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Background: The impact of Gambogenic acid (GNA), a bioactive component derived from Gamboge, on osteosarcoma (OS) has
not been properly investigated. However, whether GNA could induce autophagy in osteosarcoma cells and its role in inducing
autophagy of osteosarcoma remains unclear. Therefore, this study aimed to elucidate apoptosis and autophagy in GNA-treated-
143B cells and to explore the association between apoptosis and autophagy in these cells after treatment.
Methods: The inhibitory effect of GNA on 143B cells was assessed using Cell Counting Kit-8 (CCK-8) assay. Hoechst
staining and flow cytometric analysis were used to examine the apoptosis rate, and Ad-GFP-LC3B transfection was em-
ployed to evaluate autophagy in treated cells. Intracellular reactive oxygen species (ROS) level and mitochondrial membrane
potential were determined through 2′,7′-Dichlorodihydrofluorescein diacetate (DCFH-DA) and 5,5′,6,6′-tetrachloro-1,1′,3,3′-
tetramethylbenzimidazolylcarbocyanine iodide (JC-1) staining, respectively. Additionally, Western blot analysis was utilized
to assess the expression of apoptosis-related proteins, autophagy, c-Jun N-terminal kinase (JNK) signaling pathway, and mito-
chondrial apoptosis pathway.
Results: The GNA treatment significantly inhibited 143B cell viability and Colony formation (p< 0.05). We observed the involve-
ment of mitochondrial pathways in GNA-induced cell apoptosis (p < 0.05). Furthermore, GNA treatment induced autophagy,
which was suppressed by reactive oxygen species (ROS) scavenger and JNK inhibitor (p < 0.05). Thus, the ROS scavenger
hindered JNK phosphorylation (p < 0.05). Inhibition of autophagy by knockdown of AGT5 enhanced both apoptosis rate and
cytotoxicity of 143B cells following GNA treatment (p < 0.05).
Conclusions: GNA induced apoptosis and autophagy in 143B cells, with apoptosis being associated with the mitochondrial path-
way and autophagy being regulated by the ROS-JNK signaling pathway. Additionally, autophagy played a cell-protective role
against apoptosis.
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Background

Osteosarcoma (OS) is the prevailing malignant tumor
originating from the bone, primarily affecting teenagers
and children, leading to significant disability and mortal-
ity rates [1,2]. The treatment of OS primarily involves
surgery, supplemented by neoadjuvant chemotherapy [3–
6]. Despite the improvement in the clinical outcome of
early non-metastatic OS patients through high-dose com-
bination chemotherapy, the adverse effects linked to com-
monly utilized chemotherapymedications like doxorubicin,
cisplatin, ifosfamide, and methotrexate need considerable
attention. Additionally, increased drug dosage may lead to
reduced sensitivity [5,7,8]. Consequently, there is a crucial
need to explore more effective alternative treatment strate-
gies against OS.

Gambogenic acid (GNA) is a major bioactive compo-
nent derived from gamboge [9]. Recently, GNA has been

found to have significant inhibitory effects against various
cancer types, including melanoma, bladder cancer, colorec-
tal cancer, and nasopharyngeal carcinoma, causing compar-
atively minimal toxicity [10–13]. As a result, GNA holds
potential as a promising candidate for cancer therapy.

Autophagy, the process of breaking down proteins
and organelles to generate energy and remove damaged or-
ganelles, plays a pivotal role in maintaining cellular bal-
ance [14,15]. However, the impact of autophagy on the de-
velopment, progression, and treatment of tumors is like a
double-edged sword. Moreover, depending on factors such
as cancer type, stage, and intervention strategies, autophagy
can either suppress or promote the initiation of tumors. Al-
though the anti-OS effects of GNA have been studied, there
remains controversy regarding its impact on autophagy in
tumor cells [16,17]. Wang et al. [18] found that GNA can
inhibit basal autophagy levels in drug-resistant liver can-
cer cells, thereby increasing their sensitivity to doxorubicin.
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Conversely, Wu et al. [19] indicated that GNA might in-
duce cytoprotective autophagy in prostate cancer cells.

Therefore, we aimed to elucidate whether GNA could
induce autophagy in OS cells and to explore the combined
inhibitory effect of GNA and autophagy inhibition in OS
treatment. Our findings demonstrated that GNA induced
both apoptosis and autophagy inOS cells, regulated through
the involvement of the mitochondrial pathway and reactive
oxygen species-Jun N-terminal kinase (ROS-JNK) path-
way. Furthermore, GNA-induced autophagy in OS cells
exhibited a cytoprotective effect.

