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Background: Circular RNA UBE2D2 (circ_UBE2D2) has been found to be involved in the progression of breast cancer. Exosomes
are critical mediators of intercellular communication, however, the function of exosomal circ UBE2D2 in breast
cancer remains vague.

Material/Methods: Cell viability was measured by Cell Counting Kit-8 assay. Western blot was used to detect the levels of estrogen
receptor alpha (ERa), E-cadherin, vimentin, CD9, and CD63. Migrated and invaded cells were examined using
Transwell assay. Circ_UBE2D2 and microRNA (miR)-200a-3p levels were detected using quantitative real-time
polymerase chain reaction. Exosomes were isolated by ultracentrifugation method. The interaction between
circ_UBE2D2 and miR-200a-3p was confirmed by dual-luciferase reporter assay and RNA immunoprecipitation
assay. Murine xenograft model was established to conduct in vivo experiments.

Results: We found that circ_ UBE2D2 was upregulated in breast cancer tamoxifen-resistant tissues and cell lines, and
circ_UBE2D2 deletion mitigated tamoxifen resistance in breast cancer cells. Circ_ UBE2D2 was also significant-
ly loaded in exosomes isolated from resistant cells and could be transferred to parental cells. MiR-200a-3p was
a target of circ_UBE2D2, and we demonstrated that exosomes mediated transfer of circ_ UBE2D2 interacted
with miR-200a-3p to enhance tamoxifen resistance of breast cancer cells by regulating cell viability, metasta-
sis, and the level of ERa in vivo and in vitro.

Conclusions: Exosomes mediated transfer of circ_ UBE2D2 reinforced tamoxifen resistance in breast cancer by binding to
miR-200a-3p, providing new insights into the boost of the effectiveness of tamoxifen on breast cancer patients.
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Material and Methods

Breast cancer is the most common threat to the health of
women worldwide. Currently, around 70% to 75% of breast
cancer is reported to highly express estrogen receptor alpha
(ERar), and the most ERa-positive breast cancer depends on
estrogen signaling, which makes these cancers respond well
initially to endocrine therapies [1-3]. Tamoxifen, an estrogen
antagonist, is the most successful endocrine therapy for ERo-
positive breast cancer [4,5]. Unfortunately, although remark-
able benefits of tamoxifen in these treatment settings have
been reported, many cases eventually acquired resistance to
tamoxifen, thus resulting in relapse and death [6,7]. Therefore,
a better understanding on the mechanism of tamoxifen resis-
tance may contribute to the development of new approach-
es to overcome tamoxifen resistance and improve overall sur-
vival of breast cancer.

Exosomes are one of the extracellular vesicles that can be se-
creted by numerous cell types such as cancer cells [8]. Exosomes
can transfer and exchange coding and non-coding RNAs, pro-
teins and lipids, and are considered as potential modes of in-
tercellular communication [9,10]. Recent studies have reported
that exosomes participate in the modulation of chemoresistance
of recipient cells and may be useful in cancer therapies [11].
Circular RNAs (circRNAs) are a class of non-coding transcripts
that contain covalently closed loop structures [12]. Emerging
evidence has revealed that circRNAs act as critical modula-
tors in cancer progression by regulating various cellular pro-
cesses through affecting a wide range of aspects of protein,
DNA, and RNA expression as well as interactions [13,14]. In
addition, they also are suggested to be involved in the regu-
lation of chemoresistance of many types of cancers, including
breast cancer. For example, circRNA-MTO1 was found to inhib-
it cell viability and enhance monastrol sensitivity by modulat-
ing TRAF4/Eg5 axis in breast cancer [15]. CircRNA-Cdr1 inter-
acts with miR-1270 to upregulate the level of SCAI to sensitize
ovarian cancer cells to cisplatin [16]. CircRNA ubiquitin-conju-
gating enzyme E2 D2 (circ_UBE2D2) is a newly identified RNA
molecule. A recent study indicated that circ-UBE2D2 was ele-
vated in breast cancer, and deletion of circ-UBE2D2 could in-
hibit the tumorigenesis of breast cancer cells via regulating
miR-1236 or miR-1287 [17].

