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Introduction: Circular RNAs (circRNAs), a new type of non-coding RNA, have been
demonstrated to play critical roles in the progression of various of malignant cancers.
However, the function of circRNAs in breast cancer is not clearly understood.

Methods: qPCR was used to evaluate the gene expression. Function studies including MTT,
transwell, wound healing and colony formation assay were performed to evaluate the
function of circPTCD?3 in breast cancer. Luciferase and RNA pull-down assays were used
to verify the interaction between circPTCD3 and miR-198. The xenograft model was
established to evaluate the function of circPTCD3 in vivo.

Results: In the present study, we identified a novel circRNA termed as circPTCD3 which
was indicated to be significantly up-regulated in breast cancer tissues and cell lines. The
results revealed that ectopic expression of circPTCD3 promoted the cell proliferation,
migration and colony formation ability of breast cancer cells. Constantly, silencing of
circPTCD3 inhibited those of breast cancer cells. Furthermore, we identified that
circPTCD3 was able to target miR-198 in breast cancer cell. miR-198 has the function of
inhibiting proliferation and migration of breast cancer cells which can be reversed by
circPTCD3.

Conclusion: Taken together, our findings for the first time identified a novel circRNA
(circPTCD3) and revealed its oncogenic role in breast cancer. Mechanically, we reported that
circPTCD3 served as a competing endogenous RNA (ceRNA) to sponge miR-198. These
findings provide insights into breast cancer progression and also potential new targets for
diagnosis or treatment of breast cancer.
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Introduction
Breast cancer (BC) is counted among the key causes leading to cancer death across
the globe, and is named as one of the most frequently found cancers in women
worldwide.' Despite considerable advances in both the therapy and diagnosis of
breast cancer, no effective treatment has been developed for such a type of
hormone-insensitive cancer.”® The currently available treatment for breast cancer
is considered challenging even now. Accordingly, the development of innovative
drugs for treating BC with high specificity and effect is required.

Circular RNAs (circRNAs) are an innovative class of the noncoding RNAs,
characterized by a covalently closed loop without 5'-3’ polyadenylated tails, which
are developed by backsplicing events.* Currently, circRNAs have been illustrated as
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highly conserved and abundant with high stability across
various species.” With numerous investigations underway,
circRNA was observed as differentially expressed in var-
ious of cancers, which include prostate cancer, breast
cancer and hepatocellular carcinoma.®® Also, they were
indicated as having involvement in a number of physiolo-
gical and pathophysiological processes including cell pro-
liferation, invasion, apoptosis and differentiation.

MicroRNAs (miRNAs) are small endogenous noncod-
ing RNAs capable of regulating the cell process by means
of binding to the specific target genes.” This binding has
the potential to inhibit translation or induce the degrada-
tion of target mRNAs. CircRNAs primarily sponge miRs
to exert an impact on not only the gene expression but also
biological functions.'’

In the current research work, we figured out an up-
regulated circular RNA hsa_circ_0055478 (circPTCD3) in
both breast cancer tissues and cell lines. The loss and gain
of function studies were carried out for the determination
of the effect of circPTCD3 on tumorigenesis of breast
cancer. Mechanistically, we predicted and verified the tar-
get miRNA of circPTCD3, which is miR-198. To summar-
ize, circ-PTCD3 works as an oncogene in breast cancer,
besides being likely to constitute a potential therapeutic
target for breast cancer.

Methods and Materials

Patients and Specimens

Twenty-four breast cancer tumor tissue samples and adja-
cent normal tissues were collected from Peking University
Third Hospital. The tissues were frozen in liquid nitrogen
immediately after excision and then stored in —80 °C. All
experimental procedures were approved by the Ethics
Committee of Peking University Third Hospital and in
accordance with the Declaration of Helsinki of the World
Medical Association. The written informed consent was
obtained from each patient.

