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Introduction: The breast cancer stem cells contribute to the initiation, progression, recur-
rence, metastasis as well as resistance of breast cancer. However, the mechanisms underlying
the maintenance of breast cancer stemness have not been fully understood.

Materials and methods: TCGA and GEO data were used for measuring miR-520b expres-
sion in breast cancer tissues. Kaplan-meier analysis was used for determining the relationship
between miR-520b expression level and the prognosis of patients. Genetic manipulation was
performed by lentivirus system and miR-520b inhibitor was used for knockdown of miR-520b.
qRT-PCR and Western blot were employed to determine the mRNA and protein levels, respec-
tively. The stemness and EMT (Epithelial to mesenchymal transition) were assessed by sphere-
formation and transwell assay as well as the expression of the related markers. The target genes
of miR-520b were identified using the online database starBase V3.0.

Results: miR-520b is upregulated in cancer tissues of breast cancer patients and predicts
poor prognosis. Upregulation of miR-520b was found in breast cancer stem cells. Ectopic
expression of miR-520b promotes the stemness of the breast cancer cells, conversely,
depletion of miR-520b attenuates the stemness of these cells. miR-520b positively regulates
Hippo/YAP signaling pathway and overexpression of LAST2 abolished the effect of miR-
520b on the stemness of breast cancer cells.

Conclusion: miR-520b promotes the stemness of breast cancer patients by activating
Hippo/YAP signaling via targeting LATS2.
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Introduction

Breast cancer is recognized as one of the leading causes of cancer-related mortality
in women worldwide." In spite of the development of aggressive interventions, the
inevitability of relapse and metastasis result in severe mortality rate.”> While, the
roots of breast cancer relapse and metastasis have remained elusive.

Cancer stem cells (CSCs) are a small but significant subpopulation of undiffer-
entiated cells in tumor tissues.* > Accumulating evidences indicated that CSCs
drive cancer initiation, progression, spread and resistance to chemo- or
radiotherapy.®” CSCs were also identified in breast cancer tissues, called breast
cancer stem cells (BCSCs). BCSCs were characterized with the ability of self-
renewal, differentiation, tumor initiation, invasion and resistance of conventional
therapy, which indicated that BCSCs should be an effective target for breast cancer
therapy.® '? However, our understanding of BCSCs still needs to be improved.

There are several signaling pathways that have been identified to be associated
with the maintenance of breast cancer stemness, including Hippo/YAP, Notch,
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Hedgehog and Wnt pathways.'>'® In addition, numerous
miRNAs are identified to be dysregulated in BCSCs popu-
lation, such as miR-200¢'®, miR-205,%° miR-141,%' miR-
1, miR-34a**, miR-221,>* miR-21%° and Let-7.%°

miR-520b is a member of miR-302/372/373/520
family. Recently, several members in this family have
been reported to be associated with cancers. For example,
miR-373 and miR-520c/h have been reported with the role
of oncogene in breast and esophageal cancer cells.”’ >’
While, miR-302, 372, 520a/b/e/h have been shown as
a tumor suppressor in some types of cancers,’’>* which
indicated that the function of the members of this family
largely depends on the cellular context in specific tissue
type.

In this study, we report that miR-520b promotes the
stemness of breast cancer patients by activating Hippo/
YAP signaling via targeting LATS2.

Materials and Methods

Cells, Clinical Samples and Cell Culture
MCF-7 and MDA-MB-231 breast cancer cells were pur-
chased from Chinese Academy of Sciences (Shanghai,
China). Both cells were cultured in Eagle’s Minimum
Essential Medium (EMEM, Thermo Fisher, Waltham,
MA, USA) supplemented with 10% fetal bovine serum
(FBS, Thermo Fisher, Waltham, MA, USA). All tissues
were obtained from Chongqing University Cancer
Hospital, which was approved by ethics committee of
Chonggqing University Cancer Hospital. All patients pro-
vided written informed consent, and that this was con-
ducted in accordance with the Declaration of Helsinki.
The clinical information of the patients was provided in
Supplementary materials.

Stem Cell Isolation

The cells were digested, washed and re-seeded in stem cell
medium (Thermo Fisher Scientific) in Ultra-low adherent
plate (Corning) and cultured at 37°C in a 5% CO2 humi-
dified incubator for 15-20 days.