Methods

Reagents
GNA was obtained from MCE (HY-N5024, MCE,

Shanghai, China) and was dissolved in DMSO (ST038, Be-
yotime, Shanghai, China) to form a 20 mM stock solution.
Other research materials, including N-acetyl-l-cysteine
(NAC) (A9165), 2′,7′-Dichlorodihydrofluorescein di-
acetate (DCFH-DA) (D6883), and SP600125 (420119)
were purchased from Sigma-Aldrich (St-Louis, MO,
USA). However, the 5,5′,6,6′-tetrachloro-1,1′,3,3′-
tetramethylbenzimidazolylcarbocyanine iodide (JC-1)
(M8650) and Cell Counting Kit-8 (CCK-8) (CA1210) were
purchased from Solarbio (Beijing, China). The Hoechst
33258 (C1017) was obtained from Beyotime (Shanghai,
China).

Cell Culture
The culture of 143B cells (KGG3314-1, KeyGEN

BioTECH, Nanjing, China) was established in Medium
with High Glucose (DMEM) (PM150210, Procell, Wuhan,
China) containing 10% fetal bovine serum (164210, Pro-
cell, Wuhan, China), 100 U/mL penicillin (PB180120,
Procell, Wuhan, China), and 100 mg/mL streptomycin
(PB180120, Procell, Wuhan, China), and subsequently in-
cubated in a humidified incubator at 37 °C in the presence
of 5% CO2. The cells were authenticated using STR profil-
ing and examined for contamination utilizing mycoplasma
testing, and no cross-contamination between cells and no
mycoplasma contamination were found.

According to the experiment purpose, the cells were
divided into the following groups: the control group (the
cells without any treatment), the GNA group (the cells
treated with 1.35 µM GNA for 24 hours), the NAC group
(the cells treated with 10 mM for 1 hour), the SP600125
group (the cells treated with 10 µM SP600125 for 1 hour),
GNA +NAC group (the GNA-treated cells were exposed to
NAC for 1 hour), and GNA + SP600125 group (the GNA-
treated cells were exposed and SP600125 for 1 hour).

Cell Viability Assay
The 143B cells were seeded in 96-well plates and sub-

sequently incubated for 24 hours. After achieving the re-

quired confluence, the cells were subjected to various treat-
ments based on their assigned groups and were incubated
for another 24 hours. After this, 10 µL of CCK-8 reagent
was added to each well followed by incubation. Finally, the
absorbance at 450 nm was evaluated utilizing a microplate
reader (Infinite® 200 Pro, TECAN, Männedorf, Switzer-
land). The viability of cells was assessed using the follow-
ing formula: Cell viability (%) = average optical density
(OD) in the study group/average OD in the control group
× 100%. Furthermore, the inhibitory concentration (IC)25,
IC50, and IC75 concentrations of GNA against 143B cells
were selected as the treatment conditions for subsequent ex-
periments.

Apoptosis Observed by Hoechst Staining
The cells were exposed to GNA for 24 hours. Fol-

lowing incubation, the culture medium was removed and
the cells underwent three consecutive Phosphate-Buffered
Saline (PBS) washes. After this, 200 µL of Hoechst 33258
reagent (10 µg/mL) was introduced into each well and in-
cubated for 5 minutes. After another round of PBS wash,
the cells were observed using a fluorescence microscope
(BX51, Olympus, Tokyo, Japan).

Colony Formation Assay
The cells were cultured in 6-well plates at a density of

1000 cells per well. The cells were then exposed to GNA
for 24 hours followed by incubation for two weeks. After
this, the cells were fixed with paraformaldehyde (P0099,
Beyotime, Shanghai, China) and subsequently underwent
staining with crystal violet (C0121, Beyotime, Shanghai,
China). Finally, cells were examined using a microscope
and the colonies were counted using Image-Pro Plus (ver-
sion 6.0.0.260, Media Cybernetics, Rockville, MD, USA).

