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DRAIC promotes growth of breast cancer by sponging

miR-432-5p to upregulate SLBP
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Mounting evidence suggests that IncRNAs can exert functions in cancer progression in multiple manners. In recent years,
competing endogenous RNA (ceRNA) has been widely reported in human cancers as a IncRNA-dominant molecular pathway. The
current study aimed at proving the role of IncRNA downregulated RNA in cancer (DRAIC) in breast cancer (BRCA) progression. To be
specific, qQRT-PCR assay was conducted to measure the expression of DRAIC and other downstream target genes. It was uncovered
that DRAIC was expressed at a high level in BRCA cells. Functional analyses, including CCK-8, colony formation, and EdU assays
demonstrated that DRAIC depletion suppressed BRCA cell proliferation. In addition, cell apoptosis was promoted due to DRAIC
knockdown. The inhibitory effect of DRAIC reduction on BRCA cell migration and invasion was proven by transwell assays.
Mechanistically, DRAIC was confirmed to predominantly distribute in the cytoplasm and could interact with miR-432-5p. In addition,
stem-loop binding protein (SLBP) was verified to be a downstream target of miR-432-5p and was positively regulated by DRAIC.
Taken together, DRAIC sponged miR-432-5p to enhance SLBP expression, by which malignant behaviors of BRCA cells were
promoted. Our findings may help to provide a promising therapeutic target for BRCA patients.
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INTRODUCTION

As one of the commonest cancers worldwide, breast cancer
(BRCA) is primarily responsible for female cancer deaths [1, 2].
Five-year survival of BRCA patients ranges from 40 to 80% in
different countries [3]. Prognosis of BRCA patients without
severe metastasis can be good [4]. Once metastasis occurs,
spread of BRCA cells can lead to death acceleration [5].
Therefore, detection and treatment of BRCA patients in the
early stage is crucial for improving survival rate [6].

Non-coding RNAs are usually classified into two subtypes,
which include long non-coding IncRNAs (IncRNAs) and micro-
RNAs (miRNAs) [7]. LncRNAs consist of more than 200
nucleotides [8]. LncRNAs usually function during multiple
biological processes [9]. In recent decades, more and more
research suggests that IncRNAs have the powerful impact on
tumor progression through various gene regulations [10, 11].
LncRNA downregulated RNA in cancer (DRAIC) has been found
to play a significant role in promoting nasopharyngeal
carcinoma (NPC) [12] and esophageal cancer (EC) [13]. The
potential association between DRAIC upregulation and BRCA
has been proven [14]. However, detailed functions and under-
lying mechanism of DRAIC during BRCA development have not
yet been explored.

Competing endogenous RNA (ceRNA) network has been
reported to be crucial in BRCA progression [15]. In a ceRNA
network, IncRNA can serve as a miRNA sponge and enhance
mRNA expression. MiR-432-5p has been demonstrated to
inhibit progression of various cancers including BRCA [16, 17].
However, the interaction between DRAIC and miR-432-5p

remains to be explored. Stem-loop binding protein (SLBP) can
facilitate cancer progression [18], but its upstream molecular
mechanism still need to be investigated in BRCA. As a whole,
this study focused on the role of a DRAIC-dominant ceRNA
pathway in BRCA.

MATERIALS AND METHODS

Cell lines and cell culture

The cell lines used in this study, including normal mammary epithelial
cell lines (MCF-10A and MCF-12A) and BRCA cell lines (MDA-MB-361,
MCF-7, SKBR3, and MDA-MB-231) were purchased from Cell Resources
Center of Chinese Academy of Science (Shanghai, China). MCF-10A and
MCF-12A cell lines were maintained with the utilization of 100 ml MEGM
kit (Lonza, CC-3150; Switzerland) supplemented with 100 ng/ml cholera
toxin. MDA-MB-361 cell lines were cultured in Leibovitz medium (Gibco,
Grand Island, NY, USA) with 20% fetal bovine serum (FBS). MCF-7 cell
lines were cultured in Dulbecco’s modified Eagle medium (DMEM;
Gibco) added with 10% FBS SKBR3 cell lines were cultured in DMEM
with 10% FBS. MDA-MB-231 cell lines were cultured in Leibovitz
medium (Gibco) containing 10% FBS. All the foregoing cell lines were
incubated with atmosphere containing 5% CO, at 37 °C.

