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Background: Our previous study detailed the direct induction of apoptosis by grape seed proanthocyanidin 
extract (GSPE) in a multidrug resistant human acute myeloid leukemia (AML) HL-60/adriamycin (HL-
60/ADR) cell line, although the mechanism of this effect was not detailed. This study aims to elucidate the 
mechanism underlying GSPE-induced cell apoptosis in HL-60/ADR cells.
Methods: HL-60/ADR cells were studied to evaluate effects of GSPE (0–100 μg/mL); a 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was employed to identify 
the cytotoxic effect of varying GSPE concentrations. Trypan blue staining was used to observe changes in 
cell viability; flow cytometry assays were used to verify apoptosis. Expression of Bax and Bcl-2 mRNA was 
analyzed using real-time polymerase chain reaction (PCR). Activity of caspase-3 and caspase-9 was also 
detected.
Results: Here, GSPE was found to inhibit HL-60/ADR cell growth and induce cell apoptosis in a 
dose-dependent manner. Real-time PCR findings revealed that GSPE concentrations above 75 μg/mL 
significantly increase expression of Bax mRNA (P<0.001). GSPE concentrations above 25 μg/mL were found 
to significantly decrease expression of Bcl-2 mRNA (P<0.01), while concentrations above 50 μg/mL were 
found to significantly increase caspase-3 activity after 6, 12 and 24 h (P<0.01). However, only 100 μg/mL 
GSPE was found to significantly increase caspase-9 activity (P<0.001 at 6 and 12 h; P<0.05 at 24 h).
Conclusions: GSPE inhibits the proliferation of HL-60/ADR cells by the induction of apoptosis in a 
dose-dependent manner via the Bax/Bcl-2 caspase-3/9 signaling pathway.
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Introduction

Acute myeloid leukemia (AML) is a hematopoietic 
malignancy (1,2). It is the commonest type of acute 
leukemia in adults with an incidence of 50 patients per  
1 million and a median diagnostic age of 68 y. This 
condition is very rare in pediatric patients, with an 
incidence of about 7 per 1 million children annually 
(1,3,4). With the approval of novel drugs in recent years, 
the frontline management of AML is rapidly changing. If 
tolerated, however, intensive chemotherapy remains the 
general therapeutic choice for patients suffering newly-
diagnosed AML (5). A combination of cytarabine and an 
anthracycline (such as daunorubicin or idarubicin) has been 
the therapeutic standard of AML for several decades (1).  
Resistance to cytotoxic chemotherapy leads to AML 
relapse, resulting in a very low long-term survival rate 
ranging from 10–15% among patients aged 60 years and 
older (6). In recent years, many naturally-derived products 
such as parthenolide, triptolide and resveratrol have been 
found efficacious in the targeting of multiple leukemic stem 
cell pathways, resulting in AML remission (7). As such, 
increasing attention is being paid to the role of natural 
products in AML treatment.

Grape seed proanthocyanidin extract (GSPE), a 
compound extracted from grape seeds, is composed 
of flavane-3-alcohol monomers, dimers, trimers, and 
tetramers, as well as oligomers of proanthocyanidins, 
catechin, epicatechin gallate and epigallocatechin (8,9). Due 
to its significant health-promoting effects and potential 
clinical value, GSPE has attracted considerable interest 
in the recent year. The compound has been reported to 
promote skeletal muscle fiber transformation resulting in 
improvement of fatigue (10), enhance L-cell differentiation 
in intestinal organoids thus promoting hormone production 
in the treatment of type-2 diabetes and obesity (11-13), 
reverse multidrug resistance to cytotoxic agents in the 
setting of AML (14), inhibit secretion of complement 
component  3  thereby re l ieving renal  interst i t ia l 
inflammation and fibrosis (15) and exert neuroprotective 
effects in neonatal hypoxic-ischemic brain injury (16). A 
randomized, double-blind, placebo-controlled clinical 
study documented the benefit of GSPE on maintaining 
vascular endothelial function and normal blood pressure 
in participants with prehypertension (17). Furthermore, 
GSPE has also been reported to exert anti-cancer effects in 
malignancies such as esophageal squamous carcinoma (18), 
hepatocellular carcinoma (19), breast cancer (20), colon 

