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lncRNA MIR503HG inhibits cell proliferation
and promotes apoptosis in TNBC cells
via the miR-224-5p/HOXA9 axis
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Triple-negative breast cancer (TNBC) is a highly invasive sub-
type of breast cancer. This study investigated the molecular
mechanism and influences of MIR503HG, miR-224-5p, and
homeobox A9 (HOXA9) on TNBC cell growth and migration.
Dual-luciferase reporter gene and RNA immunoprecipitation
were performed to examine the regulation of MIR503HG,
miR-224-5p, and HOXA9. Cell proliferation, apoptosis, migra-
tion, and invasion were evaluated by colony formation, flow
cytometry, and Transwell assays. Finally, nude mice were
employed to investigate the influence of MIR503HG on
TNBC tumor growth. HOXA9 protein levels were detected by
immunohistochemical staining. MIR503HG and HOXA9
expression were reduced in TNBC, while miR-224-5p was
increased. Overexpression of MIR503HG or HOXA9 reduced
the cell migration ability and proliferation and promoted
apoptosis, and knockdown of MIR503HG or overexpression
of miR-224-5p exhibited the opposite effects. Furthermore,
MIR503HG promoted HOXA9 expression by inhibiting miR-
224-5p. Overexpression of miR-224-5p reversed the effects of
MIR503HG overexpression on TNBC cells, while overexpres-
sion of HOXA9 reversed the effect of MIR503HG knockdown.
Additionally, an in vivo study proved that MIR503HG in-
hibited TNBC tumor growth via the miR-224-5p/HOXA9
axis. MIR503HG inhibited cell proliferation and promoted
the apoptosis of TNBC cells via the miR-224-5p/HOXA9 axis,
which may function as a novel target for the treatment of
TNBC.
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INTRODUCTION
Triple-negative breast cancer (TNBC) is a highly invasive subtype of
breast cancer that accounts for nearly 20% of all breast cancer cases.1

Immunohistochemistry analyses show that the expression of proges-
terone receptor, estrogen receptor, and HER2 is lacking in TNBC.2,3

TNBC may exhibit high infiltration, distant metastasis, high recur-
rence risk, poor prognosis, and low survival. Despite great efforts in
clinical treatment strategies, significant improvements in patient sur-
vival have not yet been achieved.1,3 Thus, it would be highly desirable
to investigate the molecular mechanisms of TNBC and develop novel
anticancer strategies.
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Long noncoding RNAs (lncRNAs), which are noncoding RNAs con-
sisting of more than 200 nucleotides, are involved in the regulation of
the occurrence and development of tumors.4,5 In particular, lncRNA
MIR503HG serves as an important tumor suppressor in various hu-
man cancers.6–9 However, the influence of MIR503HG on the prolif-
eration and migration of TNBC cells has rarely been investigated.
Recently, Fu et al.10 found that the expression of MIR503HG was
significantly reduced in TNBC cell lines and tissues, with MIR503HG
inhibiting cell migration and invasion in TNBC through themiR-103/
OLFM4 axis.

On the other hand, microRNAs (miRNAs), which are noncoding sin-
gle-stranded RNA molecules consisting of approximately 22 nucleo-
tides, such as miR-21, miR-10b, miR-221, and miR-210, have been
discovered, and the expression levels of these miRNAs are markedly
different between normal tissues and tumors.11–14 A recent study
showed that miR-224-5p was overexpressed in breast cancer, espe-
cially in TNBC tissues.15 Knocking down miR-224-5p could reduce
cell invasion, migration, and proliferation of MDA-MB-231 cancer
cells.15 However, the underlying mechanisms of MIR503HG and
miR-224-5p on the invasion, proliferation, or migration of TNBC
cells have not been identified.