In this study we investigated whether exosomal circ-UBE2D2
was involved in chemoresistance in breast cancer. This study
attempted to reveal the functions of circ-UBE2D2 in tamoxifen
resistance in breast cancer, and explored whether exosome-
transmitted circ-UBE2D2 was implicated in the regulation of
tamoxifen resistance, as well as explore the potential molec-
ular mechanism underlying the regulation in breast cancer.

Patients and specimens

Breast cancer tissues were obtained from a total of 54 pa-
tients who underwent surgical resection at Shenzhen University
General Hospital (Shenzhen University Clinical Medical
Academy) and were immediately stored at -80°C until used.
All patients were diagnosed by histopathological examina-
tion and only received tamoxifen (TAM)-based neo-adjuvant
chemotherapy prior to surgery. The patients were divided into
a tamoxifen-resistant (Resistant, n=25) group and a tamoxi-
fen-sensitive (Sensitive, n=29) group depending on the sen-
sitivity to tamoxifen. This study was permitted by the Ethics
Committee of Shenzhen University General Hospital (Shenzhen
University Clinical Medical Academy) and written informed con-
sents were collected from all study participants.

Cell culture

Human breast cancer cell lines MCF-7 and T47D, and 293T
cells were purchased from Shanghai Academy of life Science
(Shanghai, China) and grown in Dulbecco’s modified Eagle’s
medium (DMEM; Gibco, Carlsbad, CA, USA) containing 10% fe-
tal bovine serum at 37°C with 5% CO,. Tamoxifen was obtained
from Sigma (St. Louis, MO, USA) and dissolved in sterile wa-
ter. Tamoxifen-resistant cells named MCF-7/TAM-R and T47D/
TAM-R were generated through exposing parental MCF7 (MCF7/
Par) and T47D (T47D/Par) cells to increasing concentrations of
tamoxifen up to 5 pM over a period of 6 months. Tamoxifen-
resistant cells were cultured in the same media supplement-
ed with 1 pM tamoxifen. For exosome co-cultures, 2 pug/mL
of exosomes were incubated with the MCF7/Par and T47D/
Par cells (6x10°) in the exosomes depleted culture medium.

Cell viability assay

Cells were seeded on 96-well plates at a density of 50 000
cells/mL for overnight, and then were treated with increasing
concentrations of tamoxifen (0, 10, 20, 30, and 40 pM/L) for
additional 48 hours. After the addition of 10 pL Cell Counting
Kit-8 (CCK-8) solution in per well for another 4 hours, the op-
tical density (OD) was measured by a microplate reader at
450 nm. Besides that, IC50 value of tamoxifen was calculated
according to the relative survival curve.

Western blot

Proteins were extracted using RNA immunoprecipitation (RIP)
assay lysis buffer (Beyotime, Beijing, China) and quantified by
bicinchoninic acid (BAC) method, then separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE),
and shifted onto a polyvinylidene fluoride (PVDF) membrane.
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Immunoblotting used antibodies against CD9 (1: 5000, ab68418,
Abcam, Cambridge, MA, USA), CD63 (1: 2000, ab68418, Abcam),
E-cadherin (E-cad; 1: 1000, ab15148, Abcam), vimentin (1: 5000,
ab92547, Abcam), ERa (1: 3000, ab13504, Abcam), GAPDH
(1: 10 000, ab181602, Abcam) and the secondary horserad-
ish peroxidase (HRP)-conjugated antibody (1: 1000, ab9482,
Abcam). The protein bands were visualized using electroche-
miluminescence (ECL).

