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Background: Chemotherapy is one of the common treatments for breast cancer. The induction of
cancer stem cells (CSCs) is an important reason for chemotherapy failure and breast cancer recurrence.
Astragaloside IV (ASIV) is one of the effective components of the traditional Chinese medicine (TCM)
Astragalus membranaceus, which can improve the sensitivity of various tumors to chemotherapy drugs. Here,
we explored the sensitization effect of ASIV to chemotherapy drug paclitaxel (PTX) in breast cancer from
the perspective of CSCs.

Methods: The study included both in vitro and in vivo experiments. CSCs from the breast cancer cell
line MCF7 with stem cell characteristics were successfully induced iz vitro. Cell viability and proliferation
were detected using the Cell Counting Kit-8 (CCK-8) and colony formation assays, and flow cytometry
and terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) methods were performed to
detect cell apoptosis. Stemness-related protein expression was determined by western blotting (WB) and
immunohistochemistry (IHC). Body weight, histopathology, and visceral organ damage of mice were used to
monitor drug toxicity.

Results: The expression of stemness markers including Sox2, Nanog, and ALDHAI was stronger in
MCF7-CSCs than in MCF7. PTX treatment inhibited the proliferation of tumor cells by promoting cell
apoptosis, whereas the stemness of breast cancer stem cells (BCSCs) resisted the effects of PTX. ASIV
decreased the stemness of BCSCs, increased the sensitivity of BCSCs to PTX, and synergistically promoted
PTX-induced apoptosis of breast cancer cells. Our results showed that the total cell apoptosis rate increased
by about 25% after adding ASIV compared with BCSCs treated with PTX alone. The iz vivo experiments
demonstrated that ASIV enhanced the ability of PTX to inhibit the growth of breast cancer. WB and IHC
showed that ASIV reduced the stemness of CSCs.

Conclusions: In this study, the resistance of breast cancer to PTX was attributed to the existence of CSCs;
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ASIV weakened the resistance of MCF7-CSCs to PTX by significantly attenuating the hallmarks of breast

cancer stemness and improved the efficacy of PTX.

Keywords: Breast cancer; cancer stem cells (CSCs); astragaloside IV (ASIV); paclitaxel (PTX); chemotherapy

Submitted Oct 12, 2023. Accepted for publication Nov 22, 2023. Published online Dec 21, 2023.

doi: 10.21037/tcr-23-1885

View this article at: https://dx.doi.org/10.21037/tcr-23-1885

Introduction

The incidence of breast cancer in women (11.7%) has
surpassed that of lung cancer (11.4%) to become the most
common malignancy worldwide (1). While the majority
of breast cancer cases are detected at an early stage, with
a corresponding 5-year survival rate of 96% in Europe,
advanced breast cancer remains an incurable condition (2).
Breast cancer is a remarkably diverse disease, displaying
a wide range of clinical behaviors and molecular drivers.
This diversity necessitates a complex array of therapeutic
approaches grounded in a deep understanding of its
biological foundations (3). Breast cancer can be categorized
based on the expression of hormone receptors, specifically
estrogen and progesterone receptors, as well as the presence
of human epidermal growth factor receptor 2 (HER2)
overexpression and/or gene amplification. These factors are
evaluated through techniques like immunohistochemistry
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What is the implication, and what should change now?

®  Our study provides an experimental basis for the synergistic effect
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stemness of tumor cells, so we will further explore the mechanism.
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(IHC) and in situ hybridization (4,5). This biological
characterization is paramount not only for determining
the prognosis of breast cancer patients but also for guiding
treatment decisions (6).

There are currently multiple treatments for breast
cancer, including surgery, radiotherapy (RT), chemotherapy,
endocrine therapy, and targeted therapy. While the
inception of cancer immunotherapy for breast cancer dates
back over two decades, its adoption in patient care lagged
behind that in other cancer types. However, the ongoing
and robust clinical research endeavors hold promise in
altering this scenario, paving the way for the broader
application of immune checkpoint inhibitors and various
immunotherapies in breast cancer, extending their reach
beyond just the triple-negative breast cancer (I'NBC)
subtype (7). Although improvements and developments
in diagnostic methods, surgical techniques, and pre- and
postoperative treatment have increased the survival rate of
breast cancer, tumor recurrence and metastasis still occur in
30-40% of patients (8).

