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Abstract

Background: Perturbations in bone marrow mesenchymal stem cell (BMSC) differentiation play an important role in ster(b
induced osteonecrosis of the femoral head (SONFH). At present, studies on SONFH concentrate upon the balance within BMSC
osteogenic and adipogenic differentiation. However, BMSC apoptosis as well as proliferation are important prerequisites in their
differentiation. The hedgehog (HH) signaling pathway regulates bone cell apoptosis. Baicalin (BA), a well-known compound
in traditional Chinese medicine, can affect the proliferation and apoptosis of numerous cell types via HH signaling. However,
the potential role and mechanisms of BA on BMSCs are unclear. Thus, we aimed to explore the role of BA in dexamethasone
(Dex)-induced BMSC apoptosis in this study.

Methods: Primary BMSCs were treated with 107 mol/L Dex alone or with 5.0 wmol/L, 10.0 pmol/L, or 50.0 wmol/L BA for 24
hours followed by co-treatment with 5.0 wmol/L, 10.0 wmol/L, or 50.0 wmol/L BA and 10~° mol/L Dex. Cell viability was assayed
through the Cell Counting Kit-8 (CCK-8). Cell apoptosis was evaluated using Annexin V-fluorescein isothiocyanate/propidium
iodide (PI) staining followed by flow cytometry. The imaging and counting, respectively, of Hochest 33342/PI-stained cells were
used to assess the morphological characteristics and proportion of apoptotic cells. To quantify the apoptosis-related proteins (e.g.,
apoptosis regulator BAX [Bax], B-cell lymphoma 2 [Bcl-2], caspase-3, and cleaved caspase-3) and HH signaling pathway proteins,
western blotting was used. A HH-signaling pathway inhibitor was used to demonstrate that BA exerts its anti-apoptotic effects via
the HH signaling pathway.

Results: The results of CCK-8, Hoechst 33342/PI-staining, and flow cytometry showed that BA did not significantly promote cell
proliferation (CCK-8: 0 pmol/L, 100%s 2.5 wmol/L, 98.58%; 5.0 pmol/L, 95.18%; 10.0 wmol/L, 98.11%; 50.0 wmol/L, 99.38%,
F=2.33,P > 0.05), but it did attenuate the effect of Dex on apoptosis (Hoechst 33342/PI-staining: Dex+ 50.0 wmol/L BA, 12.27%
vs. Dex, 39.27%, t=20.62; flow cytometry: Dex + 50.0 wmol/L BA, 12.68% vs. Dex, 37.43%, t=11.56; Both P < 0.05). The
results of western blotting analysis showed that BA reversed Dex-induced apoptosis by activating the HH signaling pathway, which
down-regulated the expression of Bax, cleaved-caspase 3, and suppressor of fused (SUFU) while up-regulating Bcl-2, sonic
hedgehog (SHH), and zinc finger protein GLI-1 (GLI-1) expression (Bax/Bcl-2: Dex+ 50.0 pmol/L BA, 1.09 vs. Dex, 2.76,
t=35.12; cleaved caspase-3/caspase-3: Dex + 50.0 wmol/L BA, 0.38 vs. Dex, 0.73, #=10.62; SHH: Dex + 50.0 pwmol/L BA, 0.50
vs. Dex, 0.12, ¢ = 34.01; SUFU: Dex+ 50.0 pmol/L BA, 0.75 vs. Dex, 1.19, #=10.78; GLI-1: Dex+ 50.0 pwmol/L BA, 0.40 vs. Dex,
0.11, £ =30.68. All P < 0.05).

