.01, P < 0.001 vs MCF-10A;

antibody (1/100, ab15580, Abcam, UK) was added onto
the tissue sections for 30 min, following by adding the
anti-Rabbit IgG (ab205718) for 30 min. The sections were
immersed in a methanol solution (721,964, Supelco, USA)
containing 10% hydrogen peroxide (323,381, Sigma-
Aldrich, USA) for 10 min, developed with
Diaminobenzidine (DAB) (D3939, Sigma-Aldrich) for 3
min, counterstained with hematoxylin (H3136, Sigma-
Aldrich) for 3 min. After that, the tissue sections were
dehydrated and made transparent, then sealed with
a neutral balsam (G8590, Solarbio, China), and ultimately
analyzed by a microscope (magnification x 200).

P < 0.001 vs RNase R-.

Data Analysis

SPSS19.0 software was used for statistical analysis.
Pearson was used to analyze the correlation between
miR-326 and circHIPK3 expression. The correlations
between the expression of circHIPK3 and clinicopatholo-
gical features of the patients was analyzed by Rank sum
and chi-square test. Quantitative data were expressed as
mean + standard deviation. Comparison between multiple
groups was performed by one-way analysis of variance
(one-way ANOVA), and comparison between two groups
was performed by Student ¢ test. P < 0.05 was
a statistically significant difference.
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Results
The Circular Structure of circHIPK3 Was
Abundantly Expressed in the Cytoplasm

and Was Frequently Up-Regulated in BCa
The data in Figure 1A and B indicated that circHIPK3 was
notably upregulated in BCa tissues and cells (P < 0.01). As
the expression of circHIPK3 was higher in BT20 and
MCF7 cells, the two cells were used in the subsequent
experiments (P < 0.001). After that, we treated the two
cells with RNase R, and found that circHIPK3 had strong
RNase R resistance (P < 0.001, Figure 1C). Additionally,
the abundance of circHIPK3, HIPK3 and GAPDH in the
cytoplasm was significantly higher than in the nucleus
(Figure 1D). In addition, the correlations between the
expression of circHIPK3 and clinicopathological features
of BCa patients was analyzed, and the result showed that
circHIPK3 expression was related to tumor size, lymph
node metastasis, and TNM stage (Table 3).

Silenced circHIPK3 Suppressed the

Malignant Phenotype of BCa Cells

We transfected siRNA-mediated circHIPK3 into BT20 and
MCEF7 cells, and found that the expression of circHIPK3 was
inhibited, but the expression of HIPK3 remained unchanged,
indicating that the transfected sicircHIPK3 only affected
circHIPK3 (P < 0.001, Figure 2A). Next, functional experi-
ments were performed to detect the effect of circHIPK3 on the
biological characteristics of BT20 and MCF7 cells. Cell via-
bility was reduced in the sicircHIPK3 group (P < 0.01, Figure
2B). Figure 2C and D showed that the number of cell clones
was memorably reduced in the sicircHIPK3 group (P <
0.001). In addition, sicircHIPK3 greatly inhibited the migra-
tion and invasion of BT20 and MCF7 cells (P < 0.001, Figure
2E-H).

miR-326 Interacted with circHIPK3 in
BCa

To clarify the mechanism of circHIPK3’s role in BCa, we
studied its downstream targets. The website prediction
sites between miR-326 and
circHIPK3 (Figure 3A). Subsequently, we co-transfected
miR-326 inhibitor and circHIPK3 wild-type or mutant fluor-
escent reporter plasmid into BCa cells, and found that miR-

results showed binding

326 inhibitor significantly increased the luciferase activity of
circHIPK3-WT group (P < 0.01, Figure 3B). RIP assay
showed that the enrichment of circHIPK3 and miR-326 in

Ago2 group was higher than that in IgG group (P < 0.001,
Figure 3C), indicating that circHIPK3 closely interacted
with miR-326. Next, we found that the expression of miR-
326 was greatly up-regulated in sicircHIPK3 (P < 0.001,
Figure 3D). Moreover, the expression of miR-326 in BCa
tissues was significantly down-regulated (P < 0.001, Figure
3E), and correlation analysis showed a clear negative rela-
tionship between miR-326 and circHIPK3 (» = —0.456, P =
0.001, Figure 3F).

