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ABSTRACT

Background:Triple-negative breast cancer(TNBC)s a specialtype of breast cancer,its tumor cell metastasit
rate is much higherthan other types, and at the sametime hasa high rate of postoperativerecurrence,which
significantlythreatensthe health of women. Thus, it isurgentto exploreanew treatment for TNBC.
Results:MiR-106a5p was up-regulatedin TNBGissuesand cells,and was positively correlated with the tumor
grade, which indicated poor prognosisin TNBCpatients. Mesenchymalstem cells (MSCs)an transport miR-
106a5p into TNBCcells via exosomes. Functional analysis showed exo-miR-106a5p secreted by MSC
promoted tumor progressionin TNBCzells. Furthermore,IncRNAHAND2AS linhibited miR-106a5p levels,and
HAND2AS1was decreasedin TNBCtissues and cells. Besides,overexpressionof HAND2AS1reduced the
secretionof exo-miR-106a5p secretionfrom MSCsthus suppressedlNBGlevelopment.

Conclusion:Our study revealedthat HAND2AS1inhibited the growth of TNBCwhich were mediated by the

inhibitory effectsof MSCGderived exosomalmiR-106a5p.

INTRODUCTION

Triple negative breast cancer (TNBC) refers to breast
cancer with negative expression of estrogen receptor,
progesterone receptor and human epidermal growth factor
receptor 2[1]. TNBC is characterized by a poor
prognosis, high recurrence and metastases end high
mortality, and has become the focus of breast cancer
research in recent yed®. Because TNBC patients lack
the expression of 3 receptors mentioned above, they
cannot benefit from endocrine therapy and targeted
therapy against human epidetrgeowth factor receptor 2

[3]. Thus, it is urgent to seek a new treatment for TNBC.

Exosome is a kind of cystic vesicle with a dotialger
membrane structure, with a diameter of 30~100 nm. And
exosome®riginatefrom the late intracellular body of the
endocytosis systerfd]. It was first discovered by PAN
et al.[5] in the study of extracellular cytoplasmic fusion

of reticulocyte vesicles. Exosomes contain a variety of
bioactive substances such as proteins, cytokines,
transcription factor receptors, mRN, miRNAs and
INcRNAs [6]. Exosomes promote intercellular
communication by transporting these small molecules
and become essential participants in intercellular
connection under normal physiological and pathological
conditions. Moreover, cells can producsifferent
exosomes containing different genetic information under
various physiological and pathological conditiofg.
Although the mechanism by which this genetic
information is sorted into exosome contents is still not
fully understood, it is inevitdb that specific gene
sequences are involved in sorting and regulating the
positioning of MiIRNA molecules in exoson|&}. At the
same time, it can be determined that exosomes can
transport these components to specific receptor cells and
play particular factions, including participating in the
occurrence and development of tumi@®is
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Mesenchymal stem cells (MSCs) are pluripotent stem
cells that can be induced to differentiate into many
types of tissue cell§10]. Studies have shown that
MSCs can be inded to differentiate into specific cells,
such as cardiomyocytes and adipocytes. Since MSCs
have the ability of immune regulation and migration
[11], many studies have pointed out the role of MSCs in
tumor development. MSCs used as carriers for targeted
treatment of tumor cells can reach the tumor or
inflammation and produce therapeutic factors to play a
role in tumor suppressionl2], which provides a
potential new research has found that in recent years,
MSCs role in regulating tumor can also be mediated b
paracrine secrete outside body. It has showed that
MSCs can secreted exosomes containing microRNA
144, which then inhibited the growth of tumor cells in
nonsmall cell lung cancei 3].

MiIRNA is a naturally norcoding RNA a length of about
22 nt[14]. Despite the presence of high concentrations of
extracellular RNA enzymes, extracellular miRNAs have
high concentrations and structural integrity in body
fluids, suggesting that extracellular miRNAs may be
encapsulated in a particular structure to predeggstion

by enzymeg[15]. Exosomes can transport miRNAs to
specific cells for specific functions, including regulating
the growth of tumor cells. Studies have found that
melanoma cells release small molecules including-miR
214-3p and miR199a3p into tunor microenvironment
for information communication and regulation of the
development of melanoma through exosome
encapsulationl6]. miR-106a5p is a conserved miRNA
involved in a variety of cancer proces§Eg]. And miR-
106a5p promoted ovarian cancer progression by
targeting  ARHGAP24, while IncRNA HOTAIRM1
sponged miRLO6a5p and inhibited ovarian cancer
developmeni18]. However, whether miR06a5p can

be packaged into exosomes derived from MSCs and
participded in the progression of TNBC remains unclear.