Chemotherapy is an important treatment for early and
advanced breast cancer (9); however, cancer stem cells
(CSCs) are an important cause of chemotherapy failure and
breast cancer recurrence (10,11). CSCs are a subset of cells
found in tumor tissues with the hallmarks of breast cancer
stemness, which are the drivers of cancer progression and
are closely related to tumor metastasis, recurrence, and drug
resistance (12). Studies have shown that breast cancer stem
cells (BCSCs) are resistant to standard chemotherapeutic
drugs, and BCSCs that survive treatment can re-enter the
cell proliferation cycle and form new tumor lesions in a
specific environment, leading to breast cancer recurrence
and metastasis (10,13). Therefore, targeting CSCs may
be a promising therapeutic strategy to effectively improve
chemotherapy sensitivity and consequentially increase cure
rates.

Paclitaxel (PTX) is an anti-microtubule chemotherapeutic
agent that has been successfully used in different types of
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solid tumors, including breast cancer (14-17). Presently,
PTX is a first-line chemotherapy drug for breast cancer,
although it is prone to drug resistance during the treatment
process (18). A growing number of studies have focused on
improving tumor sensitivity to PTX, including combination
therapy using natural compounds with PTX (19-22).

The traditional Chinese herb Astragalus mongholicus
Bunge (AM; Huang qi in Chinese pin yin) is widely used
by traditional Chinese medicine (TCM) practitioners.
Modern pharmacological studies have shown that AM
and its active components have various pharmacological
effects such as the prevention and treatment of viruses,
tumors, and diabetes, as well as the regulation of
cardiovascular and immunity (23,24). Astragaloside IV
(ASIV) is one of the active ingredients of AM. ASIV
has a wide range of pharmacological effects, such as
antioxidant, cardioprotective, anti-inflammatory, antiviral,
antibacterial, antifibrotic, antidiabetic, antitumor, and
immunomodulatory effects. It has a protective effect on
brain damage and the central nervous system, cardiovascular
disease, respiratory system, kidney, endocrine system,
organic immune system, and liver (25-27). Moreover, ASIV
plays an anti-cancer role in tumors such as lung, liver,
colorectal, and breast cancer (28-36). Studies have found
that ASIV improved the sensitivity of various cancers to
chemotherapy, as follows: ASIV improved the sensitivity of
osteosarcoma cells to cisplatin via apoptosis induction and
regulation of caspase-dependent Fas/FasL signaling (28);
ASIV enhanced the sensitivity of lung adenocarcinoma
cells to bevacizumab by inhibiting autophagy (30); ASIV
enhanced the sensitivity of breast cancer to PTX by
targeting caveolin-1-mediated oxidative damage (37).

Although researchers have explored the synergistic
effect of ASIV on chemotherapeutic drugs from various
aspects, the effect of ASIV on chemoresistance in CSCs is
still unknown. Here, we aimed to investigate the effect of
ASIV combined with PTX, a breast cancer chemotherapy
drug, on CSCs and its underlying mechanism. We present
this article in accordance with the ARRIVE and MDAR
reporting checklists (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-23-1885/rc).

Methods
Cell culture and reagents

The human luminal breast cancer cell line MCF-7 was
purchased from Procell (Wuhan, China), cultured in Dulbecco’s
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modified Eagle medium (DMEM) with 10% fetal bovine
serum (FBS), and incubated in the incubator with a constant
temperature incubator of 37 °C and 5% CO,. ASIV [No.
84687-43-4, purity: high-performance liquid chromatography
(HPLC) >98%), molecular formula: C41H68014, molecular
weight: 784.97, density: 1.39 g/cm’] was purchased from
Chengdu Ruifensi Biological Technology Co., Ltd.
(Chengdu, China). PTX was purchased from Hainan All
Star Pharmaceutical Co., Ltd. (Haikou, China).

Induction of MCF7-CSCs

MCF7-CSCs came from the human breast cancer cell
line MCF7 that was induced as previously described (38).
Serum-free medium (SFM) consisted of DMEM/F12,
20 ng/mL basic fibroblast growth factor (Proteintech,
Wauhan, China), 10 ng/mL epidermal growth factor
(Proteintech), and 1xB27 supplement (Gibco Life
Technologies, Lofer, Austria). When MCF?7 cell density
reached 90%, the cell precipitate was rinsed with
phosphate-buffered saline (PBS), centrifuged at 1,000 rpm
for 5 minutes, and the supernatant was discarded. MCF7
cells were resuspended in SFM, and the cell suspension was
transferred to non-adherent culture flasks.

