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Abstract

Objectives: The present study aims to examine the effects of baicalin on the human medullary breast carcinoma (MBC)
cell line Bcap-37 and to determine whether baicalin regulates Bcap-37 cell apoptosis through the ERK/p38 mitogen-activated
protein kinase (MAPK) signaling pathway.

Materials and Methods: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and Transwell assay
were utilized to measure the effects of baicalin on the proliferation and migration ability of Bcap-37 cells, respectively. Flow
cytometer analysis was implied to detect the effects of baicalin on Bcap-37 cell apoptosis. Real-time quantitative polymerase
chain reaction (RT-PCR) was conducted to observe the influence of baicalin on mMRNA expressions of apoptosis-related
genes. Western blot was executed to further explore the action of baicalin on apoptosis-related proteins. PD98059 (a specific
inhibitor of ERK) and SB203580 (a specific inhibitor of p38 MAPK) were used to further clarify the intrinsic mechanism of
baicalin regulating apoptosis in Bcap-37 cells.

Results: Compared with the control group, baicalin significantly inhibits the proliferation activity of Bcap-37 cells in a
concentration- and time-dependent manner, with a p-value < 0.05. The transwell assay indicated that the migration viability of
cells decreased further, followed by the increased concentration of baicalin, and the p-value had a statistical difference. Besides,
flow cytometry was conducted to assess the effects of baicalin on the early and late apoptosis rates of Bcap-37 cells, and
results showed that baicalin highly promoted the apoptosis level both at the early and late stages with a statistical difference in
a concentration-dependent manner (p < 0.05). Results of RT-PCR presented that, compared with the control group, baicalin
significantly activated the mRNA expression of Bax, p38, and p-ERKI and abolished the mRNA expression of Bcl-2 in every
dosing group in a concentration-dependent way (p < 0.05). Western blot exhibited that, compared with the control group,
baicalin promoted the protein expression of caspase-3, caspase-9, Bax, p38, P-ERK, and p53 while playing an opposite function
to Bcl-2 in each dosing group (p values have statistical differences). At last, PD98059 and SB203580 were applied to explore
the potential mechanism of baicalin in apoptosis promotion. And results revealed that, compared with the group treated with
baicalin alone, protein expression of Bax, p38, p-ERK, caspase-3, and caspase-9 was downregulated obviously in the group
treated with both baicalin and PD98059 or SB203580 (p < 0.05). The p53 expression inhibition showed a difference only
when compared to the group adding PD98059. Compared with the blank group, a statistical difference was only observed in
Bcl-2 expression in the group treated with baicalin in combination with PD98059 or SB203580 (p < 0.05). Interestingly, a p53
expression difference was only displayed between the blank group and the group treated with baicalin and SB203580 (p < 0.05).
Conclusion: Our study observed that baicalin inhibits the proliferation and migration ability of Bcap-37 cells. In addition,
baicalin induces cell apoptosis via the ERK/p38 MAPK signal pathway.
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Introduction

According to the latest global cancer statistics, breast cancer
remains the most commonly diagnosed cancer and the leading
cause of cancer death in women in most countries worldwide
(Sung et al., 2021). Medullary breast carcinoma (MBC) is a
special type of infiltrating breast cancer, accounting for
approximately 5%—10% of cases (Qin et al., 2021). MBCs
display similar gene expression profiling to basal breast
cancer and thus were clarified as a subgroup of triple-negative
basal-like cancers. They are generally negative for estrogen
receptor (ER), and HER2 is frequently associated with
BRCAL and p53 mutations (Bertucci et al., 2006; Lee et al.,
2022; Romero et al., 2018). MBC has been sub-divided into
typical medullary carcinoma and atypical MBC (Lee et al.,
2022; Qin et al., 2021). MBC has been reported to have a
favorable prognosis in general, while atypical MBC is
characterized by a poor prognosis (Qin etal., 2021). Clinically,
adjuvant therapies like chemotherapy, endocrine therapy,
targeted therapy, radiation therapy, and Chinese medicine
therapy can absolutely improve the prognosis of breast
cancer. Nevertheless, deficiencies remain in adjuvant
therapies for MBC.

Cell death is usually divided into two categories: apoptosis
and necrosis. Apoptosis is a programmed cell death, a tightly
regulated intracellular process that maintains organisms’
homeostasis and fine-tuned life cycle (Xu, et al., 2019).
Aberrant apoptosis inhibition is involved in plenty of diseases,
including cancer (Murray & Gibson, 2022). Moreover,
numerous studies have shown that various chemotherapy
drugs may obliterate cancer cells by inducing apoptosis
(Wang et al., 2022). It has been reported that the mitogen-
activated protein kinase (MAPK) signaling pathway plays a
key role in cell apoptosis (Sun et al., 2019). Abnormal
activation of MAPK signaling pathways leads to a series of
unfavorable processes, including the impairment of apoptotic
mechanisms, cell malignant transformation, and aberrant
proliferation, as well as the facilitation of tumor development
and progression and metastasis promotion (Jiang et al., 2020;
Liu et al., 2022). Previous studies observed that the MAPK
signaling pathway played a crucial role in breast cancer
tumorigenesis and progression (Ventura-Bixenshpaner et al.,
2018; Yi et al., 2020). Besides, research has indicated that one
of three members of MAPK, the p38-MAPK-mediated
signaling pathway, plays an indispensable role in bone
metastasis for breast cancer (Jie et al., 2022).