Present study aimed to reveal the role of exosomat miR
106a5p in triple TNBC process and further
investigating the underlying mechanisms.

RESULTS

Elevation of miR-106a5p indicated apoor prognosis
in TNBC tissues and cells

We first performed bioinformatic analysis, and the data
showed the differentially expressed IncRNAs in normal
and cancer tissues (Figure 1A). Then, we collected
cancerous and adjacent normal tissues from 20 TNBC
patients, the charactstics of patients were shown in
Table 1. And gRTPCR analysis showed that miR6a

5p was ugregulated in cancer tissues (Figure 1B). We

also found that miR06a5p was increased in TNBC
cell lines than that in normal breast cell MCF10A
(Figure 1C). Accaling to the median level of miR
106a5p in Figure 1A, 20 TNBC patients was divided
into low (n = 10) and high expression group (n = 10).
KaplanMeier curves indicated-$ear survival rate of
TNBC patients was significantly higher in low
expression patiest than high expression patients
(Figure 1D). Furthermore, we collected TNBC tissues
from different grades (grade O to grade IV, n = 6) of
TNBC, and found a positive correlation between miR
106a5p level and tumor grade (Figure 1E).
miR-106a5p was packagd into exosomes and
derived from MSCs

To identify the origin of miRLO6a5p in TNBC we
isolated MSCs from bone marrow. And flow cytometry
showed that cells were positive to CD105, CD73 and
CD90, but negative to CD45, CD34, CD14, CD19 and
HLA-DR (Figure 2A). Next, we isolated exosomes
from MSCs, and TEM showed an oval membranous
vesicular disc structure (FiguB). Zetasizer Nan@S
showed the diameter of exosomes was about 65 nm
(Figure 2C). Exosomes markers were detected by
western blot (Figur@D). To clarify the effecof MSC-
derived exosomal miR06a5p in TNBC, we
transfected miRL06a5p mimic/AMO-miR-106a5p
MSCs. gRTPCR showed the transfection efficiency
(Figure2E). Furthermore, exosomes were isolated from
MSCs after transfection, and mi®6a5p was also
increased in isolated exosomes (Figw2E). Then,
BT549 and MDA-MB-231 cells were incubated with
isolated exosomes. Interestingly, rlR6a5p was
induced in TNBC cells incubated with exosomes
isolated from MSCs transfectedith miR-106a5p
mimic, while miR106a5p was reduced in BT54&nd
MDA-MB-231 cells incubated with exosomes isolated
from MSCs transfectedwith AMO-miR-106a5p
(Figure 2G). This result suggested MSCs can transport
miR-106a5p into TNBC cells via exosomes.
ExosomalmiR-106a5p accelerated
progression of TNBC cells

cancer

To evaluate the role of exosomalR-106a5p (exo
miR-106a5p) in TNBC development, TNBC cells were
incubated with MSCs transfected miR6a5p/AMO-
miR-106a5p. Functionally, we performed MIT assay
to estimate cell viability. It showed that eriR-106a
5p increased cell viability (Figur&A), while AMO-
miR-106a5p deaeased cell viability (Figure3B).
Furthermore, wound healing assay suggestedetkat
miR-106a5p from MSCs promoted cell migation in
TNBC cells (Figure 3C), excAMO-miR-106a5p
showed an opposite effect (FigiBB). Transwell assay

6ooOH-EAFA2Y

! DLbD



showed thaexo-miR-106a5p from MSCs induced cell HAND2-AS1, but not mutant HANDASI1, was

invasion in TNBC cells (FigureE), but exeAMO- significantly repressed in the miE06a5p group
miR-106a5p inhibited invasive ability (Figur8F). In (Figure 4B). FurthermoregRT-PCR analysis showed
addition, exeAMO-miR-106a5p promoted prolifera overexpression of HANDAS1 significantly inhibited
tion of TNBC cells (Figure3G), while silencing miR miR-106a5p level, while sHAND2-AS1 promoted
106a5p inhibited proliferative ability (Figure 3H). miR-106a5p expression (Figure 4CAnd there was a
Together, examiR-106a5p secreted by MSCs significant enrichment of HANDAS1 bound to miR
promoted tumor progression in TNBC cells. NC compaing with the miR106a6p in BT549 cells
(Figure 4D). In addition, HAND2AS1 was
LncRNA HAND2-AS1 inhibited miR-106a5p significantly decreased in TNBC tissues and cells
through ceRNA (Figure 4E and 4F). And HANDASL expression was

