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Abstract: Breast cancer is a significant threat to life and health, which needs more safe and effective
drugs to be explored. Teadenol B is a characteristic chemical component of microbial fermented tea.
This study discovered that teadenol B could exhibit obvious inhibitory effects on all four different
clinical subtype characteristics of breast cancer cells. Proteomic studies show that deoxycytidine
triphosphate deaminase (DCTD), which could block DNA synthesis and repair DNA damage, had the
most significant and consistent reduction in all four types of breast cancer cells with the treatment of
teadenol B. Considering MDA-MB-231 cells exhibit poor clinical prognosis and displayed substantial
statistical differences in KEGG pathway enrichment analysis results, we investigated its impact on
the size and growth of MDA-MB-231 triple-negative breast tumors transplanted into nude mice and
demonstrated that teadenol B significantly suppressed tumor growth without affecting body weight
significantly. Finally, we found that the conversion of LC3-I to LC3-II in MDA-MB-231 increased
significantly with teadenol B treatment. This proved that teadenol B could be a strong autophagy
promotor, which explained the down-regulation of DCTD to some extent and may be the potential
mechanism underlying teadenol B’s anti-breast cancer effects. This finding provides new evidence for
drinking fermented tea to prevent breast cancer and highlights the potential of teadenol B as a novel
therapeutic option for breast cancer prevention and treatment, necessitating further investigations to
clarify its exact target and the details involved.

Keywords: teadenol B; breast cancer; autophagy

1. Introduction

Breast cancer is the most common malignant disease in women [1], affecting more than
1 million women worldwide, with a significant increase in the number of cases worldwide,
and patients tend to be younger [2]. Breast cancer cells are clinically classified according to
whether they express three proteins: estrogen receptor (ER), progesterone receptor (PR),
and human epidermal growth factor receptor 2 (HER2). It is usually divided into luminal
A (ER/PR+/HER2−), luminal B (ER+/PR+/HER2+, or ER+/PR+/HER2− grade 3) [3,4],
HER2 positive type (ER−/PR−/HER2+), and three negative type (ER−/PR−/HER2−) [5].
Among them, triple-negative breast cancer is characterized by a high mitosis rate, high
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lymphocytic infiltration rate, high grade, large tumor size, high recurrence rate, and high
mortality rate. It is a type of breast cancer with the worst prognosis in clinical treatment at
present, and it is urgent to develop new therapeutic methods [6,7]. According to different
clinical tumor subtypes, it mainly includes the following three therapies: endocrine therapy,
anti-HER2-targeted therapy, and chemotherapy [8–10]. At present, the clinical drugs for
the treatment of breast cancer are easy to tolerate and have large side effects on the body,
resulting in poor treatment effects [9]. Therefore, it is essential to develop safe and effective
new breast cancer prevention and treatment drugs.

Fermented Pu-erh tea is a microbially fermented tea that can play a positive role
in maintaining the health of the body [11–13] and has the effects of anti-fatigue [14,15],
reducing blood lipid [16–18] and preventing cancers [19–21]. It contains many bioactive sub-
stances, mainly polyphenols, catechins, flavonoids, phenolic acids, tea pigments, saponins,
polysaccharides, alkaloids, vitamins, amino acids, organic acids, and other chemical com-
ponents that have been studied and reported [22]. Most of the substances are common
substances in tea [23], and very few compounds have been reported to be isolated only
from ripe Pu-erh tea. Thus, researching the biological activity of the characteristic chem-
ical components in Pu-erh tea is fundamental for studying the functional mechanism of
Pu-erh tea.

Teadenol B (Figure 1) is a characteristic chemical component of ripe Pu-erh tea, which
was first disclosed by Japanese scholars in 2011 and isolated from the metabolites of
fermented tea by Aspergillus fungi. It has been reported to promote adiponectin secretion
and inhibit protein tyrosine phosphatase 1B expression [24].
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Figure 1. Chemical structure of teadenol B.

