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Doxorubicin (DOX) resistance in breast cancer largely results from the breast cancer stem
cell like cells (BCSCs) which could be targetted to improve the efficacy of chemotherapy.
Cell permeabilization using microbubbles (MBs) and ultrasound (US) have the potential for
delivering molecules into the cytoplasm. We aim to evaluate a new methodology of US on
BCSCs. First, our findings indicated that ALDHA1+ spheres which were derived from fresh
primary breast cancer samples displayed stem cell like features and were resistant to DOX.
In patient cohort, we revealed the presence of a variable fraction of ALDHA1+cells in nine
out of ten. We, for the first time, showed a new US-MB treatment condition which could
be used on ALDHA1+ BCSCs by fluorescence measurement and calcein assay. Next, we
demonstrated the efficacy of combined treatment on human BCSCs in vitro and in vivo us-
ing DOX and US-MB: the combined treatment with much reduced drug dosage significantly
suppressed the stem cell like features of BCSCs and induced BCSCs apoptosis. Further-
more, we suggested that decreased ABCG2 level might be one of the mechanisms by which
US-MB medicated DOX treatment. In conclusion, this new US-MB treatment condition has
clinical potential in breast cancer therapy by targetting BCSCs; thereby holding benefits for
breast cancer patients.

Introduction
Breast cancer is the most common malignancy in women [1]. Resistance to chemotherapeutics is still a
major challenge for breast cancer therapy, although early detection methods and treatments have greatly
improved survival of breast cancer patients [1]. Nowadays, accumulating evidence have shown that a sub-
population of cancer cells with stem cell like features, including self-renewal, differentiation, tumorigen-
esis, and tumor heterogeneity. This subpopulation of cancer cells were named cancer stem cell like cells
(CSCs) [2]. CSCs are reported as the major source of tumor recurrence after radiation or chemotherapy
[3]. Previous studies have reported that CSCs exist in a variety of human malignancies [4,5]. Amongst
them, the percentage of breast CSCs (BCSCs) following chemotherapy is increased compared with that
before therapy [6]. Residual BCSCs which chemotherapy fails to kill will eventually lead to subsequent dis-
ease recurrence in breast cancer patients. Nevertheless, there are still not any strategies helping to remove
BCSCs by enhancing their sensitivity to chemotherapy drugs.

Ultrasonic therapy has been used in the cancer treatment for many years but just involving a very limited
number of cases. The mechanisms of extracellular molecule uptake into cells involves ultrasound (US)
irradiation causing pore formation followed by endocytosis and subsequent cellular repair of the pore in
plasma membrane [7]. Ultrasonic irradiation has been proposed as an innovative method for influencing
the permeability of cell membranes; therefore facilitating the entry of the related chemotherapy drug into
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the target cancer cells [8]. Recently, most studies focussed on the low intense US that might have effects on adherent
cancer cells, but with very limited antitumor effect. In the meantime, exploration of other intense US, especially highly
intense US, is few, in spite of being promising. What is more, there are still no reports focussing on the effect of US
on CSCs.

Moreover, it has been demonstrated that US-exposed microbubbles (MB) which have been developed as US con-
trast agents have a significant additive effect [9]. However, whether US or MB can be used to influence the CSCs’
membranes permeability to make CSCs sensitive to chemoresistance drugs is unknown. Doxorubicin hydrochloride
(DOX), an anthracycline antineoplastic agent, has been widely used in solid tumor treatment [10]. Despite its effec-
tiveness, dose-dependent cardiotoxicity is often regarded as the major problem. In the meantime, chemoresistance is
the biggest challenge limiting its clinical use. Therefore, heat, irradiation, and US may be potential strategies on the
use of DOX. Nevertheless, there are no studies about using these new strategies to make CSCs sensitive to DOX so
far.

In the present study, we aim to evaluate a new methodology of US on BCSCs. First, our findings indicated that
ALDHA1+ spheres which were derived from fresh primary breast cancer samples displayed stem cell like features
and were resistant to DOX. In patient cohort, we revealed the presence of a variable fraction of ALDHA1+cells in
nine out of ten. We, for the first time, showed a new US-MB treatment condition which could be used on ALDHA1+

BCSCs by fluorescence measurement and calcein assay. Next, we demonstrated the efficacy of combined treatment
on human BCSCs in vitro and in vivo using DOX and US-MB: the combined treatment with much reduced drug
dosage significantly suppressed the stem cell like features of BCSCs and induced BCSCs apoptosis. Furthermore, we
suggested that decreased ABCG2 level might be one of the mechanisms by which US-MB medicated DOX treatment.