Conclusions: BA antagonizes Dex-induced apoptosis of human BMSCs by activating the HH signaling pathway. It is a potential
candidate for preventing SONFH.
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Introduction

Bone marrow mesenchymal stem cells (BMSCs) are multi-
potent, with the ability to differentiate into adipocytes,
chondrocytes, or osteoblasts.!*! Many diseases, such as
osteoporosis or steroid-induced osteonecrosis of the
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femoral head (SONFH), occur because the balance between
osteogenic and adipogenic differentiation is disrupted.[**!
BMSC apoptosis and proliferation are important prereq-
uisites in their differentiation. Yet, past studies on SONFH
have focused on the unbalanced differentiation of BMSCs
while ignoring their apoptosis and proliferation.
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Dexamethasone (Dex) is one of the common synthetic
glucocorticoids, with the effects of immunosuppression
and anti-inflammation.!®! The long-term use of hormonal
drugs may lead to femoral head necrosis. Indeed,
low concentrations of Dex can induce BMSCs to
differentiate into bone and fat,!”>®! while high concen-
trations (10™°mol/L) can promote and inhibit, respec-
tively, BMSC apoptosis and proliferation.!”'°! This effect
likely contributes to hormonal-drug-induced SONFH. In
a prior study,'! we revealed that certain non-coding
RNAs may be related to Dex-induced apoptosis of
BMSCs. Here, to explore drug and gene-level treatments,
we attempt to elucidate the molecular signaling pathways
related with Dex-induced BMSC apoptosis.

Baicalin (BA) is the main active ingredient extracted from
Scutellaria baicalensis. Because of its anti-tumor, anti-
oxidation, and anti-inflammatory effects,''*'* it has been
broadly applied in traditional Chinese medicine. In
orthopedics, BA can be used to treat osteoarthritis due
to its anti-inflammatory effects on chondrocytes.!'>!”!
Further, it can reduce a;l)optosis by enhancing chondrocyte
autophagy protection''® and ameliorating endoplasmic
reticulum stress.'”! BA has been reported to increase
mesenchymal stem cell (MSC(% survival after transplanta-
tion by reducing apoptosis,'**! as well as the survival of
cardiomyocytes treated with H,0,.*" The hedgehog
(HH) signaling pathway is highly conserved; it regulates
embryonic development and adult tissue homeostasis.!**!
Its abnormal activation can promote tumorigenesis and
tumor development.!*32/ BA can reduce apoptosis via the
HH signaling pathway.*”! As reported in two stud-
ies,[#2% activating the HH signaling pathway reduces the
apoptosis of MSCs. Therefore, this study aimed to explore
whether BA can block Dex-induced BMSC apoptosis
through activating the HH signaling pathway.

Based on prior research, we hypothesize that BA reduces
Dex-induced BMSC apoptosis through activating the HH
signaling pathway. Therefore, we conducted this experi-
ment to verify this hypothesis.

Methods

Ethical approval

Human BMSC (hBMSC) primary cultures were obtained
from three patients (aged 45, 47, and 52 years) with
fractures of femoral neck and received total hip arthro-
plasty at the Affiliated Hospital of Qingdao University.

All patients signed informed consent forms. This study was
approved by the Ethics Committee of the Affiliated
Hospital of Qingdao University (No. QYFYWZLL26792).

Human BMSG isolation, cultivation, and treatment

hBMSCs were extracted from bone marrow tissue as
described in a previous study.**! They were cultivated in
culture flasks in low glucose Dulbecco’s Modified Eagle
Medium containing 1% fetal bovine serum. The culture
flasks were placed in a humidified incubator (ThermoFish
Scientific, Massachusetts, USA). When confluence reached
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8% to 9%, the cells were digested with trypsin and
passaged into new culture flasks at a ratio of 1:2.

Primary hBMSCs were either treated with 10 mol/L
Dex alone or with BA (5.0 pmol/L, 10.0 pmol/L, and
50.0 wmol/L, respectively) for 24 hours followed by co-
treatment with 5.0 pmol/L, 10.0 pwmol/L, or 50.0 wmol/L
BA and 10™°mol/L Dex. Depending on the experimental
condition, the cells were treated with drugs for a different
number of days.