Cell viability analysis

Before treatment, the cell (including MCF7 and MCF7-
CSCs) concentration was adjusted to 3,000 cells/100 pL,
and they were seeded in 96-well plates with 100 pL per
well and cultured for 24 hours. Cells were then treated
with ASIV and PTX alone or in combination for 48 hours.
After 48 hours, 10 pL of Cell Counting Kit-8 (CCK-8;
Beyotime, Jiangsu, China, C0039) solution was added per
well and incubated at 37 °C for 2 hours. Plate Reader was
used to determine the optical density (OD) value at 450
nm. Biological replicates were repeated 3 times. The half
maximal inhibitory concentration (IC50) was calculated

with Prism 7 (GraphPad software, San Diego, CA, USA).

Stem cell detection by flow cytometry

To assess whether the breast cancer-related stem cell
clones (CD44"/CD24/low) were successfully induced, cells
underwent fluorescein isothiocyanate (FITC)-labeled anti-
CD24 antibody (Biolegend, San Diego, CA, USA; 311104)
and allophycocyanin (APC)/Cy7-labeled anti-CD44
antibody [Becton, Dickinson and Company (BD), Franklin
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Lakes, NJ, USA; 559942] staining and flowcytometry
assessment. Subsequently, cells were washed with cold
PBS containing 10% fetal calf serum (FCS). After staining
with anti-CD44 and anti-CD24 antibodies, incubate for
30 minutes at room temperature protected from light. After
three washes with cold PBS containing 10% FCS, cells were
collected. The fluorescence signals of FITC and APC/Cy7
were analyzed, respectively.

Western blot (WB)

The experimental group was defined using a predetermined
experimental drug concentration (single or combination),
while the drug-free medium was defined as a control
group, with each group acting on the cells for 48 hours.
After treatment, cells were collected for lysis. Protein
concentration was determined using the bicinchoninic
acid (BCA) Protein Assay Kit (Keygen, Nanjing, China).
Samples of 20 pg of protein were collected, resolved
in a 10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), and transferred to a
polyvinylidene fluoride (PVDF) membrane. Then,
5% blocking buffer [5% skimmed milk powder + tris-
buffered saline with Tween 20 (TBST)] was applied to
the membrane for 60 minutes at room temperature.
Subsequently, the membrane was incubated with primary
antibodies, including Sox2 antibody (Proteintech, 11064-1-
AP), Oct4 antibody (Abcam, Cambridge, UK; ab200834),
beta-actin (Proteintech, 66009-1-Ig), Bcl2 antibody (Abcam,
mab182858), Bax antibody (Proteintech, 50599-2-1g),
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
antibody (Proteintech, 10494-1-AP), Nanog antibody [Cell
Signaling Technology (CST), Danvers, MA, USA; 4903T]
overnight at 4 °C. The next day, secondary antibodies were
added and the membranes were washed and visualized using
ChemiDoc TMXRS+ (Bio-Rad, Hercules, CA, USA) after

60 minutes of incubation at room temperature.

Cell apoptosis analysis

The apoptosis of cells was analyzed by annexin-v-FITC/
propidium iodide (PI) staining flow cytometry. Cells with an
initial cell number of 2x10° cells/mL were seeded on 6-well
plates and exposed to different doses of ASIV and PTX
alone or in combination for 48 hours. Staining was accorded
to the manufacturer’s instructions (Keygen). Samples were
analyzed using flow cytometry FC500 (Beckman Coulter,
Inc., Brea, CA, USA). FITC-annexin V-positive and PI-
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negative cells are considered to be a subset of cells with
early apoptosis. Cells that are positive for FITC-annexin
V and PI were calculated to be a subset of cells with late
apoptosis. Experiments were conducted in triplicate.

Experimental animals, drug dosages

We purchased 5-week-old Balb/c-nu/nu female mice from
the Animal Experiment Center of Guangdong Provincial
Hospital of Chinese Medicine. All mice were housed in
cages (3—5 mice per cage) under pathogen-free conditions
at 25 °C, 40-60% relative humidity, and 12 hours light/
dark cycle in the experimental animal center of Guangdong
Provincial Hospital of Chinese Medicine. Animal
experiments were performed under a project license (No.
2022008) granted by The Institutional Animal Research
Ethics Committee of Guangdong Provincial Hospital of
Chinese Medicine, in compliance with national guidelines
for the care and use of animals. A protocol was prepared
before the study without registration.