Recently, homeobox A9 (HOXA9) was found to be an important
gene in the regulation of cancer growth and metastasis. Gilbert
et al.16 found that the HOXA9 gene was downregulated in a variety
of cancer cells and that the decrease in HOXA9 transcript levels
was positively correlated with tumor metastasis and aggression.
Additionally, some cancer stem cell characteristics can be medi-
ated by lncRNA HOTTIP by regulating HOXA9 in pancreatic
cancer.17 A recent report indicated that the HMGA2/TET1/
HOXA9 pathway can modulate cell growth and metastasis in
breast cancer.18
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Figure 1. Expression patterns of MIR503HG, miR-224-5p, and HOXA9 in TNBC cells and tissues

(A–F) Relative expression levels of (A) MIR503HG, (B) miR-224-5p, and (C) HOXA9 in TNBC tissues and adjacent tissues, and relative expression levels of (D) MIR503HG, (E)

miR-224-5p, and (F) HOXA9 in TNBC cells and normal human breast cells. (G–I) Correlations betweenMIR503HG, miR-224-5p, and HOXA9 in TNBC tissues. Data represent

the means ± SD. *p < 0.05, **p < 0.01, ***p < 0.001.
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Bioinformatics analysis revealed that miR-224-5p has binding sites
with MIR503HG and HOXA9. In view of their carcinogenic or inhib-
itory effects in TNBC and their potential interactions, we proposed
that the MIR503HG/miR-224-5p/HOXA9 axis plays a role in
TNBC. Hence, this study intends to study the molecular interaction
mechanism of MIR503HG, miR-224-5p, and HOXA9 in TNBC by
using molecular technology to identify a new molecular target for
the prediction and therapeutic treatment of TNBC.

RESULTS
Differential expression of MIR503HG,miR-224-5p, and HOXA9 in

TNBC cells and tissues

The relative expression of MIR503HG, miR-224-5p, and HOXA9 in
primary TNBC tissue and corresponding adjacent normal tissue was
first measured using quantitative real-time PCR. As shown in Figures
1A–1C, the expression of MIR503HG and HOXA9 in TNBC tissues
was significantly lower than that in adjacent tissues. In comparison,
the expression of miR-224-5p was markedly higher in TNBC tissues
than in adjacent tissues. Additionally, we measured the relative
expression of MIR503HG, miR-224-5p, and HOXA9 in TNBC cell
lines (MDA-MB-231, MDA-MB-453, MDA-MB-415, and MDA-
MB-468) and a normal breast epithelial cell line (MCF-10A). The
same trend was found in TNBC cell lines and normal cells (Figures
1D–1F), in which these TNBC cell lines exhibited low levels of
MIR503HG and HOXA9 and higher levels of miR-224-5p than the
normal breast epithelial cell line. We also analyzed the correlation be-
tween the expression of MIR503HG, miR-224-5p, and HOXA9 in
TNBC samples. The results showed that MIR503HG was negatively
correlated with miR-224-5p, miR-224-5p, and HOXA9 (Figures 1G
and 1H), and MIR503HG expression was positively correlated with
HOXA9 expression (Figure 1I).

MIR503HG upregulated the expression of HOXA9 by inhibiting

miR-224-5p

Next, we investigated the effect of MIR503HG overexpression in
TNBC cell lines in vitro. Due to the low expression levels of
Molecular Therapy: Oncolytics Vol. 21 June 2021 63

http://www.moleculartherapy.org


Figure 2. After overexpression of MIR503HG, the expression of HOXA9 was increased by reducing the expression of miR-224-5p

(A) Binding site of MIR503HG and miR-224-5p. (B) Detection of the expression levels of miR-224-5p in MDA-MB-231 and MDA-MB-453 cell lines after miR-224-5p mimics

transfection by quantitative real-time PCR. (C) Dual-luciferase reporter for MIR503HG and miR-224-5p gene detection. (D) RIP measurement. (E) Binding site of miR-224-5p

and HOXA9. (F) Dual-luciferase reporter for HOXA9 and miR-224-5p gene detection. (G) Detection of the expression levels of MIR503HG, miR-224-5p, and HOXA9 by

quantitative real-time PCR after overexpression of MIR503HG in MDA-MB-231 and MDA-MB-453 cell lines. (H) detection of HOXA9 expression level in MDA-MB-231 and