Cell Culture

The normal breast cell line MCF-10a and breast cancer
cell lines (MCF-7, BT474, MDA-MB-231, SKBr-3) were
purchased from Chinese Academy of Sciences. The cultur-
ing of cells was carried out in RPMI-1640 medium sup-
plemented with 10% fetal bovine serum (FBS, Hyclone,
USA). Each cell line was cultured at 37°C with 5% CO2.
In addition, the cells were treated with the indicated con-
centration, whereas the control cells received an equivalent

amount of DMSO. The final concentration of DMSO is
below 0.1%.

Cell Transfection

miR-198 mimics and mimic control were synthesized by
GenePharma (Shanghai, China). CircPTCD3 overexpres-
sing vector (PLO-ciR/circPTCD3), siRNA for circPTCD3
(si-circPTCD3) and short hairpin RNA (shRNA) targeting
circPTCD3 (sh-circPTCD3) were purchased from Ribobio
(Guangzhou, China). Cells were seeded on six-well plates
at the density of 8x10°, followed by getting cultured in
RPMI-1640 without FBS at 37°C for 12 h prior to the
transfection. Cell transfection and co-transfection were
carried out with the use of Lipofectamine 2000
(Invitrogen, CA, USA) in accordance with the manufac-
turer’s instructions. 6 h following the transfection, the cell
culture medium was replaced with RPMI-1640 medium,
which was supplemented with 10% FBS. Cell lines stably
expressing circPTCD3 or sh-circPTCD3 were established
by selecting with G418 for 6 weeks.

MTT

Twenty-four hours following the transfection, cells were
collected and resuspended in culture medium, followed by
seeding on 96-well plates at a density of 1x10* cells/well.
Moreover, 10 pL. CCK-8 solution was added to each well
and incubated for another 2 h at 37°C. Absorbance at 490
nm was detected using a microplate Reader (Biorad, CA,
USA). Each sample was performed for at least 3 times.

Transwell Assay

Subsequent to the transfection, 1x10° of cells suspended in
200uL RPMI-1640 medium were seeded onto the upper
transwell chamber (Corning, NY, USA). Following 24
hours of incubation at 37°C, the cells on the surfaces of
lower chambers were fixed using 20% methanol followed
by staining with 1% crystal violet (Bicobio, Tianjin,
China). Eventually, the cell colonies were both photo-
graphed and counted.

Wound Healing Assay

Subsequent to the transfection, the cells were seeded onto
six-well plates followed by culturing in serum free med-
ium for a period of 24 hours. Thereafter, cell monolayers
were wounded using a 10uL pipette tip. After that, cells
were replaced with fresh medium and cultured at 37°C.
The pictures were taken 48 after the wounding for the
purpose of determining the wound-closing procedure.
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Colony Formation Assay

Following the transfection, the cells were seeded in 12-
well plates at the density of 100/well. Subsequent to the
incubation for 2 weeks, cells were fixed in 10% formalde-
hyde, together with staining with 1% crystal violet
(Beyotime, Shanghai, China). Images were photographed
under a microscope (Leica, Germany), besides counting
the colonies that contained more than 50 cells.

Xenograft Model

All the animal experimental procedures were approved by
the Ethics Committee of Peking University Third Hospital.
All animal procedures were performed in accordance with
institutional guidelines and approved by the Animal
Studies Committee of Peking University Third Hospital.
MCF-7 cells were harvested and resuspended in RPMI-
1640 medium. The nude mice were injected with a total
number of 3 x 10%100 pL cells subcutaneously at the
posterior flank. In addition, tumour size was monitored
through the measurement of the length (L) and width
(W) using callipers every 3 days. Following a period of
28 days, the tumours were excised out from the sacrificed
mice and weighed.