We consulted a large body of literature when choosing
doses. For the in vivo studies of resistance to PTX by MCEF7
and MCF7-BCSC, we first selected the drug concentration
provided in the previous literature at a concentration of
5 mg/kg, comprising intraperitoneal injection once every
other day for a total of 21 days (39). Differences were
observed in both groups of mice, so this dose was continued
in combination with PTX and ASIV, and in most of the
literature, ASIV was used directly with a single dose for
animal experiments, with dose ranges ranging from 20
to 100 mg/kg. Therefore, we first selected 40 mg/kg for
preliminary experiments and obtained positive results in
subsequent experiments.

ASIV was suspended in a solution consisting of 5%
dimethyl sulfoxide (DMSO), 40% polyethylene glycol 300
(PEG300), and 45% saline, and administered once daily
via gastric perfusion. PTX was diluted with saline and
administered via intraperitoneal injection every other day.
The control group received the vehicle (5% DMSO + 40%
PEG300 + 45% saline) via intragastric perfusion and saline
via intraperitoneal injection.

Breast cancer xenografts in nude mice

We conducted three different animal experiments. Animals
were included if the iz vivo transplanted tumor model was
successfully constructed, and animals that died prematurely
were excluded. Animal experiments were conducted by two
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people, one for execution and one for testing, to ensure the
reliability of the data.

First, mice were randomly divided into experimental
and control groups (n=7 in each group), and then MCF7
and MCF7-CSCs cells were injected into the mammary
fat pads of the control group and the experimental group,
respectively. The cell density of each group was 5x10°
cells/200 pLL PBS. After 21 days, the mice were euthanized
and the tumor growth of the two groups was compared.

In another animal experiment, mice were randomly
divided into experimental and control groups (n=7 in
each group), and then MCF7 and MCF7-CSCs cells were
injected into the mammary fat pads of the control group
and the experimental group. Upon reaching a tumor volume
of approximately 100 mm’, PTX (5 mg/kg) was used on
each group of mice. The length and width of tumors in
each mouse were recorded using vernier calipers every
2-3 days, tumor volume was calculated using the formula
[0.5 x (Iength) x (width)’]. After 21 days, the mice were
euthanized and the tumor growth of the two groups was
compared.

A similar experiment was conducted, wherein 5x10°
MCEF7-CSCs were injected into the mammary fat pads of
mice in 200 pL. PBS. Upon reaching a tumor volume of
approximately 100 mm’, the mice were randomly divided
into control and treatment groups (n=6) as follows: control
group; ASIV group (40 mg/kg); PTX group (5 mg/kg); and
PTX (40 mg/kg) combined with ASIV (5 mg/kg) group.
Different groups of mice were treated with the appropriate
drug. The length and width of tumors in each mouse were
recorded using vernier calipers every 2-3 days, tumor volume
was calculated using the formula [0.5 x (length) x (width)’].
After 21 days, the mice were euthanized and the tumor
growth of the two groups was compared. Throughout the
entire experiment, we meticulously monitored the subjects’
body weight to ascertain any potential toxicity of the
administered drugs.

IHC

For tissue embedding, specimens were fixed in 10% neutral
buffered formalin for 24 hours. After being cut into 3 pm-
thick sections, the paraffin-embedded tumor samples were
dried overnight at 37 °C. The sections underwent two
rounds of xylene deparaffinization, each lasting 10 minutes,
followed by rehydration via a graded series of ethanol. The
sections were incubated at an ambient temperature in a 3%
hydrogen peroxide solution for a duration of 30 minutes
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to effectively hinder the activity of endogenous peroxidase.
We heated the slides in a sodium-citrate buffer solution to
retrieve the antigen. The slides were then incubated with
the primary antibodies including anti-SRY-box 2 (Sox2;
Proteintech, 11064-1-AP), and anti-Nanog (CST, 4903T)
at 4 °C overnight in a moist chamber. A diaminobenzidine
detection system was applied as the chromogenic agent
according to the manufacturer’ instructions. As a final step,
the sections were counterstained with Mayer’s hematoxylin,
dehydrated, cleared, and mounted before the examinations.

3-dimensional (3D) sphere assay

This experiment was conducted as previously described (40).
T7 buffer (pH 7.4, containing 50 mM Tris and 150 mM
NaCl) was employed to dilute fibrinogen to a concentration
of 2 mg/mL. In 2-dimensional (2D) rigid culture dishes,
MCFEF7 cells were gently detached and adjusted to a
concentration of 10* cells/mL. The fibrinogen solution and
cell solution were combined in equal proportions, resulting in
a meticulously crafted mixture of fibrin gels containing 1 mg of
fibrinogen per mL and a concentration of 5,000 cells/mL. The
96-well plates were seeded with a mixture of 50 mL of cells
and fibrinogen, to which 1 mL of thrombin (100 U/mL) was
added and mixed well. The cell culture plate was then
placed in an incubator at 37 °C for 10 minutes. Finally,
200 pL. of DMEM medium supplemented with 10% FBS

and antibiotics were introduced.