SiRNA Transfection
SiRNA targeting autophagy related gene 5

(ATG5) was procured from APExBIO (Shanghai,
China). The siRNA sequences were as follows:
small interfering RNA targeting ATG5 (siATG5):
5′-CCUGAACAGAAUCAUCCUUAA-3′; small in-
terfering RNA targeting negative control (siNC): 5′-
UUCUCCGAACGUGUCACGUTT-3′. The cells were
transfected with siRNA utilizing Lipofectamine 8000
reagent (C0533, Beyotime, Shanghai, China) following
the manufacturer’s guidelines. For transfection purposes,
32 µL of Lipofectamine 8000 and 800 pmol of siRNA
were mixed into 1 mL serum-free DMEM. Following a
20-minute incubation at ambient temperature, the mixture
was introduced into the cell culture dish with a cell fusion
rate of 80%. After transfection for 24 hours, the cells
underwent specified treatment. Finally, 2 days after trans-
fection knockdown efficiency was determined employing
Western blot analysis.
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Table 1. A list of antibodies used in Western blot analysis.
Target Product code Host Source Dilution Secondary antibody

Pro-Caspase 3 R22842 Rabbit Zenbio, Chengdu, China 1000 Anti-rabbit
Cleaved-Caspase 3 341034 Rabbit Zenbio, Chengdu, China 1000 Anti-rabbit
Cleaved-PARP1 380374 Rabbit Zenbio, Chengdu, China 1000 Anti-rabbit
Cytochrome C R22867 Rabbit Zenbio, Chengdu, China 1000 Anti-rabbit
Bax R22708 Rabbit Zenbio, Chengdu, China 1000 Anti-rabbit
Bcl-2 R23309 Rabbit Zenbio, Chengdu, China 1000 Anti-rabbit
LC3 R381544 Rabbit Zenbio, Chengdu, China 1000 Anti-rabbit
Beclin-1 381896 Rabbit Zenbio, Chengdu, China 1000 Anti-rabbit
p62 R25788 Rabbit Zenbio, Chengdu, China 1000 Anti-rabbit
T-JNK R22866 Rabbit Zenbio, Chengdu, China 1000 Anti-rabbit
P-JNK R381100 Rabbit Zenbio, Chengdu, China 1000 Anti-rabbit
ATG5 R23497 Rabbit Zenbio, Chengdu, China 1000 Anti-rabbit
GAPDH 200306 mouse Zenbio, Chengdu, China 1000 Anti-mouse
Goat Anti-Mouse IgG 511103 Goat Zenbio, Chengdu, China 5000 /
Goat Anti-Rabbit IgG 511203 Goat Zenbio, Chengdu, China 5000 /
JNK, Jun N-terminal kinase; T, total; P, phosphorylated; PARP, poly ADP-ribose polymerase; Bax,
BCL2-associated X protein; Bcl-2, Apoptosis regulator Bcl-2; LC3, microtubule-associated protein 1
light chain 3; ATG, autophagy related gene; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

Autophagic Autophagosome Observed through
Ad-GFP-LC3B Transfection

The cells were transfected with Ad-GFP-LC3B
(C3006, Beyotime, Shanghai, China) following the manu-
facturer’s instructions. The culture medium was refreshed,
and the cells were treated with GNA for 12 hours. Finally,
cell nuclei were stained with DAPI, and observed using a
fluorescence microscope (BX51, Olympus, Tokyo, Japan).

Assessment of Intracellular ROS through DCFH-DA
Staining

The cells were seeded in 6-well plates followed by a
12-hour exposure to GNA. After this, 10 µM DCFH-DA
staining solution was added to each well and incubated for
20 minutes. After a thorough washing step, the fluores-
cence of intracellular ROS was observed using a fluores-
cence microscope (BX51, Olympus, Tokyo, Japan) and an-
alyzed through Image-Pro Plus (version 6.0.0.260, Media
Cybernetics, Rockville, MD, USA).

Evaluation of Mitochondrial Membrane Potential
(Mt∆ψ) Using JC-1 Staining

Following a 12-hour exposure to GNA, 1 mL of JC-1
solution was introduced into each well followed by incuba-
tion for 20 minutes. Subsequently, the cells were washed
with staining buffer and observed utilizing a fluorescence
microscope (BX51, Olympus, Tokyo, Japan) as well as col-
lected for flow cytometry assay.

Flow Cytometry
After the indicated treatments, the cells underwent

trypsin digestion followed by centrifugation. In the next
step, the cells were resuspended in 1× binding buffer pro-

vided in the Annexin V-Propidium iodide (PI) apoptosis de-
tection kit (BB-4102, BestBio, Shanghai, China), and their
concentration was adjusted to 1× 106/mL. After this, 5 µL
of Annexin V and 5 µL of PI solution were added into 400
µL of cell suspension followed by incubation at room tem-
perature for 10 minutes in the dark. Finally, the apopto-
sis rate was assessed utilizing a flow cytometer (Navios 2L
8C, Beckman, Brea, CA, USA) and analyzed through the
FlowJo V10 software (Ashland, Franklin, NJ, USA).

