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Abstract
Context: In vitro and in vivo research has shown that compound cantharis (CCI) can reverse chemotherapy resistance to docetaxel (Doc) of triple-negative breast 
cancer (TNBC).

Objective: To investigate the effect of CCI on TNBC.

Materials and methods: The human TNBC cell MDA-MB-231, MDA-MB-468 drug resistance cell model were constructed. They were divided into four groups: 
solvent control group (Con), Doc (5 μmol/L), CCI (10 μmol/L) and Doc + CCI. Detection of the effects of each drug on the proliferation and apoptosis of TNBC 
were via MTT, flow cytometry and Tunel, while on the autophagy level were through western blot (WB), MDC staining and immunofluorescence. Then observe 
the effect of changing the expression levels of Beclin-1 and miR-520d on the apoptosis and autophagy levels of triple-negative breast cancer cells. Two BALB/
CL nude mice drug resistance models (MDA-MB-231/Doc and MDA-MB-468/Doc) were divided into four groups (n = 7): control group (Con), Doc (10mg/
kg), CCI (15.06g/kg) and Doc + CCI. The drugs were administrated by caudal vein respectively every 2 days for 25 days. Proliferation and apoptosis were via 
Immunohistochemistry. Autophagy-related proteins and miR-520d were measured by WB and RT-PCR.

Results: Doc + CCI could further induce apoptosis of drug resistance cell and down-regulate the expression of LC3 and Beclin-1 and reduce the autophagy level 
(p < 0.01). MiR-520d inhibited the expression of Beclin-1 and increased the sensitivity of drug-resistant cells to Doc (p < 0.01). The results of animal experiments 
indicated that CCI could enhance the sensitivity of TNBC cells to Doc and the inhibition of tumor cells. Doc + CCI could significantly up-regulate the expression 
of apoptosis protein caspase3, Bax and miR-520d, while down-regulate the autophagy related protein LC3 and Beclin-1 (p < 0.001). 

Conclusion: CCI might be a promissing drug for chemotherapy resistance by inhibiting the autophagy level of TNBC cells via miR-520d/Beclin-1 signal axis.
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Introduction
Breast cancer is the most common cancer among women in the 

world, and about half a million people die of it every year [1]. Triple-
negative breast cancer (TNBC) refers to a type of breast cancer that 
usually tests negative to the receptors of estrogen (ER), progesterone 
(PR) and human epidermal growth factor (HER-2) amidst accounting 
for 15% of all breast cancer pathological types, with poor prognosis, 
high recurrence, metastatic rate and mortality [2,3]. In view of the poor 
effect of endocrine therapy on TNBC, chemotherapy is considered 
as an important treatment [4,5]. At present, the commonly used 
chemotherapy drugs for breast cancer include taxane (paclitaxel, 
docetaxel, albumin synthesis paclitaxel) [6], anthracycline (adriamycin, 
epirubicin, all kinds of liposomal amamycin), anti-metabolism 
(capecitabine, gemcitabine) [7]. Notably, TNBC is an easy to produce 
chemotherapeutic drug-resistant cells that seriously affects the 
efficacy of breast cancer treatment options [8]. In recent years, it has 
been reported that the long-term application of docetaxel (Doc) can 
induce the abnormal increase of autophagy level of TNBC cells, which 
consequently induce cell resistance, while the reduction of autophagy 
level can enhance the sensitivity of tumor cells to Doc [9,10].

miRNA is a kind of non-coding small molecule single stranded 
RNA with a length of 19-25 nucleotides. miRNA can degrade or inhibit 

the translational process of protein by complementary binding with the 
specific sequence of 3'-untranslated region (3′-UTR) of downstream 
target gene mRNA, so as to regulate the expression of target gene at 
the posttranscriptional level. Recently, more attention to the regulation 
of autophagy has been paid to the role of non-coding RNA, such as 
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miRNA [11]. miRNA is usually involved in many biological processes, 
including proliferation, development, homeostasis, immunity, 
metabolism, apoptosis and cancer [12-19]. Research has shown that 
miRNA could affect the drug resistance of tumor cells by regulating 
autophagy level [20,21]. Autophagy is a kind of self-protection 
mechanism of cells. Usually, when the cells are under the condition of 
metabolic pressure, the cells will eventually degrade cell components 
such as cytoplasmic proteins or organelles via phagocytosis to produce 
nutrients and maintain cell survival [22]. However, recent studies have 
shown that large-scale persistent autophagy can also culminate in cell 
death and inhibit tumor. Autophagy, which does not only maintain the 
cell survival, but also contribute to cell death, has become a hot topic in 
cancer research and treatment [23].