Statistical analysis

The data acquired were expressed as mean (standard
deviation), median (range), or frequency (percentage). The
independent samples #-test (for normally distributed data)
or the Mann-Whitney U test (for non-normally distributed
data) were employed to compare any two groups.

Results
Induction of MCF7-CSCs

To investigate the sensitization effect of ASIV on CSCs, we
successfully induced MCF7-CSC following a previously
published method (38). CD44(high)/CD24(low) cell
populations were identified as BCSCs; this subpopulation
of cells was significantly increased in MCF7-CSCs after
induction, and the expression of CSCs marker aldehyde
dehydrogenase 1 family member A1 (ALDHAT1) was
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Figure 1 Induction and identification of MCF7-CSCs, detection of resistance of MCF7-CSCs to PTX. (A) Changes in tumor stem cells
[CD44(high)/CD24(low)] before and after induction were detected by flow cytometry. (B) Immunofluorescence was used to detect the
expression of stem cell marker ALDHAL in MCF7 and MCEF7-CSCs (scale bar: 100 pm). (C) Western blotting was used to detect the
expression of stem cell markers Sox2 and Nanog proteins in MCF7 and MCF7-CSCs. (D) MCF7 and MCF7-CSCs were treated with
different concentrations of PTX for 48 h, and cell viability was detected using the CCK-8. (E) 10,000 MCF7 and MCF7-CSCs cells
homogeneously seeded in 6-well plates, cells were treated with 1 pM PTX for 48 h, PTX was removed, and cell culture continued for 12 d.
Formaldehyde fixed, crystal violet stained. The effect of PTX on the proliferation of the two cells was detected by colony formation assay.
(F) After the two kinds of cells were treated with PTX for 48 h, apoptosis was detected by cell flow cytometry. The effect of PTX on the
growth of MCF7 and MCF7-CSCs in nude mice was detected: the tumor growth curve (G), tumor image (H), and tumor weight (I) were
detected. (J) Western blotting was used to detect apoptosis-related protein Bax/Bcl2 expression in animal tumor tissues. Student’s z-test: *,
P<0.05; **, P<0.01; ***, P<0.001. SSC, side scatter; CSCs, cancer stem cells; FSC, forward scatter; FITC, fluorescein isothiocyanate; APC,
allophycocyanin; ALDHAI, aldehyde dehydrogenase 1 family member Al; DAPI, 4°,6-diamidino-2-phenylindole; PTX, paclitaxel; PI,
propidium iodide; CCK-8, Cell Counting Kit-8.

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2023;12(12):3703-3717 | https://dx.doi.org/10.21037/tcr-23-1885



Translational Cancer Research, Vol 12, No 12 December 2023

increased in MCF7-CSCs (Figure 1A4,1B). The results of
WB showed that the levels of stemness-related markers
Sox2 and Nanog were significantly increased in MCF7-
CSCs (Figure 1C). The above results represent the
successful induction of MCFEF7-CSCs.

Tumor cell stemness is crucial for the anticancer effect of
PTX

We examined the inhibitory effects of PTX on the
proliferation of MCF7 and MCEF7-CSCs cells at different
time points. The results showed no difference between
MCEF7 and MCF7-CSCs with PTX treatment for
24 hours (Figure S1); however, with 48 hours PTX
treatment, MCF7 cells showed higher inhibition of
proliferation than the MCF7-CSCs (Figure 1D). Since 1
pM PTX elicited a significant difference in the inhibition
of the proliferation of the two types of cells, PTX was used
at 1 pM for subsequent experiments. The clonogenic assay
also demonstrated that PTX inhibited the proliferation of
MCEF7-CSCs (Figure 1E). Apoptosis experiments showed
that PTX could inhibit cell proliferation by inducing
apoptosis, and MCF7-CSCs were resistant to the apoptotic
effect of PTX on cells (Figure 1F). In addition, we further
evaluated the resistance of MCF7 and MCF7-CSCs to
PTX by in vivo experiments in mice. After the same amount
of MCF7 and MCF7-CSCS were injected into mice, no
difference in tumor size or tumor weight was observed
21 days later (Figure S2). Consistent with the results from
in vitro experiments, the increased stemness of breast cancer
cells resisted the inhibitory effect of PTX on tumor growth
(Figure 1G). The tumor volume and body weight of the
mice in the MCF7-CSC group were significantly higher
than those of the MCF7 group (Figure 1H,11). The WB
analysis of tumor tissues showed that the cell’s stemness
can increase the expression of anti-apoptotic protein Bcl2
and decrease the expression of apoptosis marker Bax under
the effect of PTX (Figure 1F). The above results indicate
that PTX can inhibit the proliferation of tumor cells by
promoting cell apoptosis, whereas the increased stemness of
tumor cells can resist the effect of PTX.