Gell phenotype identification

Each time the primary hBMSCs were extracted, they were
subjected to phenotype identification. First, third-genera-
tion hBMSCs were re-suspended in 100 pwL phosphate
buffered saline (PBS) at a concentration of 1 x 10° cells/mL.
The cell suspensions were then incubated with cluster of
differentiation **(CD34)-phycoerythrin (PE), CD45-PE,
CD73-fluorescein isothiocyanate (FITC), and CD90-FITC
for 45 minutes with the condition of room temperature
and in darkness. All antibodies were purchased from BD
Biosciences (Franklin Lake, New Jersey, United States).
After washing twice with PBS, those single-stained cells
were re-suspended in 100 wL PBS. The negative control was
unstained cells. The five groups of cell samples were
processed using flow cytometry (Apogee A50-MICRO flow
cytometer, Apogee, London, UK).

Osteogenic and adipogenic differentiation of hBMSCs

Third-generation hBMSCs were inoculated into six-well
plates. To induce osteogenic differentiation, when cell
confluence reached 60%, the complete medium would be
replaced with an osteogenic medium (Fuyuanbio, Shang-
hai, China) and cultured for 14 days. To induce
adipogenic differentiation, when cell confluence reached
90%, the complete medium would be replaced with an
adipogenic induction medium (Fuyuanbio) and cultured
for 21 days. The cells were washed with PBS twice,
followed by fixation with formalin (10%). Afterward,
the cells were stained with alkaline phosphatase
(Hat Biotechnology Co. Ltd., Xi’an, China) or Oil Red
O (Solarbio, Beijing, China) for 30 minutes.

Cell viability analysis

For 96-well plates, 5 x 10° cells per well were inoculated,
and further processed after 24 hours according to their
experimental groups. Cell viability was determined by Cell
Counting Kit-8 (CCK-8) assay kit (Solarbio). Complete
medium (100 pL) as well as CCK-8 reagent (10 pnL) were
both added to each well. With the incubation of 1 to
4 hours in a cell incubator, the absorbance was measured
at 450nm by a microplate reader (Tecan, Austria).
Notably, the experiment was repeated three times.

Assessment of apoptotic morphology in Dex-treated hBMSCs

For 24-well plates, a total of 5 x 10 cells per well were
inoculated for 24 hours, followed by further procession
based on their experimental group. Hoechst 33342/
propidium iodide (PI) Kit (Solarbio) was adopted for
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the assessment of apoptotic cells’ morphology following
the manufacturer’s instructions. Apoptotic cells that
displayed morphological characteristics under a fluores-
cence microscope, such as chromosome aggregation,
nuclear division, and nuclear fragmentation, were identi-
fied and counted. Red and blue hyper-fluorescence could
be observed in necrotic cells. The experiment was repeated
three times.

Flow cytometry analysis of apoptotic cells

Third-generation cells were cultured in six-well plates
until the confluence reached approximately 80%. The
cells were subsequently treated with different drugs
according to their assigned group. After staining with
an AnnexinV-FITC/PI apoptosis detection kit (Absin
Biotechnology Co. Ltd., Shanghai, China), an Apogee
AS50-MICRO flow cytometer (Apogee) was used to
quantify the percentage of apoptotic cells. The experiment
was repeated three times.