Materials and methods
Animal and cell culture
Female athymic BALB/c nu/nu mice, 3–4 weeks old, obtained from HFK Bioscience (China), were maintained at the
Animal Core Facility at The First Affiliated Hospital of Xinxiang Medical University, under specific pathogen-free
(SPF) condition. All studies on mice were conducted in accordance with the National Institutes of Health ‘Guide for
the Care and Use of Laboratory Animals’ and were approved by the Ethical Committee of The First Affiliated Hospital
of Xinxiang Medical University.

Sample collection
Ten patients with primary breast cancer, who consecutively underwent chemotherapy at Department of Gastroen-
terology, The First Affiliated Hospital of Xinxiang Medical University, were enrolled in the present study from January
2009 to June 2015. Informed consent for the additional core-needle biopsy and experimental use of tumor samples
was obtained from all the patients, following a protocol approved by the Ethics Committee of The First Affiliated
Hospital of Xinxiang Medical University.

Sphere formation and propagation
Single-cell suspensions were obtained from colorectal cancer primary tissue samples. Colorectal cancer primary
tissue samples were shipped to laboratory in cold RPMI-1640 medium with penicillin/streptomycin within 1 h
of removal from patients. Surgical specimens were washed with cold PBS supplemented with high doses of peni-
cillin/streptomycin three times, chopped with a sterile blade, and incubated in 1 mg/ml collagenase II (Sigma–Aldrich,
U.S.A.) for 30 min at 37◦C. The details are listed in the Supplementary material.

Quantitative real-time RT-PCR analysis
Total RNA was isolated using TRIzol reagent (Invitrogen, U.S.A.) according to the manufacturer’s protocol. Total RNA
was extracted using TRIzol reagent (Invitrogen, U.S.A.) according to the manufacturer’s protocol in the condition of
low temperature. Synthesis of cDNA with reverse transcriptase was performed by PrimeScript RT Reagent Kit Perfect
Real Time (TaKaRa, China). For gene expression analysis, quantitative real-time PCR analysis was done using the
iCycler iQ5 real-time PCR Detection system (Bio–Rad, U.S.A.) with SYBR Green Reagent (Bio–Rad, U.S.A.). The
details are listed in the Supplementary material.

MB
MB were created in an aqueous dispersion of 2 mg/ml 1,2-distearoyl-sn-glycero-3-phosphocholine (AvantiPolar
Lipids, Alabaster, AL, U.S.A.) and 1 mg/ml PEG 40 stearate (Sigma–Aldrich) using a 20-kHz sonicator (Vibra Cell;
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Sonics and Materials, Danbury, CT, U.S.A.) in the presence of C3F8 gas. The details are listed in the Supplementary
material.

US exposure
Three 1-MHz submersible US probes were used. A 12-mm (Fuji Ceramics, Fujinomiya, Japan) and a 30-mm diameter
probe (BFC Applications, Fujisawa, Japan) were used for the in vitro experiments, whereas 38-mm diameter probes
(Fuji Ceramics) were used for the in vivo experiments. Each probe was placed in the test chamber (380 mm × 250
mm × 130 mm) that was previously filled with tap water. The details are listed in the Supplementary material.

In vitro quantization of calcein uptake
The ALDHA1+ BCSCs (5 × 104 cells/well) were seeded in complete medium on to 48-well plates and incubated at
37◦C in a 5% CO2 incubator. The medium was replaced with fresh medium containing 200 μmol/l calcein (molecular
weight: 622) with and without MB (10% v/v). After US exposure for 10 s, the cells were washed with PBS, trypsinized,
and collected. Twenty microliters of the supernatant was examined for the uptake of fluorescent molecules using
Mx3000P software (Stratagene, CA, U.S.A.). The details are listed in the Supplementary material.

MTT assay
ALDHA1+ cells, ALDHA1 cells, and differentiated adherent progeny of ALDHA1+ cells were seeded in 96-well plates
at 2000 cells/well, respectively. Cells were then treated with increasing concentrations of DOX from 0 to 8 μg/ml for
24 h. The MTT assay (Sigma–Aldrich, U.S.A.) was conducted as given in the Supplementary material.

