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Background: Long noncoding RNA (LncRNA) has been shown to mediate the develop-
ment of human malignancies. However, data on its role in breast cancer remains scant. We
aimed to evaluate the prognostic potential of IncRNAs in breast cancer.

Methods: We downloaded data on breast cancer patients from The Cancer Genome Atlas
(TCGA) database. Tissues were obtained from The Fifth People’s Hospital of Chengdu. We
then used the DESeq2 package to profile the expression of the IncRNAs between the patients
and normal samples. Besides, we performed prognosis and survival analysis using survival
tools in R package. We then assayed the role of the differentially expressed IncRNAs,
AC012213.3 (ENSG00000266289), in cancer cell lines. Quantitative real-time PCR and
Western blot analysis were performed to evaluate the expression of the gene in the cell
lines and then assessed its role in the progression of breast cancer using cell proliferation
(CCKS8 and colony formation assays), migration, invasion (transwell and wound-healing
assays) and apoptotic (flow cytometry) assays.

Results: Our data showed high expression of IncRNA AC012213.3 in breast cancer tissues
and cell lines. The high expression of the AC012213.3 was associated with the worse
prognosis and clinical features. Besides, in vitro assays demonstrated that downregulation
of AC012213.3 suppresses the proliferation and invasion of breast cancer cells. Further
analysis showed that RAD54B is a downstream AC012213.3 target gene and was upregu-
lated in breast cancer. Interestingly, RAD54B expression was associated with shorter survival
in breast cancer. In addition, AC012213.3 was shown to facilitate breast cancer progression
through the RAD54B/PI3K/AKT axis.

Conclusion: Taken together, our data demonstrated that IncRNA AC012213.3 is upregu-
lated in breast cancer and could enhance breast cancer progression through RAD54B/PI3K/
AKT axis.
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Introduction

Breast cancer is the most prevalent malignant tumor in women and affects about
226,000 women annually." Although breast cancer mortality rate dropped by nearly
40% from 1989 to 2016, the five-year survival rate of patients with distant metas-
tasis remains only 27%.' As a highly heterogeneous disease, the pathogenesis,
clinical manifestation and prognosis of breast cancer vary among individuals.”
Clinical diagnostic tools such as tumor size, lymph node status, age, pathological
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grade, hormone receptors and human epidermal growth
factor receptor 2 (HER2) could indicate prognosis of
breast cancer patients. Over the past decade, surgery,
radiation therapy, chemotherapy and targeted therapy
have been the primary treatment options for breast
cancer.” Despite the advances in breast cancer treatment,
there is high recurrence rate and low 5-year survival rate in
patients with cancer metastasis. It is, therefore, essential to
explore more effective therapeutic targets.

Long noncoding RNAs (IncRNAs) are a family of
RNA lacking protein-coding transcripts longer than 200
nucleotides.* The IncRNA plays major roles in gene reg-
ulation such as chromatin modification, nRNA biogenesis,
and protein signaling.’ Previous data has shown that
IncRNAs could act a potential target for therapeutic inter-
vention in breast cancer.”” For instance, a complex
between IncRNA LINC02273 and hnRNPL facilitates can-
cer metastasis,lo and that IncRNA LINCO00908 could
encoded ASRPS, a small regulatory peptide of STATS3,
whose downregulation blocks angiogenesis in triple-
negative breast cancer.'' Besides, overexpression of
IncRNA HOTAIR has been shown to promote cell pro-
gression and conferred tamoxifen resistance in breast
cancer.'> Therefore, it is feasible to speculate that
IncRNAs might be playing essential roles in breast cancer.

Here, we analysed data from TCGA database and
identified AC012213.3, a IncRNA that is highly expressed
in both breast cancer tissues and cell lines. Knockdown of
the AC012213.3 could significantly inhibit the prolifera-
tion and invasion of breast cancer cells. Besides, the data
showed that AC012213.3 might act as an oncogene by
modulating the RAD54B/PI3K/AKT axis.