ASIV synergizes with PTX to inhibit BCSC proliferation

Next, we verified the chemosensitizing effect of ASIV.
The chemical structure of ASIV is shown in Figure 2A4.
The CCK-8 and clone formation assays showed that
ASIV alone did not inhibit the proliferation of MCF7-

© Translational Cancer Research. All rights reserved.

3709

CSCs at the tested concentrations, but when combined
with PTX, it significantly inhibited the proliferation of
MCEF7-CSCs However, the inhibitory effect of PTX on
cell proliferation was significantly increased when ASIV
was increased (Figure 2B,2C). Moreover, the results of
cytometry showed that ASIV increased PTX-induced
apoptosis, compared with control MCF7-CSCs cells
(2.6%+0.2%), PTX alone induced significant apoptosis
(15.8%=0.6%) after 48 h of exposure, while ASIV alone did
not increase apoptosis (1.4%+0.1%). However, compared
with PTX alone, PTX combined with ASIV induced more
apoptosis (20.7%=1.1%). Among them, the early apoptosis
rates of MCF7-CSCs cells induced by ASIV, PTX and
their combination were 0.9%+0.1%, 10.1%+0.9% and
13.7%+0.8%, respectively (1.7%=0.1% in the control
group) (Figure 2D).

ASIV enbances the ability of PTX to inhibit breast cancer
growth

"To determine the role of ASIV in breast cancer chemotherapy,
we conducted animal experiments (Figure 34), the same
number of MCF7-CSCs were injected into the mammary fat
pad of mice, and the growth of subcutaneous tumors in mice
was observed under different treatment conditions the use
of different drug groups. In this experiment, we found that
MCEF7-CSCs showed resistance to PTX; PTX treatment
did not slow down the growth of breast cancer. Addition of
ASIV to PTX, however, significantly inhibited the growth of
breast cancer (Figure 3B). We found that tumor weight was
also affected by PTX plus ASIV (Figure 3C) and tumors of
different groups of mice were photographed (Figure 3D).
WB and terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) staining results of tumor tissues also
showed that the combination of ASIV and PTX increased
the level of apoptosis in breast cancer cells (Figure 3E,3F).
Next, we evaluated the toxic effects of the drugs; ASIV and
PTX did not affect the body weight of the mice (Figure S3A),
and hematoxylin and eosin (H&E) staining results showed
that treatment with the combination of the two did not
increase the damage to important organs (Figure S3B).

ASIV combined with PTX reduces the stemness of BCSC

Sphere-forming ability is an important method for the
identification of CSCs i vitro. Here, we evaluated the cell
stemness by examining the size of the tumor sphere. First,

we observed the formation of MCF7 and MCF7-CSCs stem
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Figure 2 In vitro experiments showed that ASIV increased the sensitivity of BCSCs to PTX. (A) The chemical structure of ASIV.
(B) MCF7-CSCs were treated with different concentrations of ASIV, PTX, and their mixture for 48 h, and the cell viability of each group
was detected using the CCK-8. (C) Clone formation assay was used to detect the proliferation of MCEF7-CSCs after 48 h of treatment with
different drugs. 4,000 MCF7-CSCs cells homogeneously seeded in 12-well plates, cells were treated with different drugs for 48 h, drugs
were removed, and cell culture continued for 12 d. Formaldehyde fixed, crystal violet stained. (D) MCF7-CSCs were treated with different
drugs for 48 h, and apoptosis was detected by flow cytometry. Student’s #-test: *, P<0.05; **, P<0.01; ns, not statistically significant. PTX,
paclitaxel; ASIV, astragaloside IV; CSCs, cancer stem cells; PI, propidium iodide; FITC, fluorescein isothiocyanate; BCSCs, breast cancer
stem cells; CCK-8, Cell Counting Kit-8.
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Figure 3 In vivo, ASIV increased the sensitivity of BCSCs to PTX. (A) An orthotopic injection of MCF7-CSCs was used to establish the
mouse breast cancer transplantation model. After 10 days, upon reaching a tumor volume of approximately 100 mm’, ASIV and PTX were
used, and the mice’s tumor size and body weight were recorded. (B) Tumor growth curve of each group of mice. (C) Final tumor weight of
mice in each group. (D) Tumor image in each group of mice. (E) Western blotting was used to detect the expression of apoptosis-related
proteins Bax/Bcl2 in the tumor tissues. (F) TUNEL staining was used to detect apoptosis in the tumor tissue (scale bar: 100 pm). Student’s
t-test: ¥, P<0.05; **, P<0.01; ns, not statistically significant. ASIV] astragaloside IV; PTX, paclitaxel; TUNEL, terminal deoxynucleotidyl