MDA-MB-453 cell lines via quantitative real-time PCR after miR-224-5p inhibitor transfection. Data represent the means ± SD. *p < 0.05, **p < 0.01, ***p < 0.001.
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MIR503HG in MDA-MB-231 and MDA-MB-453 cell lines, we
selected these two cell lines for the following experiments. As shown
in Figure 2A, the expression of miR-224-5p was significantly
increased after transfection of miR-224-5pmimics but decreased after
transfection of miR-224-5p inhibitor. According to the bioinformat-
ics analysis in Figure 2B, MIR50HG and miR-224-5p might have
binding sites. Moreover, transfection of miR-224-5p mimics
significantly reduced the luciferase activity of HEK293T cells, and
the miR-224-5p inhibitor increased luciferase activity in the
MIR503HG-wild-type (WT) group, while significant differences
were not observed in the MIR503HG-mutant (MUT) group (Fig-
ure 2C). In addition, MIR503HG and miR-224-5p were specifically
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enriched in AgO2 precipitates compared with immunoglobulin G
(IgG) in the control (Figure 2D). Furthermore, the bioinformatics
analysis in Figure 2E shows that MIR50HG and miR-224-5p might
have binding sites. As shown in Figure 2F, miR-224-5p mimics signif-
icantly reduced the luciferase activity of HEK293T cells in the
HOXA9-WT group, miR-224-5p inhibitor increased luciferin activity
in the HOXA9-WT group, and significant differences in activity were
not observed in the HOXA9-MUT group. After overexpression of
MIR503HG, the expression of MIR503HG and HOXA9 in TNBC
cells was increased and the expression of miR-224-5p was reduced
(Figure 2G). Moreover, as shown in Figure 2H, after transfection of
miR-224-5p mimics and inhibitor, HOXA9 expression levels were



Figure 3. Overexpression of MIR503HG inhibited TNBC cell migration and invasion by inhibiting the expression of miR-224-5p

(A–C) Expression of MIR503HG,miR-224-5p, and HOXA9was determined by quantitative real-time PCR. (D and E) Transwell assays were performed to detect cell migration.

(F and G) Transwell assays were performed to detect cell invasion. Data represent the means ± SD. *p < 0.05, **p < 0.01, ***p < 0.001.
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significantly decreased and increased, respectively, which indicated
that MIR503HG could regulate HOXA9 expression by targeting
miR-224-5p.

Overexpression of MIR503HG inhibited the migration and

invasion of TNBC cells by inhibiting miR-224-5p

To test the effects of MIR503HG and miR-224-5p on the migration
and invasion of TNBC cell lines, we performed Transwell experi-
ments. The expression of MIR503HG, miR-224-5p, and HOXA9
was determined in MDA-MB-231 and MDA-MB-468 cells overex-
pressing MIR503HG. The results indicated that MIR503HG sup-
pressed the expression of miR-224-5p while increasing the expression
of HOXA9 (Figures 3A–3C). As shown in Figures 3D and 3E, over-
expression of MIR503HG reduced the cell migration ability of
MDA-MB-231 and MDA-MB-453 cells, while miR-224-5p overex-
pression enhanced the cell migration ability. miR-224-5p mimics
reversed the inhibitory effect of OE-MIR503HG on cell migration
ability. Furthermore, overexpression of MIR503HG also reduced
the invasion of MDA-MB-231 and MDA-MB-453 cells, while miR-
224-5p mimics enhanced invasion rates (Figures 3F and 3G). In addi-
tion, miR-224-5p mimics attenuated the effect of OE-MIR503HG on
invasion ability (Figures 3F and 3G). The above data showed that
MIR503HG regulated the migration and invasion of TNBC cell lines
through miR-224-5p.

Overexpression of MIR503HG inhibited the proliferation and

promoted the apoptosis of TNBC cells by inhibiting the

expression of miR-224-5p

After researching the influence of MIR503HG on the migration and
invasion of TNBC cell lines, we then investigated its effect on
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proliferation and apoptosis through colony formation and cell
apoptosis assays, respectively. The cell proliferation results in Figures
4A and 4B show that the proliferation ability of TNBC cells was weak-
ened due to the overexpression of MIR503HG. In contrast, overex-
pression of miR-224-5p could promote cell proliferation, whereas
miR-224-5p mimics could attenuate the inhibitory effect of OE-
MIR503HG on cell proliferation. In addition, overexpression of
MIR503HG could promote apoptosis, while overexpression of miR-
224-5p had the opposite result and could also reverse the effect of
MIR503HG overexpression (Figures 4C and 4D).