negatively correlated with the tumor grade (Figure 4G).
Accumulating evidence showed IncRNAs sponged
miRNAs and inhibited the expression and activity of = Overexpression of HAND2AS1 suppressed NBC
mMiRNAs in many diseases, especially cancers. MiRanda development by inhibiting exemiR-106a5p
database showed there were paired bases between secretion from MSCs
HAND2-AS1 andmiR-106a5p (Figure 4A). Then, we
performed dualuciferase reporter assay in HEK293 To confirm the effects ofHAND2-AS1 on TNBC
cell line, and found that the luciferase activity of WT progression, we forced or silenced HANB31
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Figure 1. Expressionof miR-106a-5p in TNBC tissue and cellg) MiRNAs expression profiles in normal tissues and cancer tissues of
TNBC(B) The expression of miR06a5p in clinical TNBC tissues (n = 20) and adjacent normal tissues (n = 20) determinedPGRgRT
(*p<0.05).(Q qRFPCRassayanalyzed the expression ahiR106a5p in normal breast cell MCF10A and TNBC cell lines BRE494DAMB-
231(*p<0.05 vs MCF10AD) The overall survival of TNBC patients with low (n = 10) or high (n = 9) expressiorlObeR were assessed

by KaplarMeier survival analysis [§%0.05).(E) The expression of miR06a5p in TNBC tissues from patients with tumor grade 0 to grade IV
(n = 6) was measured by gRTR ((<0.05 vs grade 0). Tldbove measurement data were expressed as meatandard deviation. Data
among multiple groupw/ere analyzed by oneay ANOVApllowed by a Tukey post hoc test. The experiment was repeated in triplicate.
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Table 1. Clinicatharacteristicof TNBC patients.

Characteristics n Percentage (%)
Age
050 11 55.0
>50 9 45.0
Tumor stage
|-l stage 5 25.0
-1V stage 15 75.0
Lymphatic metastasis
Positive 6 30.0
Negative 14 70.0
Tumor size
O5 c¢cm 9 45.0
>5cm 11 55.0
Distant metastasis
MO 14 70.0
M1 6 30.0
A CD105 co73 CD80 CDas
120 120 120 120
A 78 07 94 042
904 904 904 904
/
604 / 604 60 \ 604
304 } 304 304 304
o e // \
Y Sl R Y S Al Y Sl A 0 0 o o 10
o CcD34 120 CD14 - cD19 y HLA-DR
036 021 031 029
— | | L — -
904 904 904 904 g 15
$
604 604 604 604 &10
2
30 304 304 304 é 5
£
0 dorprm e e e N 04— —
[ 10 10* 10 o 1 10 10 10’ o 1w 10 10 10 o 10 100 10 10* 01 1 10 100 1000 10000
Size (nm)
D E MSCs F o exosomes G [ MSC-NC
MSCs MSC exos o 2 8
. = 2 a3 [ 3 231 Ky [l MSC-miR-106a-5p mimics
- 28, Zg2 ® [ MSC-AMO-miR-106a-5p
- . xe e S 257 P4
CD81 =50 E i o 4
[ = i 0%, o <920
= =1 2 E <L w4
2 E Z©
Tsg101 Pl Ty ¥o1.5
— - 2o o ° €T *
S PR SEER 2By,
S& S R
SN R0 x 00
,Q@o RN & \\*0@3' BT549 MDA-MB-231
& v & Yo’
& &
& &

FHgure 2. Isolation and identification of MSCs and M@Erived exosomesA) Expression of BMMSC surface markers determined by
flow cytometry.(B) TEM image for MS@erived exosomes, scale bar = 100 (@ Particle distribution of MS@erived exosomes analyzed by
Zetasizer Nano Z®) Expression of exosome markers measurgaviesternblot analysis(E) miR-106a5p expression in MSCs in response to
miR-106a5p mimic/ AMOGMIR 106a5p transfection as detected by gffCR. n = 6, *p<0.08;) Exosomes in MSCs were isolated, and-miR
106a5p expression was detected using ¢RIRN = 6, *p<0.05(G) TNBC cell lines BT548d MDAMB-231 cells were incubated with MSCs
in response to miR06a5p mimic/ AMGMIR-106a5p transfection, and mi206a5p expression was determined by gRTRn = 6, *p<0.05.
The abovemeasurement data were expssed as mear standard deviation. Data among multiple groups were analyzed bywaye