Quantitative real-time PCR (qRT-PCR) assay

QRT-PCR assay was performed to detect expression level of DRAIC, SLBP,
miR-432-5p and FOXP3, GAPDH and U6 were respectively used as the
internal control of cytoplasm and nucleus. Total RNA was first extracted
from the cell lines using TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instruction. M-MLV Reverse Transcrip-
tase (Invitrogen) was used to reverse transcribe the extracted RNA to
cDNA. Quantification of the RNA expression was made using SYBR
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Green Master Mix (Thermo Fisher Scientific, Rockford, IL, USA). 272A¢Ct
method was further utilized for data calculation.

Cell transfection

Lipofectamine”™ 3000 (Invitrogen) was used for cell transfection following
the manufacturer’s direction. For knockdown of DRAIC, the short hairpin
RNAs targeting DRAIC (namely, sh-DRAIC#1 and sh-DRAIC#2) and
corresponding internal control (namely, sh-NC) were synthesized by
RiboBio (Guangzhou, China). For overexpression or silencing of miR-432-
5p, miR-432-5p mimics, miR-432-5p inhibitor and their corresponding
controls (NC mimics and NC inhibitor) were synthesized by Genepharma
(Shanghai, China). To overexpress SLBP (Gene ID: 7884) or FOXP3 (Gene ID:
50943), the whole sequence of them was cloned into pcDNA3.1 vector
(Genepharma) to construct pcDNA3.1/SLBP and pcDNA3.1/FOXP3. Empty
pcDNA3.1 vector was used as negative control (NC). Sequences used in this
assay were listed in Supplementary Table 1.

Cell counting kit-8 (CCK-8) assay

CCK-8 kit (Beyotime, Shanghai, China) was utilized to evaluate cell viability
based on the manufacturer's protocol. The cell lines were first regularly
seeded and incubated in 96-well plates in the atmosphere with 5% CO, at
37 °C for 48 h. After CCK-8 solution was added into each well, the cells were
then incubated for about 2h at 37°C. Optical density (OD) value was
measured every 24 h using microplate reader (BioTek, Winooski, VT, USA) at
450 nm.

Colony formation assay

Cell lines transfected with indicated plasmids were seeded in six-well
plates for about 2-week incubation. Afterwards, the cells were washed
using PBS (Thermo Fisher Scientific), fixed in paraformaldehyde and
stained with 0.5% crystal violet solution (Gibco). The number of colonies
was manually calculated.

Ethynyl deoxyuridine (EdU) assay

Cell lines were seeded into each well of 96-well plates for incubation. And
then, the cells were washed with PBS (Thermo Fisher Scientific) and fixed in
paraformaldehyde. EAU and DAPI dye (Beyotime) were separately added into
wells to stain the proliferative cells and nuclei. After cells were incubated for
30 min, cell proliferation condition was observed using microscope.

Western blot

Cells were lysed by RIPA buffer (Sigma-Aldrich, St. Louis, MO, USA). The
protein concentration was measured through the BCA Protein Assay kit
(Pierce Biotechnology, Rockford, IL, USA). SDS-PAGE was used to isolate
proteins. After the isolation, the proteins were transferred to PVDF
membranes (Millipore, Bedford, MA, USA). The membranes were incubated
with primary antibodies, including Bax (1:1000, ab32503, Abcam, Cam-
bridge, MA, USA), Bcl-2 (1:2000, ab182858, Abcam), Cleaved caspase 3
(1:500, ab32042, Abcam), Total caspase 3 (1:2000, ab208161, Abcam), SLBP
(1:1000, ab181972, Abcam), GAPDH (1:2000, ab9485, Abcam) at 4°C
overnight. Afterwards, the membranes were incubated with secondary
antibody Goat Anti-Rat IgG H&L (HRP, 1:2500, ab7097, Abcam) in darkness
for about 1 h. GAPDH was regarded as the internal control. The proteins
were finally quantified via enhanced chemiluminescence detection kit
(Roche, Basel, Switzerland). The original blots of proteins were displayed in
Supplementary file 1.