Baicalin (BAI), a flavonoid isolated from Scutellaria
baicalensis Georgi derived from the Shanxi and Shandong
provinces of China, is known as a major Traditional Chinese
Medicine herb. Baicalin exhibits a variety of pharmaceutical
properties, including antioxidant, anti-inflammatory, antiallergic,
embryo-protective, cardioprotective, hepatoprotective, renal-
protective,  neuroprotective,  antimicrobial,  antipyretic,
detoxifying, and antipathogen (Ganguly et al., 2022; Wang et al.,
2018). Also, it has a long history of use in the treatment of

plenty of symptoms related to cancer (Cheng et al., 2018).
Studies indicated that baicalin presents the ability to suppress
the progression of cancer cells without systemic toxicity in
plenty of cancers, including breast, colon, hepatic, leukemia,
lung, and skin (Singh et al., 2021). Besides, literature also
revealed that baicalin induces apoptosis in various organ-
specific cell lines (such as breast, cervical, etc.) by
modulating diverse relevant signaling pathways (Singh
et al., 2021). For example, Zhou et al. (2009) observed that
the combination of baicalin inhibits the growth of breast
cancer cell lines (MCF-7 and MDA-MB-231) and enhances
apoptosis of MCF-7 via ERK/p38 MAPK signaling
pathways. As a special type of infiltrating breast cancer,
MBC has limited adjuvant treatment, and there is little
research on the effects of baicalin in it. Therefore, our
research aimed to explore and clarify the potential function
of baicalin in the MBC cell line Bcap-37.

Materials and Methods

Materials

Baicalin was purchased from Shanghai Yuanye Biotechnology
Co. Ltd. The purity of baicalin used in this study was more
than 99.90%, and the dry powder was added to dimethyl
sulfoxide (DMSO) and was fully dissolved to formulate into
a series concentration of 0 (NC), 50, 100, 150, 200, and 250
umol/L, respectively. All antibodies were procured from Cell
Signaling Technology (Boston, MA, USA). PD98059 and
SB203580 were acquired from Biomol (Philadelphia, PA,
USA).

Cell Culture

Human medullary breast cancer Beap-37 cells used in this
experiment were the 10th and 11th generations, with the same
human leukocyte antigen (HLA) typing and no changes in
HLA antigen phenotype. It was purchased from the Cell Bank
of Shanghai Academy of Sciences and was cultured in
Roswell Park Memorial Institute-1640 medium (Gibco)
containing 10% fetal bovine serum (FBS) at 37°C and 5%
CO, in a humidified atmosphere. When the cells are fused to
70%—80%, aspirate the culture solution, and wash the cells
gently three times with normal temperature phosphate-
buffered saline (PBS) water. Then, add 1 mL of 0.25% trypsin
solution, place in an incubator for 2 min, and observe under a
microscope. When most of the cells were free and fell off, the
digestion was terminated with a 10% FBS culture solution.
The cell suspension was collected into a centrifuge tube and
centrifuged at 1000 rpm for 5 min, discarded the supernatant,
and resuspended the cells in culture medium. Inoculate the
cells in a new petri dish to reach the concentration required
for subsequent studies.
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Cell Growth Assay

Bcap-37 cells suspension was seeded into 96-well flat-bottom
plates and incubated at 5% CO, at 37°C until a cell monolayer
formed. Then, six concentration gradients (0, 50, 100, 150,
200, and 250 pumol/L) of baicalin were set up with three
replicate wells per concentration. After incubating for 24, 48
and 72 h, cells were observed and counted using an inverted
microscope. Ten microliters of 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) solution (5 mg/mL,
0.5% MTT) was added to each well, and cells were incubated
for an additional 2 h. Thereafter, the culture medium was
aspirated, and the wells were washed with PBS three times,
100 uL DMSO was added to each well. The plates were
shaken at low speed for 10 min to dissolve the crystals
completely. Finally, the absorbance value of each well was
detected at the 490 nm using enzyme-linked immunosorbent
assay (ELISA) plate reader (BioTek, Winooski, VT, USA).
The inhibition rate (IR) (%) was calculated as the following
formula:

Inhibition rate (IR) (%) = (1 — ODgye/ODonrar) X 100%

Transwell Assay

Bceap-37 cells (5%10°) were plated into the upper side of a
Transwell chamber, and each chamber was added with 200
ul serum-free medium. Meanwhile, 600 pL of culture
medium was added to the bottom chamber. Then cells were
cultured at 37°C in a 5% CO, incubator for 48 h. Afterward,
the small chamber was removed; the cells in the upper
chamber were carefully wiped off with cotton swabs and
were immersed in formaldehyde and fixed for 5 min at room
temperature. After aspirating the fixative, the vignin was
stained for 15 min and washed in tap water. The vignin-
stained slides from the last water rinse were counterstained
with eosin for 5 min and rinsed with tap water. The stained
membranes were cut and placed on a glass slide, and the
number of invading cells on the bottom surface of the
membrane was observed and counted under an optical
microscope, and pictures were taken under the microscope
(Olympus Corporation Inc., Japan).

Flow Cytometric Analysis

The Bcap-37 cells were seeded in the six-well plates at a
density of 4x10° cells per well and cultured for 24 h. They
were then starved in a medium without FBS for 24 h followed.
Then it was treated with a series of concentrations (0, 50, 100,
150, 200, and 250 umol/L) of baicalin for 48 h. Subsequently,
cells were incubated in PBS containing 100 ug/mL RNase
and 40 ug/mL propidium iodide at room temperature for a
duration ranging from half to 1 h before flow cytometry
analysis. Cell cycle distribution and DNA content were
assessed utilizing a Coulter Epics V instrument (Beckman

Coulter, Inc., Fullerton, CA). The percentage of apoptotic cell
population and cell cycle were carried out via Elite 4.0
software (Phoenix Flow System, San Diego, CA).