Finally, western blotting detection was carried out to detect the
expression levels of HOXA9 and apoptosis-related proteins (Bcl-2,
Bax, and cleaved caspase-3). As shown in Figures 4E and 4F, the
Bcl-2 protein levels decreased and the HOXA9, Bax, and cleaved cas-
pase-3 protein levels increased after overexpression of MIR503HG. In
contrast, the Bcl-2 protein level increased and the HOXA9, Bax, and
cleaved caspase-3 protein levels decreased after transfection with
miR-224-5p mimics. Notably, significant changes were not observed
in the expression level of these proteins after transfection of OE-
MIR503HG and miR-224-5p mimics. These results are consistent
with the flow cytometer assay, which proved that overexpression of
MIR503HG inhibited the proliferation and promoted the apoptosis
of TNBC cells by inhibiting the expression of miR-224-5p.

Overexpression of HOXA9 reversed the effect of MIR503HG

knockdown on cell migration and invasion

According to our above study, HOXA9 plays an important role in the
MIR503HG-based regulation of TNBC cells. To further verify this ef-
fect, we assessed the influence of HOXA9 overexpression on the
migration and invasion of TNBC cell lines. The expression of
MIR503HG, miR-224-5p, and HOXA9 was determined in MDA-
MB-231 and MDA-MB-468 cells via HOXA9 overexpression and
MIR503HG knockdown. The results indicated that knockdown of
MIR503HG increased the expression of miR-224-5p but decreased
the expression of HOXA9 (Figures 5A–5C). Then, quantitative real-
time PCR and western blotting were performed to detect the
HOXA9mRNA and protein levels in TNBC cells after overexpression
of HOXA9. As expected, the mRNA and protein levels of HOXA9
in the cells were markedly increased (Figures 5D–5F). We chose
OE-HOXA9-1 with high overexpression efficiency for subsequent
migration and invasion experiments. As shown in Figures 5G and
5H, overexpressing HOXA9 decreased cell migration ability, knock-
ing downMIR503HG increased cell migration ability, and expressing
OE-HOXA9 reduced the effect of sh-MIR503HG on cell migration
ability. The same trend can be found in the cell invasion study shown
in Figures 5I and 5J. All these results proved that overexpression of
HOXA9 could reverse the effect of MIR503HG knockdown on the
migration and invasion of TNBC cell lines.

Overexpression of HOXA9 reversed the effect of MIR503HG

knockdown on cell proliferation and apoptosis

Next, we assessed the influence of HOXA9 overexpression on the pro-
liferation and apoptosis of TNBC cell lines. Figures 6A and 6B show
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that cell proliferation was decreased after overexpressing HOXA9, the
opposite results were observed after knocking downMIR503HG, and
OE-HOXA9 attenuated the effect of sh-MIR503HG on cell prolifera-
tion. Then, apoptosis experiments showed that knockdown of
MIR503HG could inhibit the apoptosis of TNBC cell lines, and over-
expression of HOXA9 promoted the apoptosis of TNBC cells and
reversed the effect of knockdown of MIR503HG (Figures 6C and
6D). To confirm this finding, western blotting was performed to
detect the levels of HOXA9 and the cell apoptosis-associated proteins
Bcl-2, Bax, and cleaved caspase-3. Figures 6E and 6F show that after
HOXA9 overexpression, Bcl-2 protein levels decreased while
HOXA9, Bax, and cleaved caspase-3 protein levels increased; after
MIR503HG knockdown, Bcl-2 protein levels increased, while
HOXA9, Bax, and cleaved caspase-3 protein levels decreased; and af-
ter cotransfection of OE-HOXA9 with sh-MIR503HG, the expression
levels of each group of proteins did not change significantly. In sum-
mary, overexpression of HOXA9 reversed the effects of MIR503HG
knockdown on TNBC cell proliferation and apoptosis.