The Effect of circHIPK3 on Cell Biological
Characteristics Was Reversed by
miR-326 in BCa Cells

To verify whether circHIPK3 regulated the malignant trans-
formation of BCa cells through sponging miR-326,
circHIPK3 overexpression plasmid and miR-326 mimic
were successfully transfected into BT20 and MCF7 cells.
As shown in Figure 4A, the expression of circHIPK3 was

Table 3 The Correlations Between the Expression of circHIPK3
and Clinicopathological Features of Breast Cancer Patients

Parameters Total circHIPK3 P value
(n=48) Expression
Low High
(n=24) (n=24)
Age (years) 0.771
<40 21 10 I
>40 27 14 13
Menopause 0.383
Yes 21 12
No 27 12 15
Tumor size (cm) 0.043
<2 22 15 8
>2 26 9 16
LN metastasis 0.042
Negative 14
Positive 10 17
TNM stage 0.044
| 10 4
1l 9 10
1] 5 10
Histological 0.438
grade
| 5 8
1l 12 10
1] 7 6

Abbreviation: LN, lymph node.
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Figure 2 Silencing circHIPK3 suppressed the malignant phenotype of breast cancer (BCa) cells. (A) The transfection rate of sicircHIPK3 into MCF7 and BT20 cells was
determined by RT-qPCR. (B) sicircHIPK3 inhibited the viability of BCa cells, as detected by CCK-8. (C and D) The effect of sicircHIPK3 on the proliferation of BCa cells was
determined by the clone formation assay. (E and F) Wound healing assay was used to detect the effect of sicircHIPK3 on BCa cell migration (magnification x 100). (G and H)
The invasion ability of BCa cells was detected by Transwell (magnification x 250). Experiments were repeated in triplicates. Cell counting kit-8 (CCK-8). “"P < 0.01, *"'P <

0.001 vs siNC.
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Figure 3 MiR-326 was negatively regulated by circHIPK3 and was down-regulated in breast cancer (BCa). (A) Circlnteractome predicted, (B) dual-luciferase analysis and
(C) RIP assay of the binding relationship between circHIPK3 and miR-326. (D) MCF7 and BT20 cells were transfected with sicircHIPK3, and RT-qPCR was used to determine
the expression of miR-326. (E) The expression of miR-326 in BCa tissues and adjacent tissues (n=48) was measured by RT-qPCR. (F) The correlation between miR-326 and
circHIPK3 expression was analyzed by Pearson. Experiments were repeated in triplicates. GAPDH or U6 was set as control. ##P < 0.001 vs ANT; **P < 0.01 vs IC; TP <

AAA

0.001 vs IgG; P < 0.001 vs siNC.

up-regulated by circHIPK3 and down-regulated by miR-326
mimic (P < 0.001, Figure 4A). The expression of miR-326
was up-regulated by miR-326 mimic and down-regulated by
circHIPK3, and miR-326 mimic could relieve the inhibition
of miR-326 by circHIPK3 (P < 0.001, Figure 4B). Next, we
observed that miR-326 mimic inhibited cell viability and
proliferation, migration and invasion, while circHIPK3 had

the opposite effect, and the promotive effect of circHIPK3
on the aforementioned effect was partially reversed by miR-
326 mimic (P < 0.05, Figure 4C and D, 5A-D).
Furthermore, circHIPK3 slowed down cell apoptosis and
miR-326 mimic-induced cell apoptosis, and the circHIPK3
+M group partially overturned miR-326 mimic or
circHIPK3 on cell apoptosis (P < 0.001, Figure SE and F).
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Figure 4 The effect of circHIPK3 on cell viability and proliferation of breast cancer (BCa) cells was reversed by miR-326. (A) The expression of circHIPK3 in NC
+ MC, circHIPK3+ MC, NC + M, circHIPK3 +M groups was determined by RT-qPCR. (B) The expression of miR-326 in NC + MC, circHIPK3+ MC, NC + M,
circHIPK3 +M groups was determined by RT-qPCR. (C) CCK-8 was constructed to detect the viability of BCa cells. (D) The cell proliferation was determined by

the clone formation assay. Each experiment was repeated three times independently. GAPDH or U6 was set as control. *P < 0.05, **P < 0.01, ***P < 0.001 vs NC

AAA

+ MC; P < 0.01,

miR-326 Mimic Partially Offset the Effects
of circHIPK3 on Apoptosis and
EMT-Related Proteins

The overexpression of circHIPK3 up-regulated the
expression of Bcl-2, inhibited the expression of cleaved
Caspase-3 and Bax, while the up-regulated miR-326
showed the opposite effect. In addition, miR-326
mimic partially counteracted the effect of circHIPK3
(P < 0.05, Figure 6A—C). EMT plays an important role
in the malignant progression of tumors; therefore, we
detected the of EMT-related genes.
Transfection of circHIPK3 overexpression plasmid pro-

expression

moted in the expression of N-Cadherin and Vimentin
and suppressed the expressions of E-Cadherin, and the
effect of circHIPK3 in EMT-related genes was partially
reversed by miR-326 mimic (P < 0.05, Figure 6D-F).

