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Abstract
● AIM: To investigate the anti-proliferation and apoptosis-
inducing effects of sodium aescinate (SA) on retinoblastoma 
Y79 cells and its mechanism.
● METHODS: Y79 cells were cultured at different drug 
concentrations for different periods of time (24, 48, and 
72h). The inhibitory effect of SA on proliferation of Y79 cells 
was detected by the cell counting kit-8 (CCK-8) assay, and 
the morphology of Y79 cells in each group was observed 
under an inverted microscope. An IC50 of 48h was selected 
for subsequent experiments. After pretreatment with SA 
for 24 and 48h, cellular DNA distribution and apoptosis 
were detected by flow cytometry. Real-time qunatitative 
polymerase chain reaction (RT-qPCR) and Western blot were 
used to assess changes in related genes (CDK1, CyclinB1, 
Bax, Bcl-2, caspase-9, caspase-8, and caspase-3).
● RESULTS: SA inhibited proliferation and induced apoptosis 
of Y79 cells in a time-dependent and concentration-
dependent manner. Following its intervention in the cell 
cycle pathway, SA can inhibit the expression of CDK1 and 
CyclinB1 at the mRNA and protein levels, and block cells in 
the G2/M phase. In caspase-related apoptotic pathways, 
up-regulation of Bax and down-regulation of Bcl-2 caused 

caspase-9 to self-cleave and further activate caspase-3. 
What’s more, the caspase-8-mediated extrinsic apoptosis 
pathway was activated, and the activated caspase-8 was 
released into the cytoplasm to activate caspase-3, which as 
a member of the downstream apoptotic effect group, initiates 
a caspase-cascade reaction that induces cell apoptosis.
● CONCLUSION: SA inhibits the proliferation of Y79 cells 
by arresting the cell cycle at the G2/M phase, and induces 
apoptosis via the caspase-related apoptosis pathway, 
indicating that SA may have promising potential as a 
chemotherapeutic drug.
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cell cycle arrest
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INTRODUCTION

R etinoblastoma, an invasive intraocular cancer originating 
in the photoreceptor cell layer of the retina, accounts 

for 4% of malignant tumors in children. The main clinical 
manifestations of retinoblastoma are white pupil and 
strabismus[1-2]. Although early diagnosis and effective treatment are 
highly curative, delayed diagnosis, rapid progression, metastasis 
and limited treatment methods often lead to blindness and 
even death[3]. Current methods of treatment mainly include 
chemotherapy, local treatment (such as cryotherapy and 
laser photocoagulation) and surgical treatment[4]. But these 
treatments have adverse consequences such as drug resistance, 
serious toxic and adverse effects, and poor survival quality for 
children. Therefore, it is a matter of urgency to find an effective 
drug that can improve the prognosis in children.
Sodium aescinate (SA), a natural mixture of triterpenoid 
saponins, has antioxidant, anti-exudation, edema reduction and 
vascular protection effects[5-6], and demonstrates good clinical 
tolerance. In recent several years, many researchers have 
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manifested that SA can play an anti-tumor role in a number 
of tumor cells by inducing apoptosis and cell cycle arrest[7-12]. 
Moreover, SA, as a member of natural medicinal plants, may 
have potential as a high-efficiency and low-toxicity anti-cancer 
drug. However, the inhibitory effect of SA on retinoblastoma 
cells has not been studied.
The effect of apoptosis is extremely important in the normal 
development of the body and the accomplishment of various 
physiological functions. Tumor cells can escape apoptosis, 
an ability that leads to the occurrence and development of 
cancer[13]. Therefore, inducing apoptosis of cancer cells is a 
strategy of antineoplastic treatments. Caspase plays a central 
role in the control and execution of apoptosis[14]. Mitochondria, 
when activated, can mediate two apoptotic pathways to 
execute apoptotic instructions, including caspase-dependent 
intrinsic and extrinsic pathways[15]. In addition, the modern 
view is that cancer is a cell cycle disease. Previous studies 
have shown that almost all the products of oncogenes and 
tumor-suppressor genes are directly or indirectly involved in 
cell cycle regulation. Previous studies have interpreted that 
almost all oncogenes and tumor suppressor genes play direct 
or indirect roles in the regulation of the cell cycle. Mutations in 
these genes can lead to uncontrolled cell cycle, excessive cell 
growth, and eventual tumor formation. In terms of cell cycle 
and apoptosis, however, the effects of SA on retinoblastoma 
has not been covered.
In this study, therefore, we demonstrated the anti-proliferation 
and apoptosis-inducing effects of SA on human retinoblastoma 
Y79 cells. We also propose a possible mechanism whereby SA 
induces cell cycle arrest and apoptosis.
MATERIALS AND METHODS
Cell Culture and Sodium Aescinate Preparation  RPMI 
1640 full-medium (containing 10% fetal bovine serum, 1% 
penicillin, and 1% streptomycin) was used to culture Y79 cells 
(Beijing Baina Co., Ltd.) in an incubator at 37℃, with 5% 
CO2. SA (in which the content of aescin A was 33.5%, aescin 
B was 31.4%, aescin C was 17.8% and aescin D was 14.2%) 
was prepared in RPMI 1640 complete medium and diluted to 
the appropriate concentration for further use. After the addition 
of SA solution (0, 40, 60, 80, and 100 µg/mL) to Y79 cells, the 
cells were incubated for 24, 48, and 72h, and then cell counting 
kit-8 (CCK-8) assay was carried out. Next, flow cytometry 
was performed after treatment with 35 µg/mL SA for 24h and 
48h. Finally, the cells were treated with 35 µg/mL SA for 48h 
and then subjected to Western blot and fluorescent real-time 
quantitative polymerase chain reaction (RT-qPCR) analysis.
Cell Viability Assay  The cultured cells were categorized as 
the SA group, the SA control group (in which interference with 
drug absorbance was removed), a control group, and a blank 
group. CCK-8 method was used to examine cell viability, 