Total synthesis of teadenol B was reported in 2016 [25]. It has been reported that
teadenol A, which was isolated simultaneously, can bind and activate G protein-coupled
receptor 120 to enhance the expression of glucagon-like peptide 1. Although related patents
have been applied for teadenol B in many countries and regions [26–28], no other functional
activities of teadenol B have been reported at present [29]. We extracted teadenol B from
fermented tea and identified its chemical structure as described in our patent [28]. In the
bioactivity detection of teadenol B, we first found that it showed an inhibitory effect on
breast cancer cells and subsequently launched a series of cell, proteome, and animal studies
to explore its role in preventing and treating breast cancer tumors and related mechanisms.

2. Results and Discussion
2.1. Teadenol B Has Inhibitory Activity on Breast Cancer Cells

To explore whether teadenol B has therapeutic effects on breast cancer, four breast
cancer cell lines were selected as research objects in this study according to receptor
phenotypic characteristics, namely MDA-MB-231 (receptor phenotypic characteristics ER−,
PR−, HER2−), MDA-MB-453 (receptor phenotypic characteristics ER−, PR−, HER2+),
MCF-7 (receptor phenotypic characteristics ER+, PR+/−, HER2−), and BT474 (receptor
phenotypic characteristics ER+, PR+/−, HER2+). Breast cancer cells were treated with a
range of concentrations of teadenol B for 24 h, and the cell viability was detected by adding
an MTT solution. As shown in Figure 2, MDA-MB-231 cell viability was significantly
inhibited by teadenol B (p < 0.01) after its concentration reached 20 µg/mL. For MDA-MB-
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453 cells, the cell survival rate decreased when the concentration of teadenol B reached
10 µg/mL (p < 0.05). The cell survival rate decreased significantly (p < 0.001) after the
concentration of teadenol B reached 50 µg/mL. When teadenol B concentration reached
100 µg/mL, the survival rate of MCF-7 cells decreased significantly (p < 0.01). As to BT474
cells, the survival rate decreased significantly after the concentration of teadenol B reached
10 µg/mL (p < 0.01).
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Figure 2. Survival rate of four types of breast cancer cells varied with teadenol B or paclitaxel concen-
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Paclitaxel, a chemotherapeutic drug for breast cancers, was used as a positive control
drug here. As shown in Figure 2, after the concentration of paclitaxel reached 0.1 µM, the
survival rate of MDA-MB-231 cells significantly decreased (p < 0.001). Paclitaxel promoted
the proliferative activity of MDA-MB-453 cells in the concentration range not exceeding
100 µM. The survival rates of MCF-7 cells and BT474 cells were much higher than 50% even
when the concentration of paclitaxel reached 100 µM.

By comparing the half-maximal inhibitory concentration (IC50) of teadenol B and
paclitaxel in these four cell types (Table 1), we can see that the IC50 of teadenol B is much
lower in MDA-MB-453 and BT474 cells. For MCF-7 cells, the IC50 of teadenol B is roughly
at the same level as that of paclitaxel. For MDA-MB-231 cells, the IC50 of teadenol B is
higher than paclitaxel, but from the morphology of the dose-response curve, the inhibition
of teadenol B increased with concentration more clearly and regularly, which can also be
seen in the results of the other three types of breast cancer cells.

Table 1. IC50 of teadenol B and paclitaxel in four types of breast cancer cells.

Cell Line Receptor Phenotypic
Characteristics

Teadenol B Paclitaxel

(µg/mL) (µM) (µg/mL) (µM)

MDA-MB-231 ER−, PR−, HER2− 35 126 64 75
MDA-MB-453 ER−, PR−, HER2+ 30 108 >850 >1000

MCF-7 ER+, PR+/−, HER2− 145 525 425 500
BT474 ER+, PR+/−, HER2+ 25 90 425 500
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2.2. Proteomic Study of the Potential Mechanism of Action of Teadenol B against Breast Cancer

Teadenol B can inhibit the growth of breast cancer cells. To further explore the potential
mechanism of its anti-breast cancer action, breast cancer cells, MDA-MB-231, MDA-MB-
453, MCF-7, and BT474 were treated with 20 µg/mL teadenol B and their proteins were
extracted and treated. The proteins of the teadenol B-treated group were compared with
those of the control group using label-free MS. The summary data of all the differentially
expressed proteins are shown in Table 2.

