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Circular RNA circ_0067934 functions as an
oncogene in breast cancer by targeting Mcl-1
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Abstract. — OBJECTIVE: Breast cancer (BC)
is one of the most ordinary malignant tumors.
Recent studies have revealed that long noncod-
ing RNAs (IncRNAs) play an important role in the
progression of tumorigenesis. This work aims to
identify how circ_0067934 functions in the pro-
gression of BC.

PATIENTS AND METHODS: Circ_0067934 ex-
pression of both 57 paired BC patients’ tis-
sue samples and cells was detected by Re-
al Time-quantitative Polymerase Chain re-
action (RT-qPCR). Moreover, the function of
circ_0067934 was identified by performing pro-
liferation assay, colony formation assay, cell cy-
cle assay, and Ethynyl deoxyuridine (EdU) incor-
poration assay in vitro. Besides, the underlying
mechanism was explored through Western blot
assay and RT-qPCR.

RESULTS: In this study, circ_0067934 expres-
sion was significantly higher in BC tissues w
compared with that in adjacent non-tumor
ples. Cell proliferation in BC was inhibit
ter knockdown of circ_0067934 in vitro.
over, cell cycle in BC was regulated a
down of circ_0067934 in vitro. Re

CONCLUSIONS: Our
circ_0067934 enhances
regulates BC cell cycl
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C) remains a threat to women
one of the dominating reasons
of cancer-rfated mortality in both in China
and the world'. Although screening techniques
have improved a lot and a higher prevalence of
risk factors have been well-established in recent
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years, the morbidity of BC is notably rising?. It
has been estimated that 246,660 new cases were
diagnosed with BC and 40,450 cz

with the 5-year
Thus, it is very §

sonalized medi-

high-throughput se-
ircRNAs (Circular RNAs)
been widely ored as new stars. Formed
closed loop, circRNAs has been
an important role in various dis-
g tumorigenesis. For example, by
the expression of TPX2 via restraining
75, hsa circRNA 101996 promotes cell
eration and invasion in cervical cancer’.
Upregulation of hsa circ 100395 significantly
inhibits cell proliferation and reduces cell mi-
gration and invasion in lung cancer by targeting
TCF21°. CircRNA 100269 is downregulated in
GC which inhibits cell growth in gastric cancer
tumor via targeting miR-6307. The down-regu-
lation of circ HIPK3 inhibits cell proliferation
and cell invasion in osteosarcoma which may be
a potential biomarker and therapeutic target of
osteosarcoma®.

Our research demonstrated that circ_0067934
was remarkably upregulated in BC tissues and cell
lines. Moreover, the knockdown of circ_0067934
inhibited the proliferation of BC in vitro. The
knockdown of circ_0067934 also regulated cell
cycle of BC in vitro. Furthemore, we found that
the function of circ 0067934 in BC was also
associated with the promotion of Myeloid cell
leukemia-1 (MCL-1), which was reported to be
an oncogene in BC.
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Patients and Methods

Tissue Specimens

57 paired tumor tissues and adjacent non-tu-
mor tissues were sequentially gathered from BC
patients who underwent surgery at the Shanxi
Provincial People’s Hospital. All cases were diag-
nosed with BC by two independent pathologists
without any controversy. This investigation was
approved by the Ethics Committee of Shanxi
Provincial People’s Hospital. Signed written in-
formed consents were obtained from all partici-
pants before the study.

Cell Culture

Human BC cell lines (MCF-7, LCC9, T-47D,
SKBR3) and normal human breast cell line
(MCF-10A) were purchased from the Shanghai
Cell Biochemical Institute (Shanghai, China). The
culture medium consisted of 10% fetal bovine
serum (FBS; Life Technologies, Gaithersburg,
MD, USA), Dulbecco’s Modified Eagle’s Medium
(DMEM), as well as 1% penicillin/streptomcin
(Sigma-Aldrich, St. Louis, MO, USA). B
cells were cultured in an incubator contai
CO, at 37°C.

Cell Transfection

After BC cells were cultured fg
plates, cells were transfected
nucleotides specifically targ
(shRNA) and control (Ge
China) using Lipofecta
Carlsbad, CA, USA). T

Shiga, Japan)
complementary
As) through the

es used for RT-qPCR
8657934 forward: 5-TAG-
and  reverse:
CATTCCC-3"; glyceral-
bate dehydrogenase (GAPDH),
CGTCAAGGCTGAGAAC-3'
"TGGTGAAGACGCCAGTG-

forward:
and reverse:

9500

GA-3". PCR was performed t
lowing sequence: pre-dena
min, followed by 40 cycle
for 30 s, and 72°C for 3(
utilized to calculate the T8

Cell Viability

96-well plate
Kit-8 assay,
nologies,
to monit,

cells were placed in a 6-well plate for
days. Then cglonies were treated with 10%
aldehyde fi min and stained for 5Smin
0.5% cr violet. The Image-Pro Plus
, MD, USA) was used for data

| Deoxyuridine (EdU)

tion Assay

it (Roche, Mannheim, Germany) was
ed for detecting cell proliferation of transfected
ells. The representative photograph was taken
Zeiss Axiophot Photomicroscope (Carl Zeiss,
erkochen, Germany).

Cell Cycle Assay

RNase A solution (250 pug/mL) was used to
treat BC cells (2x10°) in 90% methanol solution
for 30 minutes at 37°C. Following were incubated
with propidium iodide (PI) for another 15 min.
FlowJo software (FACSCalibur; BD Biosciences,
Detroit, M1, USA) was used to detect cell cycle.