Western Blot

After treatments, the cells were harvested and un-
derwent lysis in radioimmunoprecipitation assay buffer
(P0013B, Beyotime Shanghai, China) containing protease
(P1005, Beyotime, Shanghai, China) and phosphatase in-
hibitors (P1260, Solarbio, Beijing, China). The cells were
placed on ice for 30 minutes and processed through ultra-
sonic cell lysis apparatus. Moreover, total proteins were
collected through centrifugation. Furthermore, cytoplas-
mic proteins were extracted using a cell mitochondrial iso-
lation kit (C3601, Beyotime, Shanghai, China) following
the manufacturer’s instruction. For cytoplasmic protein ex-
traction, cells were resuspended in a mitochondrial sepa-
ration reagent followed by homogenization and centrifu-
gation. The resulting supernatant was collected, and the
proteins were quantified employing a BCA protein quan-
tification kit (P0010S, Beyotime, Shanghai, China). Af-
ter this, the proteins were mixed with sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-PAGE) load-
ing buffer (P0015, Beyotime, Shanghai, China) and subse-
quently heated. In the next step, proteins were separated
using SDS-PAGE and subsequently transferred onto PVDF
membranes. The membranes were blocked with 5% skim
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Fig. 1. GNA inhibited the viability and proliferation of 143B cell lines. (A) The chemical structure of GNA. (B) Cell viability of
143B cells following treatment with GNA at concentrations of 0, 0.125, 0.25, 0.5, 1, 2, 4 and 8 µM for 24 hours. (C) Colony formation
assay. ∗∗p < 0.01 vs. the control group (n = 3), ∗∗∗p < 0.001 vs. the control group (n = 3). GNA, Gambogenic acid; IC, inhibitory
concentration.

milk at room temperature for 2 hours. After this, the mem-
branes underwent overnight incubation with corresponding
primary antibodies at 4 °C (Table 1). The following day,
the membranes were washed with TBST, and exposed to
a horseradish peroxidase-labeled secondary antibody for 1
hour (Table 1). Following a thorough washing step, the im-
munoblots were developed using an ECL kit (17047, Zen-
bio, Chengdu, China) and a gel imaging system (Fusion FX,
Vilber, Paris, France). Finally, the grayscale values of the
protein bandswere determined using Image J software (Ver-
sion 1.51j8, National Institutes of Health, Bethesda, MD,
USA). The β-actin was used as an internal control.

Statistical Analysis
Statistical analyses were performed using SPSS (Ver-

sion 19, IBM, New York, NY, USA). Each experiment was
independently replicated three times and data were pre-
sented as mean ± SD. The comparison of the two groups
was conducted using a t-test, while one-way ANOVA was
employed for multiple-group comparisons. However, S-N-
K (Student-Newman-Keuls) was used for post hoc analy-
sis. The statistical significance was indicated at a p-value
of <0.05.

Results

GNA Exerted a Potential Anti-Proliferative Effect on
OS 143B Cells

The chemical structure of GNA is shown in Fig. 1A.
The CCK-8 assay revealed that following 24-hour expo-
sure, the IC25, IC50, and IC75 concentrations of GNA
against 143B were 0.45 µM, 1.35 µM, and 3.01 µM, re-
spectively, and these concentrations were used for subse-
quent experiments (Fig. 1B). Furthermore, GNA signifi-
cantly suppressed the colony formation capability of 143B
cells (p< 0.05, Fig. 1C). These findings indicate a potential
anti-proliferative effect of GNA on OS 143B cells.