Materials and Methods

Bioinformatics Analysis

The breast cancer patient data was obtained from the
TCGA database (https://portal.gdc.cancer.gov/). The data
included transcriptional profiling and clinical information

of a total of 113 normal samples and 1109 cancer samples.
The transcriptional profiling files were acquired, annotated
and then gene expression profiling was performed. The
“Count” data were normalized using the DESeq2 package
in R environment and the code used has been uploaded in
the Figshare website (https://figshare.com/articles/dataset/
Count data and normalization code/15177633). The nor-
malized count data were used for differentially expressed

analysis and then log2 transformed for further analysis.

Protein coding genes and the IncRNAs were distinguished
according to the biotype information in the reference file
(GRCh38.gtf). Survival package in R was used to analyse
the patient prognosis while the DESeq2 package was used
to perform differential analysis. High (top 50%) and low
(bottom 50%) expression groups were divided according
to the median expression of specific value.

Tissues and Cells

Eleven paired breast cancer tissues and corresponding
paracancerous tissue were obtained from The Fifth
People’s Hospital of Chengdu. All the patients gave
a signed informed consent and the study protocol was
approved the ethics committee of the The Fifth People’s
Hospital of Chengdu prior to study commencement. Four
breast cancer cell lines (MCF-7, T47D, MDA-MB-231
and MDA-MB-469) and one normal human breast epithe-
lial cell line (MDA-kb2) were purchased the Cell Bank of
China Academy of Sciences (Shanghai, China). The cell
lines were cultured and maintained at 37°C in 5% CO?.

Quantitative Real-Time PCR (qRT-PCR)
Total RNA was extracted using TRIzol (Invitrogen
Corporation, Carlsbad, CA, USA) cDNA was synthesized
using QuantiTect Reverse Transcription Kit (TaKaRa,
Dalian, China). The SYBR Green system (miScript
SYBR Green PCR kit, Qiagen) was used to amplify and
detect the amplicons. The primers used were as follows:
RADS54B, forward primer: 5'-GCCAAACACTGATGAT
TTGTGG-3'; reverse primer: 5'-CCTGAGAAGAATGC
GAGATAGC-3'; AC012213.3, forward primer: 5'-GGGC
ATTACTGGATTGGT-3’; reverse primer: 5-TGAAGT
GGGTGATGTGGT-3'; GAPDH, forward primer: 5-GGA
GCGAGATCCCTCCAAAAT-3', reverse primer: 5'-GGC
TGTTGTCATACTTCTCATGG-3'.

Western Blot

The cells were cultured to 100% confluency and then
proteins were extracted using a total protein extraction
kit (P0033, Beyotime, China). The protein samples were
mixed with loading buffer and then denatured by heat-
ing10 min). The samples were resolved in a SDS/PAGE
and then transferred into membrane. The membrane was
incubated with primary antibodies (anti-AKT, 1:1000;
anti-p-AKT, 1:2000, anti-CyclinD1, 1:500, anti-B-Actin,
1:1000; Proteintech) overnight at 4°C. The blots were
washed in 1X PBS and then incubated with a secondary
antibody for 2 h at room temperature.
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Plasmid Construction and Cell

Transfection

ACO012213.3 knockdown or RAD54B overexpression were
performed using plasmids synthesized by Synthgene
(China). The cells were seeded into 80-90% density in
a six-well plate and then transfected with 200 ng/uL of the
plasmid using Lipofectamine 3000 (Thermo Fisher, USA).
Specific shRNA sequence used were: siRNA1: 5-GCC
CAGAATTTACTTAACT-3', siRNA2: 5-GGTGAAATCT
CCCATTTCT-3', siRNA3: 5'-CCATGCTCATATTGTAC
AT-3".

Colony Formation Assay
The cells were resuspended in 1 mL serum-free medium
then 6-well

a concentration of 500 cells per well. 2 mL of the

and inoculated into a plate at
medium with 10% fetal bovine serum (FBS) was
added into each well and then replaced on the Sth day.
After 12 days, the cells were fixed with 4% formalde-

hyde and then stained with crystal violet.