Western Blot Analysis

Cell samples were washed with precooled
phosphate buffered saline (PBS) and then lysed
with cell lysis solution (RIPA; Beyotime, Shang-
hai, China). Protein concentration was detected
using bicinchoninic acid (BCA; Thermo Fisher
Scientific Inc., Waltham, MA, USA). The proteins
were transferred on to a polyvinylidene difluoride
(PVDF) membranes (Millipore, Billerica, MA,
USA), blocked in Tris-Buffered Saline and Tween
(TBST) (25 mM Tris, 140 mM NacCl, and 0.1%
Tween 20, pH 7.5) containing 5% skimmed milk
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and incubated for 2 h. The proteins were incu-
bated with the primary antibody of Mcl-1 and
GAPDH (Abcam Inc., Cambridge, MA, USA) at
4°C overnight. After being washed (3x10 min)
with TBST, the secondary antibody was added
and incubated at room temperature for 1 h. The
results were analyzed by Image J software (NIH,
Bethesda, MD, USA).

Statistical Analysis

All statistical analyses were performed by Sta-
tistical Product and Service Solutions (SPSS)
21.0 (IBM Corp., Armonk, NY, USA). Inde-
pendent-sample #-test was used to compare the
difference between the two groups. Moreover,
p<0.05 was considered to indicate a statistically
significant difference.

Results

Expression Level of Circ_0067934 in

Tissues and Cells of BC
RT-qPCR  was conducted for

circ_0067934 expression in 57 patients’

tumor tissue samples than that in adjacent
sues (Figure 1A). Moreover, its expression

breast cell line (MCF-10A) wa

Compared with the expressio
circ_0067934 level was sigg

velopment.

Knockdown of Circ_006
Cell Viability in BC Cel,

Then RT-qPCR was ut
circ_0067934 expredn

plore how circ_0
of BC cells, CC

2C, circ_006
viability of

rc_0067934 affected cell cy-
tion of BC cells, cell cycle as-
were performed. As shown in
3B, the percentage of GO/G1 cells
was increased and the percentage of S cells was
after the knockdown of circ 0067934
and SKBR3 cells. EdU positive cells
ced after knockdown of circ 0067934
CF-7 and SKBR3 cells (Figure 3C).

jrc_0067934 Knockdown Inhibited

cl-1 in BC

Previous studies have reported that the key
regulator Mcl-1, promotes cell proliferation in
many cancers including BC. In our work, the
interaction between Mcl-1 and circ 0067934
was studied. We found that circ_ 0067934 knock-
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ggested that circRNAs are

crucial regula in carcinogenesis of BC. For
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1.5

—— control

. A, Circ_0067934 expression in BC cells transfected with
. GAPDH was used as an internal control. B, CCK-8 assay
1 viability in MCF-7 cells. C, CCK-8 assay showed that
n SKBR3 cells. D, Number of colonies was remarkably
nification: 40x). The results represent the average of three

p<0.05, as compared with the control cells.

instance, the up-regulation of circ-ITCH inhibits
cell proliferation and cell metastasis in triple-neg-
ative breast cancer by regulating the Wnt/p-cat-
enin pathway’. Overexpression of CircRNA
BARDI inhibits the progression of BC through
the miR-3942/BARDI axis'’. The knockdown of
circRNACER restrains cell proliferation and cell
migration in BC via modulating the activity of
miR136/MMP13 signaling". By sponging miR-
1271, circ-ABCBI10 promotes the tumorigenesis
of BC through enhancing cell proliferation and
inducing cell apoptosis'?.

Recently, circ 0067934 has been screened
as a new topic in several cancers. For exam-
ple, through the modulation of miR-1324/FZD5/
Wnt/B-catenin axis, circ_0067934 facilitates tu-
mor growth and cell metastasis in hepatocellu-
lar carcinoma®®. Circ_ 0067934 functions as an
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Figure 3. Knockdown of circ_0067934
that the percentage of GO/G1 cells w
showed that the percentage of GO/G,
showed that EDU positive cells
results represent the average of t
with the control cells.

oncogene in cervic
miR-545/EIF3C
expressed in no
promotes cell
prognosis'.

as observed be-
and tumor stage,
Furthermore, after
down, the ability of
and invasion were sup-

circ_0067934, ®oinformatics analysis and ex-

ibited BC cell proliferation. A, Cell cycle assay showed
n of circ_0067934 in MCF-7 cells. B, Cell cycle assay
ockdown of circ_0067934 in SKBR3 cells. C, Edu assay
wn of circ_0067934 in BC cells (magnification: 40%). The

s (mean + standard error of the mean). *p<0.05, as compared

periments were performed. We discovered that
the expression of MCL-1 was positively cor-
related with circ_0067934 in BC tissues. MCL-
1 is a potent survival factor for both normal and
malignant tissues which functions as a critical
anti-apoptotic protein. Mcl-1 is an important
contributor to bromodomains and extra-termi-
nal inhibitors resistance in hepatocellular car-
cinoma's. Overexpression of Mcl-1 facilitates
the progression of lung cancer by suppressing
cell apoptosis’’. By the regulation of Mcl-I,
miR-320 inhibits the progression in cervical
cancer which may offer a potential biomark-
er and therapeutic target for cervical cancer
patient'®. The downregulation of MCL-1 caus-
es mitochondrial stress and induces autopha-
gy-dependent necroptosis in oral cancer cells".
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MCL-1 in BC. A, RT-qPCR results showed that MCL-1 expression was
red to control group. B, Western blot results showed that MCL-1 expression

issues. The results represent the average of three independent experiments. Data are
f the mean. *p<0.05.

Conclusions

It has been found that circ 0067934 could
enhance BC cell proliferation and regulate the
cell cycle by upregulating MCL-1. These find-
ings implied that circ_0067934 could serve as a
promising marker for BC.
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