Western blotting analysis

To extract total protein, pre-chilled radioimmunopreci-
pitation assay (RIPA) lysis buffer (Solarbio) having 1%
protease inhibitor (MedchemEx-press) was applied to lyse
the treated hBMSCs. The bicinchoninic acid protein
detection kit (Meilunbio, Dalian, China) was used to
determine protein concentration. Protein loading buffer
(EpiZyme, Shanghai, China) was added to the extracted
total protein solution at a ratio of 1:4, which was then
heated to 100°C for 10 minutes. Depending on the
molecular weight of the target protein, 6.0% or 12.5%
sodium dodecyl sulphate-polyacrylamide gel electropho-
resis (EpiZyme) was used to separate the protein samples
(30 pg). Next, the proteins were electro-transferred onto
polyvinylidene fluoride (PVDF) membranes (Millipore-
Sigma, Shanghai, China). Subsequently, those membranes
were placed in tris-buffered saline with Tween 20 (TBST)
(Solarbio) containing 5% skimmed milk powder for
1.5 hours. After washed thrice with TBST, PVDF
membranes were first incubated with the primary
antibody at the temperature of 4°C overnight and then
the corresponding secondary antibodies for 1.5 hours. The
PVDF membranes were washed three times with TBST.
The target bands were visualized with ECL-PLUS reagent
(MilliporeSigma), and further scanned by the BioSpectrum
imaging system (ThermoFisher Scientific, Massachusetts,
USA). Image] software (version 1.52; NIH, Bethesda,
USA) was used for quantifying gray values of the target
bands; the results were normalized to glyceraldehyde 3-
phosphate dehydro-genase (GAPDH). The experiment
was repeated three times.

The primary antibodies included: rabbit anti-human sonic
hedgehog (SHH, 2207T), suppressor of fused (SUFU;
2522S), zinc finger protein GLI-1 (GLI-1; 3538T),
apoptosis regulator BAX (Bax; 5023T), B-cell lymphoma
2 (Bcl-2; 4223T), caspase-3 (14220T), and cleaved
caspase-3 (14220T). They were all purchased from Cell
Signaling Technologies (Danvers, USA). The GAPDH
primary antibody as well as all secondary antibodies were
provided by Elabscience (Shanghai, China). The antibody
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dilution solution (Boster Biological Technology, Shang-
hai, China) was used to dilute all antibodies according to
the manufacturer’s instructions.

Statistical analysis

All data were analyzed using SPSS 26.0 software (IBM,
New York, USA). One-way analysis of variance (ANOVA)
was carried out for the comparison among groups, while
the independent Student’s # test was used to compare
between two groups. The data were described as the
mean + standard deviation. P values < 0.05 were consid-

ered to be statistically significant. Figures were created by
GraphPad Prism 8 software (GraphPad, Inc. CA, USA).

Results

hBMSC identification

After three generations of culturing, the bone-marrow
extracted cells displayed a spindle shape [Figure 1A].
Following the induction of osteogenesis or adipogenesis,
respectively, alkaline phosphatase or Oil Red O staining
was used to determine the cells’ ability to differentiate into
osteoblasts or adipocytes [Figures 1B and C]|. The flow
cytometry detection of cell surface markers revealed that
most cells expressed typical BMSC markers: CD73
(95.50%) and CD90 (92.00%); few cells expressed atypical
markers: CD34 (0.22%) and CD45 (0.24%) [Figure 1D].

Role of BA in cell viability

BA’s molecular formula is given in Figure 2A. A complete
medium containing BA at 2.5 pmol/L, 5.0 pmol/L, 10.0
pmol/L, 50.0 wmol/L, or 100.0 wmol/L was used to
cultivate hBMSCs for 6 days. BA at concentrations of 2.5
pmol/L, 5.0 wmol/L, 10.0 pmol/L, 50.0 wmol/L had
almost no effect on cell viability (P > 0.05), while BA at
100.0 pmol/L significantly inhibited hBMSC viability
(P <0.05). Concurrently, BA was unable to promote
hBMSC proliferation [Figure 2B]. Based on these results,
BA at concentrations of 5.0 wmol/L, 10.0 pmol/L, or 50.0
pmol/L were used in the following experiments.

BA reverses Dex-induced inhibition of hBMSC proliferation

CCK-8 analysis was used to evaluate hBMSC proliferation
under different treatment conditions. When compared to
the control group, hBMSCs in the other groups exhibited a
decrease in proliferation (P < 0.05). However, when
compared to the Dex group, cells treated with BA
demonstrated a concentration-dependent increase in
proliferation, whereby proliferation increased with in-
creasing BA concentrations (P < 0.05; Figures 2C and D).
These results indicate that BA can attenuate the inhibitory
effects of high doses of Dex (10°mol/L) on hBMSC
proliferation.