Traditional Chinese Medicine (TCM) has a good effect on relieving 
postoperative complications of malignant tumor and reducing the 
side effects of radiotherapy and chemotherapy. Compound cantharis 
injection (CCI), one Chinese Herbal Medicine also known as Aidi 
injection (Z52020236, China Food and Drug Administration), 
the effective constituents of which are Banmao (Cantharidin), 
Renshen (Radix Ginseng), Huangqi (Astragaloside) and Ciwujia 
(Eleutherococcus senticosus). As a multi-target TCM, CCI can clear 
away heat and detoxify, and eliminate blood stasis. It is clinically used 
for the treatment of gynecological malignant tumors, primary liver 
cancer, lung cancer, rectal cancer, malignant lymphoma, etc [24]. CCI 
is also commonlyly used as a chemotherapy adjuvant for TNBC, and 
its main component is cantharidin [25,26]. An increasing number of 
clinical trials evaluating the role of CCI in chemotherapy have been 
reported. At present, the mechanism underlying the anti-TNBC 
resistant activity of compound cantharides in inhibiting autophagy has 
not been reported yet. Our previous studies have found that CCI can 
inhibit the proliferation of TNBC cells, significantly down-regulate the 
expression of Beclin1 protein, and reduce the level of autophagy; we 
further applied CCI and Doc to TNBC cells, and the results showed 
that the combination of the two has a stronger inhibitory effect on cell 
proliferation than Doc alone. In order to clarify the action mechanism 
of compound cantharidin on TNBC, we used miRNA microarray to 
detect the TNBC-resistant cells before and after treatment with CCI 
and found that CCI could significantly up-regulate the level of miR-
520d, the expression difference reaches 8.3 times [27]. We also proved 
that miR-520d inhibited the expression of Beclin-1 by acting on the 
Beclin-1 3′ UTR region and increased the sensitivity of drug-resistant 
cells to Doc [28]. This study observed the pharmacological effect of 
compound cantharides on the reversal of the drug resistance of TNBC. 
This study also sought to explore whether miRNA autophagy signal 
axis is the key mechanism underlying the capacity of CCI to reverse the 
drug resistance of TNBC.

Materials and methods
Materials

Reagents and instruments

DMEM culture medium, fetal bovine serum and trypsin were 
purchased from Gibco (USA). Compound cantharis injection (CCI), 
was bought from Guizhou Yibai Pharmaceutical Co., Ltd. Docetaxel 
(Doc) was supplied by MedChemExpress (USA). MTT kit was 
purchased from Sangon Biotech. Flow cytometry apoptosis kit and 
MDC Staining Kit was purchased from Jiangsu Kaiji Biotechnology 
Co., Ltd. Tunel kit was provided by Roche. Beclin-1, LC3 antibodies and 
the goat anti-rabbit second antibody marked by horseradish peroxidase 
(HRP) were purchased from Abcam (UK). ThermoFisher (USA) kindly 

provided the Trizol reagent, TaqMan miRNA reverse transcription 
kit, TaqMan miRNA quantitative PCR kit and Lipofectamine 2000 
transfection kit. Takara 6210A reverse transcription kit and real-
time (RT) quantitative polymerase chain reaction (qPCR) kit were 
supplied by Takara Corporation (Japan). MiR-520d mimics and 
inhibitors were procured from Qiagen (USA). The PCR amplicon was 
provided by Guangzhou Ruibo Biotechnology Co., Ltd (Patent No: ZL 
201010183196.4). Electrophoresis, transmembrane and gel imaging 
systems were bought from Bio-Rad (USA).

Animals

BALB/CL nude mice were purchased from the animal center of 
Shanghai slake experimental animal Co., Ltd. (License No. SCXK, 
2007-0005, SPF grade), aged 3~4 weeks, weighing 16~22 g, female. 
The mice were fostered in the animal room of Putuo Hospital Affiliated 
to Shanghai University of traditional Chinese medicine under the 
conditions of constant temperature of 25~27℃, constant humidity 
(45% ~ 50%), fresh air, dust removal and bacteria removal without 
special pathogen (SPF grade) breeding room. All animal experiments 
comply with the ARRIVE guidelines. 

Methods

Cell culture

MDA-MB-231 and MDA-MB-468 cell strains of human TBNC 
were purchased from Cell Bank of Chinese Academy of Sciences. The 
corresponding Doc resistant cell strains (MDA-MB-231/Doc and 
MDA-MB-468/Doc) were induced in our laboratory. All the cells were 
cultured in DMEM medium containing 10% fetal bovine serum at 37℃ 
in 5% CO2 atmospheric condition. Take logarithmic growth phase cells 
and culture in 10 nmol/L Doc medium for 2~3 months to construct 
Doc resistant cell strains. In order to maintain the drug-resistant 
phenotypes of MDA-MB-231/Doc and MDA-MB-468/Doc, docetaxel 
(final concentration of 2 μm) was added always to the culture medium 
of drug-resistant cells, while the dosing was stopped one week prior to 
the experiment.

Detection of cell proliferation by MTT assay

The cells of 5 × 103 cell/well density were inoculated into 96 
well plate. After the cells were completely attached to the wall, the 
corresponding drugs were added in groups and cultured in an 
incubator (37°C, 5% CO2). After 48 h, MTT solution (10 μL) at 5 mg/
mL was add into each well and cultured continuously for 4 h. After the 
supernatant was sucked and discarded, DMSO (100 μL) was added into 
each well. Then, the solution was shaking for 1 min to fully mix the 
culture medium. After the reduction product of MTT was dissolved 
completely, the absorbance of the product was measured via enzyme 
scale instrument with 492 nm as the experimental wavelength and 630 
nm as the reference wavelength. The half inhibitory concentration of the 
drug for 50% cell kill (IC50) of the drug was determined by calculating 
the cell survival rate. 