Quantitative RT-PCR

Bcap-37 cells were exposed to baicalin at a range of
concentrations (0, 50, 100, 150, 200, and 250 pmol/L) for 48
h. The total RNAs were extracted and followed by reverse
transcription, then two-step real-time quantitative polymerase
chain reaction (RT-PCR) was utilized to detect the mRNA
expressions of Bax, Bcl-2, p38, p-ERKI, and p-ERK2,
normalized by the mRNA level of GAPDH. The primer
sequences of genes are represented in Table 1. RT-PCR was
implemented using the MasterCycler Gradient PCR machine
as follows: predenaturation at 95°C for 30 s; 40 cycles of
denaturation at 95°C for 5 s and annealing at 60°C for 34 s;
melting curves obtained at 65°C—95°C.

Western Blot Analysis

Total proteins were extracted and quantified via a
bicinchoninic acid kit, with equal amounts of proteins
fractionated on 12% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred to

Table I. Primer Sequences of GAPDH and Five Signatures (Bax,
Bcl-2, p38, p-ERKI, and p-ERK?2).

Gene
GAPDH

Primer Sequence

F:5'- GACAACTTTGGCATC-
GTGGA-3}

R:5'- ATGCAGGGATGAT-
GTTCTGG-3"

F:5'- AGACACCTGAGCT-
GACCTTGGAG-3"

R:5'- GTTGAAGTTGCCAT-
CAGCAAACA-3

F:5'- TGAACCGGCATCTG-
CACATCGC-3}

R:5'- CGTCTTCAGAGA-
CAGCCAGGAG-3

F:5'- AGCCAATTCCAGT-
GTTGGAC-3,

R:5'-TTCTGGGCTCCAAAT-
GATTC-3"
F5'-TCCTTTTGGATCTG-
GTCCTG-3"

R:5'- CCCCAGCAAAGT-
GAGAGAAG-3'

F:5'- AACAGGTT-
GTTCCCAAATGC-3

R:5'- GCCAGAGCCT-
GTTCAACTTC-3}

Bax

Bcl-2

p38

p-ERKI

p-ERK2
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Figure 1. Effects of Baicalin on Cell Proliferation. Bcap-37 Cells were Exposed to Baicalin at 0, 50, 100, 150, 200, and 250 pmol/L for 48
h. (A) Cell Growth Assay Evaluated the Effect of Baicalin on Proliferation Ability and (B) Statistical Analysis of Cell Growth Assay.

Note: Compared to control group, cell growth inhibition rate was increased significantly in every dosing group (*p < 0.05).

polyvinylidene fluoride membranes. The protein expression
level was analyzed using a primary antibody (1:1000, except
p53 1:200, Cell Signaling Technology) and a secondary
antibody (1:800, Cell Signaling Technology) that conjugated
with horseradish peroxidase. Relative expression levels of
p53, caspase-3, caspase-9, Bcl-2, Bax, p-ERK, p38, and
GAPDH (the loading control) were investigated and qualified
for this approach. Followed by enhanced chemiluminescence
(ECL) staining utilizing the ECL system (Amersham
Biosciences). Quantitative analysis was conducted through
Alpha Ease FC (FluorChem FC2) software.

Statistical Analysis

Data analysis was executed via SPSS 18.0 statistical software,
and the measurement data was presented in the format of
means =+ standard deviation (x + s). Group comparisons were
executed by the Student’s #-test and one-way analysis of
variance (ANOVA). A significance threshold of p < 0.05 was
reckoned to be statistically significant.

Results

Baicalin Inhibits the Proliferation of Bcap-37 Cells

Baicalin at various concentrations of 0 (NC), 50, 100, 150,
200, and 250 pumol/L was used to treat breast cancer cell
Bcap-37, and its ability to inhibit growth was explored in 24,
48, and 72 h, respectively. Figure 1 exhibited the condition of
Bcap-37 cells treated with baicalin at a series of concentrations
for 48 h, and results indicated that the proliferation of Beap-
37 was significantly inhibited, followed by an increase in
concentration. Figure 2 suggests that cell growth IRs were
significantly increased, followed by exposed time extension
and gradually increased concentrations of baicalin, and the
p-value had statistical significance in every dosing group
compared to the control group (p < 0.05).
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Figure 2. Effects of Baicalin on Cell Growth Inhibition. Bcap-37
Cells were Exposed to Baicalin at a Series of Concentrations
Mentioned Above and was Measured in 24, 48, and 72 h
Respectively.

Note: Compared with control group, cell growth inhibition ability of

baicalin was improved obviously as extension of exposed time in every
dosing group (#p < 0.05).

Baicalin Inhibits the Migration of Bcap-37 Cells

To evaluate whether baicalin affects the migration of Beap-
37 cells, a Transwell assay was conducted. Cells were
treated with different concentrations of 0 (NC), 50, 150, and
250 pumol/L of Baicalin for 48 h. Under 100x high
magnification, we found that the number of migrated cells
passing through the polycarbonate membrane increased
significantly with the increase in the concentration of
baicalin, with a statistical difference (Figure 3). As shown in
Table S1, the definite amount of each dosing group was
144.00 + 27.22, 69.67 = 9.76, 26.67 + 6.88, and 14.00 +
4.27, respectively. And statistically significant disparities
were observed between the control group and the three
dosage groups (*p < 0.05).
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Figure 3. Effects of Baicalin on Cell Migration. Bcap-37 Cells
were Exposed to Baicalin at 0, 50, 150, and 250 pymol/L for 48 h.
(A) Transwell Assay Evaluated the Effect of Baicalin on Migration
Ability and (B) Statistical Analysis of Transwell Assay.

Note: Compared with the control group, the number of Bcap-37
cells penetrating the membrane highly decreased in per dosing group
(*p < 0.05).
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Figure 4. Effects of Baicalin on Cell Apoptosis. Bcap-37 Cells
were Exposed to Baicalin at 0, 50, 150, and 250 pmol/L for

48 h. (A) Flow Cytometry Detected the Effects of Baicalin on Cell
Apoptosis and (B) Statistical Analysis of Flow Cytometry.

