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Background: Gamboge, a desiccating resin secreted by the gamboge tree, has shown potential anti-tumor effects. However, its
impact and the underlying mechanisms against lung cancer are not well understood. This study explores the molecular mech-
anisms through which epigambogic acid A, a principal component of gamboge, inhibits the proliferation of non-small cell lung
cancer (NSCLC) cells.
Methods: Normal lung epithelial cells BEAS-2B and human NSCLC cells were exposed to various concentrations of epigambogic
acid A for 48 and 72 hours (h). Cell viability was assessed using a Cell Counting Kit-8 (CCK-8) assay, while colony formation
ability was determined through a colony formation assay. Transwell invasion andmigration assays were used to evaluate the cells’
migratory and invasive capacities. Apoptotic processes were analyzed through flow cytometry, and expressions of associated
biomarkers were investigated usingWestern blot. The Illumina HiSeq XTEN platform facilitated sequencing, while quantitative
Real-time Polymerase chain reaction (qRT-PCR) quantified the expression of collagen type III alpha 1 chain (COL3A1) and
disrupted in renal cancer 1 (DIRC1).
Results: Epigambogic acid A significantly inhibited NSCLC cell growth, with a 99.94% inhibition rate. It also reduced cell colony
formation and suppressed themigratory and invasive abilities of NSCLC cells, and promoted apoptosis (p< 0.05). Transcriptome
sequencing and analysis revealed that epigambogic acid A significantly decreased oncogene levels, includingDIRC1 andCOL3A1.
Furthermore, DIRC1 was found to enhance colony formation and proliferation of NSCLC cells (p < 0.05).
Conclusions: This study demonstrates that epigambogic acidA effectively suppresses tumor growth inNSCLCbydownregulating
DIRC1 expression. These findings suggest that epigambogic acid A is a potential therapeutic target for NSCLC treatment.
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Introduction

Lung cancer remains the leading cause of cancer-
related mortality worldwide, with non-small cell lung can-
cer (NSCLC) representing the majority of cases [1]. The
incidence of Lung adenocarcinoma, the main pathologi-
cal form of NSCLC, has shown a significant increase from
36.4% to 53.5%, highlighting its global predominance [2].
In recent years, with the in-depth understanding of genes
and immune research, personalized therapy characterized
by molecular targeted therapy and immunotherapy has be-
come a promising modality for the treatment of NSCLC
[3,4]. Although the therapy of NSCLC increased the sur-
vival of all ethnic groups by approximately 35%, patients
with NSCLC still have a low 5-year life expectancy com-
pared to those with other types of cancer [2,5]. Thus, there

is an urgent need to develop novel anti-cancer treatments
with reduced toxicity and strong efficacy [6,7].

Anti-tumor components from natural products have
great potential for new drugs development. Several com-
pounds, such as irinotecan [8,9], topotecan [10], and pacli-
taxel [11], have been developed from natural sources and
have demonstrated remarkable anti-tumor efficacy. Gam-
boge, a yellow resin derived from the Garcinia tree, specif-
ically from the trunk of the Garcinia hanburyi, has at-
tracted attention for its broad-spectrum anti-cancer prop-
erties. Gambogic acid has broad-spectrum anti-tumor ac-
tivity, including inducing autophagy [12] and apoptosis of
tumor cells [13], blocking the cell cycle [14], inhibiting
metastasis of cancer cells, inhibiting the angiogenesis of
tumors and reversing multidrug resistance of tumor cells
[15,16]. Epigambogic acid A, a standout compound iso-
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lated from this resin, has emerged as a significant area of
interest due to its potential in cancer therapy. Specifically
extracted from the resin secreted by the gamboge stalk, the
mechanism of action of epigambogic acid A in cancer treat-
ment remains unclear.

The promising role of epigambogic acid A in cancer
therapy is believed to be partly due to its ability to modulate
gene expression related to tumor progression. Disrupted in
renal cancer 1 (DIRC1) was initially identified to be closely
correlated with the onset of kidney cancer. High expression
of DIRC1 is observed in gastric cancer (GC), however, its
expression is low in the testis, adult placenta, and skeletal
muscle. DIRC1 is linked with the growth, penetration, and
dissemination of GC cells [17,18]. However, the functional
study of DIRC1 in lung cancer is limited. In this study,
we extracted a novel compound, epigambogic acid A, from
gamboge and conducted comprehensive in vitro research to
reveal its functional role in NSCLC. Furthermore, we in-
vestigated the mechanism through which epigambogic acid
A might influence the progression of NSCLC through its
interaction with DIRC1.