Detection of apoptosis by flow cytometry analysis

After the target cells in the logarithmic growth stage were digested 
with trypsin, the cell suspension was resuspended in the complete 
medium and subcultured into 6-well plates. The density of each well 
was 1 × 106. On the second day, the corresponding drugs were added in 
groups, and then the cells were cultured for 48 h. After that, the cells of 
each treatment group were collected and cleaned by phosphate buffer 
solution (PBS) once. The cells were suspended with 1xBinding buffer 
in the flow detection kit with the cell density about 2~5 × 105 cells/
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mL. Then 5 μL Annexin V-FITC was added and incubated at room 
temperature away from light for 10~15 min. The cells were washed with 
200 μL 1xBinding buffer, centrifuged at 1000 rpm for 4 min, and the 
supernatant was discarded. After that, 190 µL 1xBinding buffer was 
used to resuspend the cells prior to the addition of propidium iodide 
(10 μL). Finally, the result was analyzed by flow cytometry.

Detection of apoptosis by Tunel

The cells were fixed with 4% paraformaldehyde for 30 min after 
climbing. PBS was employed to wash the cells gently for 3 times (5 min/
time). The rest operations were carried out according to Tunel apoptosis 
detection kit. It was worth noting that the dilution ratio of TdT Enzyme 
to Fluorescein-FlagELTM TdT Labeling Reaction Mix was 1:12. DAPI 
was used to re-stain cells at room temperature for 3~5 min. Then the 
anti-quenching was used to seal the tablets. The number of apoptotic 
cells was observed under fluorescence microscope.

Western blot for protein expression

The proteins of each group were extracted using RIPA buffer. The 
BCA kit was applied to detect the total protein concentration of each 
group. After the protein concentration was adjusted, the equivalent 
protein was separated with 10% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred to polyvinylidene 
difluoride (PVDF) membrane by wet rotation method. Next, the PVDF 
membranes were blocked with 5% skimmed milk at room temperature 
for 1 h. After the first antibody was added, the PVDF membranes were 
sealed overnight at 4℃. On the second day, the first antibody was 
discarded. Then, the goat anti-rabbit second antibody marked by HRP 
to the PVDF membranes was added prior to sealing for 1 h at room 
temperature, followed by the dropwise addition of color developing 
solution to develop the color. Next, the image of protein strip was 
obtained by gel imaging system.

Detection of autophagy by monodasylcadaverin (MDC) staining

The cells were treated with different drugs after climbing tablets, 
and then cultured for 24 h, and washed gently by PBS for 2~3 times. The 
mother liquor of MDC was diluted with medium 1:10 and then added 
to the cells. The cells were incubated in dark for 30~45 min, then washed 
with PBS for 3 times. Then, the images of autophagosomes in the cells 
were observed under fluorescence microscopy after the addition of an 
anti-fluorescence quenching tablet. And the control group (Con), CCI 
group and CCI + miRNA-520d inhibitor group used the same method.

Detection of autophagy related protein LC3 by immunofluorescence

Cells were cultured to a density of about 80%. Cells were counted 
and inoculated with 6-well plate. The inoculated density was 5 × 104 
cells/well. The cells were cultured overnight in a cell incubator. Then the 
corresponding drugs were added to the cells according to the groups. The 
cells were cultured for 48 h and then centrifuged at 4℃. The cells were 
fixed in 4% paraformaldehyde for 15 min at 4℃, paraffin embedded 
and sectioned (4 μ m), then dewaxed with xylene and hydrated with 
gradient ethanol. PBS was employed to wash the cells for 3 times (3 
min/time) at room temperature. The cells were sealed with 1% bovine 
serum albumin (BSA) for 30min and then BSA was removed gently. The 
tissue was circled as small as possible with immunohistochemistry pen, 
and the pre prepared first antibody (1:200) was added, and incubated 
overnight in 4℃. The slices were washed with PBS for 3 times (3 min/
time). Then PBS around the tissues was wiped off. Again, the tissue was 
circled as small as possible with immunohistochemistry pen, and the 
pre prepared fluorescent secondary antibody (1:100) was added, and 
incubated in a wet box at room temperature for 60 min (keep away from 

light). Repeated the above mentioned operation of PBS cleaning and 
tissue circling, and then added 4′6-diamindino-2-phenylindol (DAPI) 
(diluted 10 times), incubate at room temperature in dark for 3 min (no 
more than 5 min), and then observed with confocal microscope. 