Overexpressing MIR503HG in mice inhibited tumor growth

Finally, the influence of MIR503HG overexpression on TNBC tumor
growth was investigated in vivo. Interestingly, MIR503HG overex-
pression induced a decrease in tumor volume and weight in nude
mice (Figures 7A–7C). Next, the MIR503HG, miR-224-5p, and
HOXA9 expression levels in mouse tumors after overexpression of
MIR503HG were detected by quantitative real-time PCR analysis.
This result is consistent with the in vitro study. After overexpressing
MIR503HG, the MIR503HG level in tumor tissue increased, which
decreased the expression of miR-224-5p in tumors; thus, the expres-
sion levels of HOXA9 increased substantially (Figure 7D). To confirm
this finding, we examined the expression of HOXA9 protein in mouse
tumor tissue using immunohistochemical (IHC) staining. As ex-
pected, HOXA9 protein levels in mouse tumors after overexpression
of MIR503HG significantly increased (Figure 7E). In addition, after
MIR503HG overexpression, the protein levels of the apoptosis-
related proteins Bax and cleaved caspase-3 increased significantly,
while that of Bcl-2 decreased, which is consistent with the in vitro
study (Figures 7F and 7G). These results indicated that overexpres-
sion of MIR503HG could inhibit the growth of mouse tumors by in-
hibiting miR-224-5p to promote HOXA9 expression.

DISCUSSION
TNBC is defined by a lack of estrogen, progesterone, and ERBB2 re-
ceptor expression and exhibits aggressive clinical behavior, high
recurrence risk, poor prognosis, and low survival.19 Thus, there is
an urgent need to identify prognostic biomarkers of TNBC for ther-
apeutic opportunities. To provide a new molecular target for the pre-
diction and treatment of TNBC, this study examined the molecular
interaction mechanism of MIR503HG, miR-224-5p, and HOXA9 in
TNBC and their influences on the cell migration, invasion, and pro-
liferation of TNBC. Herein, we found that MIR503HG could inhibit
tumor development in both TNBC cells and a tumor model via the
miR-224-5p/HOXA9 axis, which may function as a novel target for
treating TNBC.



Figure 4. Overexpression of MIR503HG inhibited TNBC cell proliferation and promoted apoptosis by inhibiting the expression of miR-224-5p

(A and B) Clonal formation was performed to detect proliferation. (C and D) Apoptosis was detected by flow cytometry. (E and F) Detection of the protein expression levels of

HOXA9, Bcl-2, Bax, and cleaved caspase-3 by western blotting. Data represent the means ± SD. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 5. Overexpression of HOXA9 reversed the effect of MIR503HG knockdown on cell migration and invasion

(A–C) Expression of MIR503HG, miR-224-5p, and HOXA9 was determined by quantitative real-time PCR. (D) Quantitative real-time PCR detection of HOXA9 levels in cells

after overexpression of HOXA9. (E and F) HOXA9 protein levels detected by western blotting. (G and H) Transwell assays were performed to detect cell migration. (I–J)

Transwell assays were performed to detect cell invasion. Data represent the means ± SD. *p < 0.05, **p < 0.01, ***p < 0.001.
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lncRNAs are extensively distributed regulators in mammals that play
an important role in the gene regulation of TNBC cell lines.20,21

lncRNA has been reported as a novel marker for differentiating
TNBC from non-TNBC. Recently, Han et al.7 found that MIR503HG
inhibited the proliferation, migration and invasion of colon cancer
68 Molecular Therapy: Oncolytics Vol. 21 June 2021
cells via miR-107/Par4 axis. Dao et al.22 reported that knockdown
of MIR503HG suppressed proliferation and promoted apoptosis of
non-small cell lung cancer cells by modulating miR-625-5p and
miR-489-3p. A recent study showed that MIR503HG expression
was significantly reduced in TNBC tissues and cell lines.9 MIR503HG



Figure 6. Overexpression of HOXA9 reversed the effects of MIR503HG knockdown on cell proliferation and apoptosis

(A and B) Clonal formation was performed to detect proliferation. (C and D) Apoptosis was detected by flow cytometry. (E and F) Protein expression levels of HOXA9, Bcl-2,

Bax, and cleaved caspase-3 were detected by western blotting. Data represent the means ± SD. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 7. MIR503HG inhibited TNBC tumor growth by

downregulating miR-224-5p expression to increase

HOXA9 levels in the body

(A) Tumors collected from mice. (B) Effect of MIR503HG

overexpression on tumor volume in mice. (C) Effect of

MIR503HG overexpression on tumor weight in mice. (D)

Quantitative real-time PCR detection of MIR503HG, miR-

224-5p, and HOXA9 expression levels in mouse tumor

tissues after overexpression of MIR503HG. (E) Immuno-

histochemical detection of HOXA9. (F–G) Western blotting

detection apoptosis-related proteins. Data represent the

means ± SD. *p < 0.05, **p < 0.01, ***p < 0.001.