Bioluminescence imaging
On days 4, 7, 9, and 11, the mice were anesthetized with isoflurane. Subsequently, they were injected intraperitoneally
with luciferin (150 μg/g body weight) and placed on the in vivo imaging system (IVIS100; Xenogen). The biolumi-
nescence signals were monitored at 10-s time intervals after 10-min luciferin administration. The signal intensity was
quantitated as the sum of all the detected photon counts within the region of interest after subtraction of the measured
background luminescence. The tumor volume was calculated according to the formula: (π/6) × (width) 2 × (length).

Flow cytometry assay and FACS
Flow cytometry assay was done on single-cell suspensions obtained by enzymatic digestion of spheres which were
derived from primary colorectal cancer samples and labeled with Alexa Fluor@488 conjugated anti-ALDHA1 anti-
body (Abcam, U.S.A.) by using an Epics Altra flow cytometer (Beckman Coulter, U.S.A.). FASC: spheres which were
derived from primary tumor samples were dissociated into single cells by enzymatic digestion. Single-cell suspen-
sions were washed and incubated in staining solution with 1% BSA and 2 mM EDTA with the specific antibodies at
appropriate dilutions. The details are listed in the Supplementary material.

Statistical analysis
SPSS13.0 software was used. Each experiment was performed at least three times. The data were expressed as mean
+− S.D. and one-way ANOVA. An unpaired Student’s t test was used to determine the significant differences of all the
results. Significances are ***, P<0.001; **, P<0.01; and *, P<0.05.

Results
ALDHA1+ spheres from primary breast cancer tissue samples and cell
lines display stem cell like features
CSCs are believed to be able to form spheres in serum-free cultivation. We cultured primary breast cancer tissue cells
and two breast cancer cell line cells, MCF7 and T47D, to induce sphere formation in serum-free cultivation. After
culturing for 2–4 weeks, even though a large number of cells died, some tumor cells grew to form spheres (results
not shown). The tumor spheres were at least passaged ten times, indicating the self-renewal of these sphere cells.
To identify whether ALDHA1 is the surface marker to sort BCSCs, we analyzed ten fresh tumor samples derived
from a series of breast cancer patients. Flow cytometry demonstrated the presence of a variable fraction of ALDHA1+

cells, ranging from 0.1 to 1.7%, in nine out of ten breast cancer specimens (Figure 1A, Supplementary Table S1,
Supplementary material). Then, we fractionated ALDHA1+ and ALDHA1− cells for further study (Figure 1A). All
the ALDHA1+ cells could form spheres in serum-free cultivation, while only a few ALDHA1− cells could (Figure 1B).
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Figure 1. ALDHA1+ spheres from breast cancer primary tissue samples and cell lines display stem cell like features

(A) Flow cytometer analysis of ALDHA1 expression in fresh breast cancer primary tissue samples and cell lines (MCF7 and T47D). (B)

Phase-contrast images of ALDHA1+ sphere cells and ALDHA1− cells. Scale bar, 50 μm. (C) Expression of CD133 in FACS-purified

fraction of ALDHA1+ sphere progenies by immunofluorescence staining. Scale bar, 10 μm. (D) With the presence of DOX, cell

viability of ALDHA1+ cells and ALDHA1− cells were determined by MTT. Note: columns, mean of three individual experiments;

S.D., **, P<0.01. (E) In vivo serial transplantation assay. A total of 104 ALDHA1+ cells and ALDHA1− cells, purified from MCF7 and

T47D, were injected s.c. into nude mice. Derived tumor xenografts were dissociated to single-cell suspension and then serially

reinjected in mice (104 cells), generating secondary and then tertiary tumors. Tumor growth curves of primary and tertiary tumors

are shown. Note: columns, mean of three individual experiments; S.D., ***, P<0.001; S.D., **, P<0.01.
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By staining with CD133 in ALDHA1+ cells, we noted that almost all the ALDHA1+ cells expressed CD133 (Figure
1C). Furthermore, we found that cell viability in ALDHA1− cells decreased at each concentration compared with that
in ALDHA1+ cells, with increasing concentrations of DOX from 0 to 5μg/ml (Figure 1D). Moreover, we revealed that
tumor formation of ALDHA1+ cells was faster and resulted in increased tumor intake compared with that observed in
ALDHA1− cells (Figure 1E). Meanwhile, ALDHA1+ cells possess higher long-term tumorigenic potential compared
with the rarely observed tumors originating from the ALDHA1− cells by serial transplantation assays in nude mice
of cells isolated from tumor xenografts originally derived from ALDHA1+ or ALDHA1− cells injection (Figure 1E).