Detection of miRNA expression by real-time quantitative PCR

Trizol was used to extract total RNA from cultured cells. TaqMan 
miRNA reverse transcription kit was then applied for reverse 
transcription and the relative amount of each miRNA was based on 
the content of U6 snRNA in the cells. PCR technique was used for 
amplification, while TaqMan miRNA qPCR kit or RT qPCR kit was used 
for quantitative analysis according to the kit instructions. All the primers 
used in the experiment were designed and synthesized by Guangzhou 
Ruibo Biotechnology Co., Ltd (Patent No: ZL 201010183196.4).

Animal experiments
After one week of adaptation, the breast cancer cell suspension 

with a density of 5 × 106 cells was implanted subcutaneously in the 
right armpit of nude mice. After the tumor grew to 100 ~ 200 mm3, 
the animals were randomly divided into four groups. According to the 
groups, the drugs were administrated by caudal vein respectively: A, 
solvent control group (Con); B, Doc (10mg/kg); C, CCI (15.06g/kg); D, 
Doc + CCI. Animals were administered once every two days for 25 days. 
The tumor volume and the animal weight were measured every three 
days respectively, and the data were recorded. The calculation formula 
of tumor volume (TV) is: TV=1/2 × a × b2, where a, b represent length 
and width respectively. Apoptosis and autophagy related proteins in the 
animal models was detected by WB and Immunohistochemistry. The 
changes of miR-520d and Beclin-1 in animal model were detected by 
RT-PCR.

Statistical analysis
SPSS 24.0 and GraphPad Prism 8 were applied to analyze the 

experimental data and plot graphs, respectively. All the experimental 
data were expressed as mean ± standard deviation (SD), while the 
differences between groups were detected via One Way ANOVA. A 
statistical significance level of p < 0.05 was accepted for this study.

Results
Detection of CCI, Doc and their combined effects on the 

proliferation and apoptosis of TNBC drug resistant cells

Figure 1A: Successfully constructed the drug-resistant cell MDA-MB-231/Doc and MDA-
MB-468/Doc; B: Effect of drugs detected by MTT on the proliferation of MDA-MB-231/
Doc and MDA-MB-468/Doc; C: Effect of drugs was detected by flow cytometry on the 
apoptosis of effect of on MDA-MB-231/Doc and MDA-MB-468/Doc; D: Statistics; E: 
Effect of drugs was detected by Tunel on the apoptosis; F: Statistics; Compared with Con, 
*P < 0.05, **P < 0.01, ***P < 0.001; Compared with Doc+CCI, ###P < 0.001.
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As can be seen from figure (Figure 1A), the proliferation rate of 
MDA-MB-231/Doc (IC50 = 38 μmol/L) and MDA-MB-468/Doc (IC50 
= 60 μmol/L) cells in the drug-resistant cell group was significantly 
higher than that of MDA-MB-231 (IC50 = 3.8 μmol/L), MDA-MB-468 
(IC50 = 6 μmol/L). And the optical density (OD) values of MDA-MB-231 
and MDA-MB-468 decreased obviously with the increase of Doc 
concentration, while the OD values of MDA-MB-231/Doc and MDA-
MB-468/Doc did not change significantly. This result suggests that the 
drug-resistant cell was successfully built (p < 0.01). The MTT method 
was employed to detect the effect of the CCI, Doc and the combination 
of CCI and Doc on the proliferation of TNBC resistant cells. As shown in 
the figure (Figure 1B), the combination of Doc and CCI had synergistic 
effect to the enhancement of sensitivity of MDA-MB-231/Doc and 
MDA-MB-468/Doc to docetaxel (p < 0.01). The combination of drugs 
greatly inhibited the proliferation of drug-resistant strains than that 
single drug. Meanwhile, the results of flow cytometry were shown in 
(Figure 1C&D). Compared with the control group, the use of CCI and 
DOC alone could significantly increase the cell apoptosis rate of MDA-
MB-231 and MDA-MB-468 drug-resistant strain (MDA-MB-231/Doc, 
MDA-MB-468/Doc) (p < 0.001). In addition, the combination of CCI 
and DOC further promoted the apoptosis of cells (p < 0.001). Tunel 
detection also had the same experimental results, as shown in (Figure 
1E), compared with the control group, the drug-resistant strains of 
Doc group and CCI group, Doc + CCI group have stronger yellow 
green fluorescence. Further (Figure 1F) showed that there were more 
apoptotic cells in MDA-MB-231/Doc and MDA-MB-468/Doc resistant 
strains in the combination group, indicating that the combination of 
DOC and CCI could further induce apoptosis (p < 0.001).