GNA Treatment Induced Apoptosis in 143B Cells
To observe the morphological changes in 143B cells

after treatment, we employed Hoechst 33258 for cell
nucleus staining and examined the apoptotic alterations
through a fluorescence microscope. Following 24 hours of
GNA treatment, the chromatin density of 143B cells was
enhanced, resulting in a bright blue appearance (Fig. 2A).
Additionally, they exhibited the characteristic morpholog-
ical alterations associated with apoptosis, such as nuclear
shrinkage, compaction, and nuclear fragmentation. Never-
theless, the control group remained unchanged. Further-
more, Western blot revealed that GNA treatment signifi-
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Fig. 2. GNA treatment induced apoptosis in 143B cells. (A) Hoechst 33258 staining of 143B cells. Arrowhead; nuclear shrinkage,
compaction, and bright staining; Arrow: nuclear fragmentation. (B) Protein expression levels were assessed using Western blot. (C) The
apoptosis ratio was assessed using flow cytometric analysis. ∗p< 0.05 vs. the control group (n = 3), ∗∗p< 0.01 vs. the control group (n
= 3), ∗∗∗p < 0.001 vs. the control group (n = 3).

cantly increased the expression levels of cleaved caspase-
3 and cleaved poly ADP-ribose polymerase (PARP) (p
< 0.05, Fig. 2B). Additionally, the flow cytometry assay
showed a significantly higher level of apoptosis following
24 hours of GNA treatment (p< 0.05, Fig. 2C). These find-
ings suggest that GNA treatment induced apoptosis in 143B
cells.

GNA-Induced Apoptosis Involves the Mitochondrial
Pathway

Since GNA has been recognized for the potential to
harm the mitochondria of 143B cells [19,20]; thus, we in-
ferred that apoptosis induced in these cells by GNA might
be linked to the mitochondrial pathway. JC-1 serves as a
fluorescent indicator to detect Mt∆ψ. Under homeostatic
conditions, the Mt∆ψ remains normal, leading JC-1 to ag-
gregate and emit red fluorescence. However, when mito-
chondria are damaged, Mt∆ψ decreases, causing JC-1 to
exist in monomeric form and emit green fluorescence. Con-
sequently, the ratio of red fluorescence to green fluores-

cence is proportional to the Mt∆ψ. Flow cytometry and
fluorescence microscope revealed that GNA treatment sig-
nificantly decreased the Mt∆ψ in 143B cells (p < 0.05,
Fig. 3A). Moreover, 24 hours after GNA treatment, the ex-
pression of Cytochrome c in the cytoplasm and the whole
cell BCL2-associated X protein (Bax) was significantly in-
creased (p < 0.05), while the whole cell Apoptosis regu-
lator Bcl-2 (Bcl-2) was substantially decreased (p < 0.05,
Fig. 3B). These findings suggest the involvement of mito-
chondrial pathways inGNA-induced apoptosis within 143B
cells.

GNA-Induced Autophagy in 143B Cells
Following transfection of the cells with Ad-GFP-

LC3B, during non-autophagic conditions, the green fluores-
cence dispersed in the cytoplasm, while aggregated on the
autophagosome membrane during autophagic conditions,
appearing as green fluorescence puncta. As depicted in
Fig. 4A, in the GNA treatment groups, numerous green
spots were observed in 143B cells following 12 hours of
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Fig. 3. GNA-induced apoptosis involves the mitochondrial
pathway in 143 cells. (A) Cells stained with a 5,5′,6,6′-
tetrachloro-1,1′,3,3′-tetramethylbenzimidazolylcarbocyanine io-
dide (JC-1) fluorescent probe were examined using a fluorescence
microscope and flow cytometry. (B) Whole-cell protein was ex-
tracted to analyze Bax and Bcl-2 usingWestern blot, while cytosol
fractions were utilized for Cytochrome c assay. ∗p < 0.05 vs. the
control group (n = 3), ∗∗p < 0.01 vs. the control group (n = 3),
∗∗∗p < 0.001 vs. the control group (n = 3).

treatment. However, there were no such spots found in the
control group, suggesting that GNA treatment induced the
formation of autophagosomes. When autophagy is initi-

ated, microtubule-associated protein 1 light chain 3 (LC3)
undergoes modification from form I to form II, which facil-
itates autophagosome formation. Consequently, the ratio
of LC3-II/LC3-I shows the extent of autophagy [21]. Fur-
thermore, Beclin-1 is another marker associated with the
initiation of autophagy [22]. However, the autophagy re-
ceptor protein P62 undergoes degradation with the com-
pletion of the autophagy process. Western blot revealed
that the levels of LC3-II/LC3-I and Beclin-1 were increased
while P62 decreased following GNA treatment (p < 0.05,
Fig. 4B). These findings suggest that GNA treatment in-
duced autophagy in 143B cells.