cancer (21) and AML (22). We previously documented 
the potential application of GSPE in combination with 
cytotoxic drugs for the treatment of AML (14). GSPE 
reverses drug resistance to both cytarabine and doxorubicin 
[also as known as adriamycin (ADR)] in HL-60/ADR cells 
via inhibition of the PI3K/Akt signaling pathway, resulting 
in the downregulated expression of multidrug resistance 
protein 1 (MDR1), multidrug resistance-associated protein 
1 (MRP1) and lung resistance-related protein (LRP) (14). In 
addition, we previously found that GSPE directly mediates 
apoptosis in HL-60/ADR cells (14). Here, we aimed to 
elucidate the mechanism via which GSPE induces apoptosis 
in HL-60/ADR cells. We present the following article in 
accordance with the MDAR checklist (available at https://
dx.doi.org/10.21037/tcr-21-920).

Methods

Cell lines and reagents

ADR-resistant human AML HL-60/ADR and parental HL-
60 cells were purchased from the Institute of Hematology, 
Chinese Academy of Medical Sciences (Tianjin, China). 
Both HL-60 and HL-60/ADR cells were cultured in 
Roswell Park Memorial Institute (RPMI 1640; Gibco, 
Grand Island, USA) medium supplemented with 10% fetal 
bovine serum (FBS; purchased from Hangzhou Sijiqing 
Bioengineering Material Co. Ltd., Hangzhou, China) and 
maintained in a humidified incubator at 37 ℃ and 5% CO2. 
Cells were routinely passaged every other day. The HL-60/
ADR cells were maintained in medium containing 1,000 
ng/mL ADR (Shenzhen Main Luck Pharmaceuticals Co. 
Ltd., Shenzhen, China) to maintain an MDR phenotype 
and incubated in ADR-free medium for 2 weeks prior to 
experimentation.

GSPE with a purity exceeding 95% was purchased 
from Tianjin Jianfeng Natural Product R&D Co. Ltd. 
(Tianjin, China; Manufacturer's content Report) while 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide  (MTT)  was  purchased  f rom S igma (S t 
Louis, USA). Trizol reagents were purchased from 
Invitrogen (Carlsbad, USA). The Annexin V-Fluorescein 
Isothiocyanate/Propidium Iodide (FITC/PI) Apoptotic Cell 
Detection Kit was purchased from BD Biotech (Franklin 
Lakes, USA). The PrimeScript™ RT Reagent Kit with 
gDNA Eraser and TB Green® Premix EX Taq™ (Tli 
RnaseH Plus) were purchased from Takara Biotechnology 
Inc (Dalian, China). Primer sequence design and other 
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reagents were purchased from Sangon Biotech Inc 
(Shanghai, China). The Caspase-3/9 Activity Detection Kit 
was purchased from Beyotime Biotechnology Inc (Shanghai, 
China).

Cell viability assay

Cells were plated in 96-well plates at 5×104 cells/well  
(100 μL of cell suspension with a concentration of  
5×105 cells/mL) and treated with various doses (6.25, 12.5, 
25.0, 50.0, 75.0, 100.0, 125.0, 150.0 and 200.0 μg/mL) of 
GSPE for 24, 48 and 72 h. The total liquid volume was 
150 μL. Then, 50 μL of MTT solution (2 mg/mL) was 
added to each well at 37 ℃ for another 4 h. Plates were 
centrifuged (Eppendorf, Hamburg, Germany) for 10 min 
at 2,500 rpm at room temperature; the supernatant fraction 
was subsequently discarded. In order to dissolve formazan, 
DMSO was added at 100 μL/well and mixed thoroughly. 
Absorbance (OD value) was read at 570 nm using a 
microplate reader (Bio-Rad Laboratories, Hercules, USA). 
All experiments were repeated 3 times. The cell viability 
rate was calculated according to the following formula: cell 
viability (%) = OD570, GSPE/OD570, control × 100%.

Trypan blue staining for viable cell counts

Cells were seeded in 24-well plates at 1.5×105 cells per 
well (500 μL of cell suspension with a concentration of  
3×105 cells/mL) and treated with different concentrations 
(0, 25, 50, 75, 100 μg/mL) of GSPE for 24 h. Cell counts 
and viability were measured using Trypan blue staining and 
automated cell counting (Countstar® BioMarine, Shanghai 
Ruiyu Biotechnology Co. Ltd., Shanghai, China). Three 
duplicate wells were set up for each group studied and cells 
from each well were counted 3 times.