Materials and Methods

Isolation of Epigambogic Acid A
The Garcinia resin was purchased from the Yunnan

Jin-Fa Pharmaceutical Co. Ltd. (Kunming, China). The
material was validated at Yunnan University of Traditional
Chinese Medicine by Prof. Bin Qiu. A voucher specimen
labelled with the code CHYX0629 has been formally sub-
mitted to Shenzhen University’s School of Pharmaceutical
Sciences (Shenzhen, China). A crude extract was obtained
by ultrasonically treating 600 g of Garcinia resin (3 L ×
1 h) at 25 °C with 95% EtOH. Subsequently, the extract
was concentrated under low pressure. Altogether, 10 frac-
tions (Fr.A–Fr.J) were produced by isolating the 390 g of ex-
tract on a silica gel column (200–300 mesh) and then eluted
with a petroleum ether–acetone gradient (100:0→50:50).
Fr.G (49.0 g) was partitioned into Fr.G.1–Fr.G.3 using
MCI gel CHP 20P (Methanol/H2O, 80%→100%). Fr.G.3
(10.0 g) underwent chromatography on a silica gel col-
umn and eluted with petroleum ether-Me2CO (100:0→3:1)
to generate six fractions (Fr.G.3.1–Fr.G.3.6). Fr.G.3.4
(500.0 mg) was subjected to Sephadex LH-20 chromatog-
raphy (Methanol) followed by semi-preparative High Per-
formance Liquid Chromatography (HPLC) (Methanol/H2O
containing 0.05% Trifluoroacetic Acid (TFA), 92%) to pro-
duce the compound epigambogic acid A (tR = 22.2 min,
31.0 mg, flow rate: 3 mL/min).

Cell Culture and Transfection
The human NSCLC cell lines (PC9, HCC827, H1975,

A549, and H1299) and the normal pulmonary epithelial
cells BEAS-2B were procured from Guangzhou CellCook
Biological Science and Technology Ltd. (Guangzhou,

China). All cell lines were cultured in RPMI 1640
medium (11875168, Thermo Fisher Scientific, Waltham,
MA, USA) supplemented with 10% fetal bovine serum
(FBS; A5669501, Thermo Fisher Scientific, Waltham,
MA, USA) and 1% penicillin-streptomycin-glutamine
(10378016, Thermo Fisher Scientific, Waltham,MA, USA)
at 37 °C, under standard conditions. BEAS-2B cells were
kept in 5% CO2 at 37 °C in BEGM medium (Lonza CC-
3170, Guangzhou CellCook Biological Science and Tech-
nology Ltd., Guangzhou, China). The cells were assessed
for mycoplasma contamination using the Applied Biosys-
temsMycoSEQ detection kit (4460623, Thermo Fisher Sci-
entific, Waltham, MA, USA), confirming negative results.
Furthermore, STR identification was validated by Wuhan
Zhishan Biotech Co. Ltd. (Wuhan, China), on 5th August,
2022.

For transfection, the cells in the logarithmic growth
phase (2 × 105/mL) were cultured in 6-well plates, trans-
fected at 70% confluency, and then incubated at 37 °C
with 5% CO2 for 6 h. The culture medium was replaced
with a complete cell culture medium, and cells were al-
lowed to grow for further 48 h. Afterwards, the transfec-
tion efficiency and subsequent analyses were conducted.
GenePharma (Shanghai, China) provided empty vector
(control vector) and overexpression ofDIRC1 (ov-DIRC1).

Cell Viability Assay
Approximately 3 × 103 cells/well of each cell line

(PC9, A549, HCC827, H1975, H1299, and BEAS-2B)
were cultured in 96-well plates followed by overnight in-
cubation. Subsequently, the cells were treated with various
concentrations of epigambogic acid A for 48 h and 72 h. For
cell viability, Cell Counting Kit-8 (CCK-8) assay (CK04,
Dojindo Laboratories, Kumamoto Prefecture, Japan) was
performed according to the manufacturer’s instruction. The
half maximal inhibitory concentration (IC50) was assessed
and compared using GraphPad Prism (version 9.0, Graph-
Pad Software, La Jolla, CA, USA).