Transwell assays

Transwell migration assay was performed to evaluate cell migratory
capabilities. In the assay, the upper chamber was filled with serum-free
medium while lower chamber was filled with FBS. The cells placed into the
upper chamber were incubated for 24 h at 37 °C. After the incubation, the
cells migrated into the lower chamber were fixed with paraformaldehyde and
stained by crystal violet. Fluorescence microscope was used to observe
stained cells. The steps in transwell invasion assay were similar to those in
transwell migration assay, except that the upper transwell chamber was
coated with Matrigel membrane (BD Biosciences, Franklin Lakes, NJ, USA).

Subcellular fractionation assay
Subcellular fractionation assay was carried out to validate the location of
DRAIC in BRCA cells. In brief, PARIS Kit (Thermo Fisher Scientific) was
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applied to separate nucleus and cytoplasm according to the manufac-
turer’s instruction. U6 and GAPDH were separately used as the nuclear and
cytoplasmic control.

Fluorescence in situ hybridization (FISH) assay

Cells were fixed with 4% paraformaldehyde for about 15 min. After
being washed in PBS (Thermo Fisher), cells were cultured with 0.5%
TritonX-100 at 4 °C for about 10 min. DRAIC-specific probe (synthesized
by Ribobio, Guangzhou, China) and hybridization solution were added
to incubate cells overnight. The nuclei of the cells were counterstained
with Hoechst dye. The location of DRAIC in BRCA cells was observed
under a microscope.

Luciferase reporter assay

The binding sites between DRAIC/SLBP and miR-432-5p were mutated
via QuickChang site-directed mutagenesis kit (Agilent Technologies,
USA). The DRAIC/SLBP sequences with wild-type (WT) and mutant (MUT)
binding sites were cloned into pmirGLO vector (Promega, Madison, WI,
USA). Next, DRAIC-WT/SLBP-WT or DRAIC-MUT/SLBP-MUT was co-
transfected into BRAC cells with NC mimics or miR-432-5p mimics.
Luciferase activity was then measured using the Dual-Luciferase
Reporter Gene Assay Kit (Beyotime). Renilla luciferase was used as the
internal control.

The DRAIC promoter containing binding sites with or without FOXP3
(DRAIC promoter-WT or DRAIC promoter-MUT) was cloned into pGL3
(Promega) vector and co-transfected into BRCA cells with pcDNA3.1 or
pcDNA3.1/FOXP3. Luciferase activity was then measured using the Dual-
Luciferase Reporter Gene Assay Kit (Beyotime).

RNA-binding protein immunoprecipitation (RIP) assay

RIP assay was conducted using RNA-binding protein immunoprecipitation
kit (Millipore). The lysates were incubated with magnetic beads coated
with anti-Ago2 (1:50, ab186733, Abcam) or anti-lgG (1:100, ab190475,
Abcam) attached to the magnetic beads. The RNAs were then isolated
through immunoprecipitation. Expression levels of the RNAs were finally
detected via qRT-PCR.

Chromosome immunoprecipitation (ChIP) assay

ChlIP assay was carried out using EZ ChIP Chromatin Immunoprecipitation
Kit (Millipore). The cells were fixed in formaldehyde to build DNA cross-
links. The DNA fragments were sonicated and incubated with primary
antibody anti-FOXP3 (1:50, ab450, Abcam) and NC anti-lgG (1:100,
ab190475, Abcam). The DNA fragments isolated from immunoprecipitation
was then quantified using qRT-PCR.

Statistical analysis

GraphPad Prism V6.0 software (GraphPad) was used to analyze the
statistics obtained from experiments repeated for at least three times. The
results were expressed as mean + standard deviation (SD). Differences
between two groups were analyzed using Student's t test. One-way
analysis of variance (ANOVA) or two-way ANOVA was used for comparison
among multiple groups. Data was regarded as statistically significant only
when p <0.05.

RESULTS

DRAIC is highly expressed in BRCA cells

According to the pan-cancer data obtained from starBase (http://
starbase.sysu.edu.cn/), expression level of DRAIC was increased in
BRCA samples compared to normal breast samples (Fig. 1A).
Similarly, data obtained from GEPIA 2 database (http://gepia2.
cancer-pku.cn/#analysis) also showed that DRAIC was upregulated
in BRCA samples (Fig. 1B). Through qRT-PCR analysis, we validated
that DRAIC was upregulated in BRCA cell lines compared to
normal mammary epithelial cell lines (Fig. 1C).