Antibodies, Primers and Reagents

The detail information of antibodies and primers were
provided in Supplementary materials. miR-520b inhibitors
were purchased Sigma-Aldrich (St. Louis, MO, USA). All
other reagents were purchased from Sigma-Aldrich
(St. Louis, MO, USA).

Plasmids

Lentivirus containing miR-520b (HLMIR0696) and miR-
520b inhibitor (HSTUDO0696) were purchased from Sigma
Aldrich Merck (St. Louis, MO, USA). The coding sequence
(CDs) region of LATS2 CDS was synthesized by PCR and
was cloned into pCDH plasmids for virus package.

Lentivirus Package, Transfection and
Stable Cell Selection

HEK?293T cells were co-transfected with reconstructed plas-
mids, VSV-G (envelop plasmid) and delta R8.2 (packaging
plasmid) and were cultured for 7-14 days. The media were
harvested for virus concentration using a 0.45 um filter and
Lenti-X Concentrator (Clontech, Mountain View, CA, USA).
MCEF-7 and MDA-MB-231 cells were infected with lentivirus,
and two days after infection, the cells were cultured with
complete media with puromycin. The stable cell lines were
verified by Western blot assay.

Quantitative Real-Time

Reverse-Transcription PCR

RNAzol RT reagent (Molecular Research Center,
Cincinnati, OH, USA) was employed for Total RNA iso-
lation. SuperScript III Platinum SYBR Green One-Step
gqRT-PCR Kit (Thermo Fisher, Waltham, MA, USA) was
used for quantitative reverse transcriptase PCR (QRT-PCR)
and GAPDH was used as an internal control.

Western Blot

The protein samples were fist separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and blotted onto Immobilon-P membranes (Millipore-
Sigma, St. Louis, MO, USA). The membranes were then
incubated with the primary antibody at 4°C overnight.
After incubation with relevant horseradish peroxidase
(HRP)-conjugated secondary antibody, the Clarity™
Western ECL Substrate (BioRad, Hercules, CA, USA)
was used to produce the signals.

Transwell Assay

About 2x10? cells in serum-free culture media were placed
on the upper layer of the culture insert with permeable
membrane (Thermo Fisher, Waltham, MA, USA). The
complete culture medium was then added in the culture
well (Thermo Fisher, Waltham, MA, USA). Following an
incubation for 18 hrs, the cells that have migrated through
the membrane are stained and counted.
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Statistics

At least three replicates were performed for each experi-
ment. Data are represented as mean + s.d. and the signifi-
cance was determined by Student’s #-test.

Results
miR-520b Is Upregulated in Breast
Cancer Tissues, Predicts Poor Prognosis

and Associates Breast Cancer Stem Cells
To investigate the role of miR-520b in breast cancer, we
first analyzed the expression of miR-520b in breast cancer
tissues. GSE57897 dataset was downloaded from GEO
(Gene expression omnibus) database and we found that
the expression of miR-520b was significantly upregulated
in breast cancer tissues, compared with adjacent normal
tissues (Figure 1A). In addition, the result from Kaplan—
Meier analysis using TCGA (The cancer genome atlas)
data downloaded from the Kaplan—Meier Plotter database
showed that high expression of miR-520b is associated
with poor prognosis of breast cancer patients (Figure 1B).
Next, we isolated BCSCs from MCF-7 and MDA-MB-231
breast cancer cells by suspension culture and analyzed the
expression of miR-520b in suspension-cultured spheres and
adherent or re-adherent cells by qRT-PCR. As shown in
Figure 1C, the mRNA level of miR-520b is significantly upre-
gulated in suspension-cultured spheres (MCF-7 and MDA-MD
-231) compared with adherent cells and re-adherent cells,
respectively. In addition, as shown in Figure 1D, the expression
of miR-520b is upregulated in CD44+, CD133+, ALDHI+
MCF-7 and MDA-MD-231 cells compared with CD44-,
CD133-, ALDHI1- cells. Moreover, the correlation between the
expression of miR-520b and CD44, CD133 and ALDH1 was
analyzed by Spearman analysis. We found that the expression of
miR-520b is positively correlated with CD44, CD133 and
ALDHI in breast cancer tissues (Figure 1E). The clinical infor-
mation of the patients was shown in Supplementary Table 1.