P < 0.001 vs circHIPK3+ MC; #P< 0.01, ##p < 0.001 vs NC + M.

CircHIPK3 Affected Tumor Growth and

Apoptosis in Mice by Sponging miR-326

According to Figure 7A and B, compared with NC
+MC, tumor size and weight were significantly reduced
in NC+M group but increased in
circHIPK3+MC  group. circHIPK3+M
group partially overturned the effects of miR-326
mimic or circHIPK3 on the growth of transplanted
tumors (P < 0.001). Then, we examined the expression
of apoptosis genes in tumor tissues, and found that

overexpressed circHIPK3 up-regulated the expression

significantly
Moreover,

of Bcl-2, inhibited the expressions of cleaved Caspase-
3 and Bax, while miR-326 mimic had the opposite
regulatory effect. Importantly, the regulatory function
of overexpressed circHIPK3 on apoptosis proteins was
reversed by miR-326 mimic (P < 0.05, Figure 7C-E).
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Figure 5 Overexpression of miR-326 partially offset the effect of circHIPK3 on cell migration, invasion and apoptosis of breast cancer (BCa). (A and B) Cell migration in
NC + MC, circHIPK3+ MC, NC + M, and circHIPK3 +M groups was determined by the wound-healing assay (magnification x 100). (C and D) The number of cell invasion in
each group was detected by Transwell (magnification x 250). (E and F) Flow cytometry was performed to detect cell apoptosis in each group at 48 h MCF7 and BT20 cells
transfected with circHIPK3 and miR-326 alone or combined. Each experiment was repeated three times independently. *P < 0.05, **P < 0.01, **P < 0.00] vs NC + MC;
P < 0.001 vs circHIPK3 + MC; *#P < 0.001 vs NC + M.
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Figure 6 Overexpression of miR-326 partially reversed the effect of circHIPK3 on apoptosis and epithelial-mesenchymal transition-related genes. (A—C) The expressions of
apoptosis-related genes (cleaved Caspase-3, Bcl-2 and Bax) in NC + MC, circHIPK3+ MC, NC + M, and circHIPK3 +M groups were detected by Western blot and RT-qPCR.
(D-F) The expressions of E-Cadherin, N-Cadherin and vimentin in NC + MC, circHIPK3+ MC, NC + M, and circHIPK3 +M groups were detected by Western blot and RT-
qPCR. Each experiment was repeated three times independently. GAPDH was set as control. *P < 0.05, **P < 0.01, #*P < 0,001 vs NC + MC; "P < 0.05, ""P < 0.01, """P <

0.001 vs circHIPK3 + MC; #P < 0.05, #P < 0.01, ##P < 0.001 vs NC + M.

Compared with NC+MC, circHIPK3 expression was
significantly up-regulated in circHIPK3+MC group and
NC+M  group.
circHIPK3 +M group partially overturned the function

significantly  down-regulated in

of miR-326 mimic or circHIPK3 (P < 0.001, Figure
8A). Inversely, miR-326 was inhibited by overex-
pressed circHIPK3 and promoted by miR-326 mimic,
and miR-326 mimic partially relieved the effect of
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Figure 7 MiR-326 partially overturned the function of circHIPK3 to promote tumor growth and regulate the expressions of apoptosis-related proteins. (A and B)
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ARA

independently. *P < 0.05, ***P < 0.001 vs NC + MC;

overexpressed circHIPK3 (P < 0.001, Figure 8B). In
addition, overexpressed circHIPK3 promoted the level
of Ki-67, while miR-326 mimic inhibited the level of
Ki-67. CircHIPK3 + M group partially overturned the
effect of circHIPK3 + MC group or NC + M group on
Ki-67 level (Figure 8C and D).

Discussion

The continuous in-depth research on the regulatory
mechanism of cancer has the research direction has
gradually shifted from coding RNAs to non-coding
RNAs.'"” The function and mechanism of non-coding
RNAs in cancer have been widely recognized in the
past ten years.’”?! CircRNAs play important roles in
the occurrence and development of BCa, and due to its
high conservation and tissue specificity, it has the poten-
tial to become tumor markers for screening BCa.” In

P < 0.001 vs circHIPK3 + MC; #P < 0.01, P < 0.001 vs NC + M.

this study, we found that circHIPK3 downregulation
attenuated BCa cell proliferation, migration, invasion
and EMT, and decelerated BCa tumor growth via upre-
gulating miR-326.