Colony Formation Assay
PC9 and A549 cells (1 × 103 cells/well) were cul-

tured in 6-well plates, treated with various concentrations
(0, 0.5, 1, and 2 µM) of epigambogic acid A, and kept at 37
°C under humidified conditions for 10 days. Afterwards,
the colonies were rinsed twice with phosphate buffer saline
(PBS) and preserved using 4% paraformaldehyde at 25 °C
for 30 min. Methanol was added to each well for 20 min.
For colony staining, 0.1% crystal violet was applied for 2
h at 25 °C. The number of clones was elucidated using Im-
ageJ software (version 1.8.0, National Institute of Health,
Bethesda, MD, USA).

Transwell Invasion and Transwell Migration Assays
Initially, Matrigel (E6909, Merck, Burlington, MA,

USA)was applied to the upper chamber of the transwell and
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allowed to polymerize for 30 min at 37 °C. For transwell in-
vasion assay, PC9 and A549 cells were cultured for 24 h in
serum-free medium and then seeded (2 × 104 cells/well)
in the upper chamber in FBS-free medium. In the lower
chamber, medium enriched with 10% FBS was added, and
the cells were cultured for 18 h at 37 °C. After this process,
the cells were categorized into four groups according to the
defined concentration of epigambogic acid A in the serum-
free medium. Cells were preserved in 4% paraformalde-
hyde for 30 min, washed with PBS, and then incubated.
After adding methanol to each well for 20 min, the cells
were stained for 2 h at 25 °C using 0.1% crystal violet.
The invading cells were quantified using light microscope
(×200). The transwell migration assay was performed sim-
ilarly, except that Matrigel was not added in the transwell
chamber to examine the motility of cells. The number of
cells was measured using ImageJ software (version 1.8.0,
National Institute of Health, Bethesda, MD, USA).

Flow Cytometry
PC9 and A549 cells were cultured in a 6-cm dish

and treated with a defined concentration of epigambogic
acid A for 72 h. Subsequently, the cells were lysed, col-
lected, and rinsed twice with ice-cold PBS. Afterwards,
the cells were stained with propidium iodide (PI) and An-
nexin V-Fluorescein Isothiocyanate (FITC) for 15 min in
the dark, using reagents obtained from the Annexin V-
FITC/PI Cell Apoptosis Detection kit (AP101-100, Exxon
(Beijing) Technology Co. Ltd., Beijing, China). Cell apop-
tosis was examined using a flow cytometer with the FAC
Station data management system.

Western Blot
Proteins were quantified using the Bicinchoninic acid

assay methods following cell lysis induced by RIPA buffer
post treatment with epigambogic acid A (0, 0.5, 1, and
2 µM) for 72 h. Subsequently, the samples were trans-
ferred onto polyvinylidene fluoride membranes following
electrophoresis on 10% SDS gel. The membrane was
blocked by skim milk (5%) for 2 h and then incubated at
4 °C with the diluted (1:1000) primary antibodies: B-cell
lymphoma-extra large (Bcl-XL) (#2764), Bcl-2-associated
X protein (Bax) (#5023), mammalian target of rapamycin
(mTOR) (#2983), phospho-mTOR (Ser2448) (#2971), Ak
strain transforming (Akt) (#4691), phospho-Akt (Ser473)
(#4060), and β-Actin (#4970). All these antibodies were
acquired from Cell Signaling Technology, Danvers, MA,
USA. Following three washes with Tris-buffered saline
with Tween 20 (TBST), these membranes were kept for
1.5 h at 25 °C with the secondary HRP-labelled goat
anti-rabbit antibody IgG (1:5000, Abcam Inc., Cambridge,
MA, USA). For membranes development, the SuperSig-
nal™ West Femto Maximum Sensitivity Substrate (34094,
Thermo Fisher Scientific, Waltham, MA, USA) was used

after TBST rinsing. The gray values of Western blot were
semi-quantified by ImageJ software (version 1.8.0, Na-
tional Institute of Health, Bethesda, MD, USA).

Transcriptome Sequencing
Following total RNA extraction, mRNA was isolated

and cut into small fragments for cDNA synthesis using
Oligo Magnetic Beads. The libraries were constructed fol-
lowing the guidelines provided by the manufacturer of the
NEBNext UltraTM RNA Library Prep Kit (E7370L-96 re-
actions, New England Biolabs, Ipswich, MA, USA) de-
signed for the Illumina system. The Illumina HiSeq XTEN
platform was utilized across all sequences.