Apoptosis analysis by flow cytometry

Treated cells were harvested and resuspended in PBS 

solution at a concentration of 1×106 cells/mL; 100 μL of 
cells were then placed into Eppendorf tubes and mixed with 
400 μL binding buffer. After Annexin V-FITC staining for 
15 min and PI staining for 5 min at room temperature in 
the dark, samples were analyzed using a BD FACS Verse 
Flow cytometer (BD Biosciences, San Jose, USA) and Flow 
Jo Software (Tristar, Washington DC, USA). Cells in the 
Q2 phase (Annexin V-FITC +/PI −) were considered to be 
in the late stage of apoptosis, while cells in the Q4 phase 
(Annexin V-FITC +/PI +) were considered to be in the 
early stage of apoptosis. All experiments were performed 
independently in triplicate.

Real-time PCR analysis for the quantification of Bcl-2 and 
Bax mRNA expression

Cells were seeded in 6-well plates at 1.0×106 cells/well  
(2 mL of cell  suspension with a concentration of  
1×106 cells/mL) and treated with different concentrations 
(0, 25, 50, 75, 100 μg/mL) of GSPE for 24 h. Total RNA 
of all treated cells, including attached cells as well as cells 
in the supernatant, was extracted using Trizol reagent and 
reverse transcribed into cDNA using the RT Reagent Kit. 
Real-time PCR was performed using a Biosystems 7500 
Fast Real-Time PCR (Bio-Rad, Laboratories, Hercules, 
USA) according to the manufacturer’s protocol. Primer 
sequences are shown in Table 1. Reaction conditions were as 
follows: 1 cycle of 20 s at 95 ℃ followed by 40 cycles of 3 s  
at 95 ℃ and 15 s at 60 ℃. β-actin was used as an internal 
control. The relative expression of genes investigated was 
determined by the 2-ΔΔCT

 method.

Caspase-3/9 activity analysis

Caspase-3 and caspase-9 activity was evaluated using 
the Caspase-3/9 Activity Assay Kit according to the 
manufacturer’s protocol. Briefly, treated cells were extracted 
and incubated in lysis buffer on ice for 15 min. The mixture 
was subsequently centrifuged at 16,000 g for 15 min at 
4 ℃. Supernatant was collected and incubated with Ac-
DEVD-ρNA and Ac-LEHD-ρNA for 2 h. Absorbance was 
measured at 405 nm using a microplate reader. Caspase-3/9 
activity of each sample was quantified according to the 
standard curve and normalized by protein concentration.

Statistical analysis

All experiments were performed three times. Data are 

Table 1 Bcl-2 and Bax mRNA primer sequences

mRNA Primer (5’→ 3’)

Bcl-2 (Forward) AGACCGAAGTCCGCAGAACC

Bcl-2 (Reverse) GAGACCACACTGCCCTGTTG

Bax (Forward) GCGACTGATGTCCCTGTCTC

Bax (Reverse) GGCCTCAGCCCATCTTCTTC
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presented as means ± SD; figures were drawn using 
Microsoft Excel 2019. Comparisons were performed 
via one-way ANOVA in GraphPad Prism 7. P<0.05 was 
considered statically significant.

Results

GSPE inhibits proliferation of HL-60/ADR cells

Our findings indicated that HL-60/ADR cells were 
resistant to cytarabine, ADR, vincristine, daunorubicin, 
mitoxantrone, pirarubicin, homoharringtonine and 
etoposide (14). Here, we re-evaluated the drug resistance of 
HL-60/ADR cells to ADR (Figure 1A). The IC50 of ADR 
in HL-60 and HL-60/ADR cells was 2.033 and 415.7 μM, 
respectively, and 204.5 times higher in HL-60/ADR cells 
than in HL-60 cells, confirming that the HL-60/ADR cells 
studied here were indeed drug resistant.