Note: Compared with the control group, apoptosis activity of cells
was highly improved in each dosing group both early- and late-stage
(#p < 0.05).
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Figure 5. Baicalin Regulates mRNA Expression of Apoptosis-
related Genes, Including Bax, Bcl-2, p38, p-ERKI, and p-ERK2.
Baicalin Up-regulates the mRNA Expression of Bax, p38, p-ERKI,
and p-ERK2, While Down-regulates the mRNA Expression of
Bcl-2 at a Concentration-dependent Manner.

Note: Compared with the control group, mRNA expression shown a
significant difference in among each dosing group (#p < 0.05).

Baicalin Induces Apoptosis of Bcap-37 Cells

To further study the effects of baicalin on apoptosis of Beap-
37 cells, we treated cells with baicalin at various concentrations
at 0 (NC), 50, 150, and 250 pmol/L for 48 h and detected the
early and late apoptosis via flow cytometry. As Figure 4
shows, the number of apoptotic cells increased, obviously
followed by the gradually raised concentration of baicalin.
We also investigated the early and late apoptosis rates (%) of
cells in the control and three dosing groups. Consistent with
Figure 4, compared with the control group, the apoptosis
rates of three dosing groups were higher not only in the early
stage (2.58 + 0.97 vs 8.5 £ 1.27, 13.6 + 1.47, 22.7 + 2.38,
p <0.05) but also in the late stage (2.38 = 0.72 vs 5.0 + 0.39,
15.0 £ 2.39, 39.8 = 4.59, p < 0.05) of the period of cell
apoptosis (Table S2).

Baicalin Regulates the mRNA Expression of
Apoptosis-related Genes in Bcap-37 Cells

To further probe the potential mechanism of baicalin in the
apoptosis of medullary breast cancer cells (Bcap-37), first of
all, we treated Bcap-37 cells with different concentrations of
0(NC), 50, 150, and 250 umol/L of baicalin for 48 h, extracted
the total RNA, conducted reverse transcription, and PCR
analysis followed. Results exhibited in Table S3, we found
that in contrast to the control group, the mRNA expression
level of Bax (1.00 + 0.08 vs 2.37 £ 0.82%, 3.55 + 0.91%, and
6.41 + 1.45%, &p < 0.05), p38 (1.00 + 0.10 vs 1.81 + 0.49%,
2.88 £ 0.70%, and 5.11 + 1.39%, &p < 0.05), p-ERK1 (1.00 +
0.04 vs 2.16 + 0.32%, 3.14 + 1.35%, and 5.76 £ 1.25%, &p <
0.05), p-ERK2 (1.00 + 0.09 vs 1.66 + 0.45, 2.70 + 1.09%, and
4.12 + 1.82%, &p < 0.05) all were increased significantly in
three dosing groups, while the mRNA expression of Bcl-2
was opposite (1.00 + 0.05 vs 0.71 £ 0.12%, 0.51 + 0.14%, and
0.29£0.11%, &p < 0.05). Data on the mRNA expression of the
genes above was visualized in Figure 5. Thus, we could
conclude that, compared to the control group, all three
concentrations of baicalin could reduce the expression of
apoptosis-related signatures of Bcl-2 while promoting the
levels of Bax, p38, p-ERK1 and p-ERK2, and most of the
differences were statistically significant (p < 0.05).

Baicalin Regulates the Protein Expression of
Apoptosis-related Genes in Bcap-37 Cells

Next, various concentrations of 0 (NC), 50, 150, and 250
umol/L of baicalin were applied to Bcap-37 cells for 48 h.
Then, we conducted a Western blot to find out whether
baicalin affects the protein levels of apoptosis-related genes,
which encompassed p53, caspase-3, caspase-9, Bcl-2, Bax,
p-ERK, and p38. From the results of the Western blot, we
discovered that, compared with the control group, p53,
caspase-3, caspase-9, Bax, p-ERK, and p38 protein
expression were obviously activated, followed by an increase
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Figure 6. The Effects of Baicalin for Protein Expression of p53,
Caspase-3, Caspase-9, Bcl-2, Bax, p-ERK, and p38. Bcap-37 Cells
were Treated with Baicalin at 0, 50, 150, and 250 umol/L for 48 h.
The Density Ratio of Proteins to GAPDH was Shown as Relative
Expression.

Note: Compared with control group, apoptosis-related proteins
mentioned above exhibited statistical difference in per dosing group
(*p < 0.05).
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Figure 7. The Protein Expression of p53, Caspase-3, Caspase-9,
Bcl-2, Bax, p-ERK, and p38 in Bcap-37 Cells Treated with Baicalin
at 150 ymol/L Alone or Combination with PD98059 or SB203580
for 48 h. The Western Blot Analysis was Performed and the
Density Ratio of Proteins to GAPDH was Shown as Relative
Expression.

Note: Compared with group treated with baicalin alone, there was a
significant difference expression of apoptosis-related proteins in group
treated with both baicalin and PD98059 or SB203580 (#p < 0.05).
Compared with the blank group, there was a statistical difference

of several apoptosis-related proteins in group treated with baicalin
combination with PD98059 or SB203580 (4 < 0.05).

in the concentration of baicalin. On the contrary, with the
increased dosage of baicalin, Bcl-2 expression decreases
significantly. In contrast to the negative group, all of the
dosage groups in every signature showed statistical
significance (p < 0.05) (Figure 6). The statistical analysis is
represented in Table S4.