RNA Extraction and PCR Analysis
PC9 and A549 cells (3 × 105 cells/well) were

cultured in 6-cm dish and treated with epigambogic
acid A (0, 0.5, 1, and 2 µM) at 37 °C for 72 h. Total
RNA of PC9 and A549 cells was collected using Trizol
Reagent (15596-018, Thermo Fisher Scientific, Waltham,
MA, USA). Afterwards, the acquired RNA was utilized
for cDNA preparation as per instructions of the cDNA
Synthesis Kit (RDTR, TransScript® One-Step gDNA Re-
moval and cDNA Synthesis SuperMix, TransGen, Beijing,
China). The primer pairs used in quantitative Real-time
Polymerase chain reaction (qRT-PCR) were as follows:
DIRC1 forward, 5′-CAGGGACCTCGTTAATGGCT-
3′ and reverse, 5′-CCGTTCAGACAGCTGACGTT-
3′; collagen type III alpha 1 chain (COL3A1) for-
ward, 5′-TTGAAGGAGGATGTTCCCATCT-3′ and
reverse, 5′-ACAGACACATATTTGGCATGGTT-3′;
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
forward, 5′-GAAGGTGAAGGTCGGAGTC-3′ and
reverse, 5′-GAAGATGGTGATGGGATTTC-3′.

The PCR settings were as follows: denaturation at 94
°C for 30 s, followed by 45 cycles at 94 °C for 5 s, 45 cycles
at 60 °C for 30 s, and a final step at 4 °C. Internal control
(β-actin) was used to normalize the tested genes. The anal-
ysis of fold changes in genes was carried out by the 2−∆∆Ct

method.

Fig. 1. The chemical structure of epigambogic acid A.
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Fig. 2. Epigambogic acid A inhibited non-small cell lung cancer (NSCLC) cell’s growth. (A) The inhibitory rates of compound
#1–#240 extracted from Chinese herb tested in PC9 cells. Epigambogic acid A is shown in red. (B) The inhibitory rates of the top 27
compounds are shown. Epigambogic acid A ranked first. (C) Lung cancer cell lines H1975, PC9, HCC827, A549, and H1299 cells were
treated with epigambogic acid A from 0.5 to 16 µM for 72 h, and the cell inhibitory rates were determined as described in the methods
section. (D) The inhibitory rate curves of epigambogic acid A on PC9 and A549 cell lines for 48 h and 72 h. The data were reported in
the Standard Deviation (SD) (N = 3). IC50, half maximal inhibitory concentration.
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Fig. 3. Epigambogic acid A inhibited NSCLC cells colony formation. Changes of colony formation in PC9 (A) and A549 (B) cells
after treatment with epigambogic acid A of 0.5, 1, and 2 µM. The bar chart on the right shows the number of colonies microscopically
counted in 10 random fields. The data were reported in the SD of the mean. *p < 0.05, **p < 0.01, ***p < 0.001 (N = 3).

Statistical Analysis
All data were presented as mean ± Standard Devia-

tion (SD). The GraphPad Prism 7.0 (version 9.0, GraphPad
Software, La Jolla, CA, USA) software was employed to
execute the statistical analyses. Student’s t-test (between
2 groups) and one-way ANOVA with Bonferroni test (>2
groups) were employed. A threshold value of p< 0.05 was
considered statistically significant.

Results

Structure Identification of Epigambogic Acid A
The structure of epigambogic acid A, including its

relative configuration, was determined using spectroscopic
data (Fig. 1). The 1H and 13CNuclear Magnetic Resonance
(NMR) data are consistent with those published findings
[19] and listed in Supplementary Table 1 and Supplemen-
tary Fig. 1. The purity of epigambogic acid A was ex-
amined by HPLC analysis [Agilent 1260 HPLC, SB-C18,
2.1 mm × 10 mm, i.d., 1.8 µm USA, MeCN-H2O contain-
ing 0.05% TFA, 70%, tR = 14.896 min, flow rate: 0.25
mL/min] (Supplementary Fig. 2).