PCR

Total RNA was extracted with the use of TRIzol reagent
(Invitrogen, CA, USA) in accordance with the manufac-
turer’s instructions. Afterwards, RNA was reverse tran-
scribed to cDNA with the help of a PrimeScript RT
Reagent kit (Takara, Dalian, China). The real-time qPCR
analysis was carried out with the help of a SYBR-Green
PCR Master Mix (Thermo Fisher, MA, USA) in a 7900
PCR System (ABI, CA, USA). The use of GAPDH and
U6 was made as internal controls for the mRNA and
miRNA analysis, correspondingly. The relative expression
levels were assessed with the use of the 2-AACt metho-
dology. All of the reactions were carried out in triplicate.

Fluorescence in situ Hybridization (FISH)
Alexa Fluor 555-labeled circPTCD3 probes were designed
and synthesized by RiboBio (Guangzhou, China). FISH
experiment was carried out using a fluorescent in Situ
Hybridization Kit (RiboBio, Guangzhou, China). Then,
1x10° cells were seeded onto the slides and cultured for
a period of 24 h. Subsequent to fixing with 4% paraformalde-
hyde for 20 min, followed by the permeabilization with 0.5%
Triton X-100 for 10 min, the cells were cultured at 37°C

overnight. Eventually, the incubation of slides was carried
out with DAPI for the purpose of staining the cell nucleus
and observed under a fluorescence microscope (Leica,
Wetzlar, Germany).

RNA Pull Down

The biotin-labelled circPTCD3 and miR-198 probe and their
control probes were synthesized by Sangon Biotech
(Shanghai, China). In addition, the probe-coated beads
were generated through the co-incubation of the probe
with the streptavidin-coated beads (Invitrogen, CA, USA)
at 25°C for 2 h. Cells were gathered and incubated with
circPTCD3 probes overnight at 4°C. Following that, the
beads were eluted and the complex was purified with
TRIzol (Takara, Dalian, China). Afterwards, the abundance
of both circPTCD3 and miR-198 was analyzed by the qPCR.

IHC

The tumour tissues were fixed in 4% paraformaldehyde for
24 h, followed by dehydrating in a graded alcohol series
and embedding in paraffin. The tissues were cut into Sum
sections. The sections were deparaffinised, rehydrated with
a graded alcohol series and then incubated in 96°C with
0.01 mol/L sodium citrate buffer for the antigen retrieval.
Following the incubation in 5% H,O, for a period of 2 h,
the sections were incubated using anti-ki67 antibody over-
night at 4°C. Immunostaining was carried out with the use
of streptavidin—peroxidase and diaminobenzidine (DAB)
following the manufacturer’s instructions (Beyotime,
Shanghai, China). Eventually, the sections were not only
observed under a fluorescence microscope (Leica, Wetzlar,
Germany) but also imaged.

Luciferase Reporter Assay

Cells were co-transfected with miR-198 mimics or mimic
control along with pGL3 reporter vectors (Promega, CA,
USA) that contain the wild-type (Wt) or mutated (mut)
binding sequence of circPTCD3. Forty-eight hours following
the transfection, cells were gathered and analyzed with
a Dual-Luciferase Reporter Assay kit (Promega, CA,
USA). Luciferase activity was detected through the use of
a GloMax fluorescence reader (Promega, CA, USA). Renilla
luciferase activities were used as an internal control. Each of
the assays was carried out in a minimum of triplicate.

Statistics Analysis
The results are expressed as mean+ SD. Statistical ana-
lyses were performed using SPSS 19.0 software (IBM,
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NY, USA). Student’s ¢-test or one-way ANOVA were used
to assess the statistical significance. Pearson analysis was
carried out to assess the correlation. P<0.05 and was
considered statistically significant.