Cells migration and invasion assays

For invasion assays, cells in serum-free DMEM were planted in
the top chambers pre-coated with the Matrigel. Then 500 pL
DMEM mixed with 10% FBS was added into the lower cham-
bers. After 24 hours, cells on the lower face of the membranes
were fixed and stained. Finally, 5 random fields were selected
to count invaded cells with a microscope. For migration as-
says, the membranes of top chambers without the Matrigel
were used and other methods of measurement were similar
to the steps of cell invasion assays.

Quantitative real-time polymerase chain reaction
(qQRT-PCR)

Whole-RNA extracts were prepared using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA), and total RNA from exosomes
was isolated with the exoRNeasy Midi Kit (Qiagen, Valencia,
CA, USA) according to the standard procedure. Then extract-
ed RNA was interacted with Rnase R (Epicentre, Madison, WI,
USA), followed by incubation with RNeasy MinElute Cleanup
Kit (Qiagen). RNA samples were reversely transcribed into
cDNA using a High Capacity cDNA Reverse Transcription Kit
(Qiagen), and cDNA amplification was carried out with SYBR
Premix Ex Taq (Qiagen). Glyceraldehyde 3-phosphate dehydro-
genase (GADPH) and U6 small nuclear B noncoding RNA (U6)
were used as internal references to normalize the fold chang-
es using 2722% method. The specific primer sequences were
listed as follows: circ_ UBE2D2:

forward 5’-AATGGCAGCATTTGTCTTGA-3’,

reverse 5’-GCCCCTGTGAGTAAGCTACG-3;

miR-200a-3p:

forward 5’-GGCTAACACTGTCTGGTAACGATG-3’,

reverse 5’-GTGCAGGGTCCGAGGT-3".

GADPH:

forward 5’-GATATTGTTGCCATCAATGAC-3’,

reverse 5’-TTGATTTTGGAGGGATCTCG-3’;

ueé:

forward 5’-GCTTCGGCAGCACATATACTAAAAT-3’,

reverse 5’-CGCTTCACGAATTTGCGTGTCAT-3".
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Cell transfection

The mimic of miR-200a-3p, negative control (miR-NC), small
interfering RNA (siRNA) targeting circ_UBE2D2 covalent closed
junction (si-circ_UBE2D2), and the same vector harboring a
scrambled sequence (si-NC) were synthesized by Genepharma
(Shanghai, China). The transfection of oligonucleotides was
conducted using Lipofectamine™ 3000 (Invitrogen).

Exosome (exo) isolation

Exosomes were isolated from MCF-7/TAM-R and MCF-7/Par cells
culture media by ultracentrifugation method. Cell culture flu-
id was centrifuged at 3000 g for 30 minutes at 4°C to remove
cellular debris/dead cells. Then the resulting supernatant was
further centrifuged at 100 000 g for 70 minutes at 4°C, and
followed by filtering using 0.22 pm filtration to concentrate
the exosome-containing solution. Subsequently, the exosome
containing pellet was washed with phosphate-buffered sa-
line (PBS), and centrifuged at 100 000 g for 70 minutes again.
Finally, cell exosomes were collected. The exosomes isolated
from MCF-7/TAM-R cells were named as MCF-7/TAM-R-exo,
while that from MCF-7/Par cells were termed as MCF-7/Par-exo.

Transmission electron microscopy (TEM)

The 10 mL exosome pellets were dropped on the carbon-coat-
ed copper grid and incubated for 5 minutes at 37°C, and then
subjected to 2% phosphotungstic acid solution for 2 minutes,
followed by washing with PBS for 3 times. Finally, the prepared
samples were examined by using a transmission electron mi-
croscope (JEOL, Akishima, Japan).