DRAIC promotes proliferation, migration and invasion of
BRCA cells

Since DRAIC had relative high expression level in SKBR3 and
MDA-MB-231 cells in comparison to other BRCA cells, we
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Fig. 1

DRAIC is highly expressed in BRCA cells. A Boxplot generated in starBase Pan-Cancer demonstrated that DRAIC was overexpressed in

BRCA samples. Unpaired Student'’s t test. B Boxplot generated from GEPIA 2 database showed the high level of DRAIC in BRCA samples (T
meant tumor and N represented normal. GEPIA 2 BRCA data were collected from 1085 BRCA tumor tissues and 291 normal tissues.). Unpaired
Student’s t test. C Expression levels of DRAIC in normal mammary epithelial cells and BRCA cells were validated by gRT-PCR assay (N = 3). One-

way ANOVA. *P < 0.05, **P < 0.01.

designed loss-of-function assays in these two cell lines. At first,
transfection efficiency of sh-DRAIC#1 and sh-DRAIC#2 was
detected using qRT-PCR (Fig. 2A). After expression of DRAIC
was suppressed, proliferation abilities of SKBR3 and MDA-MB-
231 cells weakened according to the results of CCK-8 assay,
colony formation assay, and EdU assay (Fig. 2B, C and D). In
addition, apoptosis-related proteins were measured using
western blot. The levels of pro-apoptosis proteins (Bax and
Cleaved caspase 3) increased, but the level of anti-apoptosis
protein Bcl-2 decreased after DRAIC knockdown (Fig. 2E).
Transwell migration and invasion assays were conducted to
assess migratory and invasive capabilities of SKBR3 and MDA-
MB-231 cells. It turned out that the migratory and invasive
capabilities of SKBR3 and MDA-MB-231 cells were weakened by
the silencing of DRAIC (Fig. 2F).

Cancer Gene Therapy (2022) 29:951 - 960

DRAIC serves as miR-432-5p sponge in BRCA cells
Subcellular fractionation assay revealed that majority of DRAIC
was distributed in the cytoplasm of SKBR3 and MDA-MB-231
cells (Fig. 3A), which was further proven by FISH assay (Fig. 3B).
Cytoplasmic IncRNAs can act as ceRNAs in human cancers.
Through searching on DIANA database (http://carolina.imis.
athena-innovation.gr/diana_tools/web/index.
php?r=Incbasev2%2Findex-predicted) (selection condition:
threshold value set as 0.9) and starBase database, miR-432-5p
was singled out (Fig. 3C). The results of gRT-PCR illustrated that
miR-432-5p was expressed at a significantly low level in MCF-7,
SKBR3, and MDA-MB-231 cell lines (Fig. 3D). The binding sites
between DRAIC and miR-432-5p were obtained and illustrated
(Fig. 3E). Afterwards, miR-432-5p was overexpressed for sub-
sequent analyses (Fig. 3F). Through luciferase reporter assay, we
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Fig. 2 DRAIC promotes proliferation, migration, and invasion of BRCA cells. A Transfection efficiency of sh-DRAIC#1 and sh-DRAIC#2 was
confirmed using qRT-PCR (N = 3). One-way ANOVA. B CCK-8 assay detected the viability of cells with DRAIC silencing (N = 3). One-way ANOVA.
C Colony formation assay was used to evaluate the proliferation abilities of DRAIC-silenced BRCA cells (N = 3). One-way ANOVA. D EdU assay
measured cell proliferation abilities after DRAIC knockdown (N = 3). One-way ANOVA. Scale bar: 100 pm. E Apoptosis markers were measured
using western blot assay after DRAIC silencing (N = 3). One-way ANOVA. F Transwell migration and invasion assays were conducted to
estimate cell migratory and invasive capabilities (N = 3). One-way ANOVA. Scale bar: 200 pm. **P < 0.01.

identified that the luciferase activity of WT DRAIC significantly
reduced in response to the upregulation of miR-432-5p
(Fig. 3G).