Results

The Expression of circPTCD3 Was
Elevated in Breast Cancer Tissues and
Cells

To explore the role of circPTCD3 in the progression of
breast cancer, we first figured out the mechanism of ring
formation. In accordance with the UCSC Genome Browser
Home, circPTCD3 is produced at the PTCD3 gene locus,
which contains exons 3-9. Subsequent to that, the head-to-
tail splicing junction of has circPTCD3 was verified by
means of the Sanger sequencing, as presented in Figure
1A. Breast cancer cells were treated with Actinomycin
D in order to inhibit the transcription after which the half-
life of circPTCD3 was assessed. The results shed light on
a longer half-life of circPTCD3 as compared with that of
linear PTCD3 (Figure 1B). Besides that, a specific probe
was designed and made to carry out the FISH experiment.
Figure 1C demonstrates that circPTCD3 located primarily

« chr2:86335622-86350885 —
GGAT GGCG
¢ back-splicing l
junction site
€6,66 [Ty ::sssssscss
, ,h\?\ ‘
( ) hsa_circ_0055478
\ v
DAPI circPTCD3 Merge

MCF-7

MDA-MB-231

in cytoplasm. As we know, circRNAs have much more
stability for their looped structure. Accordingly, for the
purpose of confirming the stability of circPTCD3, RNase
R was employed in the experiments. As the results sug-
gested, following the RNase R treatment, the linear forms
of PTCD3 showed an evident decline while no significant
change was observed in the level of circPTCD3, indicating
the high stability of circPTCD3 (Figure 1D). Then, we
detected the expression level of circPTCD3 with the use
of qPCR. The results illustrated that circPTCD3 was
remarkably up-regulated in the breast cancer tissues and
cells (Figure 1E and F).

CircPTCD3 Promoted the Proliferation

and Migration of Breast Cancer Cells

Due to the upregulated expression in breast cancer tissues
and cell lines, we speculated that circPTCD3 plays quite
a crucial role in the progression of breast cancer. The gain
and loss of function studies were carried out with the use of
overexpressing vector (PLO-ciR/circPTCD3) and siRNA for
circPTCD3 (si-circPTCD3). The gPCR analysis verified the
overexpression or knockdown efficiency of the PLO-ciR
/eircPTCD3or si-circPTCD3, correspondingly (Figure 2A).
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Figure | Hsa_circ_0055478 (circPTCD3) is upregulated in breast cancer specimens and cell lines. (A) Hsa_circ_0055478 also named as circPTCD3 was back-spliced by
exons 3-9 of PTCD3 gene as the black arrow showed. The existence of circPTCD3 were confirmed by sanger sequencing, the red arrow shows the head-to-tail splicing
junction site of circPTCD3. (B) After treatment with Actinomycin D, the amount of circular and linear PTCD3 from breast cancer cells were evaluated using qPCR. (C) FISH
assay with specific probe was performed to detect the expression and location of circPTCD3. (D) After RNase R treatment, the expression of linear and circular PTCD3
were detected using qPCR. Expression level of circPTCD3 was evaluated by qPCR in breast cancer tissues (E) and cell lines (F) compare to the adjacent normal tissues and
MCEF-10A cell. n=6, *P< 0.05, compared with the normal, mock, MCF-10A group correspondingly, **P< 0.01, compared with the normal.
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Figure 2 CircPTCD3 promoted the proliferation and migration of breast cancer cell. Breast cancer cells were transfected with overexpressing vector or siRNA for
circPTCD3 as well as their negative control respectively. (A) qPCR was used to evaluate the expression level of circPTCD3. (B) MTT was performed to detect the
proliferation of breast cancer cells in MCF-7 and MDA-MB-231. (C) Wound healing assay was carried out to evaluate the migration of breast cancer cells. (D) Transwell assay
was used to investigate the migration of the breast cancer cell. (E) Colony formation assay was performed to evaluate the colony formation ability of breast cancer cell. n=6,

*P< 0.05, compared with the si-nc group. “P< 0.05, compared with the vector group.