These results thus suggested that miR-520b may
associate with the maintenance of breast cancer stemness.

Ectopic Expression of miR-520b
Promotes the Stemness of Breast Cancer
Cells

To further confirm the role of miR-520b in the maintenance of
breast cancer stemness, we overexpressed miR-520b in MCF-
7 and MDA-MB-231 cells (Supplementary Figure 1A). We
first investigated the effect of miR-520b on the sphere-

formation activities of breast cancer cells. As shown in
Figure 2A, we found that miR-520b overexpression signifi-
cantly increased the diameter and the number of the spheres,
which demonstrated that miR-520b overexpression increased
the sphere-formation activities of the breast cancer cells. As
shown in Figure 2B, the results from transwell assay showed
that the migration activity of the cells was significantly
increased by miR-520b. In addition, the mRNA levels of the
stem cell markers (CD44, CD133 and ALDH1) and mesench-
ymal markers (N-cadherin, Vimentin, Snaill and ZEB1) were
significantly upregulated in miR-520b-overexpressing cells
(Figure 2C and D). Conversely, the mRNA levels of epithelial
markers (E-cadherin and ZO-1) were significantly downregu-
lated by miR-520b as identified by qRT-PCR (Figure 2E). The
regulatory effects of miR-520b on CD44, E-cadherin,
N-cadherin and Snaill were also confirmed by Western blot
assay (Figure 2F). Taken together, above results indicated that
miR-520b promotes the stemness of breast cancer cells.

Knockdown of miR-520b Attenuates the

Stemness of Breast Cancer Cells

Next, to confirm the stimulatory role of miR-520b in the
maintenance of breast cancer stemness, miR-520b was inhib-
ited by miR-520b inhibitor (Supplementary Figure 1B). As
we expected, the sphere-formation activity of the cells was
inhibited by miR-520b inhibition (Figure 3A). miR-520b
inhibition also attenuated the migration activity of the breast

cancer cells (Figure 3B). The mRNA levels of cancer stem
cell markers and the mesenchymal markers were signifi-
cantly inhibited by miR-520b inhibition in the breast cancer
cells (Figure 3C and D). While, the mRNA levels of epithe-
lial markers were significantly upregulated in miR-520b-
knockdown cells (Figure 3E). These results thus confirmed
the conclusion that miR-520b promotes the stemness of
breast cancer cells.

miR-520b Activates Hippo/YAP Signaling

in Breast Cancer Cells

To investigate the mechanism underlying miR-520b promot-
ing the stemness of breast cancer cells, we analyzed the poten-
tial target genes of miR-520b using the online database
starBase V3.0. We found that a key component in Hippo/Yap
signaling, LATS2, is the potential target of miR-520b
(Figure 4A). In addition, bioinformatic analysis of
GSE109169 dataset showed that the expression of LATS2 is
cancer tissues

significantly downregulated in breast

(Supplementary Figure 1C), which indicated that inhibition
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of LATS2 expression may be the cause of breast cancer devel-
opment. As Hippo/YAP signaling pathway is largely asso-
ciated with breast cancer stemness, we next investigated
whether miR-520b regulates Hippo/YAP signaling in breast
cancer cells. As shown in Figure 4B, the mRNA level of
LATS2 was significantly inhibited by miR-520b in breast
cancer cells. In addition, the mRNA levels of YAP target
genes were significantly decreased in breast cancer cells
(Figure 4C). Moreover, the phosphorylation level of YAP in
breast cancer cells was significantly decreased by miR-520b
(Figure 4D). Furthermore, the protein level of nuclear YAP
was significantly upregulated by miR-520b in breast cancer
cells (Figure 4E). These results demonstrated that miR-520b
activates Hippo/YAP signaling in breast cancer cells.