SLBP is a direct target of miR-432-5p in BRCA cells

To screen out the potential downstream targets of miR-432-5p,
we applied three online bioinformatics tools (miRDB: http://
www.mirdb.org/index.html), starBase: Pan-Cancer was set to
ten cancer types and CLIP-Data was set to strict stringency
>=5, TargetScan: http://www.targetscan.org/vert_72/). Four
mRNAs were selected out for qRT-PCR analysis (Fig. 4A).
Boxplots generated via GEPIA 2 database showed the expres-
sion of MRPL34 (Fig. STA), SLBP (Fig. S1B), SNRPD2 (Fig. S1C)
and MLLT6 (Fig. S1D) in BRCA tissues and normal tissues. It
turned out that only SLBP and SNRPD2 were highly expressed
in BRCA tissues. Importantly, silencing of DRAIC led to the
significant downregulation of SLBP (Fig. 4B). Thus, we chose
SLBP to be the research target. Two binding fragments
between SLBP and miR-432-5p were predicted (Fig. 4C). After
co-transfection, the luciferase activity of three vectors (SLBP-
WT, SLBP-MUTT1, SLBP-MUT2) were all reduced by the upregu-
lation of miR-432-5p while that of SLBP-MUT1 + 2 had no
obvious change (Fig. 4D), indicating that both two binding
sequences were responsible for the interaction between SLBP
and miR-432-5p. Next, the inhibitory efficiency of miR-432-5p
inhibitor was identified by qRT-PCR (Fig. 4E). The mRNA and
protein levels of SLBP decreased by DRAIC silencing were
restored by the inhibition of miR-432-5p (Fig. 4F and G). The
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statistics of Ago2-RIP assay indicated that DRAIC, miR-432-5p,
and SLBP all existed in the RISC complexes (Fig. 4H).

SLBP is involved in miR-432-5p-mediated BRCA cellular
processes

According to the results of CCK-8 assay, colony formation
assay, and EdU assay, the proliferation ability of SKBR3 cells
suppressed by miR-432-5p overexpression was recovered after
co-overexpression of SLBP (Fig. 5A, B and C). Meanwhile, miR-
432-5p mimics-induced apoptosis was reversed by the upre-
gulation of SLBP (Fig. 5D). Finally, the migratory and invasive
capabilities of SKBR3 cells were discovered to decline after
expression of miR-432-5p increased but this tendency was
restored by the overexpression of SLBP (Fig. 5E).

DRAIC promotes BRCA cell growth by sponging miR-432-5p to
upregulate SLBP

Transfection efficiency of pcDNA3.1/SLBP in SKBR3 cells was
detected using qRT-PCR and western blot assays (Fig. 6A).
Through CCK-8 assay, colony formation assay, and EdU assay,
we observed that DRAIC knockdown-induced inhibition on cell
proliferation was rescued by the inhibition of miR-432-5p or
the upregulation of SLBP (Fig. 6B, C and D). Moreover, cell
apoptosis induced by the silencing of DRAIC was reduced again
by the knockdown of miR-432-5p or the upregulation of SLBP
(Fig. 6E). Transwell assays revealed that silencing of miR-432-5p
or overexpression of SLBP could abolish the effect of DRAIC
silencing on cell migration and invasion (Fig. 6F).
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FOXP3 activates the transcription of DRAIC in BRCA cells
Searching from online databases UCSC (http://genome.ucsc.edu/)
and PROMO (http://alggen.Isi.upc.es/cgi-bin/promo_v3/promo/
promoinit.cgi?dirDB=TF_8.3), we obtained several potential
upstream regulators for DRAIC. Among which, ER-alpha (Fig.
S2A), YY1 (Fig. S2B), and FOXP3 (Fig. S2C) were overexpressed in
BRCA samples according to GEPIA 2 database. To determine the
actual transcriptional regulator for DRAIC, we overexpressed ER-
alpha, YY1, and FOXP3 separately in BRCA cells (Fig. 7A) and
detected the expression of DRAIC. The results revealed that the
level of DRAIC was obviously enhanced responding to FOXP3
overexpression (Fig. 7B). Enrichment of DRAIC promoter could be
tested in anti-FOXP3 protein complexes through ChIP assay (Fig.
7C), which indicated the binding of FOXP3 to DRAIC promoter. The
binding site predicted from JASPAR (http://jaspar.genereg.net/)
was illustrated (Fig. 7D). After the SKBR3 and MDA-MB-231 cells
were transfected with pcDNA3.1/FOXP3, the luciferase activity of
WT DRAIC promoter was significantly raised while that of MUT
DRAIC promoter was barely changed (Fig. 7E), suggesting FOXP3
activated DRAIC transcription through binding to its promoter on
this site.