Epigambogic Acid A Inhibited NSCLC Cell Growth
To examine the activity of Chinese herbal extracts in

NSCLC cells, we screened 240 Chinese herbal extracts us-
ing the PC9 cell line and determined the cytotoxic effect of
the compounds on the NSCLC cell growth. The data indi-
cated that epigambogic acid A markedly inhibited PC9 cell
growth at a concentration of 20 µM, and the inhibitory rate

was 99.94% (Fig. 2A,B). Next, we examined the IC50 of
epigambogic acid A in PC9, A549, HCC827, H1975, and
H1299 cells by treating the cells with increasing concen-
trations of epigambogic acid A (0.5 to 16 µM) for 72 h.
The IC50 was 1.54 ± 0.23, 2.95 ± 0.47, 4.14 ± 0.84, 3.75
± 0.62, and 8.31 ± 1.57 µM, respectively, in these cells
(Fig. 2C). Furthermore, we selected PC9 and A549 cells to
further analyze the cytotoxicity of epigambogic acid A at
48 h and 72 h due to lower IC50 values. We found that the
inhibitory rate was higher at the same concentration for 72 h
(Fig. 2D). Consequently, 72 h was selected as the ideal du-
ration for the subsequent examinations. We also observed
the impact of epigambogic acid A on cell colony formation
in PC9 and A549 cells. The findings revealed that the num-
ber of colonies was remarkably reduced with the increasing
concentrations of epigambogic acid A (Fig. 3A,B). Based
on these findings, epigambogic acid A appeared to impede
NSCLC cell’s proliferation.

Epigambogic Acid A Suppressed NSCLC Cell
Migration and Invasion

The activity of epigambogic acid A on theNSCLC cell
was assessed using transwell migration and invasion as-
says. The findings exhibited that epigambogic acid A in-
hibited the migration and invasion of PC9 and A549 cells
in a dose-dependent manner (Fig. 4A,B). These outcomes
demonstrated that epigambogic acid A remarkably reduced
the NSCLC cells migration and invasion.
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Fig. 4. Epigambogic acid A inhibited NSCLC cell migration and invasion. (A) After treatment with 0.5, 1, and 2 µM of epigambogic
acid A, transwell was used to measure the effect of epigambogic acid A on PC-9 cell migration and invasion. Bar graphs show the
number of migrated cells. (B) After treatment with 0.5, 1, and 2 µM of epigambogic acid A, transwell was used to measure the effect of
epigambogic acid A on A549 cell migration and invasion. Bar graphs show the number of migrated cells. The data were reported in the
SD. *p < 0.05; **p < 0.01 (N = 3). Scale bar is 100 µm.

Epigambogic Acid A Promoted Apoptosis of NSCLC
Cells

Furthermore, we analyzed the impact of epigambogic
acid A on apoptosis in NSCLC cells. The flow cytometry
analysis showed that epigambogic acid A significantly in-
duced apoptosis of PC9 and A549 cells (Fig. 5A,B). The
levels of cell apoptosis-associated biomarkers, including
Bax and Bcl-XL, were detected using Western blot assay.
Epigambogic acid A notably upregulated the level of the
cell apoptotic protein Bax and downregulated the level of
the cell Bcl-XL (anti-apoptotic protein) in PC9 and A549
cells (Fig. 5C). We also explored the effect of epigam-
bogic acid A on the level of mediators in the Ak strain
transforming/mammalian target of rapamycin (Akt/mTOR)
pathway. Western blot analysis exhibited that epigambogic
acid A reduced the levels of P-Akt and phosphorylated-
mTOR (p-mTOR), while the levels of total Akt and mTOR
remained unchanged (Fig. 5D). These findings suggested
that epigambogic acid A triggered cell apoptosis in NSCLC
cells by suppressing the pathway of Akt/mTOR.

Epigambogic Acid A Downregulated DIRC1 Level in
NSCLC Cells

To explore the mode of action of epigambogic acid
A in tumorigenesis, we performed transcriptome sequenc-
ing. The analysis revealed differential expressions of 263

genes, and the expressions of 246 genes were changed with
the treatment of epigambogic acid A (Fig. 6A). Finally, ten
genes, including COL3A1, DIRC1, MOGAT1, HMGCS2,
SH3GL3, PCSK1N, FCRL5, AC011604.2, CALML5, and
HOXA10-AS were identified (Fig. 6B,C). To confirm these
findings, COL3A1 and DIRC1 were further validated us-
ing qRT-PCR analysis in cells treated with increasing con-
centrations of epigambogic acid A. The findings confirmed
that the levels of COL3A1 and DIRC1 were similar to the
sequence of transcriptome (Fig. 6D).