Table 2. Statistics of the number of differentially expressed proteins.

Cell Line Up Regulation
(fc ≥ 2)

Down Regulation
(fc ≤ 0.5)

Differentially
Expressed Proteins

MDA-MB-231 473 872 1345
MDA-MB-453 472 1604 2076

MCF-7 272 416 688
BT474 331 932 1263

The Kyoto Encyclopedia of Gene and Genome (KEGG) access database (www.kegg.jp/
kegg/pathway.html, accessed on 17 January 2024) stores the function of gene and genome
information, along with visual representations of various cellular biochemical processes.
Analyzing the metabolic pathways enriched with differentially expressed proteins allows
for an understanding of which pathways experience notable systemic changes under
differing experimental conditions. In this study, KEGG pathway analysis was performed
on proteins with significant expression differences compared with the control group to
discover the biological pathways by which teadenol B interferes with four types of breast
cancer cells. Figure 3A lists the enrichment analysis results of the KEGG pathway with the
top 10 protein expression differences according to Fisher’s precise test.

As shown in Figure 3A, the protein with significant differences in metabolic pathways
(hsa01100) was the most significant, and the number of different proteins was the most
significant after teadenol B interfered with MDA-MB-231 cells. In MDA-MB-453 cells, the
protein with significant differences in expression was also mainly enriched in metabolic
pathways (hsa01100), with the highest number of differentially expressed proteins. The
difference was also significant, second only to Salmonella infection pathways (hsa05132)
and Shigellosis pathways (hsa05131). Teadenol B interferes with MCF-7 cells, and the
significantly differentially expressed protein is also mainly enriched in metabolic pathways
(hsa01100). The significance of the difference is second only to other types of O-glycan
biosynthesis pathways (hsa00514) and colorectal cancer pathways (hsa05210), but the dif-
ference is the weakest compared with the other three types of breast cancer cells. Teadenol
B interferes with BT474 cells, and the most significant difference is between the chronic
myeloid leukemia pathway (hsa05220) and the human T-cell leukemia virus (hsa05166),
and the number of the different proteins in these two pathways is not very different from
its pathway.

After teadenol B treatment, the four types of cells had multiple proteins with the same
changes in metabolic pathways (Figure 3B). The expression of lipin 2 (LPIN2), glutamate-
cysteine ligase modifier subunit (GCLM), and deoxycytidine triphosphate deaminase
(DCTD) decreased. The expression of coenzyme Q3 (COQ3) increased. Among them,
DCTD is closely related to anticancer effects, which shows the most significant changes in
all four types of breast cancer cells with the treatment of teadenol B.

www.kegg.jp/kegg/pathway.html
www.kegg.jp/kegg/pathway.html


Molecules 2024, 29, 872 5 of 13
Molecules 2024, 29, x FOR PEER REVIEW 5 of 13 
 

 

 
Figure 3. Teadenol B inhibits cancer cell growth by affecting key proteins on metabolic pathways in 
breast cancer cells. (A) KEGG pathway enrichment analysis of teadenol B intervention on differen-
tial protein expression in four breast cancer cells. The p-value is the scoring value of Fisher’s exact 
test. The smaller the p-value is, the larger the value of the horizontal axis -log10 (p-value), which 
means that the difference between the sample group and the control group in the corresponding 
longitudinal KEGG pathway is more significant. The count represents the number of differentially 
expressed proteins on the KEGG pathway. (B) The heat map showed differences in the expression 
of common proteins in the metabolic pathways, and teadenol B had a notable effect on the four 
breast cancer cells. 

After teadenol B treatment, the four types of cells had multiple proteins with the 
same changes in metabolic pathways (Figure 3B). The expression of lipin 2 (LPIN2), glu-
tamate-cysteine ligase modifier subunit (GCLM), and deoxycytidine triphosphate deami-
nase (DCTD) decreased. The expression of coenzyme Q3 (COQ3) increased. Among them, 
DCTD is closely related to anticancer effects, which shows the most significant changes in 
all four types of breast cancer cells with the treatment of teadenol B. 