To determine whether GSPE directly inhibits HL-
60/ADR cellular proliferation and which concentrations 
are most efficacious, HL-60/ADR cells were cultured 
with 6.25, 12.5, 25.0, 50.0, 75.0, 100.0, 125.0, 150.0 and  
200.0 μg/mL concentrations of GSPE for 24, 48 and 72 h. 
As shown in Figure 1B, proliferation of HL-60/ADR cells 
was significantly inhibited after cell culturing with GSPE 
concentrations above 25.0 μg/mL for 24 h as compared 
to control samples cultured without GSPE (P<0.001). 
To verify whether the inhibitory effect of GSPE was 
irreversible, HL-60/ADR cells were cultured for 72 h with 
GSPE concentrations of 25, 50, 75 and 100 μg/mL (controls 
were cultured without GPSE). The optical density (OD) 
value exhibited a sustainable increase at 48 and 72 h when 

the concentration of GSPE was 25 μg/mL, indicating that 
GSPE does not completely inhibit HL-60/ADR cellular 
proliferation at this concentration (Figure 1C). When GSPE 
concentrations were 50, 75 and 100 μg/mL, the OD value 
(570 nm) of HL-60/ADR cells did not increase at 48 and 
72 h as compared to the OD value at 24 h, which indicating 
that HL-60/ADR cellular proliferation was completely 
inhibited at GSPE concentrations above 50 μg/mL  
(Figure 1C).

GSPE induces apoptosis of HL-60/ADR cells

To confirm how GSPE inhibits proliferation of HL-
60/ADR cells, we first examined changes in cellular 
morphology. After 24 h of culturing, cells were stained 
with trypan blue. As GSPE concentration at which cells 
were cultured increased, the proportion of apoptotic cells 
seen on microscopy increased, while cell survival decreased  
(Figure 2A-2E). The survival rate of cells cultured with 
GSPE concentrations above 50 μg/mL significantly 
decreased when compared with controls (P<0.001)  
(Figure 2F). Thus, morphological observations underscored 
that GSPE induces HL-60/ADR cell apoptosis.

In order to further verify the apoptotic effects of GSPE 
in HL-60/ADR cells, cells were cultured with GSPE 
concentrations of 25, 50, 75 and 100 μg/mL for 24 h prior 
to analysis using flow cytometry. As shown in Figure 3, 
flow cytometry data revealed an increase in apoptotic cells 
associated with increasing GSPE concentrations. Indeed, 
GSPE concentrations above 25 μg/mL exhibited a stronger 
apoptotic effect in HL-60/ADR cells when compared to 

Figure 1 GSPE directly inhibits HL-60 and HL-60/ADR cell proliferation. (A) Cell validity of different GSPE concentrations. (B) Effects 
of different GSPE concentrations (0, 6.25, 12.5, 25.0, 50.0, 75.0, 100.0, 125.0, 150.0 and 200.0 μg/mL) on the survival rate of HL-60/ADR 
cells cultured for 24 h as compared to controls (GSPE 0 μg/mL); (C) Effects of different durations of cell culturing and different GSPE 
concentrations on HL-60/ADR cell proliferation. ***, P<0.001. ADR, adriamycin; GSPE, grape seed proanthocyanidin extract.
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Figure 2 Effects of different GSPE concentrations on HL-60/ADR cell count under trypan blue staining. (A-E) Observations of apoptotic 
HL-60/ADR cells cultured with different GSPE concentrations for 24 h under microscopy after trypan blue staining: (A) 0 μg/mL; (B) 
25 μg/mL; (C) 50 μg/mL; (D) 75 μg/mL; (E) 100 μg/mL; dark blue cells in each image were apoptotic HL-60/ADR cells. A size scale in 
the lower right corner of the image shows a 100 μm distance. (F) HL-60/ADR cells survival rates when cultured with different GSPE 
concentrations. ***, P<0.001 when vs. control. GSPE, grape seed proanthocyanidin extract; ADR, adriamycin.
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controls; the proportion of apoptotic cells increased in a 
dose-dependent manner. These findings underscore that 
GSPE directly induces apoptosis in HL-60/ADR cells.

GSPE induces apoptosis via the alteration of Bax and Bcl-2  
mRNA expression in HL-60/ADR cells

To further explore how GSPE induces apoptosis via the 
classical pathway, expression of Bcl-2 and Bax mRNA in 
HL-60/ADR cells was studied using real-time PCR. As the 
concentrations of GSPE increased, so did levels of Bax mRNA 
expression (Figure 4A). GSPE concentrations above 75 μg/mL  
were found to be associated with significantly increased 
Bax mRNA expression (P<0.001). However, Bcl-2 mRNA 
expression decreased as the concentrations of GSPE increased 
(Figure 4B). When GSPE concentrations were greater than  
25 μg/mL, expression of Bcl-2 mRNA was significantly 
decreased (P<0.01). The Bax mRNA / Bcl-2 mRNA value was 
found to be significantly increased when GSPE concentrations 
were greater than 50 μg/mL (P<0.01; Figure 4C).