Dual-luciferase reporter assay

The binding sequence of miR-200a-3p in circ_UBE2D2 and
its mutated sequence were cloned into the pmiR-RB-Report
(Promega, Shanghai, China), respectively. Afterwards, 293T
were co-transfected with pmiR-RB-Report luciferase vectors
containing wild-type or mutant circ_UBE2D2 and miR-200a-3p
mimics or miR-NC using Lipofectamine™ 3000 (Invitrogen).
Lastly, a dual luciferase assay kit (Promega) was employed to
analyze the luciferase activity.

RNA immunoprecipitation (RIP) assay

MCF7/Par and T47D/Par cells were lysed using RIP assay buf-
fer (Millipore, Billerica, MA, USA), and then incubated with
magnetic beads coated with anti-Ago2. Normal mouse 1gG
was served as a negative control. Finally, purified RNA was
subjected to qRT-PCR analysis to determine the presence of
the binding targets.
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Figure 1. Characterization of tamoxifen-resistant breast cancer cell lines. (A) CCK-8 analysis of cell viability and IC50 values in parent
and resistant cells treated with different concentrations of tamoxifen. (B) Western blot analysis of the level of ERa, vimentin,
and E-cad in parent and resistant cells incubated with 10 uM tamoxifen. (C, D) Transwell analysis of the migration and
invasion of parental and resistant cells treated with 10 pM tamoxifen. * P<0.05, ** P<0.01. CCK-8 — Cell Counting Kit-8;

ERa — estrogen receptor alpha.

Xenograft experiments in vivo Clinical Medical Academy). All mice were maintained in specif-
ic pathogen-free conditions. The mice were randomly divided
Nine pathogen-free female BALB/c nude mice (5 weeks old) into 3 groups of 3 mice each, and the first group was subcu-

were purchased to establish xenograft models in line with the taneously inoculated with MCF-7/TAM-R cells, the second and
guidelines permitted by the Animal Research Committee of  third groups were subcutaneously injected with MCF-7/Par
Shenzhen University General Hospital (Shenzhen University cells. When the volume of xenografts reached about 100 mm?,
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Figure 2. Circ_UBE2D2 deletion mitigates tamoxifen resistance in tamoxifen-resistant breast cancer cells. (A, B) gRT-PCR analysis
on the expression of circ_UBE2D2 in tamoxifen-resistant and tamoxifen-sensitive breast cancer patients, as well as
in parent and resistant breast cancer cells was conducted. MCF-7/TAM-R and T47D/TAM-R cells were transfected with
si-circ_UBE2D2 or si-NC. (C) The expression of circ_UBE2D2 in MCF-7/TAM-R and T47D/TAM-R cells was examined using
gRT-PCR to analyze the interference efficiency. (D) The viability and 1C50 values of MCF-7/TAM-R and T47D/TAM-R cells
treated with different concentrations of tamoxifen were detected by CCK-8 assay. (E, F) The migration and invasion analysis
of parental and resistant cells treated with 20 pM tamoxifen was performed using Transwell assay. (G) The levels of ERq,
vimentin, and E-cad in parent and resistant cells treated with 20 pM tamoxifen were detected using western blot. * P<0.05,
** P<0.01. gRT-PCR - real-time polymerase chain reaction; CCK-8 — Cell Counting Kit-8; ERo — estrogen receptor alpha;

E-cad - E-cadherin.

the first group was intratumorally injected with PBS, and the
second and third groups were intratumorally injected with PBS
and MCF-7/TAM-R-exo, and the all groups were gastrointes-
tinally injection with tamoxifen (6 mg/kg) every day. Tumor
volume was recorded every 5 days. At day 37, the mice were
killed, and tumor masses were weighed and used for further
molecular analysis.

Statistical analysis

Numerical results were expressed as the mean + standard de-
viation (SD). The statistical difference between each group was
analyzed using Student’s t-test or one-way analysis of vari-
ance (ANOVA) on GraphPad Prism 7 software. P values <0.05
or 0.01 suggested statistically significant.