BA blocks Dex-induced hBMSGC apoptosis

High concentrations of Dex (107°mol/L) can cause
hBMSC apoptosis. Apoptotic cells display chromosome
aggregation, nuclear division, and nuclear fragmentation.
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Figure 1: hBMSC verification by morphology and flow cytometry. (A) hBMSC morphology (scale bar: 1000 m). (B) ALP staining (scale bar: 400 .m). (C) Oil Red O staining (scale bar: 400
pm). (D) Identification of hBMSC surface markers by flow cytometry. ALP: Alkaline phosphatase; FITC: Fluorescein isothiocyanate; hBMSC: Human bone marrow mesenchymal stem cell;
Q1: Necrotic cells, Q2: Late apoptotic cells, Q3: Early apoptotic cells, Q4: Normal cells.
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Figure 2: Effect of BA on hBMSC viability. (A) BA chemical formula. (B) hBMSCs were cultured in the presence of differing BA concentrations, and cell viability was measured 6 days later.
BA <50.0 wmol/L did not affect cell viability, while BA at 100.0 pmol/L had a significant inhibitory effect. P< 0.05 compared to the 0 wmol/L BA group, P> 0.05 compared to the 0
pmol/L BA group. (C) The viability of cells in each group following 6 days of treatment. BA alleviated the inhibitory effect of Dex on hBMSC proliferation. (D) Higher concentrations had
stronger effects than lower concentrations. (D) “P<0.05 compared to the control group, P > 0.05 compared to the Dex + 5.0 wmol/L BA group, *P < 0.05 compared to the Dex group,
$P < 0.05 compared to the Dex + 5.0 p.mol/L BA group. BA: Baicalin; Dex: Dexamethasone; hBMSC: Human bone marrow mesenchymal stem cell; OD: Optical density.
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Figure 3: BA attenuated Dex-induced hBMSC apoptosis. (A) Hoechst 33342/PI staining of hBMSCs. Morphology of the stained cells (scale bar: 200 m). The yellow arrow indicates cells
with apoptotic characteristics. (B)The proportion of apoptotic cells following cell counting. (C) Apoptosis was detected using flow cytometry. Flow cytometric analysis of cells with Annexin
V-FITC and P! staining. Q1: Necrotic cells, 02: Late apoptotic cells, Q3: Early apoptotic cells, Q4: Normal cells. (D) The proportion of apoptotic cells in each group. P < 0.05 compared to
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After staining with Hoechst 33342/PI, cells were observed
under a fluorescence microscope, where it was found that

BA reduced the proportion of apoptotic cells caused by
Dex (P < 0.05; Figures 3A and B).

Flow cytometry was carried out for the evaluation of
hBMSC apoptosis under the different treatments. When
compared to the control group, hBMSCs in the other
groups exhibited an increase in apoptosis (P < 0.05).
However, in contrast with the Dex group, hBMSC
apoptosis in BA-treated cells was decreased in a
concentration-dependent manner; that is, it decreased
with increasing BA concentrations [Figures 3C and D].

The degree of apoptosis was further examined at the
molecular level. Western blotting was used to quantify the
expression of apoptosis-related proteins such as Bax, Bcl-
2, caspase-3, and cleaved caspase-3 in hBMSCs. High

doses of Dex (107 mol/L) increased the expression level of
apoptosis related proteins, Bax, Bcl-2, cleaved caspase-3,
compared to Dex group (P < 0.05; Figures 4A and B). The
changes in the expression of these apoptosis-related
molecules depended on BA concentration [Figure 4B].
Altogether, these data indicate that BA can inhibit Dex-
induced apoptosis.