2.3. Teadenol B Inhibits the Growth of Transplanted Tumors in Nude Mice 
Triple-negative breast cancer is characterized by a high mitosis rate, high lymphocytic 

infiltration rate, high grade, large tumor size, high recurrence rate, and high mortality rate. 
It is a type of breast cancer with the worst prognosis in clinical treatment at present, and it 
is urgent to develop new therapeutic methods. KEGG pathway analysis results (Figure 3A) 

Figure 3. Teadenol B inhibits cancer cell growth by affecting key proteins on metabolic pathways in
breast cancer cells. (A) KEGG pathway enrichment analysis of teadenol B intervention on differential
protein expression in four breast cancer cells. The p-value is the scoring value of Fisher’s exact test. The
smaller the p-value is, the larger the value of the horizontal axis -log10 (p-value), which means that the
difference between the sample group and the control group in the corresponding longitudinal KEGG
pathway is more significant. The count represents the number of differentially expressed proteins on
the KEGG pathway. (B) The heat map showed differences in the expression of common proteins in the
metabolic pathways, and teadenol B had a notable effect on the four breast cancer cells.

2.3. Teadenol B Inhibits the Growth of Transplanted Tumors in Nude Mice

Triple-negative breast cancer is characterized by a high mitosis rate, high lymphocytic
infiltration rate, high grade, large tumor size, high recurrence rate, and high mortality
rate. It is a type of breast cancer with the worst prognosis in clinical treatment at present,
and it is urgent to develop new therapeutic methods. KEGG pathway analysis results
(Figure 3A) showed that among the four different breast cancer cells above, MDA-MB-231
cells had the most significant difference in protein expression and the largest number of
different proteins produced by the intervention of teadenol B. Therefore, triple-negative
breast cancer cell MDA-MB-231 was selected as the animal study object to further explore
the effect of teadenol B on the growth status, size, and toxicity of transplanted tumors in
nude mice.

Cultured MDA-MB-231 breast cancer cells were injected into the axillary region of
2 nude mice with a prepared cell suspension (containing approximately 5 × 106 cells) in a
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volume of 0.1 mL. Once the tumors reached a certain size, they were dissected into small
fragments and transplanted into an additional 20 nude mice. Four weeks after tumor
transplantation, the model group received intragastric administration of 0.5% CMC-Na at
a dose of 10 mL/kg, while the treatment group was administered teadenol B at a dose of
75 mg/kg every three days for four weeks (Figure 4A). Results demonstrated that breast
tumor volume significantly decreased after two weeks of treatment (Figure 4B), indicating
effective inhibition of breast tumor growth in nude mice by gastric administration of
teadenol B. Moreover, the rate of increase in breast tumor weight was significantly reduced
after four weeks of treatment (Figure 4C), confirming excellent anti-breast cancer activity
exhibited by teadenol B. Furthermore, no statistically significant difference was observed
in body weight changes between the control group receiving an equivalent volume of
solvent via oral gavage and the group treated with teadenol B (Figure 4D). These findings
preliminarily suggest that this dosage and route do not induce significant toxic reactions.
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tumor transplantation and drug treatment in nude mice; (B) changes in body weight of nude mice
over time. The data are presented as mean ± SD (p > 0.05, n = 7); (C) the changes in breast tumor
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Molecules 2024, 29, 872 7 of 13

2.4. Teadenol B Inhibits MDA-MB-231 Cells by Inhibiting DCTD as an Autophagy Promotor

According to the proteomic results (Figure 3B), the DCTD protein may be the key
protein involved in the inhibition of teadenol B on cancer cell growth. Considering the close
relationship between DCTD and apoptosis, we conducted further experiments and found
that after treatment with teadenol B, both early and late apoptosis of MDA-MB-231 cells
increased, with a more significant increase in early apoptosis. This indicates that teadenol B
primarily inhibits cancer cell growth by inducing programmed cell death in MDA-MB-231
cells while maintaining the integrity of the cell membrane (Figure 5A,B). One hour after
treatment with teadenol B, there was a slight increase in the expression level of BCL2, but
with no statistical difference (p > 0.05). We also examined the levels of the uncut forms
of caspase-9 and caspase-3 (Figure 5C,D). Compared to the control group treated for 1 h,
the expression levels of the uncut form of caspase-9 decreased significantly after 4 h of
treatment with teadenol B (40 µg/mL, p < 0.05; 80 µg/mL, p < 0.01). Compared to the
control group treated for the same duration, 80 µg/mL of teadenol B significantly reduced
the protein level of the uncut form of caspase-3 (p < 0.05). This further demonstrates that
teadenol B can induce apoptosis in cells.