Moreover, qRT-PCR was performed on the nor-
mal bronchial epithelial cell line BEAS-2B, as well
as NSCLC cell lines PC9 and A549. The results indi-
cated that COL3A1 and DIRC1 levels were substantially
increased in the NSCLC cell lines relative to the nor-
mal cell line. These outcomes coincided with the find-
ings retrieved from the the Cancer Genome Atlas (TCGA)
database (Fig. 6E).

DIRC1 Promoted Cell Propagation in NSCLC Cells
In this study, we discovered the function of DIRC1 in

PC9 and A549 cells. After the overexpression of DIRC1
(ov-DIRC1) compared with control vector (control group),
the remarkable increase in colony formation was observed
in PC9 and A549 cells (Fig. 7A,B). Further experiments on
cell invasion andmigrationwere performed, but no substan-
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Fig. 5. Epigambogic acid A promoted apoptosis of NSCLC cells. (A,B) Cell apoptosis was examined by flow cytometry, and the
apoptotic rate was shown in PC9 (A) and A549 (B). The concentrations of epigambogic acid A were 0.5, 1, and 2 µM. (C) Western
blot analysis tested the protein expressions of B-cell lymphoma-extra large (Bcl-XL) and Bcl-2-associated X protein (Bax) on PC9 and
A549 cells treated with epigambogic acid A at 0.5, 1, and 2 µM. (D) The protein levels of mammalian target of rapamycin (mTOR),
phosphorylated-mTOR (p-mTOR), Ak strain transforming (Akt), and p-Akt were tested by Western blot on PC9 and A549 cells treated
with epigambogic acid A at 0.5, 1, and 2 µM. The data were reported in the SD of the mean. *p < 0.05, **p < 0.01 (N = 3). GAPDH,
glyceraldehyde-3-phosphate dehydrogenase.

tial differences were noted (Supplementary Fig. 3). These
results showed that DIRC1 promoted NSCLC cells growth.

Discussion

In this study, we found that the compound epigam-
bogic acid A, extracted from gamboge, effectively inhibits
cell growth, dissemination, and penetration in NSCLC
cells. Since there are always side effects associated with
western medicine, traditional Chinese medicine is widely
used in China due to its lower toxicity and beneficial ef-
fects, especially in the treatment of some cancers and recent
Coronavirus Disease 2019 (COVID-19) disease [20]. It
was reported that Kanglaite injection (a traditional Chinese
medicine), combined with platinum-based chemotherapy,

showed significantly higher efficacy compared to platinum-
based chemotherapy alone in treating chronic lung cancer
[21]. In addition, this combination therapy ameliorated the
immunological function and reduced the toxicity resulting
from chemotherapy [21]. As an alternative and comple-
mentary medicine for the management of colorectal can-
cer, the ethanolic extract of T. kirilowii inhibited cancer
cell migration and invasion by decreasing the HIF-1 al-
pha/VEGF signaling pathway [22]. Our results revealed
that epigambogic acid A had good efficacy in inhibiting
cancer cell growth, migration, and invasion at low concen-
trations, which indicated that epigambogic acid A has an
anti-tumor effect in NSCLC therapy.
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Fig. 6. Epigambogic acid A downregulated disrupted in renal cancer 1 (DIRC1) expression in NSCLC cells. (A) Screening differ-
entially expressed genes in control and epigambogic acid A treated PC9 cells. (B) The thermogram showed ten genes in Lung adeno-
carcinoma, and the expression of three genes increased, and seven genes decreased significantly after treatment with epigambogic acid
A (log2FC >2, p < 0.05). (C) Collagen type III alpha 1 chain (COL3A1) and DIRC1 were decreased with the increase of epigambogic
acid A concentration. The specific concentrations for low, medium, and high levels are 0.5 µM, 1 µM, and 2 µM, respectively. (D)
Quantitative Real-time Polymerase chain reaction (qRT-PCR) detected the changes of COL3A1 and DIRC1 expression in PC9 and A549
with low, medium, and high concentrations of epigambogic acid A. The specific concentrations for low, medium, and high levels are 0.5
µM, 1 µM, and 2 µM, respectively. (E) Gene expression levels of COL3A1 and DIRC1 in BEAS-2B, PC9, and A549 were detected by
RT-qPCR. The data were reported in SD. *p < 0.05, **p < 0.01, #p < 0.05 (N = 3). TCGA, the Cancer Genome Atlas.
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Fig. 7. Disrupted in renal cancer 1 (DIRC1) promoted cell growth in NSCLC cells. (A) RT-qPCR analysis of DIRC1 mRNA level
in PC9 and A549 cells after overexpressing DIRC1. (B) Changes of clonal formation after increased level of DIRC1 in PC9 and A549
cell lines. The bar chart on the right shows the number of colonies microscopically counted in ten random fields. The data were reported
in the SD of the mean. **p < 0.01 (N = 3). ov-DIRC1, overexpression of DIRC1.