BA reverses Dex-induced apoptosis through the activation
of the HH signaling pathway

In addition to detecting apoptosis-related molecules, we
used western blotting to assay several proteins of the HH
signaling pathway. In hBMSCs treated with Dex (10~
®mol/L), SHH and GLI-1 protein levels were significantly
reduced while SUFU expression was increased (all
P < 0.05). These results imply that Dex inhibits the HH
signaling pathway. When we treated the cells with BA,

1843


http://www.cmj.org

Chinese Medical Journal 2023;136(15)

WWW.CIj.org

A
F F &
NG
N
o &
& 3
NS e
> o N @
N + * s x
e F oe:" & Qei"
Bax | — |
Becl-2 | - |
Caspase-3 | |

Cleaved Caspase-3

SHH | |
SUFU [ i e a—— |
GLI-1 [ e— s s e |
GAPDH [vamn o= e s |

Relative protein expression
(Bax/ Bcl-2)

- -
(=] 2]
1 ]

ot
&
1

| =+
-
4o

S o o
> o ® ©

Relative protein expression
°
N

(Cleaved Caspase-3/ Caspase-3)

o

Control

Dex

Dex+ 5.0 pmol/l. BA
Dex+ 10.0 pmolil. BA
Dex+ 50.0 pmol/L BA

*

Relative protein expression

SHH

SUFU

GLI-1

Figure 4: In ameliorating Dex-induced hBMSC apoptosis, BA activates the HH signaling pathway. Western blotting analysis revealed (A) the protein expression levels of Bax, Bcl-2,
caspase-3, cleaved caspase-3, SHH, SUFU, and GLI-1 in each group. (B) The relative expression of apoptosis-related proteins in each group. (C) The relative expression levels of HH-
signaling-pathway-related proteins in each group. “P<0.05 compared to the control group, P> 0.05 compared to the Dex + 5.0 wmol/L BA group, *P < 0.05 compared to the Dex
group, P < 0.05 compared to the Dex + 5.0 wmol/L BA group. BA: Baicalin; Bax: Apoptosis regulator BAX; Bcl-2: B-cell lymphoma 2; Dex: Dexamethasone; GAPDH: Glyceraldehyde 3-
phosphate dehydrogenase; GLI-1: Zinc finger protein GLI-1; hBMSC: Human bone marrow mesenchymal stem cell; HH: Hedgehog; SHH: Sonic hedgehog, SUFU: Suppressor of fused.

Dex

Dex+ BA

Q2
656

[ev]
368

Pl

PI

LA
Annexin V/ FITC

w0 w0t w0t w0
Annexin V/FITC

Dex+ BA+ CP B
w0 3 @ 304
o 709 P +
E [}
o
10° 4 E 20+
£
10? § _’:‘_
c 104
) <
E ES
3
° Q3 0-
o 168 00‘" & &
™y ™y *% x
o' ot o' e o e
Annexin V/ FITC Q +
0@

Figure 5: A HH signaling pathway inhibitor was used to demonstrate that BA inhibits Dex induced apoptosis of hBMSCs via the HH signaling pathway. (A) Flow cytometric analysis of cells
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SHH and GLI-1 protein expression increased, while SUFU
expression decreased (all P < 0.05; Figures 4A and C).

Notably, when cyclopamine (CP), a HH signaling
pathway inhibitor (MCE, Shanghai, China), and BA were
used concurrently to treat Dex-induced apoptosis of
hBMSCs, the flow cytometry analysis revealed that the
apoptosis rate of the Dex + BA + CP group was
significantly higher than the Dex + BA group (P < 0.05;
Figures SA and B). Moreover, the expression of HH-
signaling-pathway-related proteins indicated that CP can
inhibit the HH signaling pathway [Figures 6A and C] and
significantly weaken the anti-apoptotic effects of BA. We
found that in hBMSCs stimulated by Dex, the effects of
BA on the expression levels of Bax, Bcl-2, and cleaved
caspase-3 were all antagonized by CP (all P<0.05;

Figures 6A and B). Altogether, these findings indicate that
BA exerts its inhibitory effects on Dex-induced apoptosis
via the HH signaling pathway.