As shown in Figure S1, the proteomic results show that teadenol B changes the
expression of some proteins in the autophagy pathway. ATG12, ATG3, BCL2, and RELA
expression decreased, and mTOR was most significantly down-regulated (Figure S2). Thus,
we hypothesized that teadenol B might play a role in promoting autophagy. We examined
some autophagy proteins, including the most widely used markers (Figure 5E–G). String
analysis results show that these proteins interact with the apoptotic proteins mentioned
above (Figure S3). After 4 h of treatment with 40 µg/mL of teadenol B, the protein level of
SQSTM1 in MDA-MB-231 cells decreased significantly (p < 0.05) with a significant increase
in the MAP1LC3-II/I ratio (p < 0.001), which represents a high degree of conversion from
MAP1LC3-I to MAP1LC3-II. Additionally, teadenol B significantly reduced the protein
level of DCTD (p < 0.001), and this effect was shown to be enhanced with increasing
concentration or treatment time of teadenol B. All these results proved that teadenol B was
an autophagy promotor, which is consistent with the results of proteomics in Figure S2.
The protein level of DCTD decreases (Figure 5E,G), which might be due to the intracellular
protein degradation role of autophagy.

2.5. Discussion

Breast cancer is a serious threat to women’s lives and health, among which triple-
negative breast cancer is a kind of breast cancer with the worst prognosis in clinical
treatment. Ripe Pu-erh tea and microbial fermented tea have positive effects on maintaining
body health and preventing cancers [20–22]. Identification of the biological activity of the
characteristic chemical components of Pu-erh tea is the basis for the study of the functional
mechanism of Pu-erh tea. Teadenol B is a common compound in Pu-erh ripe tea and
microbial fermented tea. Except for the known adiponectin secretion-promoting activity
and protein tyrosine phosphatase 1B expression inhibitory activity, no other activities have
been reported [24]. In this study, in the screening process of anti-breast cancer activity
using the MTT test, it was found that teadenol B showed inhibitory effects on four types of
breast cancer cells corresponding to different clinical subtypes, including MDA-MB-231
triple-negative breast cancer cells. Among them, the inhibitory effect on MDA-MB-231,
MDA-MB-453, and BT474 breast cancer cells was stronger, and the inhibitory effect on MCF-
7 breast cancer cells was slightly weaker. Furthermore, proteomic studies were conducted
to investigate the potential mechanism of action of teadenol B against breast cancer, and it
was found that metabolic pathways (hsa01100) were the most significantly different cell
signaling pathways under the intervention of teadenol B, which provided information basis
for subsequent studies on its anticancer mechanism. Considering that MDA-MB-231 cells
had the worst clinical prognosis and showed the most significant statistical difference in
the KEGG pathway enrichment analysis results, to further clarify the inhibitory effect of
teadenol B on breast cancer, the interventional effect of teadenol B on the size and growth
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of MDA-MB-231 triple-negative breast cancer grafts in nude mouse animal models was
studied. The experimental results showed that teadenol B significantly inhibited the growth
of breast cancer in nude mice but had no significant effect on the body weight of nude mice,
indicating that teadenol B could inhibit MDA-MB-231 triple-negative breast cancer grafts.
There was no obvious toxic reaction.
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Figure 5. Teadenol B can promote autophagy and reduce the expression level of DCTD to inhibit the
growth of MDA-MB-231 cells. (A) Teadenol B promotes apoptosis in MDA-MB-231 cells; (B) teadenol
B mainly promotes early apoptosis in MDA-MB-231 cells; (C) changes in the expression levels
of apoptosis-related proteins in MDA-MB-231 cells after treatment with teadenol B; (D) the semi-
quantitative analysis. The data are presented as mean ± SD (* p < 0.05, ** p < 0.01, n = 3); (E) changes in
the expression levels of autophagy-related proteins and anti-cancer-related proteins in MDA-MB-231
cells after treatment with teadenol B; (F,G) the semi-quantitative analysis. The data are presented as
mean ± SD (ns, p > 0.05; * p < 0.05, *** p < 0.001, n = 3).