The effect of US and MB on ALDHA1+ BCSCs membrane permeability
Since, we were using a form of US not used widely, we should initially determine the optimal acoustic treatment
condition that would be the most effective to enhance ALDHA1+ BCSCs membrane permeability while avoiding
adverse aspects such as hyperthermia. Cultured ALDHA1+ BCSCs were treated by US in several conditions. When
the US intensity was set at 1.0–4.0 W/cm2, there was no significant difference in cell counts compared with control
cells (Figure 2A). Then, the results of the EuTDA–Efflux assay in Figure 2B compared with the US treatment time.
The fluorescence observed was plotted for each duration of ultrasonic irradiation, with fluorescence being directly
proportional to the amount of EuTDA effluxed from cells. In general, the fluorescence increases as the duration of
ultrasonic exposure increases with the greatest amount of fluorescence occurring in the cells treated with lysis buffer
(positive control) and the least amount of fluorescence occurring in the cells treated with 0 s of ultrasonic irradiation
(negative control). The fluorescences observed after 10 s of US treatment were much greater than the fluorescence
observed with no US exposure (Figure 2B).

To explore the effect of MB, we employed calcein to serve as the marker to detect the uptake of DOX into ALDHA1+

BCSCs. The exposure of cells to US in the presence of MB resulted in the delivery of 106–10 7 calcein molecules per
cell (Figure 2C). This represents a significant increase in the uptake of fluorescent molecules compared with calcein
alone or calcein + US. Moreover, confocal fluorescence microscopic analysis was used to confirm that the calcein
molecules actually entered the cytoplasm (Figure 2D).

US-MB treatment makes ALDHA1+ BCSCs sensitive to DOX in vitro by
apoptosis
Next, the cytotoxicity of various doses of DOX in the presence of US with and without MB was tested on ALDHA1+

BCSCs. A marked increase in DOX toxicity was observed under the US-MB conditions, whereas US alone did not
significantly affect cell survival with various DOX concentrations (Figure 3A). MTT assay also showed that US-MB
achieved a very limited loss of cell viability (Figure 3A). However, the survival fraction rate due to MB alone was not
investigated as it was found that MB alone did not contribute to cell viability (results not shown). Meanwhile, under
the US-MB conditions, ALDHA1+ BCSCs treated with DOX could not form compact spheres, while the group at the
absence of US-MB could form spheres at different degrees (Figure 3B).

Additionally, DOX is well known to induce apoptosis; thus, we confirmed the involvement of apoptosis in me-
diating cytotoxicity in response to DOX. US + MB + DOX activated caspase-3 expression in ALDHA1+ BCSCs as
compared with that in other groups (Figure 3C). Moreover, Annexin V/PI staining assay was used in each group. We
found that ALDHA1+ BCSCs treated with US + MB + DOX showed increased percentage of Annexin V+PI+/Annexin
V+PI− cells as compared with that in the other group (Figure 3D). Taken together, these data demonstrated that the
DOX + US + MB combination decreased ALDHA1+ BCSCs cell viability and that this reduction in cell survival was
associated with increased induction of apoptosis.

In vivo therapeutic effects of US-MB treatment
We, then, investigated the antitumor effects of US + MB in the presence of DOX in vivo. To determinate the con-
centration of DOX, we tested the two different DOX concentrations (0.5 or 1.25 μg/g) on days 7, 9, and 11 (results
not shown). The antitumor effects of the US + MB + DOX were recognized after day 7 in both groups. On day 11,
a significant reduction was observed in the DOX + US + MB group at 1.25 μg/g (Figure 4A). Figure 4B showed an-
titumor effects for different conditions (US + MB, DOX + US, and DOX + US + MB) at day 11. Furthermore, the
DOX + US + MB group showed a prolonged median survival compared with the DOX + US group or the US + MB
group (Figure 4C). Meanwhile, we found that xenografts in DOX + US + MB group expressed increased caspase-3
(Figure 4D). In addition, H&E staining revealed a reduction in hyperemia, necrosis, and the number of small vessels
decreased in the US-MB + DOX group compared with the other three groups (Figure 4E).
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Figure 2. The effect of US and MB on ALDHA1+ BCSCs membrane permeability