Detection of CCI, Doc and their combined effects on the autophagy 
of TNBC drug resistant cells

Western blotting showed that the level of autophagy related 
proteins LC3 and Beclin-1 in MDA-MB-231/Doc, MDA-MB-468/
Doc and different treatment groups were lower than that in the control 
group, while the level of P62 was higher, which suggested that the 
down-regulation of LC3 and Beclin-1 might be one of the main reasons 
for DOC and CCI to inhibit the autophagy of TNBC cells (Figure 
2A&B). Moreover, the combination of DOC and CCI could more 

significantly reduce the autophagy level of TNBC resistant cells (p < 
0.001). MDC staining results (Figure 2C&D) showed that the green 
fluorescence intensity of drug-resistant strains in the combination 
group of CCI and DOC was weakened and the autophagosomes was 
significantly attenuated compared with the control group (p < 0.001), 
indicating that the combination of CCI and DOC could inhibit the 
autophagy of MDA-MB-231/Doc and MDA-MB-468/Doc, and had a 
more significant inhibitory effect than CCI or Doc alone. The results of 
immunofluorescence test (Figure 2E&F) showed that the fluorescence 
activity and autophagy related protein LC3 levels of the drug-resistant 
strains in Doc + CCI, CCI and Doc were lower than those in the control 
group, and the fluorescence intensity and autophagy related protein 
levels of the drug-resistant strains in Doc + CCI group were stronger 
than those in the single application group of Doc and CCI (p < 0.001). It 
was suggested that the combination of drugs can enhance the sensitivity 
of breast cancer cells to Doc, significantly reduce the expression of LC3, 
and reduce the level of autophagy.

The role of miR-520d in the reversal of TNBC resistance by CCI

In this study, MTT method was applied to detect the role of miR-
520d in the reversal of TNBC resistance by CCI (Figure 3A). Through 
the MTT assay, it was observed that in MDA-MB-231/Doc and MDA-
MB-468/Doc strains, the cell viability of drug-resistant strains decreased 
markedly compared with control group. On the contrary, if the inhibitor 
of miR-520d was used to inhibit the level of miR-520d, the cell viability 
of drug-resistant strains improved than that CCI group without 
inhibitor. The results of MDC staining showed that the autophagy 
level of CCI group was lower than that of the control group, and the 
autophagy level of CCI + inhibitor group was higher (p < 0.001) (Figure 
3B&C). The results of immunofluorescence also showed that inhibition 
of miR-520d increased the number of autophagic bodies (Figure 3D). 
It was suggested that the down-regulation of miR-520d can increase 
the autophagy ability of drug-resistant cells. The results of LC3 showed 
that the autophagy related protein LC3 in the low expression miR-520d 
group was higher than that in the control group (p < 0.001) (Figure 3F). 
The above results showed that the down-regulation of miR-520d could 
inhibit the autophagy of TNBC resistant cells and significantly reduce 
the sensitivity of TNBC resistant cells promoted by CCI to Doc.

Figure 2A: Effect of drugs was detected by western blotting on autophagy related protein 
LC3 and Beclin-1; B: Statistics; C: Effect of drugs was detected by MDC staining on the 
autophagy; D: Statistics; E: Effect of drugs on autophagy related protein LC3 was detected 
by immunofluorescence; F: Statistics; Compared with Con, ***P < 0.001; Compared with 
Doc+CCI, ###P < 0.001.

Figure 3A: Effect of CCI (10 μmol/L) and CCI (10 μmol/L) + miR-520d inhibitor (100 
nmol/L) detected by MTT on the proliferation; B: Effect of CCI (10 μmol/L) and CCI 
(10 μmol/L) + miR-520d inhibitor (100 nmol/L) was detected by MDC staining on the 
autophagy; C: Statistics; D: Effect of CCI (10 μmol/L) and CCI (10 μmol/L) + miR-520d 
inhibitor (100 nmol/L) on autophagy related protein LC3 detected by immunofluorescence; 
E: Statistics; Compared with Con group, ***P < 0.001.
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Figure 4A: Detection of miR-520d expression in TNBC by real-time PCR; B: MTT 
detection the effect of miR-520d on apoptosis under Doc; C: Flow cytometry detection 
difference of miR-520d and Beclin1 overexpression of under Doc in drug-resistant cell 
strain. D: Statistics; Compared with Con, ***P < 0.001.

Figure 5A: Western blotting detection the expression level of autophagy-related proteins. 
B: Statistics. C: Western blotting detection the effect of miR-520d on the expression of 
autophagy-related proteins. D: Statistics; Compared with Con, ***P < 0.001.

Detection difference of miR-520d and Beclin1 overexpression of 
under Doc in drug-resistant cell strain

RT-PCR was used to detect the expression level of miR-520d in 
drug-resistant and non-resistant cells of TNBC cells. The expression 
level of miR-520d in MDA-MB-231/Doc and MDA-MB-468/Doc was 
significantly (p <0.01) lower than that of MDA-MB-231 and MDA-
MB-468, indicating that the markedly low expression level of miR-520d 
in drug-resistant strains than in the non-resistant cells (Figure 4A). This 
may suggest that drug resistance in tumor cells was associated with 
low expression of miR-520d. Through the MTT assay, it was observed 
that in the two drug-resistant strains MDA-MB-231/Doc and MDA-
MB-468/Doc, compared with the control group, the cell viability of 
resistant strains decreased after miR-520d overexpression. Compared 
with the control group, the Beclin1-OE group increased the viability of 
drug-resistant cells. When Beclin-1 and miR-520d were simultaneously 
up-regulated, the viability of drug-resistant cells increased compared 
with the miR-520d overexpression group. Therefore, the overexpression 
of miR-520d was posited to reduce the viability of MDA-MB-231/Doc 
and MDA-MB-468/Doc cells (Figure 4B). On the other hand, it might 
mean that an increase in the miR-520d expression level could reverse 
the resistance of TNBC resistant cells to Doc. Under the effect of Doc, 
the apoptosis rate of each group increased, compared with the groups 
without Doc effect (p <0.001). In addition, the miR-520d overexpression 
group had the highest apoptosis rate. Compared with the miR-520d 
overexpression group, the apoptosis rate decreased slightly after the 
simultaneous up-regulation of miR-520d and Beclin1 (Figure 4C&D).