Cell Quantification Assay: Cell Counting
Kit-8 (CCKS8)

The cells were resuspended and then inoculated into a 24-
well plate at a concentration of 2x10% cells per well. We
observed the cell at Oh, 24h, 48h and 72h. The cells were
mixed with the CCKS reagent and then cultured for 1.5h
more before measurement of absorbance.

Transwell Assay

The cell invasion and migration ability was assessed by
transwell assay. The transwell chamber was placed in a 24-
well plate and then the lower layer of the chamber was
filled with 600 uL of medium containing 20% FBS. In
parallel, 200 pL serum-free medium with 2x10* cells
was added into the upper layer. After 24h, the cells were
fixed with formaldehyde. The cells on the lower chamber
were stained with crystal violet and then observed under

a microscope.

Wound-Healing Assay

The cells were seeded into a six-well plate and cultured to
90-100% confluency. A 200 pL pipette tip was used to
perform a vertical or horizontal scratch. Oh and 24h were

set as individual observation nodes.

Apoptosis Assay

We employed flow cytometry to evaluate cell apoptosis.
Briefly, cells were resuspended into binding buffer and
stained with annexin V-FITC reagent. We then used BD
Accuri C6 Plus (BD Biosciences) to analyze the stained
cells. The results were processed in FlowJo software.

Statistical Analysis

SPSS, R, Image J and GraphPad Prism 8 softwares were
used to perform visualization and statistical analyses. All
the experiments were repeated at least three times.
Statistical significance between different groups was eval-
uated using a Students ¢-test.

Results
ACO012213.3 is Upregulated in Breast
Cancer and Correlate with Poor Clinical

Features

Our analysis showed that there were a total of 3169 differ-
entially expressed IncRNAs between the tumor and normal
tissues. 1712 were upregulated while 1457 were downregu-
lated IncRNAs (Figure 1A). We then employed univariate
cox analysis to screen prognosis-related IncRNAs in the
IncRNAs. The that
ACO012213.3 was the most significantly upregulated

upregulated analysis  showed
IncRNA in both TCGA and our paired breast cancer tissue
(Figure 1B and C, Table S1; HR = 1.16). Similarly, data
from cell lines also indicated a remarkably higher expression
of AC012213.3 in breast cancer cells compared with normal
(Figure 1D). In addition, with high
ACO012213.3 expression were shown to have worse clinical

cells patients
features, especially in clinical stage, T and N classification
(Figure 2A-D). Furthermore, profiling of the AC012213.3
expression in different immunochemistry subtypes of breast
cancer showed that triple-negative breast cancer had the
lowest AC012213.3 expression compared with other sub-
types. The HER2+HR+ breast cancer had higher
ACO012213.3 expression compared to the HER2-HR+ breast
cancer (Figure 2E). Moreover, the Kaplan-Meier survival
curve analysis showed that AC012213.3 was associated with
short overall survival of the patients (Figure 2F).

ACO012213.3 Promotes Cell Proliferation

and Inhibits Cell Apoptosis in Breast Cancer
To evaluate the biological roles of AC012213.3 in breast
cancer, we performed a series of cell phenotype assays.
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Figure | Identification of AC012213.3 through bioinformatics analysis and qRT-PCR.
Notes: (A) The IncRNAs differentially expressed between tumor and normal tissue with the threshold of |logFC > || and adj.Pvalue < 0.05; (B) The expression level of
AC012213.3 between tumor and normal tissue, **P < 0.01; (C) qRT-PCR was performed to assess the mRNA level of AC012213.3 in | | paired breast cancer tissue world,
**P < 0.01; (D) qRT-PCR was performed to assess the mRNA level of AC012213.3 in breast cancer cell lines, **P < 0.001.

qRT-PCR  showed successful downregulation of
ACO012213.3 by the siRNA1 sequence in both MCF-7
and MDA-MB-231 cells (Figure 3A and B). Data from
the colony formation and the CCKS8 assays demonstrated
that the suppressed AC012213.3 expression could signifi-
cantly inhibit the proliferation ability of the breast cancer
cells (Figure 3C and D). Furthermore, we showed that the
downregulation of AC012213.3 expression could enhance
apoptosis (Figure 3D).