Baicalin Enhances Bcap-37 Cell Apoptosis via the
ERK/p38 MAPK Pathway

Based on the results of the Western blot above, we aimed to
further assess the intrinsic role of ERK and p38 MAPK in the
baicalin treatment of breast medullary carcinoma PD98059
(an ERK-specific inhibitor) and SB203580 (a p38-specific

inhibitor) were applied. Bcap-37 cells were treated with
baicalin at 150 umol/L alone or in combination with PD98059
or SB203580 for 48 h. As Figure 7 shows, compared with
groups treated with baicalin alone, the protein expression of
Bax, p38, p-ERK, caspase-3, and caspase-9 was upregulated
obviously in groups treated with both baicalin and PD98059
or SB203580 (*p < 0.05). Interestingly, we observed that p53
expression showed a statistical difference only between the
group treated with baicalin alone and the group treated with
baicalin and PD98059. Bcl-2 displayed no statistical
difference between any compared groups. In comparison to
the reference group, the protein levels of Bax, p38, p-ERK,
caspase-3, caspase-9, and p53 showed no statistical difference
in the group treated with baicalin in combination with
PD98059 and baicalin with SB203580 except Bcl-2 (& p <
0.05). The statistical analysis is represented in Table S5.
Hence, we concluded that baicalin induces apoptosis through
the ERK/p38 MAPK pathway signaling in medullary breast
cancer Beap-37 cells.

Discussion

Chinese medicine baicalin is widely used in clinical practice
with various pharmacological functions, including anticancer
(Huang et al., 2022; Zu et al., 2023). However, to our
knowledge, regarding the role of baicalin as adjuvant therapy
for MBC, few studies have been conducted. Hence, the
present study aims to explore and clarify the underlying
properties of baicalin in the treatment of MBC.

In the present study, we conducted cell growth assays and
found both concentration-dependent and time-dependent cell
growth capacity suppression in response to baicalin in Beap-
37 cells. As previous research has shown, baicalin promotes
ferroptosis to display anticancer effects via attenuating FTH1
expression in bladder cancer cells 5637 and KU-19-19 (Kong
et al., 2021). Next, we observed that, compared with the
control group, baicalin absolutely reduced the migration rate
of Bcap-37 cells in a concentration-dependent manner.
Which is consistent with previous studies in breast cancer
cells MCF-7 and MDA-MB-231 (Gao et al., 2018). Baicalin
was also found to decrease the invasion and migration
activity of pancreatic carcinoma SW1990 cells (Huang et al.,
2019).

Inducing cancer cell apoptosis is a key mechanism for
baicalin to antitumor.>*35 Similarly, studies indicated that
baicalin triggers the apoptosis activity of breast cancer cells
to enhance the chemosensitivity of docetaxel and doxorubicin
(Lin et al., 2021; Zeng et al., 2020). In accordance with the
preview studies, we found that baicalin significantly promoted
both early and late apoptosis rates of Bcap-37 cells in a
concentration-dependent manner. Apoptosis is a complex
signaling pathway that is mediated by a series of apoptosis-
related genes, including Bax, p38, p53, Bel-2, and ERK1 (Lu
et al., 2022; Wang et al., 2019). Also, a study revealed that
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baicalin promotes apoptosis of MCF-7 cells through
up-regulating p53 and Bax (Wang et al., 2008). Hence, we
carried out RT-qPCR to explore the underlying function of
baicalin in apoptosis-related genes. And we found that,
compared with the control group, the mRNA levels of Bax,
p38, p-ERK1, and p-ERK2 all increased significantly in the
three dosing groups, while the mRNA expression of Bcl-2
was opposite.

As a hub of two apoptotic pathways, the extrinsic (death
receptor pathway) and the intrinsic pathway (mitochondrial
pathway) (Zhang et al., 2022), caspase-3 assumes a vital role
in the final stage of apoptosis (Xu et al., 2022). In the intrinsic
pathway, caspase-3 is controlled by the upstream regulator
caspase-9 (Deng et al., 2022). Bcl-2, which assumes a pivotal
role in the mitochondrial pathway, suppresses cell apoptosis.
On the contrary, Bax induces cell apoptosis if overexpressed
(Sun et al., 2017). Our study indicated that baicalin
upregulated the expressions of caspase-3, caspase-9, and Bax
proteins while downregulating Bcl-2 protein expression in
Bcap-37 cells in a concentration-dependent manner, which is
in line with previous researches. For example, Pang et al.
(2022) observed that baicalin induced apoptosis in
osteosarcoma cells by enhancing Bax and cleaved caspase-3
expression and decreasing Bcl-2 expression. Besides,
baicalin upregulated caspase-3 and caspase-9 expression,
downregulated Bcl-2 and induced apoptosis in gastric cancer
cells and osteosarcoma cells (Wan & Ouyang, 2018; Wang
et al., 2017). p53, encoded by the TP53 gene, acts as one of
the most frequently mutated tumor suppressors in human
cancer and induces cell cycle arrest and apoptosis (Smolle
et al., 2019). In MCF-7 cells, baicalin was found to promote
apoptosis by upregulating the levels of p53 and Bax (Wang
et al., 2008). Consistently, baicalin significantly upregulated
the protein expression of p53, with a statistical difference in
our research.