Discussion

The value of BMSCs lies in their self-renewing and
multidirectional differentiation abilities. The understand-
ing of the mechanisms underlying their abnormal function
may helE improve the treatment of related orthopedic dis-
eases.*>!) Glucocorticoids are widely used in clinical
treatment, but their long-term use can cause SONFH.
SONFH is a common orthopedic disease; however, its
only treatment is surgery as no drugs are available. Based
on previous studies, we inferred that high concentration of
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bone marrow mesenchymal stem cells; HH: Hedgehog; SHH: Sonic hedgehog; SUFU: Suppressor of fused.

glucocorticoids may cause BMSC apoptosis, which may
be a reason for the occurrence of SONFH. Dex, a common
glucocorticoid, at high concentrations (10 mol/L) can
promote the apoptosis and inhibit the proliferation of
BMSCs.!”1932] Therefore, in this study, 107° mol/LDex
was used to induce hBMSC apoptosis to simulate the
microenvironment of cells in SONFH. Exploring a
compound that can counteract the negative effects of
glucocorticoids may be an effective way to prevent or treat
SONFH.

Traditional Chinese medicine extracts are an important
topic in medical research. BA has been confirmed to affect
the cells’ proliferation as well as apoptosis in various
tumors.1*33¢! Notably, it has been found to have anti-
apoptotic effects on bone cells!'®'” such as chondrocytes
and osteoblasts. However, no studies have explored the
influence of BA on BMSCs.

The HH signaling pathway is important in MSC prolifera-
tion and apoptosis.[****! SUFU and GLI-1 are downstream
effectors of SHH in the HH signal pathway. More
specifically, SUFU releases the bound GLI-1 into the nuclei
of cells. In the nuclei, it controls the target genes’
transcription by binding to their promoters.*”! A growing
number of studies have reported that many effector
molecules that regulate cell proliferation and apoptosis,
such as cyclin-D, cyclin-E, Bcl-2, Bax, and caspase-3, are
downstream molecules of the HH signaling pathway.g 8-40]
We detected molecules associated with the HH signaling
pathway in hBMSCs cultured with a high concentration of
Dex. Reductions in SHH and GLI-1 expression and
increases in SUFU expression indicate inhibition of the

HH signaling pathway. Decreases in GLI-1 expression
leads to the activation of the mitochondrial apoptotic
pathway, which manifests in the increase and decrease,
respectively, of Bax and Bcl-2. Increases in cleaved caspase-
3 levels results in cell apoptosis. Our findings are consistent
with those from previous papers. When we added BA to a
cell culture medium containing a high concentration of
Dex, the HH signaling pathway was activated, which
decreased cell apoptosis. Notably, CP, an inhibitor of
the HH signaling pathway, partially weakened the anti-
apoptotic effects of BA. Altogether, based on these results,
we can reasonably infer that BA ameliorates Dex-induced
hBMSC apoptosis by activating the HH signaling pathway.

During the experimental process, we set a concentration
gradient for BA. At the cellular level, the proportion of
apoptotic cells decreased with increasing BA concentra-
tions. At the molecular level, HH-signaling-pathway-
related and apoptosis-related molecules varied with BA
concentration. The optimal concentration of BA is worthy
of further exploration.

There were some limitations in our study. First, hBMSC
apoptosis induced by a high concentration of Dex cannot
fully encapsulate the pathological changes in the actual
disease process. Second, the metabolism of drugs in the
body is a complex process that requires further experi-
mental verification in animals.

In conclusion, this study confirms that BA can block the
effect of Dex on hBMSC apoptosis by activating the HH
signaling pathway, and this effect is concentration-
dependent.
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