Western blotting detection of the effect of miR-520d on the 
expression of apoptosis and autophagy-related proteins

Western blotting analysis was applied to detect the expression 
levels of autophagy-related proteins after overexpression of Beclin1 and 
miR-520d. In comparison with the parental strain, the expression of 
autophagy related protein in the resistant strain was increased, while 
the expression of p62 was decreased (Figure 5A&B). Beclin1 and LC3 
levels markedly (p <0.001) decreased after miR-520d overexpression 
compared with the control group. This finding suggests that up-

regulation of miR-520d reduced the autophagy level of drug-resistant 
cells. Besides, when Beclin1 and miR-520d were simultaneously up-
regulated, Beclin1 and LC3 levels were also increased significantly in 
comparison with the control group (p <0.001) (Figure 5C&D), which 
indicates that miR-520d may regulate the autophagy level of drug-
resistant cells through Beclin1.

Detection of autophagy via MDC staining and immunofluorescenc

The results from MDC staining (Figure 6A&B) showed that 
comparable to the control group, the autophagosomes in the 
Beclin1 overexpression group (Beclin1-OE) were significantly (p 
<0.001) enhanced, suggesting that Beclin1 overexpression could 
enhance the autophagic ability of drug-resistant cells. Meanwhile, 
the autophagosomes in the miR-520d overexpression (miR-520d 
mimics) group were reduced, which suggest that overexpression of 
miR-520d could inhibit the autophagic capability of drug-resistant 
cells. Furthermore, when both Beclin1 and miR-520d were up-
regulated simultaneously, the autophagic ability had a certain degree 
of increment in comparison with the control group (p <0.001). This 
observation indicated that miR-520d could regulate the autophagy 
level in drug-resistant cells via Beclin1. Immunofluorescence assay 
(Figure 6C&D) showed that autophagy-associated protein, LC3 was 
inhibited substantially (p <0.001) in cells overexpressing miR-520d 
compared with the control group while the autophagy level of the cells 
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was decreased. Further experiments showed that overexpression of 
miR-520d could inhibit the autophagic ability of TNBC resistant cells. 
Furthermore, Beclin1 overexpression or Beclin1 and miR-520d were 
simultaneously up-regulated, while autophagy-related protein, LC3 in 
drug-resistant cells was significantly (p <0.001) increased comparable 
to the control group.

Animal experiments
The results of animal experiments showed that the tumor volume 

of nude mice in Doc + CCI group decreased significantly compared 
with the control group, which indicated that CCI could enhance the 
sensitivity of TNBC cells to Doc and enhance the inhibition of tumor 
cells (Figure 7A&B). Immunohistochemistry showed that Doc and 
CCI could promote apoptosis and down-regulate the expression of 
Ki67 compared with the control group (p < 0.001) (Figure 7C&D). 
Western blotting was used to detect the effects of Doc, CCI and their 
combination on apoptosis and autophagy related proteins (Figure 7H). 
The results showed that Doc and CCI could significantly up-regulate 
the expression of apoptosis protein caspase3 and Bax, down-regulate 
the expression of anti-apoptosis protein BCL-2, autophagy related 
protein LC3 and Beclin-1 (p < 0.001). RT-PCR showed that CCI 
could up-regulate the expression of miR-520d and down-regulate the 
expression of Beclin-1 compared with the control group (p < 0.05). 
However, when Doc and CCI were jointly applied to the two drug 
resistant animal models (MDA-MB-231/Doc and MDA-MB-468/
Doc), it could significantly up-regulate the expression of miR-520d and 
down-regulate the expression of Beclin-1 (p < 0.001) (Figure 7G).