Results

Characterization of tamoxifen-resistant breast cancer cell
lines

To explore underlying regulatory mechanism of tamoxifen
resistance, 2 tamoxifen-resistant cells (MCF-7/TAM-R and
T47D/TAM-R) derived from the parental cell lines MCF-7/Par and
T47D/Par were established. As illustrated in Figure 1A, MCF-7/
TAM-R and T47D/TAM-R cells showed increasing cell viabili-
ty when incubated with increasing concentrations of tamox-
ifen (0, 10, 20, 30, and 40 uM/L) for 48 hours in contrast to
the parental cells. Moreover, cell viability assay also indicated
the IC50 values of tamoxifen were higher in MCF-7/TAM-R and
T47D/TAM-R cells compared with the parental cells (Figure 1A),
indicating resistant cells had a poor response to tamoxifen.
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Figure 3. Upregulation of circ_UBE2D2 in exosomes from tamoxifen-resistant breast cancer cells. Cell exosomes were extracted from
tamoxifen-resistant and parental breast cancer cells. (A) The image of exosomes was captured by TEM, and the expression
levels of exosomal markers CD9 and CD63 were measured by western blot. (B) Circ_UBE2D2 expression in MCF-7/TAM-R-
exo and MCF-7/Par-exo was detected by qRT-PCR. (C) gRT-PCR analysis of circ_UBE2D2 was conducted in the MCF-7/TAM-R-
exo co-cultured parental cells untreated with or treated with cytochalasin D. * P<0.05, ** P<0.01. TEM — transmission electron

microscopy; gRT-PCR — real-time polymerase chain reaction.

Subsequently, western blot demonstrated an increase of vi-
mentin protein expression and a decrease of E-cad protein ex-
pression in MCF-7/TAM-R and T47D/TAM-R cells compared with
parental cells (Figure 1B); moreover, a markedly increased num-
ber of tamoxifen-resistant cells were observed to migrate and
invade compared with parental cells (Figure 1C, 1D), suggest-
ing tamoxifen resistance induced high metastasis in resistant
cells. The target of tamoxifen in vivo is the ER, and the level
of ER is the best predictor of benefit from tamoxifen, and loss
of ER expression could confer resistance to therapy [5]. ERa
is the major form of ER in breast. Thus, the level of ERa was
detected; more importantly, tamoxifen resistance cells had a
low level of ERa relative to parental cells (Figure 1B), thus re-
sulting in tamoxifen resistance.

Circ_UBE2D2 deletion mitigates tamoxifen resistance in
breast cancer cells

We found the expression of circ_UBE2D2 was significantly up-
regulated in tamoxifen-resistant breast cancer tissues and cell
lines compared with the tamoxifen sensitive group and paren-
tal cells (Figure 2A, 2B). Then the biological functions of circ_
UBE2D2 in tamoxifen resistance of breast cancer were investi-
gated. Circ_UBE2D2 was interfered in MCF-7/TAM-R and T47D/

TAM-R cells using siRNA sequences, as expected, circ_UBE2D2
downregulation in MCF-7/TAM-R and T47D/TAM-R cells were
observed (Figure 2C). After that, CCK-8 assay showed that
cell viability and IC50 value were markedly decreased by circ_
UBE2D2 deletion (Figure 2D), indicating circ_UBE2D2 down-
regulation led MCF-7/TAM-R and T47D/TAM-R cells sensi-
tive to tamoxifen. Meanwhile, Transwell assay indicated that
knockdown of circ_UBE2D2 repressed the migration and in-
vasion of MCF-7/TAM-R and T47D/TAM-R cells (Figure 2E, 2F).
Additionally, western blot analysis found that circ_UBE2D2 si-
lence increased the level of E-cad, but decreased the level of
vimentin in MCF-7/TAM-R and T47D/TAM-R cells to suppress
resistant cells EMT (Figure 2G). Moreover, circ_UBE2D2 silence
increased the expression of ERa to attenuate the resistance
to tamoxifen (Figure 2G). Taken together, circ_UBE2D2 dele-
tion sensitized breast cancer cells to tamoxifen.