Recent findings have revealed that dysfunction in the
Akt/mTOR signaling pathway is involved in tumorigenesis
[23]. Aberrant activation of Akt/mTOR signaling inhibited
cell apoptosis by upregulating anti-apoptosis-related pro-
teins Bcl-XL and by downregulating apoptosis proteins Bax
and caspase 3, eventually leading to the hyperproliferation
of cancer cells [24,25]. Previous study revealed that the
Akt/mTOR signaling pathway inhibited cancer cell apopto-
sis by regulating the level of apoptosis-related proteins [26].
The outcomes of this study indicated that epigambogic acid
A induces cell apoptosis by suppressing the Akt/mTOR sig-
naling pathway.

DIRC1 was identified as a breakpoint-spanning gene
in a chromosomal translocation [18], which was associated
with the progression of various cancers [17]. Previous study
indicated a correlation between DIRC1 overexpression and
GC, as well as its contribution to the growth, invasion, and
metastasis of GC cells [17]. Multiplex ligation-dependent
probe amplification analysis in patients with aortic dilata-
tion/dissection revealed the deletion ofDIRC1 andCOL3A1
genes [27]. COL3A1, encoding the collagen alpha-1 (III)
chain, plays a crucial role in angiogenesis, cancer cell
metastasis, and cell transformation [28]. In the present
study, we observed that the levels of COL3A1 and DIRC1
were decreased in cells exposed to higher concentrations
of epigambogic acid A. Furthermore, DIRC1 was found to
stimulate the expansion of NSCLC cells, which is similar to
previous findings with GC [17]. The findings indicated that
DIRC1may serve as a viable therapeutic target for NSCLC
treatment.

In recent years, many researchers focused on devel-
oping and patenting new anti-cancer drugs for the treat-
ment of various malignancies, including ovarian cancer
[29], brain cancer [30], testicular tumors [31], thyroid can-
cer [32], and cutaneous melanoma [33]. The safety and ef-

ficacy of the anti-cancer compounds approved by the FDA
were validated in animals and preclinical studies. There is
a patent report about the advantages of administering low
doses of paclitaxel over extended durations for breast can-
cer treatment. Paclitaxel is also very effective in the treat-
ment of NSCLC [34]. Moreover, a recent patent reported
that paclitaxel combined with anti-clusterin oligonucleotide
increased the anti-cancer activity on NSCLC. Other re-
lated anti-cancer compounds also demonstrated efficacy for
treating lung, gastric, and prostate cancers [35]. These
anti-cancer compounds exhibit diverse effects on various
types of tumors. These compounds affected tumor pheno-
types, such as proliferation, apoptosis, and more, as we de-
scribed in this article. Epigambogic acid A, as a single com-
pound extracted from gambogic acid, has been extensively
studied for its anti-cancer properties across various types
of cancer, with remarkable effects on tumor cell apopto-
sis. According to another patent, other isolated products
of gambogic acid resins also have therapeutic effects on
various tumors. Moreover, given the low toxicity of Chi-
nese herbal medicines and their efficacy in treating cancers
and COVID-19 disease, more anti-cancer Chinese herbal
medicines are required to be discovered and patented.

Conclusions

In conclusion, the results indicated that epigambogic
acid A inhibits the signaling pathway of Akt/mTOR in
NSCLC, thereby demonstrating its potential anti-tumor ef-
fects. Additionally, epigambogic acid A suppressed the ex-
pression of DIRC1, which promoted NSCLC cell growth.
These findings provide scientific evidence that supports the
use of epigambogic acid A as a complementary alternative
medicine and suggest that DIRC1 can be a possible thera-
peutic option for NSCLC.
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