It has been reported that the ERK/p38 MAPK signaling
pathway is involved in apoptosis in breast cancer and deeply
affects its prognosis (Kumar et al., 2021; Wen et al., 2019;
Xing et al., 2022). Furthermore, literature has demonstrated
that baicalin combined with baicalein promotes apoptosis
capacity in breast cancer cells of MCF-7 via the ERK/p38
MAPK pathway (Zhou et al., 2009). Therefore, we explored
the effect of baicalin on the ERK/p38 MAPK signaling
pathway in medullary breast cancer Bcap-37 cells and
PD98059 (an ERK-specific inhibitor) and SB203580 (a p38-
specific inhibitor) were utilized. Then, we observed that,
compared with the group treated with baicalin alone, the
protein expression of Bax, p38, p-ERK, caspase-3, and
caspase-9 was downregulated obviously in the group treated
with both baicalin and PD98059 or SB203580 (p < 0.05). p53
expression shows a statistical difference only between the
group treated with baicalin alone and the group treated with
baicalin and PD98059. Its mechanism needs more in-depth
research. Compared with the blank group, the protein
expression of Bax, p38, p-ERK, caspase-3, caspase-9, and

p53 showed no statistical difference between the groups
treated with baicalin in combination with PD98059 and
baicalin with SB203580 except Bcl-2 (p < 0.05). Therefore,
we thought that the apoptosis promotion of baicalin to
apoptosis-related proteins was converted by PD98059 and
SB203580.

Conclusion

In summary, baicalin inhibits the proliferation and migration
abilities of medullary breast cancer cells Beap-37. Besides,
baicalin promotes Bcap-37 cell apoptosis via the ERK/p38
MAPK signaling pathway. Our research may contribute to the
individual management of patients with medullary breast
cancer.

Abbreviations

MBC: Medullary breast cancer; IR: Inhibition rate; RT-PCR:
Real-time quantitative; MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide.

Acknowledgments

We thank the editor and reviewers for critical review of the manuscript.

Authors’ Contribution

XL, QT and JL conceived and designed the study. XL cultured the
cells, XL, QT, WL, DZ, and XF performed the experiments. XL,
QT, WL, SH and XS analyzed data. XL and QT contributed to the
writing of the manuscript. All above authors reviewed the
manuscript.

Declaration of Conflicting Interests

The authors assert that the research was conducted without any
commercial or financial relationships that could be interpreted as a
potential conflict of interest.

Supplemental material

Supplemental material is available for this article online.

Statement of Ethical Approval and Informed
Consent

Not applicable.

Funding

The author received no financial support for the research, authorship
and/or publication of this article.

ORCID iD

Xianyong Li‘ 2 https://orcid.org/0000-0001-8575-2428



570

Pharmacognosy Magazine 20(2)

References

Bertucci, F., Finetti, P., Cervera, N., Charafe-Jauffret, E., Mamessier,
E., Adelaide, J., Debono, S., Houvenaeghel, G., Maraninchi, D.,
Viens, P., Charpin, C., Jacquemier, J., & Birnbaum, D. (2006).
Gene expression profiling shows medullary breast cancer is
a subgroup of basal breast cancers. Cancer Research, 66(9),
4636-4644. https://doi.org/10.1158/0008-5472.CAN-06-0031

Cheng, C.-S., Chen, J., Tan, H.-Y., Wang, N., Chen, Z., & Feng,
Y. (2018). Scutellaria baicalensis and cancer treatment: Recent
progress and perspectives in biomedical and clinical studies.
American Journal of Chinese Medicine, 46(1), 25-54. https://
doi.org/10.1142/S0192415X18500027

Deng, S., Krutilina, R. 1., Hartman, K. L., Chen, H., Parke, D. N.,
Wang, R., Mahmud, F., Ma, D., Lukka, P. B., Meibohm, B.,
Seagroves, T. N., Miller, D. D., & Li, W. (2022). Colchicine-
Binding site agent CH-2-77 as a potent tubulin inhibitor sup-
pressing triple-negative breast cancer. Molecular Cancer
Therapeutics, 21(7), 1103—1114. https://doi.org/10.1158/1535-
7163.MCT-21-0899

Ganguly, R., Gupta, A., & Pandey, A. K. (2022). Role of baicalin
as a potential therapeutic agent in hepatobiliary and gastrointes-
tinal disorders: A review. World Journal of Gastroenterology,
28(26), 3047-3062. https://doi.org/10.3748/wjg.v28.i26.3047

Gao, Y., Liu, H., Wang, H., Hu, H., He, H., Gu, N., Han, X., Guo,
Q., Liu, D., Cui, S., Shao, H., Jin, C., & Wu, Q. (2018). Baicalin
inhibits breast cancer development via inhibiting IkB kinase acti-
vation in vitro and in vivo. International Journal of Oncology,
53(6), 2727-2736. https://doi.org/10.3892/ij0.2018.4594

Huang, Q., Zhang, J., Peng, J., Zhang, Y., Wang, L., Wu, J., Ye,
L., & Fang, C. (2019). Effect of baicalin on proliferation and
apoptosis in pancreatic cancer cells. American Journal of
Translational Research, 11(9), 5645-5654. https://www.ncbi.
nlm.nih.gov/pubmed/31632536

Huang, S., Yu, S., Deng, R., Liu, H., Ding, Y., Sun, Y., Chen, W.,
Wang, A., Wei, Z., & Lu, Y. (2022). TRPV4 promotes metasta-
sis in melanoma by regulating cell motility through cytoskeletal
rearrangement. International Journal of Molecular Sciences,
23(23): 15155. https://doi.org/10.3390/ijms232315155

Jiang, T., Chen, Z. H., Chen, Z., & Tan, D. (2020). SULF2 promotes
tumorigenesis and inhibits apoptosis of cervical cancer cells
through the ERK/AKT signaling pathway. Brazilian Journal
of Medical and Biological Research, 53(2), ¢8901. https://doi.
org/10.1590/1414-431X20198901

Jie, Z., Wang, S., Ma, Q., Shen, Y., Zhao, X., Yu, H., Xie, Z., &
Jiang, C. (2022). Pexmetinib suppresses osteoclast formation
and breast cancer induced osteolysis via P38/STAT3 signal
pathway. Journal of Bone Oncology, 35, 100439. https://doi.
org/10.1016/j.jb0.2022.100439