GNA-Induced Autophagy can be Regulated by the
ROS-JNK Signaling Pathway

The JNK pathway has been identified as crucial in
regulating autophagy, with ROS that can activate c-Jun N-
terminal kinase (JNK) and trigger autophagy [23–25]. We
found that GNA treatment significantly increased the level
of ROS and phosphorylated JNK in 143B cells (p < 0.05,
Fig. 5A,B). We observed that NAC reversed the phospho-
rylation of JNK and the increased the ratio of LC3-II/LC3-I
(p < 0.05, Fig. 5C), suggesting that the ROS induced au-
tophagy as well as activated JNK. Furthermore, in cells pre-
treated with SP600125, the inhibition of JNK was accom-
panied by a reversal of the upregulated LC3-II/LC3-I ra-
tio induced by GNA (p < 0.05, Fig. 5D). These findings
suggest that GNA-induced autophagy in 143B cells can be
regulated by the ROS-JNK signaling pathway.

Autophagy Induced in 143B Cells by GNA Exhibits a
Protective Role against Apoptosis

The role of autophagy is intricate and differs depend-
ing on the characteristics of cells and the stimulus type. To
evaluate the effect of autophagy elicited by GNA in 143B
cells, we pretreated certain cells with small interfering RNA
targeting ATG5 (siATG5), which hindered the autophagy
process [26,27], and then subjected them toGNA treatment.
Apoptosis levels were assessed employing flow cytometry.
It was found that inhibition of autophagy significantly in-
creased the GNA-induced apoptosis (p < 0.05, Fig. 6A,B).
Furthermore, Western blot showed that inhibition of au-
tophagy significantly decreased LC3 II expression while in-
creasing the levels of cleaved caspase-3 and cleaved PARP
(p < 0.05, Fig. 6C). Moreover, the CCK-8 assay revealed
that autophagy inhibition enhanced the inhibitory impact of
GNA on 143B cells (p < 0.05, Fig. 6D). These outcomes
demonstrate that autophagy induced in 143B cells by GNA
exhibits a protective role against apoptosis.
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Fig. 4. GNA treatment induced autophagy of 143B cells. (A) Cells transfected with Ad-GFP-LC3Bwere observed using a fluorescence
microscope for the formation of autophagosomes. (B) Protein expression levels were assessed through Western blot. ∗p < 0.05 vs. the
control group (n = 3), ∗∗p < 0.01 vs. the control group (n = 3), ∗∗∗p < 0.001 vs. the control group (n = 3).

Fig. 5. GNA-induced autophagy in 143B cells can be regulated by the ROS-JNK signaling pathway. (A) ROS levels in 143B cells.
(B–D) Protein expression levels were assessed through Western blot. ∗p< 0.05 vs. the control group (n = 3), ∗∗p< 0.01 vs. the control
group (n = 3), ∗∗∗p < 0.001 vs. the control group (n = 3), #p < 0.05 vs. the GNA group (n = 3), ##p < 0.01 vs. the GNA group (n = 3),
###p < 0.001 vs. the GNA group (n = 3). ROS, reactive oxygen species; NAC, N-acetyl-l-cysteine.
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Fig. 6. Autophagy induced in 143B cells by GNA exhibits a protective role against apoptosis. (A) Knockdown efficiency of siATG5
was determined using Western blot. (B) The apoptosis rate was observed using flow cytometric analysis. (C) Protein expression levels
were assessed through Western blot. (D) Cell viability. ∗p< 0.05 vs. the control group (n = 3), ∗∗p< 0.01 vs. the control group (n = 3),
∗∗∗p < 0.001 vs. the control group (n = 3), #p < 0.05 vs. the GNA group (n = 3), ##p < 0.01 vs. the GNA group (n = 3), ###p < 0.001
vs. the GNA group (n = 3). siATG5, small interfering RNA targeting ATG5; siNC, small interfering RNA targeting negative control.
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Discussion

The standard approach for treatingOS involves neoad-
juvant chemotherapy combined with limb salvage surgery,
contributing to a modest improvement in the survival rate
of patients. Nevertheless, certain individuals may exhibit
insensitivity or resistance to chemotherapy. Hence, there
is a pressing need to develop novel or enhanced treatment
options for OS. Chinese Medicine (CM), known for its
ability to target multiple aspects and have diverse biolog-
ical effects, has shown promising outcomes in treating tu-
mors with minimal adverse reactions [28–31]. Presently,
research has been focusing on the application of CMs for
treating OS and has emerged as a popular area of investiga-
tion. GNA, the major bioactive component extracted from
Gamboge, has been recognized for its anti-cancer proper-
ties against various tumors including OS [19]. However,
the precise mechanism of GNA against OS is yet to be fully
understood. Therefore, we explored the inhibitory effect
and potential mechanisms of GNA in human osteosarcoma
cells (143B).