ANOVAfollowed by a Tukey post hoc test. The experiment was repeated in triplicate.
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expression in BT549 cell§Figure %\). Then, we
performed finctional analysis and found that
overexpression dlAND2-AS1 suppresseckll viability,
migration invasionand proliferation while deletion of
HAND2-AS1 showed a opposite effe(EBgure B, 5E).

In order to verify whether miR06a5p is the
downstrean molecule of HAND2AS1 in TNBC process,
TNBC cells were transfected with HANDRS1 or si
HAND2-AS1 and incubated with MSCs transfected with
miR-106a5p/ AMO-miR-106a5p, respectively.qRT-
PCR assay showed the transfection efficiency of
HAND2-AS1 or stHAND2-AS1 in TNBC cells (Figure
6A). As well, overexpression of HANDAS1 inhibited
miR-106a5p  expression, while $1AND2-AS1
promoted miR106a5p expression in TNBCcells
(Figure @). Followed experiments indicated that
HAND2-AS1 reduced cell viability, migtion invasion

A § [J MSC-NC [J MSC-AMO-miR-NC C

and proliferationin TNBC cells (Figure 6C, 656G, 6l),
while silencing of HAND2AS1 showed the opposite
function (Figure 6D, 6F6H, 6J). Thus, HAND2-AS1
inhibited secretion ofexomiR-106a5p from MSCs and
then inhibited TNBQevelopment.

HAND2-AS1 inhibited in vivo tumor growth in the
nude mice by downregulating miR106a5p

For further explore the function of HANBRS1 in
TNBC, we set up xenograft nude mice model. TNBC
cells were incubated with exases from MSCs
transfected with miRL06a5p, then were injected into
nude mice. 1 week later, lentivirus packaging HAND2
AS1 was injected into tumors. Tumors grew faster and
bigger in the mice with MSCE®IR-106a5p, while
injection of HAND2AS1 inhibited tle growth rate and
volume of tumors (Figure A, 7B). The tumors were
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Hgure 3. ExamiR-106a5p derived from MSCs promoted migration, invasion and proliferation of TNBC &i54%nd MDA
MB-231 cells were incubated with exosomes from MSCs transfeni®d 06a5p or AMOGMIR-106a5p or its NC(A, B) MTT was used to test
viability of BT54%nd MDAMB-231 cells. n = 10, *p<0.05 vs MBIRNC or MS@AMOmIRNC.(C D) Wound healing assay to detect
migration ability. n = 4, *p<0.05 vs MEIRNC oMSCAMOmMIRNC.(E F Transwell assay to detect invasion ability. n = 4, *p<0.05 vs MSC
mMiRNC or MS@MOmMIRNC.(G, H) Clone formation assay to detect proliferation ability. n = 4, *p<0.05 vs-IM&GIC or MSAMO-miR

NC. Theabove measurement data wemxpressed as meat standard deviation. Data among multiple groups were analyzed bynwaye
ANOVAfollowed by a Tukey post hoc test. The experiment was repeated in triplicate.
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Hgure 4. HAND2ASL inhibited miRLO6a5p expressio. (A) miRanda databaseredicted data between HAND2S1 and miR06a5p.
(B) Luciferase assay for WT and mutant HAMI3A activity in HEK293 cells transfected with-N@Ror miRLO6a5p. n = 6, *p<0.050 gRF

PCR analyzed the expression of 1Hhiabp n BT549 cells transfected with HANB31 or sHAND2AS1. n =

6, *p<0.03D) RNA

immunoprecipitation experiments were performed using AR or miRL06a5p to immunoprecipitate HANBDAS1 inBT549cells. (E, P

gRTPCR analyzed HANB31 expression in TNBC tissues and cells. n = 6, *pt@.0%he expression diAND2AS1in TNBC tissues from
patients with tumor grade 0 to grade IV (n = 6) was measured byPGRT (<0.05 vs grade 0). Thabove measurement data were
expressed as meanstandard deviation. Data among multiple groups were analyzed bynayeANOVAfollowed by a Tukey post hoc test.