ACO012213.3 Facilitates Cell Motility in

Breast Cancer

MCF-7 and MDA-MB-231 were selected for the further
experiments for their highest AC012213.3 expression. To
assess the metastatic ability of cancer cells, we explored
the role of AC012213.3 in cell motility. Findings from the
Transwell assay demonstrated that the MCF-7 and MDA-

MB-231 cell lines bearing a downregulated AC012213.3
had lower invasion and migration activity (Figure 4A).
Similarly, the wound-healing assay showed that the sup-
pression of AC012213.3 could significantly hamper the
movement ability of breast cancer cells (Figure 4B).

RAD54B Expression Correlates with
ACO012213.3 and is Linked to Worse

Clinical Parameters

Based on the expression profile from TCGA database, we
screened the mRNA which were positively correlated with
ACO012213.3 (JR] > 0.2 and P < 0.05). A total of 22 genes
were shown to be tightly associated with patient prognosis
(Figure 5A). RAD54B was among the screened genes, and
had been reported to promote the progression of breast can-
cer cells."® Further analysis showed significantly positive
correlation between RAD54B and AC012213.3 (Figure 5B;
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Notes: (A) The expression level of AC012213.3 in different age groups, NS. = P > 0.05; (B) The expression level of AC012213.3 in different stage groups, *P < 0.05; (C)
The expression level of AC012213.3 in different T-stage groups, ***P < 0.001; (D) The expression level of AC012213.3 in different N-stage groups, **P < 0.01; (E) The
expression level of AC012213.3 in different breast cancer subtypes; (F) Kaplan—Meier showed prognosis difference between high and low AC012213.3 patients.

R=0.176, P <0.001). Besides, there was upregulation of the
RADS54B mRNA in the breast tumor tissues compared with
the normal tissues (Figure 5C). In addition, Kaplan—Meier
survival curves demonstrated that patients with high
RAD54B had
(Figure 5SD; P <0.001), and were mainly of advanced cancer
stages (Stage III-1V) (Figure 5E). Similarly, breast cancer
cell lines showed a high expression of RAD54B mRNA
(Figure 5F). Besides, in the AC012213.3 knockdown cells,
there was increased in the expression of RAD54B compared
with the control group, thus the AC012213.3 could positively
regulate RADS54B expression (Figure 5G and H).

expression shorter overall survival

ACO012213.3 Gene Silencing Blocked
Breast Cancer Proliferation and Invasion
Through the Downregulation of RAD54B
and PI3K/AKT Signaling Activity

We hypothesized that AC012213.3 might be mediating can-
cer progression through the RAD54B protein. To understand

the interaction between the two genes, we overexpressed
RADS54B in the AC012213.3 knockdown cells. gRT-PCR

analysis showed sufficient RADS54B overexpression in
MCF-7 and MDA-MB-231 cells (Figure 6A and B). As
expected the CCK8 and colony formation and transwell
assays indicated that, whereas suppression of AC012213.3
could inhibit cell proliferation, overexpression of the
RADS54B restores the proliferation phenotype (Figure 6C—
F). PI3K/AKT signaling pathway has been shown to mediate
development of many tumor cells. Here, we explored whether
the AC012213.3 acts as an oncogene in breast cancer through
the PI3K/AKT signaling pathway. The data showed that
suppression of p-AKT and cyclinD1 proteins in the
ACO012213.3 knockdown cells (Figure 7A and B). However,
overexpression of RAD54B in the AC012213.3 knockdown
cells significantly increased the expression of p-AKT and
cyclinD1. These findings indicated that the AC012213.3
could activate the PI3K/AKT pathway, and the activation
might be partly dependent on the RAD54B expression.

Discussion
Breast cancer is the most common malignancy and
the second cause of cancer-related deaths in women.”
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Figure 3 AC012213.3 promotes cell proliferation in breast cancer cells.

Notes: (A and B) qRT-PCR was used to assess the knockdown efficiency of AC012213.3, **P < 0.01, ***P < 0.001; (C) Colony formation assay was performed between
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With the development of medical technologies, there
was increase in the five-year survival rate of breast
cancer patients in the past decades.'* However, the
treatment efficacy for advanced-stage breast cancer
still remains unsatisfactory. Thus, there is an urgent
need for more effective tumor biomarkers and thera-
peutic targets.