CircRNA has highly stable, conserved and tissue-
specific expression, and is a potential cancer
biomarker.*®> In this study, it was confirmed that
circHIPK3 was not easily degraded by RNase R and
the

Differentially expressed circRNA has been widely

was abundantly expressed in cytoplasm.

detected in cancer cells. For instance, Chen et al

found that the expression levels of circRNAs in normal

23

human endometrial cancer tissues were low.

Researchers screened 235 differentially expressed
circRNAs in BCa, and found that the differentially
expressed circTADA2As inhibited the malignant phe-
notype of BCa cells.”?* CircHIPK3 was abnormally
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Figure 8 CircHIPK3 affected the level of Ki-67 through sponging miR-326. (A and B) The expressions of circHIPK3 and miR-326 in tumor tissues of NC + MC, circHIPK3+
MC, NC + M, circHIPK3 + M groups were determined by RT-qPCR. (C and D) The levels of Ki-67 in tumor tissues of each group were detected by immunohistochemistry
(magnification x 200), and quantified the Ki-67 level. Each experiment was repeated three times independently. GAPDH or U6 was set as control. **P < 0.001 vs NC + MC;

AAA

P < 0.001 vs circHIPK3 + MC; ##P < 0,001 vs NC + M.

expressed in BCa samples and cell lines, suggesting
that circHIPK3 may be a new target for the diagnosis
of BCa.

Next, we studied the effect of circHIPK3 on cell bio-
logical functions by interfering  with
circHIPK3 and found that
circHIPK3 acted as an oncogene in BCa to promote cell

exogenously
in vitro and in vivo,

proliferation, EMT and reduce apoptosis, and accelerate
tumorigenesis. Our study was similar to that of Cai et al.”’
Their study in prostate cancer showed that circHIPK3
regulates the expression of ADAMI17 through miR-338-
3p and can accelerate the malignant progression of pros-
tate cancer.”” The latest research confirmed the findings of
our research,”® except that in their study the effect of
circHIPK3 was realized via miR-193a/HMGBI1/PI3K/
AKT axis.?® However, we found that miR-326 was also
targeted by circHIPK3 and the two were negatively
correlated.

Equally important, circRNA molecules are widely
involved in the translation and expression of proteins,

and they also have the functions of miRNA sponge
molecules and RNA binding protein.?” The overexpres-
sion of CDRIas can promote the proliferation, invasion
and migration of cervical cancer cells by inhibiting the
activity of miR-7 and up-regulating the expression of
FAK.?® We found that up-regulation of miR-326 can
counteract the effect of circHIPK3 on promoting the
of BCa, that
circHIPK3 can promote tumorigenesis and metastasis

malignant progression suggesting
in BCa by inhibiting the expression of miR-326.
A large amount of data showed that miR-326 was
a key mediator in the pathogenesis of many tumors
and can be a potential target for new cancer
therapies.”” For example, miR-326 expression is down-
regulated in colorectal cancer tissues, while that of its
downstream target NOBI is up-regulated; miR-326 can
inhibit the expression of NOBI1 to reduce the prolifera-
tion and metastasis of colorectal cancer cells.*

Studies have confirmed that miRNA expression profiles

are different in BCa and normal breast tissues, suggesting
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that miRNA and BCa are closely related.*' Theoretically, in
hepatocellular carcinoma cell lines and tissues, the expres-
sion of miR-326 is significantly down-regulated; miR-326
affects cell cycle progression and promotes apoptosis
through PDK1 to reduce the growth of hepatocellular carci-
noma cells and EMT phenotype and inhibit HCC cell
invasion.*” Tt has been reported that circ-TFF1 contributes
to breast cancer progression through targeting miR-326/
TFF1 signaling.>* miR-326 functions as a tumor suppressor
in breast cancer by inhibiting ErbB/PI3K pathway.** miR-
326 is low-expressed in human breast cancer tissues and cell
lines, and miR-326 inhibited breast cancer cell proliferation,
migration and invasion via targeting SOX12.> In our study,
the expression of miR-326 was down-regulated, and miR-
326 also inhibited cell growth, suggesting that miR-326 may
be a reliable therapeutic target. However, there is limitation
of this study, that is, the effect of circHIPK3 in multiple
models of each of the breast cancer subtypes should be
further studied. In addition, MCF7 and BT20 cell lines
have the higher levels of circHIPK3 in comparison with the
other BCa cell lines, this needs more experiments to explore
this problem.

Conclusion

To conclude, this research has explained the importance of
circHIPK3 in BCa. Mechanistically, circHIPK3 affects the
apoptosis pathway and EMT phenotype by targeting miR-
326 to promote the growth and metastasis of BCa tumors.
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