Cancer Gene Therapy (2022) 29:951 - 960

DISCUSSION

BRCA is divided into several subtypes, which includes Luminal
A, Luminal B, Her2-enriched, Basal-like, and Normal-like BRCA
[19]. Differentially expressed genes can be useful for the
diagnosis of different subtypes of BRCA [20]. Due to distant
metastasis and high recurrence rate, surgery and chemotherapy
are not very effective [21, 22]. Therefore, exploring more
potential effective therapeutic targets is urgent [23].

LncRNAs have been widely reported in human cancers due to
their oncogenic role in BRCA [24-27]. Upregulation of DRAIC
has been proven to be correlated with adverse features of BRCA
[14]. It can act as miR-122 sponge to facilitate NPC progression
[12]. In this study, we determined that DRAIC was highly
expressed in BRCA cells and promoted BRCA cell proliferation,
migration and invasion but inhibited apoptosis.

In cytoplasm, IncRNAs usually exert functions in a ceRNA
manner through sponging miRNAs to upregulate mRNAs
[28, 29]. Therefore, expression of ceRNAs can be regulated to
promote or suppress tumor development [30]. Similarly, this
study revealed the cytoplasmic location of DRAIC and explored
its underlying molecular mechanism. Based on bioinformatics
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**P<0.01.

analysis and mechanism experiments, we demonstrated that
DRAIC could interact with miR-432-5p in BRCA cells. According
to previous reports, miR-432-5p can act as a tumor suppressor
in human cancers by interacting with IncRNAs [17, 31-33]. Here,
we firstly uncovered the interaction between miR-432-5p and
DRAIC in BRCA. Moreover, miR-432-5p could be involved in
DRAIC-mediated BRCA cellular processes. SLBP can be targeted

Cancer Gene Therapy (2022) 29:951 - 960

by miR-384 and promotes osteosarcoma metastasis [18]. To our
knowledge, our study was the first to reveal the functions and
mechanism of SLBP in BRCA. In this study, we verified that SLBP
was a downstream target of miR-432-5p and was positively
regulated by DRAIC in BRCA cells. More importantly, SLBP was
involved in BRCA cellular processes mediated by DRAIC and
miR-432-5p. At last, we investigated the upstream molecular
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Fig. 6 DRAIC promotes BRCA cell growth by sponging miR-432-5p to upregulate SLBP. A QRT-PCR and western blot assays detected
transfection efficiency of pcDNA3.1/SLBP (N = 3). Unpaired Student’s t test. For rescue assays, SKBR3 cells were transfected with sh-NC, sh-
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ability (N=3). One-way ANOVA. Scale bar: 100 um. E Apoptosis-related proteins were detected in western blot (N = 3). One-way ANOVA.
F Transwell migration and invasion assays were conducted to estimate cell migratory and invasive capabilities (N = 3). One-way ANOVA. Scale

bar: 200 pm. **P < 0.01.

mechanism of DRAIC in BRCA cells and identified that FOXP3
was a transcriptional activator for DRAIC.

Collectively, our current study firstly revealed the func-
tions of DRAIC in BRCA and uncovered a novel ceRNA
pathway, which may contribute to a promising therapeutic
target for BRCA patients. Lack of animal study is a
shortcoming of this study, we will establish animal model
to prove the effect of DRAIC on in vivo tumor growth and

SPRINGER NATURE

metastasis. More importantly, we will conduct clinical study
in our future study.

CONCLUSION

DRAIC is transcriptionally activated by FOXP3 and promotes BRCA
progression via miR-432-5p/SLBP axis. Our findings may help to
find a novel potential therapeutic target for BRCA patients.

Cancer Gene Therapy (2022) 29:951 - 960
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