Through proteomics studies, we found that the metabolic pathway is the most affected
by teadenol B. Comparing the results of the detected protein changes in the metabolic
pathways, we found that only DCTD’s changes were consistent in all four cell types, with
significant downregulation. It is speculated that the change in this protein may be one of
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the reasons for the inhibition of all four types of cancer cells. It has been reported that the
degradation of DCTD could block DNA synthesis and the repair of DNA damage [30]. DNA
damage can stimulate BH3-only proteins to bind with high affinity to anti-apoptotic BCL2
proteins, activating pro-apoptotic effectors and triggering a cascade of caspase reactions,
leading to orderly cell apoptosis [31]. Cell apoptosis is one of the inherent mechanisms in
the cell cycle that can promptly eliminate non-functional, harmful, and abnormal cells [32].

Autophagy is one of the important pathways for intracellular protein degradation,
and it is closely related to the occurrence and development of cancer. In simple terms, the
deficiency of autophagy in cells can lead to the accumulation of misfolded proteins, which
can induce carcinogenesis; excessive autophagy can also induce cell apoptosis. There-
fore, theoretically, autophagy promotors have potential preventive and therapeutic effects
against cancer [33]. Some autophagy promotors, such as rapamycin [34], resveratrol [35],
metformin [36], and carnosic acid [37], have been reported to possess anticancer activities.
Here, we found that the conversion of MAP1LC3-I to MAP1LC3-II increased extremely
significantly with the treatment of teadenol B, which proved teadenol B to be an autophagy
promotor that can be used to explain the down-regulation of DCTD to some extent.

3. Materials and Methods
3.1. Cell Culture

All experiments used cells within 20 passages. Both MDA-MB-231 (CELL-C0150,
Bioswamp, Wuhan, China) and MDA-MB-453 (CELL-C0152, Bioswamp, Wuhan, China)
were cultured in L-15 medium with phenol red (Jinuo, Hangzhou, China) supplemented
with 10% fetal bovine serum (FBS, 11011-8611, Sijiqing, Hangzhou, China) in a 37 ◦C
incubator. MCF-7 (CC0302, Cellcook, Guangzhou, China) were cultured in MEM medium
with phenol red (MA0217, Meilunbio, Dalian, China) supplemented with 10% FBS and
10 µg/mL insulin (118975, Aladdin, Shanghai, China) at 37 ◦C in a 5% CO2 atmosphere.
BT474 (CC0310, Cellcook, Guangzhou, China) were cultured in RPMI 1640 medium with
phenol red (MA0215, Meilunbio, Dalian, China) supplemented with 10% FBS and 10 µg/mL
insulin at 37 ◦C in a 5% CO2 atmosphere. The media were replaced with phenol red-free
RPMI 1640 medium (11835, TBD, Tianjin, China) before all the experiments were conducted
to avoid estrogenic stimulation of the phenol red.

3.2. MTT Assays

The impact of teadenol B on cell viability and proliferation was assessed using MTT
assays. Cells (8 × 104 cells/mL) were plated in 96-well plates and incubated overnight at
37 ◦C with 5% CO2. The culture medium was replaced with 100 µL phenol red-free and
serum-free RPMI-1640 medium, and then the cells were exposed to paclitaxel (P106869,
Aladdin, Shanghai, China) or teadenol B, extracted and identified as described in our
patent [28], alone for 24 h. The 1H, 13C NMR data of teadenol B are presented in Table S1.
The purity of teadenol B is greater than 95%. After washing once with phosphate buffer
saline (PBS, MA0015, Meilunbio, Dalian, China), 100 µL of MTT solution (0.5 mg/mL,
Kerui, Wuhan, China) was added to each well, and the cells were incubated at 37 ◦C
with 5% CO2 for 4 h. After aspirating the culture medium, 150 µL dimethylsulfoxide
(DMSO, 30072418, SCR, Shanghai, China) was added to each well. The optical density
(absorbance) at 570 nm was measured with a microplate reader (Spark, Tecan, Switzerland).
Cell viability was determined by calculating the percentage of viable cells in teadenol
B-treated samples compared to vehicle control-treated cells, which were considered 100%
viable. Each experiment was independently repeated five times.