Molecular Therapy: Oncolytics
inhibited cell migration and invasion in TNBC through the miR-103/
OLFM4 axis.10 In our study, MIR503HG expression was elevated in
TNBC tissues and cell lines. In addition, overexpression of
MIR503HG inhibited the growth of TNBC cells and tumors, and
knockdown of MIR503HG promoted the growth of TNBC cell lines.
These results indicated that MIR503HGmight be used as a molecular
therapeutic target for TNBC.

As a family of small noncoding RNAs modulating gene expression,
microRNAs (miRNAs) regulate various biological processes,
including epithelial-mesenchymal transition, cell invasion, drug resis-
tance, and proliferation in cancer cells.23 It was reported that miRNAs
may also serve as therapeutic targets or potential prognostic bio-
markers in TNBC.23,24 Ouyang et al.25 found that miR-451a and
miR-130a-3p were downregulated in TNBC, and nine of the eleven
deregulated miRNAs were related to the chemoresistance of TNBC.
In addition, miR-224 was found to be deregulated in a variety of hu-
70 Molecular Therapy: Oncolytics Vol. 21 June 2021
man malignancies. It is upregulated in non-
small-cell lung cancer26 and glioma27 and down-
regulated in prostate cancer28 and plays a dual
regulatory role as either a tumor suppressor or
an oncogene. However, the function of miR-
224 and MIR503HG in breast cancer remains
controversial. In this study, we found that the
expression of miR-224-5p was increased in
TNBC tissues and cells. Overexpression of miR-
224-5p not only promotes the migration, inva-
sion, and proliferation of TNBC cells but also
inhibits the apoptosis of cells. Moreover, miR-
224-5p overexpression also reverses the effects
of MIR503HG overexpression on TNBC cells.
In addition, overexpression of MIR503HG could
inhibit the expression of miR-224-5p both
in vitro and in vivo, suggesting that MIR503HG
could serve as a tumor suppressor gene in
TNBC by inhibiting the expression of miR-
224-5p.

HOXA9 was identified as an important gene in
the regulation of cancer growth and metastasis.16

Wang et al.29 found that miR-133b inhibited the

metastasis by targeting HOXA9 in human colorectal cancer.
Recently, Malek et al.30 reported that TWIST1-WDR5-Hottip regu-
lates Hoxa9 chromatin to facilitate prostate cancer metastasis. In
our study, we found that the expression levels of HOXA9 were
decreased in TNBC tissues and cells. Overexpression of HOXA9 in-
hibited the migration, invasion, and proliferation ability of TNBC
cells; resulted in the apoptosis of TNBC cells; and attenuated the ef-
fects of MIR503HG knockdown. In addition, MIR503HG could pro-
mote the expression of HOXA9 by inhibiting miR-224-5p in vivo and
in vitro but was negatively correlated with miR-224-5p. These results
indicated that MIR503HG could promote the expression of HOXA9
through microRNA sponge action and thus inhibit the development
of TNBC.

In conclusion, MIR503HG could inhibit the growth and metastasis of
TNBC through the miR-224-5p/HOXA9 axis, as demonstrated by
in vitro and in vivo studies. These results provide insights on the
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apoptosis pathway of TNBC and a potential therapeutic target for
TNBC patients.

MATERIAL AND METHODS
Clinical samples

Twenty primary TNBC tissue samples and paired normal tissues were
obtained and histologically identified by three clinical pathologists
from Xiangya Hospital of Central South University. Before diagnosis,
none of these patients were given anticancer treatments. These exper-
iments were approved by Xiangya Hospital of Central South Univer-
sity and complied with the regulations of the Helsinki Declaration. All
patients were informed of their diagnosis and signed forms attesting
to their understanding of the purposes of this study.

Cell lines

Four human TNBC cell lines (MDA-MB-231, MDA-MB-468, MDA-
MB-415, and MDA-MB-453), a human embryonic kidney cell line
(HEK293T), and a human normal breast epithelial cell line (MCF-
10A) originated from ATCC (American Type Culture Collection)
and were cultivated in DMEM (Thermo Fisher Scientific, USA) sup-
plemented with 10% fetal bovine serum (FBS) and 1% streptomycin-
penicillin.