The experiment was repeated in triplicate.
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isolated at 30 days after injection, MS@&R-106a5p
significantly increased tumors weight, and HANB31
removed the promoting role of MS@IR-106a5p
(Figure TC, 7D). In addition, immunohistochemical assay
showed MSGCsniR-106a5p induced the expression of
Ki67, while HAND2-AS1 reduced Ki67 level (Figa 7E
7F). Then, gRTPCR showed injection of HANDAS1
increased HAND2ASL level in tumors. And MSEsIiR-
106a5p increased miR06a5p expression in tumors,
while overexpression of HANDAS1 inhibited miR
106a5p expression. Thus, HANBR&S1 inhibited TNBC
growth by downregulating mi206a5p.

DISCUSSION

TNBC is a special type of breast cancer, its tumor cell
metastasis rate is much higher than other types, and at the
same time has a high rate of postoperative recurrence,
which greatly threatens the health of womgi9].

Although researchers continue tgbre the treatment of
TNBC and related drugs, so far there is no effective
targeted therap§20]. Thus, many researchers began to
actively seek therapeutic targets at the molecular level.

At present, the extracellular miRNAs avbeen
detected in various physiological and pathological
conditions. A large number of miRNAs can be released
simultaneously and regulate multiple targets, thereby
activating a complex network of transducti¢pl].
These miRNAs are secreted from exosorimge the
microenvironment, and after binding with the
corresponding receptor cells, they act on the target
mRNA to change the protein expression and perform
biological functions [22]. Meanwhile, certain
expression patterns have been found in a variety of
tumor patients, making them a new class of tumor
biomarkers and therapeutic targets in recent years.
Rabinowits et al.[23] used exosomes as genetic
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Hgure 6. Overexpression INcRNA HANBS1 inhibited progression of TNBC cells by regulating-ex&106-5p. BT54%nd
MDAMB-231 cells were transfected with HANBE1 or sHAND2AS1 and incubated with exosomes from MSCs transfectedl @6R5p
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groups were analyzed by oweay ANOVAfpllowed by a Tukey post hoc test. The experiment repeated in triplicate.

6ooOH-EAFA2Y

non

! DLbD



material for the first time, and analyzed the
differences between exosomal miRNAs in normal
human serum and miRNAs in NSCLC patients' serum.
As well, there are many specific miRNAs in
exosomes of patients wittriple negative and Her2
positive breast canc§24]. In present study, we found
that miR106a5p was increased in TNBC tissues and
cells, and the expression of miR6a5p was
positively correlated with the tumor grade, which
indicated a poor prognosi;i TNBC patients. This
finding was similar with previous researches targeting
on miR106a5p and tumor, which also showed an
elevation of miR106a5p in gastric cancef25] and
hepatocellular carcinom&6].

When a tumor occurs the body, MSCs can immediately
sense the call of abnormal signals and gather in the tumor
microenvironment [27]. Exosomes secreted by MSCs can
carry a large amount of proteins and genetic information,
and regulate the growth of tumor cells by transfertirgy
therapeutic genes to the target cdB8]. Under the
comprehensive influence of multiple factors, the
regulation effect of MS&lerived exosomes on tumor is
different, mainly presenting as promoting or inhibiting
effect[29]. And in present study, wapeculated that miR
106a5p may be packaged into exosomes and secreted by
MSCs. Thus, we isolated MSCs from bone marrow of
TNBC patients, and further isolated exosomes from
MSCs.Then TNBC cells were eoultured with exosomes

Hgure 7. HAND2AS1 inhibited TNBC tumorigenesis vivo. BT549and MDAMB-231 cells were incubated with exosomes
from MSCs transfected with miR06a5p, then were injected into nude micel week later, lentivirus packaging HANBR1 was
injected into tumors(A,.B) Growth of tumor xenografts in nude mice. n = 6, *p<0(@Representative tumors excised from xenografts in
nude mice and tumor weight, and the ratio of tumor weight to body weight was calculated. n = 6, *p{D)OBxpression of Ki67 by
immunohisbchemical staining in tumors. n = 6, *p<0.(B.F) The expression of miR06a5p and HANDAS1 in tumors were detected by
gRTPCR. n = 6, *p<0.05. Thbove measurement data were expressed as meatandard deviation. Data among multiple groups were
andyzed by onevay ANOVAipllowed by a Tukey post hoc test. The experiment was repeated in triplicate.
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