Upregulation of circ_ UBE2D2 in exosomes from tamoxifen-
resistant breast cancer cells

Cell exosomes were extracted from tamoxifen-resistant and
parental breast cancer cells. The morphology (round-shaped
vesicles) and size of exosomes were imaged using transmis-
sion electron microscopy (TEM) (Figure 3A). Meanwhile, western
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Figure 4. Intercellular transfer of circ_UBE2D2 by exosomes enhances tamoxifen resistance in breast cancer cells in vitro. (A) Cell
viability and 1C50 values were detected using CCK-8 assay in MCF-7/Par and T47D/Par cells treated with tamoxifen at
different concentrations. (B, C) The migration and invasion of parental cells treated with 10 pM tamoxifen were examined
using Transwell assay. (D) Levels analysis of ERa., vimentin, and E-cad in parental cells treated with 10 pM tamoxifen were
carried out using western blot. * P<0.05, ** P<0.01. ERa. — estrogen receptor alpha; E-cad — E-cadherin.

blot showed strong signals of exosomal markers CD63 and CD9
in MCF-7/TAM-R and MCF-7/Par exosomes compared with cell
extract (Figure 3A). These data indicated the successful extrac-
tion of exosomes. Subsequently, the level of circ_UBE2D2 was
detected in exosomes isolated from MCF-7/TAM-R (MCF-7/
TAM-R-exo) and MCF-7/Par (MCF-7/Par-exo). As presented in
Figure 3B, circ_UBE2D2 expression in MCF-7/TAM-R-exo was
about 20-fold higher than that in MCF-7/Par-exo. After that,
MCF-7/Par and T47D/Par cells were pretreated with PBS, and
MCF-7/TAM-R-exo with or without cytochalasin D, an inhibitor
of exosome receptor, and results showed the expression of circ_
UBE2D2 was elevated after treatment with MCF-7/TAM-R-exo
compared with treated with PBS, while this increase was in-
hibited by the cytochalasin D treatment (Figure 3C), indicating

the increase of circ_UBE2D2 in parental cells was produced by
the treatment of MCF-7/TAM-R-exo.

Intercellular transfer of circ_UBE2D2 by exosomes
enhances tamoxifen resistance in breast cancer cells
in vitro

After treatment with MCF-7/TAM-R-exo, we detected whether
exosome-transferred circ_UBE2D2 could regulate chemoresis-
tance in sensitive cells of breast cancer. By performing a CCK-8
assay, we found MCF-7/TAM-R-exo enhanced the viability and
IC50 values of MCF-7/Par and T47D/Par cells after tamoxifen
treatment (Figure 4A). Then Transwell assay showed MCF-7/
TAM-R-exo inhibited tamoxifen-induced migration and invasion
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Figure 5. MiR-200a-3p is target of circ_UBE2D2. (A, B) gRT-PCR analysis of the expression of miR-200a-3p in tamoxifen-resistant and
-sensitive tissues, as well as in parent and resistant cells in breast cancer was conducted. (C) The correlation between miR-
200a-3p and circ_UBE2D2 was analyzed using Pearson correlation analysis. (D) The putative binding site between miR-
200a-3p and circ_UBE2D2 was presented. (D, E) The interaction between miR-200a-3p and circ_UBE2D2 was confirmed
using the dual-luciferase reporter assay and RIP assay. * P<0.05, ** P<0.01. qRT-PCR - real-time polymerase chain reaction;

RIP — RNA immunoprecipitation.

suppression of sensitive cells (Figure 4B, 4C). What is more,
western blot showed MCF-7/TAM-R-exo overturned tamoxifen-
induced promotion on E-cad and ERa level and inhibition on vi-
mentin expression in MCF-7/Par and T47D/Par cells (Figure 4D).
However, these effects induced by MCF-7/TAM-R-exo could be
reversed by cytochalasin D treatment (Figure 4A-4D). These
results indicated intercellular transfer of circ_UBE2D2 by exo-
somes promoted tamoxifen resistance in vitro.