transferase dUTP nick end labeling; DAPI, 4°,6-diamidino-2-phenylindole; BSCSs, breast cancer stem cells; CSCs, cancer stem cells.
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cell sphere formation under PTX. The stronger stemness
of MCF7-CSCs meant that the volume of MCF7-CSCs cell
spheres was larger (Figure 44, Figure S4A). Treatment with
the combination of ASTV and PTX significantly reduced the
volume of the cell sphere compared with that of PTX alone,
indicating that the combination of ASIV and PTX reduced
the stemness of MCF7-CSCs (Figure 4B, Figure S4B). The
results of WB also confirmed the above: ASIV reduced the
levels of the stem cell marker proteins Sox2 and Nanog,
which represent cell stemness ability and self-renewal

© Translational Cancer Research. All rights reserved.

ability. Sox2 and Nanog expression in the cells treated with
PTX and ASIV was lower than that in the cells treated with
PTX alone (Figure 4C). In addition, consistent results were
also found in tumor tissues. WB, immunofluorescence, and
THC were used to detect the expression of stemness-related
markers Sox2 and Nanog in tumor tissues. The results
showed that ASIV could reduce the protein expression
of Sox2 and Nanog in tumor tissues. The use of ASIV in
combination with PTX also decreased the protein expression
of Sox2 and Nanog in tumor tissue (Figure 54-5C). Although
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Figure 5 In vivo experiments showed that ASIV combined with PTX decreased the expression of breast cancer stem cell markers.

(A) Immunofluorescence detection of stem cell markers in the tumor tissue (scale bar: 100 pm). (B) Expression of stem cell markers in the

tumor tissues was detected by immunohistochemistry (scale bar: 50 pm). (C) Western blotting was used to detect the expression of stem

cell markers in the tumor tissues as described above. Student’s #-test: *, P<0.05; **, P<0.01. PTX, paclitaxel; ASIV, astragaloside IV; DAPI,

4 ,6-diamidino-2-phenylindole; AOD, average optical density.

ASIV alone did not affect the proliferation of CSCs, ASIV
seemed to increase the killing effect of PTX on breast
cancer cells by reducing the stemness of CSC.

Discussion

In this study, by inducing CSCs in vitro and transplanted
tumor iz vivo, we found that ASIV combined with PTX, a
breast cancer chemotherapy drug, synergistically inhibited
the proliferation of CSCs and induced cell apoptosis; this
inhibitory effect was achieved by reducing the stemness and
self-renewal ability of CSCs.

© Translational Cancer Research. All rights reserved.

Chemotherapy is one of the main treatment options for
cancer, and resistance to chemotherapy is a major problem
facing current cancer research (41,42). Multidrug resistance
in cancer cells during chemotherapy can be linked to a
range of mechanisms, encompassing enhanced drug efflux,
genetic factors such as gene mutations, amplifications, and
epigenetic alterations, growth factors, heightened DNA
repair capacity, and an elevated metabolism of xenobiotics.
Each of these mechanisms results in a diminished therapeutic
effectiveness of administered drugs, thereby posing
substantial challenges in the anticancer treatment (43). CSCs
are a highly tumorigenic subpopulation of tumor cells with
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self-renewal ability. Their presence is an important factor
affecting the occurrence and development of cancer (12).
CSCs possess several self-defense mechanisms to avoid be
killed by chemotherapy drugs and show strong resistance
to conventional chemotherapy; hence, they are speculated
to be a key player in cancer recurrence after chemotherapy
(13,44). Chemotherapy is an important treatment for
early and advanced breast cancer (9), and BCSCs play an
important role in resistance to chemotherapy treatment;
thus, targeting or depleting BCSCs can potentially
sensitize cancer cells to available drugs (44). A growing
number of studies have begun to emphasize the role of
bioactive compounds or natural products in plants in cancer
chemoprevention (45-48). AM is an important herb that is
widely used in the treatment of various cancers (49).