Discussion
Actually, TCM has been shown to exhibit unique advantages in the 

differentiation and treatment of breast cancer, which can significantly 
improve the quality of life and prolong the survival period of patients 
[29]. According to the TCM, breast cancer is caused by emotional 
disorder, stagnation of liver Qi, blockage of meridians and collaterals, 
block of Qi mechanism, endogenesis of phlegm and blood stasis, 
accumulation of Qi and blood for a long period of time [30]. Although, 
the pathogenesis of breast cancer is complicated, phlegm and blood 
stasis blocking collaterals, heat and toxin are regarded as the main 
cause of the disease. Weakness of vital energy is the basis of recurrence 
and metastasis of breast cancer, while the key factor for recurrence 
and metastasis of the disease is toxic phlegm and stasis. Therefore, 
therapy for TNBC is based on the theory of toxin deficiency, phlegm 
and blood stasis, which is regarded as a treatment method of TCM to 
prevent recurrence and metastasis [31]. The treatment of TCM has 
important clinical significance for the postoperative complications 
of breast cancer and the alleviation of the side effects of radiotherapy 
and chemotherapy. Among these treatment options is CCI, which is 
a commonly used as adjuvant of chemotherapy for TNBC. Notably, 
CCI is composed of the extracts from Cantharidin, Radix Ginseng, 
Astragaloside and Eleutherococcus senticosus. Usually, it is known 
as a pure TCM preparation of modern formula. In the prescription, 
cantharidin with the main function as evil expeller is the monarch 
drug. Cantharidin is shown to contain cantharidin, which is the main 
active component with antitumor activity. Likewise, radix ginseng and 
astragaloside are the other main drugs in the prescription. In order to 
enhance the strengthening effect of these two drugs, eleutherococcus 
senticosus is usually used as an "adaptogen" like radix ginseng. 
Functionally, the medicine has the ability to break blood and remove 
blood stasis, clear away heat and toxin, attack toxin and erode sore, 
strengthen the body, improve immunity, activate tumor suppressor 
genes, kill cancer cells, and have synergistic as well as auxiliary effects 
on chemotherapy. The main component of CCI, cantharidin, has the 
effect of directly killing tumor cells. The anti-tumor active component 
of cantharidin extract is the norcantharidin, which has the inhibitory 
effect on breast cancer cells [32]. Besides, it has the characteristics of 

Figure 7: Inhibitory effect of CCI (15.06g/kg), Doc (10mg/kg) and their combination on 
animal tumor. (A: Tumor size comparison of each group; B: Change of tumor volume 
over time; C: KI67 detects proliferation; D: Tunle detects apoptosis; E&F: Statistics; G: 
Detection of miR-520d and Beclin-1 in two drug resistant animal models by RT-PCR; H: 
Detection of apoptosis and autophagy related proteins in two drug resistant animal models 
by western blotting; I: Statistics; Compared with Con, *P < 0.05, **P < 0.01, ***P < 0.001; 
Compared with Doc + CCI, #P < 0.05, ##P < 0.01, ###P < 0.001.)

Figure 6A: MDC staining detection the autophagosome formation (Con: control 
group, Beclin1-OE: Beclin1 Overexpression group, miR-520d mimic/Con: miR-520d 
overexpression control group, miR-520d mimic/ Beclin1-OE: miR-520d and Beclin1 
simultaneous up-regulation group). B: Statistics. C: Immunofluorescence detection the 
effect of miR-520d on autophagy-associated protein LC3. D: Statistics; Compared with 
Con, ***P < 0.001.



Li H. (2021) Compound cantharis revers chemotherapy resistance of TNBC via miR-520d/Beclin-1 signal axis

 Volume 8: 7-9Integr Cancer Sci Therap, 2021              doi: 10.15761/ICST.1000354

anticancer without myelosuppression, and can resist the decline of 
blood cells in radiotherapy and chemotherapy. Clinical observation 
has shown that the compound cantharis has certain curative effect 
on TNBC and can effectively prevent postoperative recurrence and 
metastasis [33]. Modern medical research has confirmed that CCI can 
play a therapeutic role in malignant tumors through multiple channels 
and multiple targets. These include interfering with DNA and RNA 
biosynthesis of tumor cells, killing tumor cells directly, inhibiting the 
expression of oncogene, inducing apoptosis of tumor cells, inhibiting 
tumor angiogenesis, reversing multidrug resistance, protecting bone 
marrow, regulating immunity, enhancing the activity of lymphokine 
activated killer cells and natural killer cells [34]. Notwithstanding, the 
reversal of drug resistance is regarded as one of the mechanisms of anti-
tumor action of compound cantharides. This study therefore further 
clarified the specific mechanism of the reversal of drug resistance.

The process of autophagy is mainly regulated by autophagy related 
genes. Beclin-l is a marker protein which activates or initiates autophagy. 
It is involved in the formation and maturation of autophagy by binding 
with different autophagy related proteins to form complexes. During 
autophagy, the expression level of Beclin-1 tends to increase [35]. 
Beclin-1 can participate in drug resistance of tumor cells by regulating 
autophagy. Physiologically, Doc was found to induce endoplasmic 
reticulum stress, which could contribute to the phosphorylation of 
Bcl-2 mediated by c-Jun amino terminal kinase-1, and consequently 
result in the release of Beclin1 to promote autophagy. Besides, in 
combination with Bax, the released Beclin-1 could inhibit apoptosis, 
so that the tumor cells can resist apoptosis, and finally culminate in 
tumor drug resistance [36]. It has been confirmed that the reduction 
of Beclin-1 expression level in breast cancer cells could improve its 
chemosensitivity [37]. Therefore, it is of great significance to investigate 
the mechanism underlying Beclin-1 expression and regulation of the 
chemotherapy resistance in breast cancer.