GSPE increases activity of caspases-3 and -9

Activity of caspases-3 and -9 were detected at 6, 12 and  

24 h after culturing HL-60/ADR cells with varying 
GSPE concentrations. GSPE concentrations greater than  
75 μg/mL were associated with significantly increased 
caspase-3 activity in HL-60/ADR cells cultured for  
6 h (P<0.001); GSPE concentrations greater than 50 μg/mL  
were associated with significantly increased caspase-3 
activity after 12 h (50 μg/mL, P<0.05; 75 μg/mL, P<0.01; 
100 μg/mL, P<0.001; Figure 5A). After 24 h, GSPE 
concentrations greater than 50 μg/mL were found to be 
associated with significantly increased caspase-3 activity 
(P<0.001; Figure 5A). However, only a concentration of 100 
μg/mL was found to significantly increase caspase-9 activity 
(Figure 5B). Thus, our findings confirmed that GSPE-
induced apoptosis of HL-60/ADR cells occurs via the Bax/
Bcl-2 caspase 3/9 pathway.

Discussion

Resistance to cytotoxic chemotherapy remains a challenge 
in the treatment of cancers such as AML (1). GSPE, a 
flavonoid polyphenolic compound extracted from grape 
seeds, has been reported to exhibit antitumor activity in 
the setting of malignancies such as bladder, breast and lung 
cancers (23,24). GSPE is composed of both monomeric 



3944 Lin et al. GSPE induces HL-60/ADR cell apoptosis

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2021;10(9):3939-3947 | https://dx.doi.org/10.21037/tcr-21-920

Figure 3 Effects of different GSPE concentrations on HL-60/ADR cell apoptosis were detected by Annexin V-FITC/PI double staining. 
(A-E) Cell apoptosis in different GSPE concentrations: (A) 0 μg/mL; (B) 25 μg/mL; (C) 50 μg/mL; (D) 75 μg/mL; (E) 100 μg/mL; cells 
in the Q4 phase were considered to be in the early stage of apoptosis while cells in the Q2 phase were considered to be in the late stage 
of apoptosis. (F) Quantification of cell apoptosis in HL-60/ADR cells cultured with different GSPE concentrations. The proportion of 
apoptotic cells was calculated by the ratio of Q2 to Q4 quadrant cells. ***, P<0.001 when vs. control. GSPE, grape seed proanthocyanidin 
extract; ADR, adriamycin.

Figure 4 Effects of different GSPE concentrations on Bax and Bcl-2 mRNA expression in HL-60/ADR cells. (A) Bax mRNA expression 
at different GSPE concentrations (0, 25, 50, 75, 100 μg/mL). (B) Bcl-2 mRNA expression at different GSPE concentrations. (C) The 
ratio of Bax/Bcl-2 at different GSPE concentrations. *, P<0.05, **, P<0.01, ***, P<0.001 vs. control (GSPE 0 μg/mL). GSPE, grape seed 
proanthocyanidin extract; ADR, adriamycin.
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and polymeric +catechin, -epicatechin gallate and 
-epigallocatechin linked together via either C4-C6 or C4-
C8 bonds (13,25). According to the structural classification 
of proanthocyanidins, their commonest constitutive units 

can be divided into A-type and B-type procyanidins; GSPE 
is a B-type procyanidin (26). Our previous study reported 
that GSPE reverses the resistance of HL-60/ADR cells to 
cytosine, arabinoside and ADR via the inhibition of the 
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Figure 5 Effects of different GSPE concentrations on the activity of caspases-3 and -9 in HL-60/ADR cells. (A) Effects of different GSPE 
concentrations (0, 50, 75, 100 μg/mL) on the activity of caspase-3; (B) effects of different GSPE concentrations (0, 50, 75, 100 μg/mL) on 
the activity of caspase-9, after HL-60/ADR cells were treated with GSPE for 6, 12 and 24 h. *, P<0.05, **, P<0.01, ***, P<0.001 vs. control 
(GSPE 0 μg/mL). GSPE, grape seed proanthocyanidin extract; ADR, adriamycin.

PI3K/Akt signaling pathway (14). Interestingly, we found 
that GSPE directly induces apoptosis in HL-60/ADR cells 
even without the addition of chemotherapeutic drugs (14). 
This study was carried out to elucidate how GSPE induces 
apoptosis in HL-60/ADR cells.