Kong, N., Chen, X., Feng, J., Duan, T., Liu, S., Sun, X., Chen,
P., Pan, T., Yan, L., Jin, T., Xiang, Y., Gao, Q., Wen, C.,
Ma, W., Liu, W., Zhang, M., Yang, Z., Wang, W., Zhang, R.,
& Tao, W. (2021). Baicalin induces ferroptosis in bladder
cancer cells by downregulating FTH1. Acta Pharmaceutica
Sinica B, 11(12), 4045-4054. https://doi.org/10.1016/j.
apsb.2021.03.036

Kumar, D., Patel, S. A., Hassan, M. K., Mohapatra, N., Pattanaik,
N., & Dixit, M. (2021). Reduced IQGAP2 expression promotes
EMT and inhibits apoptosis by modulating the MEK-ERK and
p38 signaling in breast cancer irrespective of ER status. Cel/

Death & Disease, 12(4), 389. https://doi.org/10.1038/s41419-
021-03673-0

Lee, M., Jara-Lazaro, A. R., Cheok, P. Y., & Thike, A. A. (2022).
Medullary breast carcinoma: A pathogenic review and immu-
nohistochemical study using tissue microarray. Singapore
Medical Journal, 63(7), 394-401. https://doi.org/10.11622/
smedj.2021031

Lin, M. Y., Cheng, W. T., Cheng, H. C., Chou, W. C., Chen, H. I,
Ou, H. C., & Tsai, K. L. (2021). Baicalin enhances chemosen-
sitivity to doxorubicin in breast cancer cells via upregulation
of oxidative stress-mediated mitochondria-dependent apopto-
sis. Antioxidants (Basel), 10(10), 1506. https://doi.org/10.3390/
antiox10101506

Liu, H., Wang, H., Dong, A., Huo, X., Wang, H., Wang, J., & Si,
J. (2022). The inhibition of gastric cancer cells' progression by
23,24-Dihydrocucurbitacin E through disruption of the Ras/
Raf/ERK/MMPY signaling pathway. Molecules, 27(9), 2697.
https://doi.org/10.3390/molecules27092697

Lu, M., Lan, X., Wu, X., Fang, X., Zhang, Y., Luo, H., Gao, W.,
& Wu, D. (2022). Salvia miltiorrhiza in cancer: Potential role
in regulating MicroRNAs and epigenetic enzymes. Frontiers
in  Pharmacology, 13, 1008222. https://doi.org/10.3389/
fphar.2022.1008222

Murray, K. A., & Gibson, M. 1. (2022). Chemical approaches to
cryopreservation. Nature Reviews Chemistry, 6(8), 579-593.
https://doi.org/10.1038/s41570-022-00407-4

Pang, H., Wu, T., Peng, Z., Tan, Q., Peng, X., Zhan, Z., Song, L.,
& Wei, B. (2022). Baicalin induces apoptosis and autophagy
in human osteosarcoma cells by increasing ROS to inhibit
PI3K/Akt/mTOR, ERK1/2 and beta-catenin signaling path-
ways. Journal of Bone Oncology, 33, 100415. https://doi.
org/10.1016/j.jb0.2022.100415

Qin, W., Qi, F., Guo, M., Wang, L., & Zang, Y. S. (2021). Hormone
receptor status may impact the survival benefit between medul-
lary breast carcinoma and atypical medullary carcinoma of the
breast: A population-based study. Frontiers in Oncology, 11,
677207. https://doi.org/10.3389/fonc.2021.677207

Romero, P., Benhamo, V., Deniziaut, G., Fuhrmann, L., Berger, F.,
Manie, E., Bhalshankar, J., Vacher, S., Laurent, C., Marangoni,
E., Gruel, N., MacGrogan, G., Rouzier, R., Delattre, O., Popova,
T., Reyal, F., Stern, M. H., Stoppa-Lyonnet, D., Marchio, C.,
& Vincent-Salomon, A. (2018). Medullary breast carcinoma,
a triple-negative breast cancer associated with BCLG overex-
pression. American Journal of Pathology, 188(10), 2378-2391.
https://doi.org/10.1016/j.ajpath.2018.06.021

Singh, S., Meena, A., & Lugman, S. (2021). Baicalin mediated regu-
lation of key signaling pathways in cancer. Pharmacological
Research, 164, 105387. https://doi.org/10.1016/j.phrs. 2020.
105387

Smolle, E., Fink-Neuboeck, N., Lindenmann, J., Smolle-Juettner,
F., & Pichler, M. (2019). The biological and clinical relevance
of Inhibitor of Growth (ING) genes in non-small cell lung can-
cer. Cancers (Basel), 11(8), 1118. https://doi.org/10.3390/can-
cers11081118

Sun, S., Wang, J., Wang, J., Wang, F., Yao, S., & Xia, H. (2019).
Maresin 1 mitigates sepsis-associated acute kidney injury in
mice via inhibition of the NF-kappaB/STAT3/MAPK pathways.
Frontiers in Pharmacology, 10, 1323. https://doi.org/10.3389/
fphar.2019.01323



Li et al.