Cell transfection

The full-length sequences of MIR503HG and HOXA9 cDNA were
amplified by using PCR and cloned into the pcDNA3.1 expression
vector to obtain a MIR503HG overexpression vector (OE-
MIR503HG) or HOXA9 overexpression vector (OE-HOXA9). The
short hairpin RNA (shRNA) MIR503HG (sh-MIR503HG) and
the negative control (sh-NC) were purchased from GenePharma.
The miR-224-5p inhibitor, miR-224-5p mimic, inhibitor NC, and
mimic NC were obtained from GenePharma. TNBC cells were trans-
fected using Lipofectamine 2000 from Invitrogen.

Bioinformatics prediction of miRNA binding sites

The binding sites of miRNA/mRNA and miRNA/lncRNA were
predicted on miRGate (http://mirgate.bioinfo.cnio.es/miRGate/)
and starBase (http://starbase.sysu.edu.cn/), respectively.

Dual-luciferase reporter gene assay

We amplified 30 UTR cDNA fragments of MIR503HG containing the
putative WT or MUT miR-224-5p binding sites using the following
primers: MIR503HG forward: 50-CGC CCA ATC TGA GCC CGA
G-30 and reverse: 50-AAA TAA TTA GCT CAA GAG ATT TGC
AC-30; HOXA9 forward: 50-CAC AAA GCG GCT CTA AAC CTC
A-30 and reverse: 50-GTG CAT CAC CCA GTA CAC AGA A-30.
The amplified cDNA fragments were cloned into the pmirGLO
Dual-Luciferase vector (Promega, San Luis Obispo, CA, USA), and
primers for pmirGLO Dual-Luciferase vector construction were as
follows: MIR503HG forward: 50-TGT AAT TCT AGT TGT TTA
AAC GAG CTC GCT AGC CAC AAA GCG GCT CTA AAC CTC
A-30 and reverse: 50-TGC CTG CAG GTC GAC TCT AGA GTG
CAT CAC CCA GTA CAC AGA A-30; HOXA9 forward: 50-TGT
AAT TCT AGT TGT TTA AAC GAG CTC GCT AGC CGC CCA
ATC TGA GCC CGA G-30 and reverse: 50-CCT GCA GGT CGA
CTC TAG AAA ATA ATT AGC TCA GAT AGAG CAC GCC
CGA G-30. Then, the WT or MUT vectors as well as miR-224-5p in-
hibitor or mimics were cotransfected into HEK293T cells with Lipo-
fectamine 2000. After transfection for 48 h, a dual-luciferase reporter
assay was carried out to measure the luciferase activity. The experi-
ments were performed in triplicate.

RNA immunoprecipitation (RIP)

The RIP experiments were carried out by adopting an EZ-Magna RIP
kit (Millipore, USA). First, lysis buffer was used to lyse the collected
cells, and then magnetic beads with antibody targeting AgO2 or IgG
as well as RIP buffer were added to the lysate. After this, proteinase
K was employed for culture with these magnetic beads, and the
precipitated RNAwas subsequently eluted and purified by using PCR.

Western blotting

First, the proteins were extracted by using radioimmunoprecipitation
assay buffer in the presence of protease inhibitor, and a BCA detection
kit (Beyotime, China) was used to detect the protein concentrations.
Subsequently, SDS-10% PAGE was added to detach the protein
samples. Then, the treated proteins were transferred to polyvinyli-
dene difluoride membranes (PVDF). After sealing with nonfat
milk, the PVDF membrane was coincubated with primary antibodies
overnight at 4�C, followed by probing with secondary antibodies for
2 h at room temperature, and then chemiluminescence was measured
by using a detection kit. Primary antibodies against HOXA9 (1/1,000,
ab191178), Bcl-2 (1/2,000, ab182858), Bax (1/1,000, ab32503),
cleaved caspase-3 (1/1,000, ab49822), and b-actin (ab5694, 1/500)
were procured from Abcam.