MiR-200a-3p is target of circ UBE2D2

The expression of miR-200a-3p was measured and we found
miR-200a-3p was downregulated in tamoxifen-resistant breast
cancer tissues and cell lines (Figure 5A, 5B), and a negative
regulation between miR-200a-3p and circ_UBE2D2 expression
was observed (Figure 5C). After that, using the bioinformatics

analysis of starBase 3.0 program, we found miR-200a-3p con-
tained the putative binding sites of circ_UBE2D2 (Figure 5D).
Then, the analysis of luciferase activity showed miR-200a-3p
reduced the luciferase activity in 293T cells transfected with
circ_UBE2D2 WT (Figure 5D). Furthermore, the RIP assay fur-
ther verified the direct interaction between circ_UBE2D2 and
miR-200a-3p with the significant enrichment of circ_UBE2D2
and miR-200a-3p expression in MCF-7/Par and T47D/Par cells
after Ago2 RIP (Figure 5E). Therefore, circ_UBE2D2 directly
bound to miR-200a-3p in breast cancer.
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Figure 6. Exosomes mediated transfer of circ_UBE2D2 increases tamoxifen resistance in breast cancer cells by binding to miR-200a-3p.
Parental cells co-cultured with MCF-7/TAM-R-exo were transfected with miR-NC or miR-200a-3p mimic. (A, B) The viability
and IC50 values in MCF-7/Par and T47D/Par cells treated with different concentrations of tamoxifen were detected using
CCK-8 assay. (€, D) The migrated and invaded parental cells treated with 10 uM tamoxifen were evaluated by Transwell
assay. (E) Western blot was used to measure the levels of ERa, vimentin, and E-cad in parental cells treated with 10 pM
tamoxifen. * P<0.05, ** P<0.01. CCK-8 — Cell Counting Kit-8; ERo. — estrogen receptor alpha; E-cad — E-cadherin.

Exosomes mediated transfer of circ_UBE2D2 increases
tamoxifen resistance in breast cancer cells by binding to
miR-200a-3p

in MCF-7/Par and T47D/Par cells treated with 10 yM tamoxi-
fen (Figure 6E). Collectively, exosomal circ_UBE2D2 enhanced
the resistance of breast cancer cells to tamoxifen by binding
to miR-200a-3p.

We further explored whether miR-200a-3p involved in the

activity of exosomal circ_UBE2D2 on tamoxifen resistance. Exosomal circ_UBE2D2 accelerates tamoxifen resistance in

Results showed miR-200a-3p mimic transfection partially re-
versed MCF-7/TAM-R-exo induced promotion of cell viabili-
ty (Figure 6A, 6B), elevation of IC50 values (Figure 6A, 6B), as
well as increase of migrated and invaded cells (Figure 6C, 6D)
in MCF-7/Par and T47D/Par cells in the treatment of tamox-
ifen. Synchronously, western blot assay also suggested that
miR-200a-3p overexpression attenuated MCF-7/TAM-R-exo me-
diated increase of vimentin, and decrease of E-cad and ERa

vivo

We further elaborated the regulatory effects of exosomes me-
diated transfer of circ_UBE2D2 on xenograft mice. As present-
ed in Figure 7A and 7B, MCF-7/TAM-R-exo treatment reversed
tamoxifen-induced inhibition on the tumor growth reflected
by the increase of tumor volume and weight in MCF-7/TAM-R-
exo treatment group. Immediately, qRT-PCR analysis showed
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Figure 7. Exosomal circ_UBE2D2 accelerates tamoxifen resistance in vivo. (A) Tumor volume was assessed every 5 days. (B) Tumor
weight was examined after 37 days. (C) The expression of circ_UBE2D2 and miR-200a-3p was detected by gRT-PCR in
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* P<0.05, ** P<0.01. gRT-PCR - real-time polymerase chain reaction; ERo. — estrogen receptor alpha; E-cad — E-cadherin.