571

Sun, Y., Ma, G. J., Hu, X. J,, Yin, X. Y., & Peng, Y. H. (2017).
Clinical significance of LMO1 in gastric cancer tissue and its
association with apoptosis of cancer cells. Oncology Letters,
14(6), 6511-6518. https://doi.org/10.3892/01.2017.7102

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram,
I., Jemal, A., & Bray, F. (2021). Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality world-
wide for 36 cancers in 185 countries. CA: 4 Cancer Journal
for Clinicians, 71(3), 209-249. https://doi.org/10.3322/
caac.21660

Ventura-Bixenshpaner, H., Asraf, H., Chakraborty, M., Elkabets,
M., Sekler, 1., Taylor, K. M., & Hershfinkel, M. (2018).
Enhanced ZnR/GPR39 activity in breast cancer, an alterna-
tive trigger of signaling leading to cell growth. Scientific
Reports, 8(1), 8119. https://doi.org/10.1038/s41598-018-
26459-5

Wan, D., & Ouyang, H. (2018). Baicalin induces apoptosis in human
osteosarcoma cell through ROS-mediated mitochondrial path-
way. Natural Product Research, 32(16), 1996-2000. https://
doi.org/10.1080/14786419.2017.1359173

Wang, H., Li, H., Chen, F., Luo, J., Gu, J., Wang, H., Wu, H., &
Xu, Y. (2017). Baicalin extracted from Huangqgin (Radix
Scutellariaec Baicalensis) induces apoptosis in gastric cancer
cells by regulating B cell lymphoma (Bcl-2)/Bcl-2-associated
X protein and activating caspase-3 and caspase-9. Journal of
Traditional Chinese Medicine, 37(2), 229-235. https://doi.
org/10.1016/s0254-6272(17)30049-3

Wang, M., Zeng, X., Li, S., Sun, Z., Yu, J., Chen, C., Shen, X.,
Pan, W., & Luo, H. (2019). A novel tanshinone analog exerts
anti-cancer effects in prostate cancer by inducing cell apoptosis,
arresting cell cycle at G2 phase and blocking metastatic abil-
ity. International Journal of Molecular Sciences, 20(18), 4459.
https://doi.org/10.3390/ijms20184459

Wang, N., Tang, L. J., Zhu, G. Q., Peng, D. Y., Wang, L., Sun, F.
N., & Li, Q. L. (2008). Apoptosis induced by baicalin involving
up-regulation of P53 and bax in MCF-7 cells. Journal of Asian
Natural Products Research, 10(11—12), 1129—1135. https://doi.
org/10.1080/10286020802410664

Wang, Y., Cheng, H., Zeng, T., Chen, S., Xing, Q., & Zhu, B.
(2022). A novel 17 apoptosis-related genes signature could
predict overall survival for bladder cancer and its associations
with immune infiltration. Heliyon, 8(11), e11343. https://doi.
org/10.1016/j.heliyon.2022.e11343

Wang, Z. L., Wang, S., Kuang, Y., Hu, Z. M., Qiao, X., & Ye, M.
(2018). A comprehensive review on phytochemistry, pharma-
cology, and flavonoid biosynthesis of Scutellaria baicalensis.

Pharmaceutical Biology, 56(1), 465—484. https://doi.org/10.10
80/13880209.2018.1492620

Wen, S., Hou, Y., Fu, L., Xi, L., Yang, D., Zhao, M., Qin, Y., Sun, K.,
Teng, Y., & Liu, M. (2019). Cancer-associated fibroblast (CAF)-
derived IL32 promotes breast cancer cell invasion and metastasis
via integrin beta3-p38 MAPK signalling. Cancer Letters, 442,
320-332. https://doi.org/10.1016/j.canlet.2018.10.015

Xing, M., Yang, Y., Huang, J., Fang, Y., Jin, Y., Li, L., Chen, X., Zhu,
X., & Ma, C. (2022). TFPI inhibits breast cancer progression by
suppressing ERK/p38 MAPK signaling pathway. Genes Genomics,
44(7), 801-812. https://doi.org/10.1007/s13258-022-01258-5

Xu, X., Lai, Y., & Hua, Z.-C. (2019). Apoptosis and apoptotic body:
Disease message and therapeutic target potentials. Bioscience
Reports, 39(1), BSR20180992. https://doi.org/10.1042/
BSR20180992

Xu, Z., Lu, D., Yuan, J., Wang, L., Wang, J., Lei, Z., Liu, S., Wu, J.,
Wang, J., & Huang, L. (2022). Storax attenuates cardiac fibrosis fol-
lowing acute myocardial infarction in rats via suppression of ATIR-
Ankrd1-P53 signaling pathway. International Journal of Molecular
Sciences, 23(21), 13161. https://doi.org/10.3390/ijms232113161

Yi, R, Lin, A., Cao, M., Xu, A., Luo, P., & Zhang, J. (2020).
ATM mutations benefit bladder cancer patients treated with
immune checkpoint inhibitors by acting on the tumor immune
microenvironment. Frontiers in Genetics, 11, 933. https://doi.
org/10.3389/fgene.2020.00933

Zeng, A., Liang, X., Zhu, S., Liu, C., Luo, X., Zhang, Q., & Song,
L. (2020). Baicalin, a potent inhibitor of NF-kappaB signal-
ing pathway, enhances chemosensitivity of breast cancer cells
to docetaxel and inhibits tumor growth and metastasis both in
vitro and in vivo. Frontiers in Pharmacology, 11, 879. https://
doi.org/10.3389/fphar.2020.00879

Zhang, T., Shang, R., & Miao, J. (2022). The role of amyloid beta in
the pathological mechanism of GNE myopathy. Neurological
Sciences, 43(11), 6309-6321. https://doi.org/10.1007/s10072-
022-06301-7

Zhou, Q. M., Wang, S., Zhang, H., Lu, Y. Y., Wang, X. F., Motoo,
Y., & Su, S. B. (2009). The combination of baicalin and baica-
lein enhances apoptosis via the ERK/p38 MAPK pathway in
human breast cancer cells. Acta Pharmacologica Sinica, 30(12),
1648-1658. https://doi.org/10.1038/aps.2009.166

Zu,Y.,Liu, Y., Lan, L., Zhu, C., Zhang, C., & Liu, D. (2023). Consecutive
baicalin treatment relieves its accumulation in rats with intrahepatic
cholestasis by increasing mrp2 expression. Heliyon, 9(1), ¢12689.
https://doi.org/10.1016/j.heliyon.2022.e12689