(A) Cytotoxic effect of various US intensities. Note: columns, mean of three individual experiments; S.D., **P<0.01. (B) Fluorescence

detected using the EuTDA–Efflux assay after various amounts of US exposure. Note: columns, mean of three individual experiments;

S.D., **P<0.01. (C) Mean fluorescence uptake under various conditions (calcein alone, calcein + US, and calcein + US + MB). Note:

columns, mean of three individual experiments; S.D., **P<0.01. (D) Confocal microscopy showing differential interference contrast

and fluorescence images exposed to US in the presence of MB. Scale bar, 50 μm.

6 c© 2017 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).



Bioscience Reports (2017) 37 BSR20171137
https://doi.org/10.1042/BSR20171137

Figure 3. US-MB treatment makes ALDHA1+ BCSCs sensitive to DOX in vitro

(A) With the presence of DOX, cell viability of ALDHA1+ cells with different treatments were determined by MTT. Note: columns,

mean of three individual experiments; S.D., **, P<0.01. (B) Phase-contrast images of ALDHA1+ sphere with different treatments.

Scale bar, 50 μm. (C) The caspase-3 activity in ALDHA1+ BCSCs with different treatment was measured by flow cytometry. (D)

With or without DOX, the percentage of Annexin V+ PI+/Annexin V+ PI− cells in different group was measured by flow cytometry.

US-MB-DOX treatment decreases the ABCG2 expression in ALDHA1+

BCSCs
So far, there are a number of mechanisms that may contribute to chemoresistance of cancer cells. Amongst these,
decreased intracellular drug accumulation caused by drug efflux pumps in the cell membrane is one of the most
common mechanisms. These membrane efflux pumps belong to the superfamily of ATP-binding cassette (ABC)
transporter proteins and contribute to drug resistance via ATP-dependent pathways [11]. Here, we found that, in
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Figure 4. In vivo therapeutic effects of US-MB treatment

(A) Bioluminescence imaging and luciferase activity of mice with the treatment at US intensity: 3.0 W/cm2; duty cycle: 20%; number

of pulses: 200; pulse repletion frequency: 1000 Hz; and exposure time: 60 s. (B) The luciferase activity normalized with that of control

at day 11, where the concentration of DOX was 1.25 μg/g of body weight (n=3). (C) Kaplan–Meier survival curves for different

mice tumor group showed a statistical difference in different treatment. (D) The caspase-3 level in different mice tumor group was

measured by quantitative real-time RT-PCR analysis (qPCR). Note: columns, mean of three individual experiments; S.D., **, P<0.01.

(E) Representative histopathological changes in the control, US + MB alone, US + DOX, and US + MB + DOX groups. Scale bar,

10 μm.
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Figure 5. US-MB-DOX treatment decreases the ABCG2 expression in ALDHA1+ BCSCs

(A) The ABC transporter expression level in different group in vitro was measured by quantitative real-time RT-PCR analysis (qPCR).

Note: columns, mean of three individual experiments; S.D., **, P<0.01. (B) Western blotting showed that ABCG2 protein level in

different mice tumor tissues and (C) related gray coefficient ratio for every band of Western blot. β-actin was used as a normalization

control.

vitro, the expression of ABCG2 was reduced significantly in ALDHA1+ BCSCs in the presence of US-MB compared
with ALDHA1+ BCSCs in the presence of US alone (Figure 5A). Meanwhile, in vivo, ABCG2 was found decreased
in mice tumor tissues in the presence of US-MB compared with the other group (Figure 5B). These data suggested
that decreased ABCG2 level might be one of the mechanisms by which US-MB medicated DOX treatment.

Discussion
Therapeutic US, especially low-intensity US, has gained increasing attention in recent years [12]. In general, US can
cause both physical effects (such as heat, cavitation, and mechanical force) and biochemical effects (such as reac-
tive oxygen species) to affect tumor cell damage [13]. MB can be intentionally ruptured for cavitation effect which
is caused by localized US energy [14]. Violent microstreaming, shock wave, or efflux can be produced during the
event of collapse of MB, which can cause transient holes in the plasma membrane to increase permeability of cell
membrane. This specific drug delivery method potentially serves to minimize toxic side effects, lower the required
dosage amounts, and reduce the cost of patients [15].