3.3. Proteomic Sample Preparation

MDA-MB-231 cells were plated into 6-well plates at a density of 5 × 105 cells/mL
and incubated at 37 ◦C with 5% CO2. After 24 h, the culture medium was replaced with
2 mL phenol red-free and serum-free RPMI-1640 medium, and then the cells were exposed
to PEG400 (0.1%) and teadenol B (20 µg/mL) alone for 1 h. After culture, the cells were
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washed twice with PBS (4 ◦C) and scraped off the culture dish into a centrifuge tube using a
cell scraper. The cell suspension was centrifuged at 1000× g and 4 ◦C for 1 min, after which
the supernatant was removed. Finally, the cells were stored at −80 ◦C for later testing
and analysis.

3.4. Label-Free MS Analysis

Serum-starved cells were exposed to a treatment of 0.1% PEG400 and 20 µg/mL
teadenol B for 1 h to explore the effects of teadenol B on breast cancer cells. After wash-
ing with cold PBS, the cells were collected and subjected to dialysis, concentration, and
quantification using the BCA method. The protein samples were adjusted to an equal con-
centration, dried, trypsin-digested, and then analyzed using mass spectrometry (Thermo
Fisher, Orbitrap Fusion, Waltham, MA, USA). The resulting mass spectrometry raw files
were searched against the SwissProt protein database using MaxQuant software (version
1.6.5.0) with a false discovery rate (FDR) ≤ 1%. The IBAQ (intensity-based absolute protein
quantification) algorithm was employed for quantitative analysis. A comparison of the
teadenol B-treated group with the control group was performed to identify proteins with
similar differences. Additionally, a pathway analysis based on KEGG was conducted.

3.5. Human Breast Cancer Xenograft Nude Mice Model

Male BALB/c nude mice were purchased from Wuhan Bestcell Model Bio-Tech Co.,
Ltd. (Wuhan, China). MDA-MB-231 cells were re-suspended in medium and mixed
with Matrigel matrix (356231, Corning, New York, NY, USA), resulting in a final cell
concentration of 5 × 107 cells/mL, and injected into the armpits of 5 to 6-week-old male
nude mice. After the tumors reached approximately 1 cm3, they were cut into 10 mm3

pieces and then transplanted into 20 male BALB/c nude mice aged 5 to 6 weeks and
weighing 20 to 22 g, respectively. Mice were randomly divided into control and teadenol B
groups (10 mice per group). Four weeks after the tumor transplant, oral administration
was started. Teadenol B was dissolved in 0.5% sodium carboxymethyl cellulose (CMC-Na,
M9317, AbMole, Houston, TX, USA). Teadenol B was given by oral intake at a dose of 75
mg/kg/3d. The administration period was 4 weeks. Tumors were measured at seven-day
intervals with a caliper, and tumor volume was calculated using the following formula:
volume (mm3) = width2 × length × 6/π. At the end of the administration cycle, Tumor
tissue was taken and weighed to calculate the rate of breast tumor weight increase. All
the animal studies obeyed the principles of the 1983 Declaration of Helsinki. They were
conducted following the Chinese Regulations for the Administration of Affairs Concerning
Experimental Animals and performed in accordance with the Guidelines of the China
Animal Welfare Legislation. This study was approved by the Hubei Provincial Science &
Technology Department, Wuhan, China (Approval Number: SYXK 2022-0124).