The findings of our study demonstrated that GNA ex-
hibited an inhibitory effect on 143B cells, consistent with
the outcome reported by Liu et al. [17]. Furthermore, we
investigated the potential mechanisms underlying GNA’s
anti-OS properties and discovered that it triggered apopto-
sis and autophagy in 143B cells. These two crucial cellular
processes can be triggered by various treatments such as
chemotherapy, radiotherapy, and other therapeutic meth-
ods [32–34]. The detailed mechanisms underlying their
induction are complex and vary depending on the type of
stimulus and the cellular genotype. Therefore, elucidating
these mechanisms can help in regulating apoptosis and au-
tophagy, thereby enhancing the anti-OS properties of GNA
[35].

Liu et al. [17] reported that GNA can damage the
mitochondria of OS cells, but it remains unclear whether
this is related to the induction of apoptosis. The activation
of the mitochondrial-related apoptotic pathway results in
reduced Mt∆ψ, thereby releasing Cytochrome c from the
mitochondria. Subsequently, the release of Cytochrome c,
along with Apaf-1 and procaspase-9, forms a protein com-
plex. This complex activates caspase-9, which then acti-
vates caspase-3, ultimately completing the apoptosis pro-
cess [36,37]. Furthermore, the Bcl-2 group also plays a
role in this process by regulating the release of Cytochrome
c. Bcl-2 maintains the stability of the mitochondrial mem-
brane permeability. Conversely, Bax can enhance mem-
brane permeability [38–40]. These proteins serve as indi-
cators linked to mitochondria-related apoptosis. In this re-
search, we examined the initiation of the apoptotic path-
way related to mitochondria in GNA-treated 143B cells.
Our findings indicate a substantial reduction in the Mt∆ψ
of 143B cells following GNA treatment, as evidenced by
the results obtained from JC-1 staining. Moreover, West-

ern blot demonstrated that GNA triggered the release of Cy-
tochrome c, reduced the expression of Bcl-2, and enhanced
the expression of Bax in 143B cells. These findings, col-
lectively, suggest the involvement of mitochondrial-related
apoptotic pathways in GNA-induced apoptosis in 143B
cells.

ROS and JNK can participate in the induction of au-
tophagy, with ROS also serving as an activation signal for
the JNK signaling pathway [41–43]. In this study, after
GNA treatment, we found a significant increase in intra-
cellular ROS levels and JNK phosphorylation. The induc-
tion of autophagy by GNA was significantly suppressed by
SP600125, an inhibitor of JNK. Additionally, we discov-
ered that NAC exhibited a substantial impact on reducing
JNK phosphorylation and autophagy, indicating that ROS
acts as an activator of JNK signaling. Thus, GNA-induced
autophagy in 143B cells was found to be regulated by the
ROS-JNK signaling pathway, as evidenced by these find-
ings.

Furthermore, we demonstrated that GNA triggered
apoptosis and autophagy in 143B cells; however, the
correlation between these two processes remained uncer-
tain. Understanding the connection between autophagy and
apoptosis triggered by GNA could aid in controlling these
processes, thereby enhancing the anti-cancer properties of
GNA. Autophagy is a frequently used mechanism of treat-
ment tolerance. However, Mei et al. [44] discovered that
GNA can trigger abnormal autophagy leading to the death
of lung cancer cells, and inhibition of autophagy signifi-
cantly reduced the cell death caused by GNA, indicating a
pro-death function of autophagy in cancer cells treated with
GNA. In our study, ATG5 gene silencing significantly mag-
nified the level of apoptosis induced by GNA. Additionally,
the CCK-8 assay revealed that ATG5 gene silencing signifi-
cantly enhanced the inhibitory effect of GNA on the viabil-
ity of 143B cells. Therefore, inhibiting autophagy may be a
method to enhance the anti-osteosarcoma effects of GNA.

Conclusions

In conclusion, GNA induced apoptosis and autophagy
in 143B cells, with apoptosis being associated with the
mitochondrial pathway and autophagy being regulated by
the ROS-JNK signaling pathway. Furthermore, autophagy
played a cell-protective role against apoptosis.
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