ASIV, one of the major compounds isolated from AM,
has anti-tumor effects by inhibiting cell proliferation,
invasion, and metastasis of various cancers (50). Our
previous experiments have confirmed that ASIV can
enhance the chemotherapeutic effect of PTX on breast
cancer (37). This study explored the effect of ASIV
combined with PTX on BCSCs and further explained the
phenomenon of PTX resistance in breast cancer. In recent
years, the combination of medicinal plants and cancer
chemotherapy has attracted much attention, and it has been
found that thymoquinone (T'Q) and ginsenoside panaxatriol
(GPT) can increase the chemotherapy effect of PTX on
breast cancer by inhibiting the stemness of CSC (51,52).
The results of this study proved for the first time that ASIV
could reduce the stemness of BCSC.

In this study, CSCs with enhanced stemness were
successfully induced, and PTX was found to reduce cell
proliferation by promoting apoptosis of breast cancer cells.
When the stemness increased, the pro-apoptotic effect of
PTX on breast cancer cells and the inhibitory effect of PTX
on breast cancer cell proliferation were weakened. ASIV
combined with PTX promoted the apoptosis of MCF7-
CSCs and enhanced the proliferation inhibitory effect on
MCEF7-CSCs. Interestingly, ASIV alone failed to inhibit
the proliferation of MCF7-CSCs. To further understand
the mechanism by which ASIV increased the sensitivity of
MCF7-CSCs to PTX, we found that ASIV reduced the
expression of the stemness markers Sox2/Nanog in MCF7-
CSCs. In animal experiments, similar results were observed:
ASIV alone could not inhibit the growth of MCF7-CSCs-
derived tumors but reduced the stemness of the tumor
tissue and enhanced the therapeutic effect of PTX on breast
cancer.

© Translational Cancer Research. All rights reserved.

These results further suggest that the resistance of breast
cancer to PTX may be attributed to the existence of CSCs;
ASIV weakened the resistance of MCF7-CSCs to PTX
by significantly attenuating the hallmarks of breast cancer
stemness and improved the efficacy of PTX in breast cancer.

Numerous studies have shown that hypoxia is closely
related to the stemness characteristics of cancer cells.
Hypoxia-inducible factor 2a (HIF-2a) is a member of the
hypoxia-inducible factor family. HIF-2a can regulate the
self-regeneration ability of BCSC, promote the stemness
of breast cancer cells, and affect the chemoresistance
of breast cancer to PTX (53,54). By regulating CD44,
HIF-20 enhances PI3K/Akt/mTOR signaling to activate
CSC in breast cancer (55). Notch signaling activation
promotes BCSC identity and epithelial-mesenchymal
transition (56). HIF-2a promotes the transformation of
stem cell phenotype and induces chemoresistance in breast
cancer cells by activating Wnt and Notch pathways (39).
In addition, some researchers have pointed out that JAK/
STAT3-regulated fatty acid B-oxidation is also crucial for
BCSC self-renewal and chemotherapy resistance (57). A
study on the mechanism of ASIV have shown that ASIV
may relieve myocardial cell damage after hypoxia by
activating JAK2/STAT3-mediated HIF-1a signaling (58). In
addition, ASIV can inhibit the Notch signaling pathway and
PI3K/Akt/mTOR signaling pathway (59,60). Therefore,
we hypothesized that the effect of ASIV on the stemness of
BCSCs might inhibit the stemness of BCSCs by affecting
HIF-1o/HIF-2a and inhibiting Notch signal, PI3K/Akt/
mTOR or JAK/STAT3 signal transduction. ASIV is the
main component of AM, which is a commonly used drug
in the treatment of TCM and is widely used in clinical
practice, so the discussion of the anti-tumor effect of ASIV
has certain value in order to further elucidate the role of
AM and optimize the ratio of TCM in clinical application.

Conclusions

We determined the existence of CSCs as one of the reasons
for the resistance of breast cancer to PTX; ASIV weakened
the resistance of MCF7-CSCs to PTX by significantly
attenuating the hallmarks of breast cancer stemness and
improved the efficacy of PTX on breast cancer. ASIV, as
an active ingredient of natural drugs, generally considered
to be non-toxic, safe, and effective. Our study provides an
experimental basis for the adjuvant effect of ASIV in breast
cancer chemotherapy. However, our work does not explain
how ASIV affects the stemness of tumor cells, so we will
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further explore the mechanism of this problem.
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