In the current study, a TNBC resistant cell strain with Doc resistance 
was employed to detect the effects of CCI, Doc and their combination 
on proliferation and apoptosis of TNBC resistant cell strains. The 
results showed that the proliferation of TNBC resistant cell strain was 
significantly inhibited by the combination of drugs, while the apoptosis 
increased significantly compared with the control group. Moreover, 
autophagy level decreased in TNBC resistant cell strain of combination 
of Doc and CCI, and the expression of miR-520 and Beclin-1 down-
regulated. It was suggested that CCI may reverse the drug resistance by 
inhibiting the over autophagy of TNBC resistant cell strains. 

Of late, scientists have shown much interest in the role of miRNA 
in the regulation of tumor autophagy [38]. It has been established that 
the regulation of tumor autophagy by miRNAs is via the regulation of 
the expression level of autophagy related genes after transcription. For 
instance, exocrine miRNA-126 can disrupt insulin receptor substrate 
(IRS)/Glut-4 signal transduction, activate AMP-activated protein 
kinase (AMPK)/autophagy pathway and stabilize hypoxia -inducible 
factor 1-alpha (HIF-1α) expression in adipocytes to be produced. 
Also, the inhibition of miRNA-126 in vivo could reduce tumor growth 
induced by the adipocytes [39]. In makes caterpillars floppy-7 (MCF-7) 
breast cell line, miR-486-5p inhibitor induced autophagy and enhanced 
the autophagy process inducted by AdoMet through increase in PTEN 
expression and inhibition of AKT signaling [40]. Meanwhile, some 
studies have shown that miR-224-5p could inhibit autophagy by targeting 
Smad4 in MDA-MB-231 cells, while miR-224-5p/Smad4 autophagy 
signal axis may act as a new target for breast cancer treatment [41]. In 
addition, in TNBC, the autophagy defect mediated by miR-20a may be 

regarded as a new mechanism of the carcinogenic function of miRNA 
in the process of breast cancer [42]. Besides, miR-376a was shown to 
inhibit autophagy induced by starvation in the MCF-7 cells and Huh-7 
cells via the inhibition of atg4b and Beclin-1 expression [43]. Further 
literature search showed that miRNA could affect the drug resistance of 
tumor cells by regulating the autophagy level of cells. Exemplary, miR-
181 could not only inhibit the autophagy level of breast cancer MCF-7 
cells, but also inhibit the autophagy induced by drugs such as etoposide 
and rapamycin, as well as further reversing the drug resistance [44]. 
In breast cancer, miR-214 could enhance the sensitivity of the breast 
cancer cells to tamoxifen via autophagy inhibition [45]. Again, miR-
129-5p with autophagy regulatory function could down regulate the 
expression of Beclin-1 gene by combining with 3′ UTR sequence, and 
subsequently play its role in inhibiting autophagy of a variety of tumor 
cells, namely cancer of the breast, lung and other cells [46]. 

In order to further explore the molecular mechanism of CCI in 
the reversal of the drug resistance of TNBC, we used miRNA chip to 
detect the drug-resistant cells of TNBC before and after the treatment 
with CCI. It was found that compound cantharidin could significantly 
increase the level of miR-520d. In addition, RT PCR also affirmed this 
result. Presently, miR-520d was observed to act as a possible specific 
biomarker for the breast cancer diagnosis, because it is expressed 
highly in cancer of the breast, especially in the breast cancer patients 
with negative HER-2 [47]. In this regard, the relationship between 
miR-520d and tumor has attracted more attention by scientists [48]. 
Previously, miR-520d has been reported to inhibit the proliferation, 
migration and invasion of gastric cancer cells through down regulation 
of EphA2 expression [49]. Also, it has been observed earlier that in 
the MDA-MB-231, over expression of miR-520d could reduce cell 
proliferation and migration [50]. In view of the existing literature, we 
affirmed that miR-520d could bind to the 3′ UTR region of Beclin-1 
mRNA, and significantly inhibit the expression of Beclin-1 protein in 
TNBC resistant cells. Besides, the results showed that miR-520d mimic 
could significantly increase the sensitivity of Doc to the resistant cells. 
Contrariwise, miR-520d inhibitor significantly inhibited the reversal 
effect of CCI on the drug resistance of TNBC cells. In addition, the 
effect of CCI on TNBC resistant animal model through miR-520d/
Beclin-1 signal axis was verified by animal experiments in this study. 
Altogether, these findings indicate that the miR-520d/Beclin-1 signal 
axis is the main mechanism of CCI in reversing the chemotherapy 
resistance of TNBC.

Conclusion
This study showed that CCI could inhibit the high autophagy level 

of the drug-resistant cells of the TNBC by up-regulating the expression 
of miR-520d and targeting Beclin-1. This could increase the drug 
sensitivity of the drug-resistant cells of TNBC to Doc and reverse 
the drug resistance of the TNBC. This study will aid in clarifying the 
internal relationship among compound cantharidin, autophagy and 
drug resistance, as well as improve the mechanism of chemotherapy 
resistance of TNBC. Thus, this study provides experimental basis 
for clinical treatment of TNBC using compound cantharidin as an 
auxiliary combination.
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