Quantitative real-time PCR analysis

The RNA of transfected cells and tissues was first collected with TRI-
zol reagent (Invitrogen, USA). After this, the reverse transcription of
RNA into cDNA was carried out by using a reverse transcriptase kit
from Invitrogen. PCR processes were conducted on an ABI 7500
Real-Time PCR System. The cycling parameters used were denatur-
ation at 95�C for 10 min, 40 cycles of 15 s at 94�C, 30 s at 60�C,
and 1 min at 72�C followed by a continuous melting curve. The
2�DDCt method was adopted to calculate the relative expression levels.
The primers used were as follows: MIR503HG forward: 50-GCA TTG
AAA ACC ACC CAA GT-30 and reverse: 50-CAT GCC AAT TGG
AAC AAA GA-30; miR-224-5p forward: 50-CGG TCA AGT CAC
TAG TGG TTC C-30 and reverse: 50-GTC GTA TCC AGT GCA
GGG TCC GAG GTA TTC GCA CTG GAT ACG ACC TAA
AC-30; HOXA9 forward: 50-CCA CGC TTG ACA CTC ACA CT-30

and reverse: 50-AGT TGG CTG CTG GGT TAT TG-30; U6 forward:
50-CTC GCT TCG GCA GCA CA-30 and reverse: 50-AAC GCT TCA
CGA ATT TGC GT-30; GAPDH forward: 50-CCA GGT GGT CTC
CTC TGA-30 and reverse: 50- GCT GTA GCC AAA TCG TTG T-30.

Cell migration and invasion studies

For the cell migration studies, transfected cells were first collected,
counted, and transferred into 8 mm pore size polycarbonate inserts
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in 200 mL of DMEM supplemented with 2% serum, and the assembly
was placed into 24-well plates containing 800 mL complete medium.
After 48 h of cultivation, nonmigrating and noninvasive cells were
removed from the top of filters and methanol acetone was used to
fix the migrating cells at the bottom of filters, which was followed
by staining under 5% crystal violet and counting. The cell numbers
were obtained by counting five random fields based on triplicate
experiments.

For the cell invasion assay, transfected cells were collected, counted,
and transferred to uncoated 8-mmMatrigel-coated pore size polycar-
bonate inserts in DMEM supplemented with 2% serum, and the as-
sembly was placed into 24-well plates containing 800 mL complete
medium. The following experimental steps were carried out for the
cell migration assay.

Colony formation assay

A total of 500 cells were transferred to a plate, and fresh culture me-
dium was added every 3 days to replace the old culture medium. After
2 weeks of cultivation, cells were fixed with methanol for 10 min,
stained with methylene blue, and photographed.

Cell apoptosis assay

Transfected cells were cultured in a six-well plate for 24 h after
reaching 80% confluency. The cells were then washed with fresh
medium and incubated in the incubator for another 12 h. Subse-
quently, the cells were washed with PBS (pH 7.4) and digested by
trypsin (without EDTA). Cells were collected and suspended in
0.4 mL of binding buffer. Then, the cells were treated with the
probes annexin V-fluorescein isothiocyanate (FITC) and propidium
iodide (PI) for 15 min and detected with flow cytometry (BD Bio-
sciences, San Diego, CA, USA).

In vivo studies

All experiments conformed to the regulations of Xiangya Hospital
of Central South University. Five-week-old BALB/c nude mice
(Vital River, USA) were randomly divided into three groups (con-
trol, OE-MIR503HG, and vector groups), with 20 mice in each
group. MDA-MB-231 cells (1 � 107) containing vector or OE-
MIR503HG were injected subcutaneously into nude mice. At
a given time after injection (days 3, 7, 14, 21, and 28), three
mice randomly selected from each group were sacrificed, and the
tumor size and weight of mice were measured. During the
experiment, the width (W) and length (L) of the tumors were
determined. The volume (V) of the tumors was calculated as
V = L � W2/2.

IHC staining

The mouse tumor was fixed and embedded in paraffin and then sliced
into 5 mm sections. The sections were incubated with the primary
antibody against HOXA9 (1:200) (Vector Laboratories) at 4�C over-
night and probed with the secondary antibodies. IHC staining by di-
aminobenzidine was then carried out, and photos were taken by a
fluorescence microscope for further analysis.
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Statistical analysis

We used SPSS statistics 21.0 software to perform the statistical anal-
ysis. All experiments were repeated at least three times. Data were
presented as the mean ± standard deviation (SD). One-way analysis
of variance (ANOVA) was performed for comparisons between mul-
tiple groups, while Student’s t test (two-tailed) was performed for
comparisons between two groups. p <0.05 was considered significant.
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