LncRNAs have been reported to play an essential
role in tumor progression and development.'> For
instance, IncRNA ZFPM2-AS1 has been shown to sig-
nificantly accelerated hepatocellular carcinoma pro-
gression through a competitive endogenous RNA

mechanism of miR-139/GDF10 axis (ceRNA).'® On
the other hand, IncRNA LINC00460 promotes epithe-
lial-mesenchymal transition (EMT) process by facilitat-
ing the movement of peroxiredoxin-1 into the
nucleus,!” while IncRNA CYTOR has been shown to
oncogene in promoting colon cancer
Our study identified a novel IncRNA
AC012213.3 which is highly expressed in breast cancer

be an
. 18
metastasis.

tissues and cells and associated with patient survival.
Our data showed that AC012213.3 might be an onco-
gene and presents a potential therapeutic target in
breast cancer.
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In addition, we showed that RADS54B was
a downstream molecular of ACO012213.3, and partly
responsible for the cancer-promoting effect of

ACO012213.3. RAD54B is associated with homLologous
recombination,'” and aberrant RAD54B expression might
play a role in cancer. Since RAD54B ensures faithful and
accurate repair of DNA damage, its overexpression and
downregulation would perturb genomic instability which
could confer oncogenic properties.”® Previous data has
shown that suppression of RAD54B could block prolifera-
tion and promote apoptosis of liver and lung cancer
cells.?"** In addition, RAD54B could remarkably facili-
tate cancer progression in breast cancer.'’

We showed that PI3K/AKT signaling pathway
might mediate the progression effect by AC012213.3
and RADS54B. PI3K/AKT signaling participates in the

pathological and physiological processes of cells and is
regarded as a classical cancer-related pathway.?
Aberrant activation of AKT was observed in multiple
cancers such as lung, ovarian and pancreatic cancer.**
A previous study showed that exosomal MALATI
the of
colorectal cancer by enhancing fucosylation and
PI3K/Akt pathway.”> In addition, another study
showed that SIK2 could impact metabolic reprogram-
ming in ovarian cancer through PI3K/AKT/HIF-la
pathway.?® Similarly, drugs targeting PI3K/AKT path-

could promote invasion and metastasis

way have been developed and evaluated in preclinical
studies.”’

Here, using bioinformatics analysis, we identified
ACO012213.3 and showed that it is highly expressed in

breast cancer tissues and cell lines. In addition, we showed
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that the suppression of AC012213.3 significantly inhibited
cell proliferation and promoted cell apoptosis in MCF-7
and MDA-MB-231 cell lines. Thus, AC012213.3 might
facilitate cell metastasis. Besides, RAD54B was also
shown to be involved in the progression of breast cancer.
Further assays showed that overexpression of RADS54B
could partially reverse the tumor-inhibition effect caused
by the suppression of AC012213.3. In addition, Western

blot analysis demonstrated that AC012213.3 might pro-
mote breast cancer progression through PI3K/AKT
pathway.

Conclusion
Taken data that IncRNA
ACO012213.3 was highly expressed in the breast cancer

together, our showed

tissues and was associated with patient survival. In
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Figure 6 The oncogene effect of AC012213.3 partly depend on RAD54B.
Notes: (A and B) qRT-PCR was used to assess the overexpression efficiency in control and RAD54B-OE cells, ***P < 0.001; (C) Colony formation assay was performed in
the control, sh-AC012213.3 and sh-AC012213.3+RAD54B-OE cells, **P < 0.01; (D and E) CCK8 assay was performed in the control, sh-AC012213.3 and sh-AC012213.3

+RAD54B-OE cells, **P < 0.01; (F) Transwell assay was performed in the control, sh-AC012213.3 and sh-AC012213.3+RAD54B-OE cells, **P < 0.01.
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addition, the oncogenic effect of AC012213.3 was par-
tially dependent on the RADS4B/PI3K/AKT axis.
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