BCSCs are reported as the major source of tumor recurrence after radiation or chemotherapy [3]. It was reported
that the percentage of BCSCs following chemotherapy is increased as compared with that before therapy [6]. Residual
BCSCs which chemotherapy fails to kill will eventually lead to subsequent disease recurrence of breast cancer patients.
Nevertheless, there are still not any strategies helping to remove BCSCs by enhancing their sensitivity to chemotherapy
drugs. In the present study, we demonstrated that US-MB treatment makes ALDHA1+ BCSCs sensitive to DOX by
down-regulating ABCG2 gene expression. We, first, indicated that ALDHA1+ spheres from primary breast cancer
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tissue samples and cell lines display stem cell like features, including strong ability of sphere formation in vitro,
chemoresistance, and tumoregenesis in vivo. ALDHA1+ cells possessed the long-term tumorigenic potential by using
serial transplantation assays in mice of cells isolated from tumor xenografts originally derived from ALDHA1+ cells
injection, indicating the existence of a precise hierarchical model for the formation of lung cancer tissue, based on the
generation of a vast cell progeny by a small number of self-renewing undifferentiated cells. It is likely that ALDHA1+

cells comprise two populations of cells with similar phenotype, but different potential: a tumorigenic population of
stem cell like cells able to self-renew and a non-tumorigenic population of progenitor/precursor cells. We also found
that ALDHA1+ BCSCs expressed high level CD133 which is the hallmark of CSCs [3]. Furthermore, we showed the
presence of a variable fraction of ALDHA1, ranging from 0.1 to 2.2%, in nine out of ten breast cancer specimens.

Most studies focussed on the low intense US might have effects on adherent cancer cells. Previously, we tried to use
low intense US (1.0–3.0 W/cm2) for BCSCs derived from MCF7 and T47D. Nevertheless, the membrane permeability
of BCSCs was not good enough for DOX entering, which was also tested by fluorescence and calcein assay, as shown
in Figure 2A. Therefore, the different intense US was first to be explored on BCSCs in the present study. Here, we
found the optimal acoustic treatment intensity for ALDHA1+ BCSCs in vitro. Calcein, which has a molecular weight
of 622 (calculated stokes radius of 0.68), was used as a fluorescent marker to evaluate small molecule entry in cancer
cells upon US-MB stimulation. As the molecular weight of DOX is smaller than calcein, so calcein can be considered
to represent a realistic marker of DOX entry into ALDHA1+ BCSCs. Furthermore, we showed that US-MB treatment
made ALDHA1+ BCSCs sensitive to DOX with the decreasing ability of sphere formation and the increase in caspase-3
activity. Nevertheless, whether the activation of caspase-3 is induced by US needs further study, as we showed that
US alone did not contribute to the survival fraction and subsequent apoptosis induction. We also demonstrated that
US-MB treatment had better efficiency in enhancing membrane permeability compared with US alone treatment. As
for in vivo, DOX + US + MB group showed a better antitumor result and a prolonged median survival compared
with other groups.

So far, there are a number of mechanisms that may contribute to chemoresistance of cancer cells. Amongst these,
decreased intracellular drug accumulation caused by drug efflux pumps in the cell membrane is one of the most com-
mon. Here, significantly, we found that the expression of ABCG2 was reduced in ALDHA1+ BCSCs in the presence
of US-MB compared with that in the presence of US alone. Additionally, in in vivo assays, we also found that the
decreased expression of ABCG2 in DOX + US + MB group in line with the results of in vitro experiments, which
suggested that decreased ABCG2 level might be one of the mechanisms by which US-MB medicated DOX treatment.
Nevertheless, the exact relationship or mechanisms between US-MB medicated DOX treatment and ABC transporters
needs further study.

In conclusion, we showed a new US-MB treatment condition on ALDHA1+ BCSCs, for the first time. We demon-
strated the efficacy of combined treatment on human BCSCs in vitro and in vivo with using DOX and US-MB: the
combined treatment with much reduced drug dosage significantly suppressed the stem cell like features of BCSCs and
induced BCSCs apoptosis. Furthermore, we suggested that decreased ABCG2 level might be one of the mechanisms
by which US-MB medicated DOX treatment. All in all, this new US-MB treatment condition has clinical potential in
breast cancer therapy by targetting BCSCs.
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