There are 3 major apoptosis-associated pathways 
resulting in caspase activation: the mitochondrial/
apoptosome pathway, the death receptor pathway, and the 
CTL/NK-derived granzyme B-dependent pathway (27).  
Caspase activation culminates during cell apoptosis and the 
inflammatory response (27). Mitochondrial apoptosome-
driven caspase activation is a key caspase-activating mechanism 
initiated by cytotoxic drugs and results in caspase-2, -3, -6, -7, 
-8, -9, and -10 activation during apoptosis (27). Caspases-3 
and -9, however, are the most important during mitochondrial 
apoptosome-driven caspase activation. The intrinsic 
mitochondrial pathway of apoptosis is tightly controlled by 
Bcl-2 family proteins, including Bcl-2, Bcl-XL and MCL-
1 (28). While Bcl-2 is an anti-apoptotic protein, Bax is a pro-
apoptotic effector protein. Inhibition of Bcl-2 was previously 
reported to promote apoptosis in leukemic cells (29).

GSPE has been reported to exhibit anticancer activity 
in the setting of several malignancies including AML 
(14,22), hepatocellular carcinoma (19), bladder cancer (23),  
pancreatic cancer (30) and colon cancer (21). Gao et al. 
previously reported that GSPE induces apoptosis in 
Jurkat cells via the c-Jun NH2-terminal (JNK) pathway 
by sustained JNK activation and Cip1/p21 up-regulation 
that finally culminates in caspase activation (31). Hu et al. 
previously reported that GSPE induces dose-dependent, 
mitochondria-associated apoptosis in human AML 

14.2D10 cells (22). Guo et al. found that GSPE inhibits the 
proliferation of cells of the ECA109 esophageal squamous 
cancer cell line; apoptosis was reported to be induced via the 
activation of caspase-3 and attenuation of the activation of 
the NF-κB signaling pathway (18). In ECA 109 cells, GSPE 
was also found to promote Bax expression and decrease Bcl-2 
expression in both time- and dose-dependent manners (18).  
Liu et al. reported that GSPE-induced apoptosis in cells 
of the BIU87 human bladder cancer line is associated 
with increased caspase-3 activity (23). GSPE was found to 
increase rates of apoptosis in the MIA PaCa-2 pancreatic 
adenocarcinoma cell line via the downregulation of  
Bcl-2 (30). In addition, GSPE was reported to induce 
apoptosis in the CaCo2 colorectal cancer cell line via a 
mechanism associated with the attenuation of the PI3K/
PKB pathway (21). However, Ruan et al. (32) reported 
that GSPE is associated with decreased Bax expression 
and increased Bcl-2 expression, thus playing a critical role 
in the inhibition of H9C2 cell apoptosis after hypoxic 
culturing via the PI3K/AKT signaling pathway. Further 
beneficial effects exerted by GSPE include the prevention 
of bone loss induced by inflammation via a decrease in 
the phosphorylation and degradation of NF-κB inhibitor 
and inhibition of apoptosis via a decrease in the activity of 
caspases-3 and -9 (33). 

Here, we confirmed that GSPE directly induces HL-60/
ADR cell apoptosis via an upregulation of Bax expression, a 
downregulation of Bcl-2 expression and an increase in both 
caspase-3 and caspase-9 activity.

There were several limitations in this study. Firstly, this 
study was an extension of our previous work (14). We did 
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not obtain additional funds for a detailed exploration of the 
apoptotic mechanism in this study; no western blot analysis 
of protein concentrations was carried out. In addition, we 
likewise did not study a number of other important anti- 
and pro-apoptotic proteins due to lack of funds. Funding 
was insufficient to support animal experimentation and 
in vivo validation. The aforementioned limitations would 
certainly be eliminated if sufficient funding was obtained by 
our group in the future.

Conclusions

The present study demonstrated that GSPE induces 
apoptosis of HL-60/ADR cells via the Bcl-2/Bax caspase-3/9 
pathway. GSPE can not only be used as an adjunct in 
the setting of combination chemotherapy to reduce drug 
resistance, but also to directly inhibit tumor cell proliferation. 
A further toxicity study of GSPE in non-tumoral proliferating 
cells is thus warranted to evaluate its potential uses in clinic.
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