As the MTT results suggested, the circPTCD3 overexpres-
sion promoted cell proliferation while the circPTCD3 knock
down inhibited that of breast cancer cells (Figure 2B).
Furthermore, wound healing and transwell assay were car-
ried out for the evaluation of the migration ability of breast
cancer cells. As the results suggested, circPTCD3 overex-
pression reduced the migrated distance in the wound healing
assay as well as the migrated cell number in transwell assay.
On the contrary, the silencing of circPTCD3 lowered the
capability of breast cancer cells as compared with the siRNA
control group (Figure 2C and D). Colony formation was
further carried out for the confirmation of our speculation.
As expected, the circPTCD3 overexpression augmented the
colony formation capability, while silencing of circPTCD3
lowered it in breast cancer cells (Figure 2E).

CircPTCD3 Exerts Its Function by
Sponging miR-198

It is well known that circRNAs sponge miRNAs for regulat-
ing the downstream gene expression. We carried out the
bioinformatics analysis software, CircInteractome, aimed at
predicting the potential miRNA target of circPTCD3,

followed by selecting miR-198. Figure 3A demonstrates
the complementary base sequences between circPTCD3
and miR-198. The luciferase activity assay was carried out
for the verification of the binding of circPTCD3 and miR-
198. We discovered the fact that miR-198 lowered the luci-
ferase activities of the wild-type reporter for circPTCD3 but
not that of the mutant-type reporter, confirming miR-198 as
a sponge target of circPTCD3 (Figure 3B). Subsequent to
that, we found that circPTCD3 overexpression lowered the
level of miR-198 while the circPTCD3 knock down
increased that (Figure 3C). The RNA pull down was further
carried out for the purpose of confirming the binding of
circPTCD3 and miR-198. By means of the results, we fig-
ured it out that the enrichment of miR-198 was substantially
higher in the circPTCD3 probe pull-down product in com-
parison with that of the control probe (Figure 3D).
Accordingly, more circPTCD3 was captured by the biotin-
labelled miR-198 groups as compared with the control probe
(Figure 3E). Eventually, the Pearson analysis was carried out
to determine the relationship between circPTCD3 and miR-
198. As the results suggested, there was a significant nega-
tive relationship existing between circPTCD3 and miR-198
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(Figure 3F). These findings suggested miR-198 as a sponge
target of circPTCD3 in breast cancer cells.

CircPTCD3 Reversed the Function of

miR-198 in Breast Cancer Cells

Being a target of circPTCD3, we predicted that miR-198 had
involvement in the biological mechanism of breast cancer
cells as well. We carried out the miR-198 mimic and
circPTCD3 overexpressing vector transfection. The miR-198
mimic transfection apparently augmented the level of miR-
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198; on the other hand, the co-transfection with miR-198
mimic and circPTCD3 overexpressing vector lowered the
level of miR-198 in comparison with that in the miR-198
group (Figure 4A). By means of the function studies, we, at
first, discovered that miR-198 attenuated not only the cell
proliferation but also the migration and colony formation of
breast cancer cells. Together with that, circPTCD3 reversed
these functions of miR-198 partially, further indicating the
relationship existing between circPTCD3 and miR-198
(Figure 4B-D).
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Figure 4 CircPTCD3 reversed the anticancer effect of miR-198 in breast cancer cell. (A) qPCR was used to detect the level of miR-198 in breast cancer cells under different
treatment. (B) MTT was performed to evaluate the cell proliferation of breast cancer cells. (C) Transwell assay was used to detect the cell migration of breast cancer cells.
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CircPTCD3 Promoted the Growth of

Breast Cancer Cells in vivo

Thereafter, we carried out the in vivo study to further
investigate the biological function of circPTCD3 in the
progression of breast cancer. Stable MCF-7 cell line was
established with the transfection of sh-circPTCD3 or
circPTCD3 vectors and their control, correspondingly.
Both the size and weight of the tumours in the
circPTCD3 were observed as higher in comparison with
the control tumours. Contrarily, the circPTCD3 deletion
lowered the tumour size and weight of tumours in compar-
ison with the control group (Figure 5A—C). IHC assay,
detecting the expression of ki67, the proliferation biomar-
ker, was also carried out. In accordance with the expecta-
tions, circPTCD3 overexpression promoted the expression
of ki67 while the knock-down of circPTCD3 inhibited that
of ki67 (Figure 5D).