Overexpression of LATS2 Abolished the
Effect of miR-520b on Breast Cancer
Stemness

Next, we performed rescue experiment by overexpression of

LATS?2 in breast cancer cells (Supplementary Figure 1D) to

confirm the role of Hippo/YAP signaling in the effect of
LATS2 on breast cancer stemness. As shown in Figure 5A,
we found that overexpression of LATS?2 significantly restored
the sphere-formation activity of miR-520b-overexpressing
cells. Similarly, the miR-520b-induced increased migration
activity of the cells was reduced by LATS2 overexpression
(Figure 5B). Moreover, overexpression of LATS2 significantly
abolished the effect of miR-520b on the expression of stem cell
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markers, mesenchymal markers as well as epithelial markers as
indicated by qRT-PCR (Figure SC-E). Thus, these results
demonstrated that miR-520b promotes breast cancer stemness
through Hippo/YAP signaling pathway by targeting LATS2.

Discussion

Breast cancer is one of the leading causes of tumor-related
mortality worldwide.! Recent studies indicated that BCSCs
are the root of breast cancer initiation, progression, metastasis

and resistance to conventional therapy.®'? However, the
mechanisms underlying the maintenance of the stemness of
breast cancer cells have remained elusive. In this study, we
found that miR-520b is an oncogene that promotes the stem-
ness of BCSCs through Hippo/YAP signaling. Our finding
thus improved our understanding of mechanisms underlying
the maintenance of breast cancer stemness.

Through bioinformatic analysis, we first found that
miR-520b is upregulated in breast cancer tissues compared
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with adjacent normal tissues (Figure 1A). In addition,
subsequent analysis showed that upregulation of miR-
520b is associated with poor prognosis of breast cancer
patients (Figure 1B). Moreover, ectopic expression of
miR-520b promotes the sphere-formation and migration
activities (Figure 2A and B). Conversely, knockdown of
miR-520b attenuates the sphere formation and migration
activities (Figure 3A and B). These data thus demonstrated
that miR-520b is an oncogene. Our finding is opposed to
the finding of Zhang et al in which miR-520b showed as
a tumor suppressor by targeting MEKK?2 and cyclin D1 in
hepatoma cells.** This information indicates that the func-
tion of miR-520b and other members in this family largely
depends on the cellular context and the further studies are
needed for understanding of the switch of such regulation.

Furthermore, we found that the expression of miR-520b is
positively correlated with stem cells markers (Figure 1E). In
addition, the expression of miR-520b is upregulated in spheres
and cells expressed a high level of cancer stem cell markers
(CD44, CD133 and ALDH1) compared with adherent and re-
adherent control cells and cancer stem cell markers negative
cells (Figure 1C and D). Moreover, we found that overexpres-
sion of miR-520b promotes the stemness of cancer stem cells,
including sphere-formation, migration activities as well as the
expression of stem cell markers, mesenchymal markers and
epithelial markers (Figure 2). Conversely, knockdown of miR-
520b inhibits the stemness of breast cancer cells (Figure 3).
These results thus demonstrated that miR-520b promotes the
stemness of breast cancer cells.

Hippo/YAP signaling pathway plays a central role in organ
size control, tissue development and stemness maintenance of
both normal and cancer stem cells.** In Hippo/YAP signaling,
LATS2 is activated by MST1/2-induced phosphorylation and
then phosphorylates and inhibits YAP-mediated gene tran-
scription; most of YAP target genes positively regulates cell
cycle and stemness maintenance.*®” In this study, we found
that LATS2, the potential target of miR-520b (Figure 4A), was
downregulated by miR-520b overexpression (Figure 4B).
Correspondingly, the target genes of Hippo/YAP signaling
pathway were inhibited in miR-520b-overexpressing cells
(Figure 4C). Moreover, the phosphorylation of YAP is down-
regulated by miR-520b overexpression (Figure 4D).
Furthermore, the protein level of nuclear YAP was signifi-
cantly upregulated by miR-520b (Figure 4E). These results
demonstrated that Hippo/YAP signaling is positively regulated
by miR-520b in breast cancer cells. Subsequent rescue experi-
ments showed that inhibition of LATS2 is necessary for miR-
520b promoting the stemness of BCSCs. Taken together, these

results demonstrated that miR-520b promotes breast cancer
stemness through Hippo/YAP signaling pathway by targeting
LATS2.

Conclusion

In conclusion, our results demonstrated that miR-520b
promotes the stemness of breast cancer cells by activating
Hippo/YAP signaling pathway via targeting LATS2.
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