3.6. Western Blot

MDA-MB-231 cells were exposed to 0.1% PEG400 and teadenol B (40, 80 µg/mL)
for 1 and 4 h to assess the influence of teadenol B on the expression levels of proteins
associated with autophagy. Following treatment, the harvested cells were directly lysed
in 200 µL of ice-cold lysis buffer containing protease inhibitors. The resulting lysates
were then subjected to centrifugation at 12,000× g at 4 ◦C for 10 min. Subsequently, a
loading buffer was added at a 1:1 ratio, and the samples were collected and separated
on SDS-polyacrylamide gels. The proteins were then transferred to nitrocellulose filter
membranes and washed in Tris-buffered saline (TBS) with 0.1% Tween20 (TBST) 3 times.
The membranes were incubated overnight with antibodies for BECN1 (1:10,000, 66665-1-Ig,
Proteintech, Chicago, USA), caspase-3 (1:500, A19654, Abclonal, Wuhan, China), caspase-9
(1:500, 10380-1-AP, Proteintech, Chicago, IL, USA), DCTD (1:1000, 68357-1-Ig, Proteintech,
Chicago, USA), MAP1LC3 (1:1000 dilution, 14600-1-AP, Proteintech, Chicago, IL, USA),
and SQSTM1 (1:2000 dilution, 66184-1-Ig, Proteintech, Chicago, IL, USA), respectively, at
4 ◦C overnight. The membranes were then washed with TBST and incubated with HRP-
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conjugated Affinipure Goat Anti-Mouse IgG(H+L) (1:2000 dilution, SA00001-1, Proteintech,
Chicago, IL, USA) at 37 ◦C for 2 h. Finally, the proteins were visualized using an Enhanced
HRP-DAB Chromogenic Substrate Kit (4994100, Tiangen, Beijing, China). The antibody β-
actin (1:10,000 dilution, 66009-1-Ig, Proteintech, Chicago, IL, USA) was used as the loading
control. Each experiment was repeated in triplicate. The quantification of the blots was
performed using Photoshop CC 2018.

3.7. Apoptosis Assay

Apoptotic activity was assessed using the Annexin V-FITC/PI staining kit (P-CA-201,
Procell, Wuhan, China), containing Annexin V-FITC, propidium iodide (PI), and Annexin
V Binding Buffer. MDA-MB-231 cells were plated at a density of 5 × 105 cells per well in
6-well plates. Following treatment with the drug, the cells underwent two PBS washes,
followed by harvesting and centrifugation at 300× g for 5 min. Subsequently, the cells were
exposed to 500 µL of 1×Annexin V-FITC Buffer along with 5 µL of Annexin-V and 5 µL of
PI for 20 min at room temperature in the absence of light. Annexin staining was quantified
using a flow cytometer (CytoFLEX S, Beckman, CA, USA).

3.8. Statistical Analysis

The results are reported as the mean ± SD. The statistical analysis of the data was
performed using one-way or two-way ANOVA, followed by Tukey’s post hoc test as
applicable, to assess for any differences. A p-value greater than 0.05 indicated no statistically
significant difference. Statistical significance was defined as p < 0.05, indicating a significant
finding. P < 0.01 was considered highly significant, while p < 0.001 was considered
extremely significant.

4. Conclusions

In summary, this study proved the inhibitory effect of teadenol B on the viability of
four breast cancer cells, including MDA-MB-231 breast cancer. It preliminarily revealed
that its anticancer activity may be related to its inhibitory effect on DCTD as an autophagy
promotor, but further research is needed to clarify the details involved in the future. In
addition, different types of breast cancer cells have different sensitivity to teadenol B, so
the therapeutic value of teadenol B for different breast tumors needs further research. This
work provides a new basis for the healthcare efficacy of drinking microbially fermented tea
in the prevention and treatment of breast cancer, expands the research scope of the active
mechanism and application of teadenol B compound, and also provides a new choice for
the development of new drugs for the prevention and treatment of breast cancer.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/molecules29040872/s1, Figure S1: Differentially expressed proteins
related to autophagy pathways in MDA MB 231 cells; Figure S2: Heat map analysis of differentially
expressed proteins related to autophagy pathways in MDA MB 231 cells; Figure S3: Interaction
analysis of key proteins using STRING database; Table S1: 1H, 13C NMR data for teadenol B (solvent:
deuterated dimethyl sulfoxide (DMSO-d6)).
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