Discussion

CircRNAs have been fully documented as playing critical
roles in the progression of breast cancer such as circRNF20,
circular RNA Foxo3, circKDM4C, hsa circ 001783, circ-
DNMTI1 and CircIRAK3.''"'° In the current study, we
figured out an novel circRNA, termed as circPTCD3. We
illustrated the fact that circPTCD3 originated from exons 3
to 9 of PTCD3, together with forming a loop structure by

MlnlluulumuTm\‘mzﬁm\in:‘:nm\.;ﬁn;m*V\B:unlnmﬂﬂln;ﬁlmn‘ﬂllrﬁﬁﬁg
vector ' '
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sh-circPTCD3 | 3

Tumor volume (mm3)

means of connecting the 3" and 5’ splice sites. The stability
of circPTCD3 was confirmed by its stable expression sub-
jected to the RNase R digestion. To the best of our under-
standing, this is the first study dealing with the circPTCD3
emphasizing its modified expression as well as biological
impact. The up-regulated expression and stability of
circPTCD3 make it a potential biomarker as a diagnostic
and therapeutic target.

Previous studies have demonstrated diverse mechanisms
underlying the effect of circRNAs, such as acting as scaf-
folds of protein complexes, regulating protein subcellular
localization, sequestering RNA-binding proteins, or func-
tioning as the sponge of miRNAs. In the present study, we
focus on the ability of circPTCD3 sponging miRNAs.

Plenty of miRs have been demonstrated as participating
in the biological process of breast cancer. MiR-137, miR-17,
miR-186-3p, miR-454-3p and miR-29a inhibited not only the
proliferation but also the migration and invasion of human
breast cancer cells by means of targeting the DUSP4, JABI,
EREG, Wnt/p and SUV420H2, 17-20
Among them, miR-198, belonging to the miR-198 family,

correspondingly.

have been extensively investigated for playing a crucial role
in the cellular differentiation and development. As in cancers,
a number of research works shed light on the oncogenetic or
anticancer function of miR-198, which include ovarian can-
cer, myeloid leukaemia, colorectal cancer, non-small cell
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Figure 5 CircPTCD3 promoted the growth of breast cancer cells in vivo. Xenograft tumor model was established by subcutaneously injecting MCF-7 cells stably expressing
sh-circPTCD3 or negative control in the dorsal flank area of nude mice. (A) The picture of the nude mice and the tumors in each group. (B) The growth curve of the tumor
in the different groups. (C) The weight of the tumors in each group were calculated. (D) IHC was used to detect the ki67 expression (% 100). n=5, *P< 0.05, compared with
the biotin-nc, *P< 0.05, compared with the vector group.
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lung cancer and gastric cancer. However, the role of miR-198
in the progression of breast cancer is limited. miR-198 has
been demonstrated to targetLINC00473 and MAPKI in
breast cancer cells.’! In addition to that, miR-198 was
reported to act as an anticancer gene in breast cancer by
targeting CUB domain-containing protein 1.>* In the current
research work, miR-198 was determined to be the target
miRNA of circPTCD3, which was down-regulated in the
breast cancer tissues and cells. Together with that, the func-
tion study revealed the anticancer effect of miR-198 in breast
cancer, which is consistent with the previous study.
Interestingly, miR-198 overexpression reversed the impact
of circPTCD3, further verifying the relationship existing
between them.

MiRNAs target mRNAs to induce the translation inhi-
bition or degradation of them.?®> The limitation of this
study is that we have not figure out the downstream target
gene of miR-198 in breast cancers. It will be carried out in
the future.

To conclude, our findings shed light on the fact that
circPTCD3 promotes the malignant behaviour of breast
cancer by means of sponging miR-198, which indicates
its potentiality to be a diagnostic or therapeutic target of
breast cancer.
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