circ_UBE2D2 was highly expressed and miR-200a-3p was a low
expression in MCF-7/TAM-R-exo treatment group (Figure 7C).
Furthermore, western blot analysis showed MCF-7/TAM-R-
exo abated tamoxifen-induced suppression of EMT and in-
crease of ERa level in vivo (Figure 7D). Altogether, exosomal
circ_UBE2D2 accelerated tamoxifen resistance in vivo via reg-
ulating miR-200a-3p.

Discussion

It has been documented that exosomes can act as a mediator
of communication to transfer and exchange biomolecules be-
tween tumor cells and other cell types or the microenvironment
in many cancers, thus affecting the development, progression
and drug resistance of cancer [11,18]. For example, exosomes
mediated transfer of miR-100-5p increased cisplatin resistance
of recipient cells in lung cancer [19]. Exosome-transmitted long
noncoding RNA (IncRNA) ARSR conferred sunitinib resistance in
renal cancer cells through facilitating AXL and c-MET expression

by sponging miR-34/miR-449 [20]. The anti-estrogen tamoxifen
is the mainstay treatment of breast cancer with ERo-positive,
while the resistance to tamoxifen has been investigated in the
majority of breast cancer [2]. Recently, exosomes were report-
ed to involve in the transferring of hormone/metformin resis-
tance in breast cancer cells [21]. Besides that, Xu et al. found
that exosomes transmitted IncRNA UCA1 increased cell tamox-
ifen resistance in breast cancer [22]. Wei et al. discovered that
exosomes mediated transfer of miR-221/222 resulted in the
enhancement of tamoxifen resistance in ER-positive breast
cancer cells [23]. Furthermore, circRNA also were found to reg-
ulate cell tamoxifen resistance of breast cancer [24]. Thus, it
is of great clinical to uncover the exosomes mediated trans-
fer of circRNAs in the tamoxifen resistance of breast cancer.

In this study, circ_UBE2D2 was increased in breast cancer
tamoxifen-resistant tissues and cell lines, and circ_ UBE2D2
deletion mitigated tamoxifen resistance in breast cancer by
suppressing resistant cell viability, metastasis and the inacti-
vation of ERa, indicating the involvement of circ_UBE2D2 in
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the regulation of tamoxifen resistance. Subsequently, cell exo-
somes were extracted from tamoxifen-resistant and parental
breast cancer cells, and the vesicles displayed a round shape
with bilayered membranes, and the diameter from 40 nm to
250 nm under a TEM. Next, we found circ_ UBE2D2 was also
significant enrichment in exosomes driven from resistant cells
and could be transferred to parental cells to enhance tamox-
ifen resistance of recipient cells. More importantly, xenograft
analysis displayed that exosomal circ_UBE2D2 also enhanced
tamoxifen resistance in vivo.

CircRNAs have various biological functions, among which
the most studied is as a molecular sponge of microRNAs
(miRNAs) [25]. Herein, through using bioinformatics analysis,
we found miR-200a-3p was a target of circ_UBE2D2. MicroRNAs
(miRNA) have been investigated to participate in the patholog-
ical process of many diseases by regulating cell metabolism,
proliferation, migration, apoptosis, and drug resistance [26,27].
MiR-200a-3p is a functional miRNA and has been demonstrated
to inhibit cell tumorigenesis in many types of cancers, such as
papillary thyroid carcinoma [28], gastric cancer [29], renal can-
cer [30], and so on. In addition, miR-200a-3p also was implied
to involve in the regulation of drug resistance. For instance,
miR-200a-3p interacted with DUSP6 to enhance 5-fluorouracil
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