as follows: cell suspension of 1×105/mL was prepared, 100 µL 
of each well was inoculated in 96-well plate and cultured 
overnight. SA was added, at a series of concentrations (0, 40, 
60, 80, and 100 µg/mL) to the culture medium for 24, 48, or 
72h, using 5 wells per concentraction. CCK-8 agentia (20 µL) 
was then added to each well for 2-4h. Optical density (OD) 
values were measured by a spectrophotometer at a wavelength 
of 450 nm. Data are reported as percentages of cell viability, 
percentages in control cells considered as 100%:
Cell viability=[OD(SA)−OD(SA-control)/[OD(control)−OD(blank)]×100% 
Morphological Changes  Prior to the addition of CCK-8 
reagent, morphological changes in Y79 cells were observed 
under an inverted microscope (200×) and photographed.
Cell Cycle Assay  Y79 cells were seeded in 6-well plates and 
incubated for 24h or 48h with 35 µg/mL SA. They were then 
collected, fixed with 70% precooled ethanol, and overnight at 
4℃. Following staining with 500 µL propidium iodide (PI) 
solution consisting of a mixture of 500 µL staining buffer, 
25 µL PI solution and 10 µL RNaseA, the cells were collected, 
suspended, and bathed at 37℃ for 30min in dark. Cell analysis 
was then performed by means of a NovoCyte flow cytometer 
(ACEA Biosciences, Inc., USA).  
Cell Apoptosis Assay  For analysis of apoptosis, Y79 cells 
were cultured with 60 µg/mL SA for 24 or 48h. Apoptosis 
detection was carried out in accordance with Annexin V-FITC 
kit instructions and was analyzed using the NovoCyte flow 
cytometer.
RT-qPCR Assay  According to the instructions, total RNA was 
extracted and reverse transcriptional reaction was conducted 
to obtain cDNA for use. RT-qPCR was performed using the 
ChamQ SYBR qPCR Master Mix kit (Nanjing, China) on 
a StepOnePlus RT-qPCR detection system (ThermoFisher 
Scientific, USA). The primer sequences were as recorded in 
Table 1. Its reaction conditions were 95℃ for 3min, 95℃ for 
15s, 55℃ for 30s, with 30 cycles in total. The 2-ΔΔCt method 
was used to calculate relative gene expression levels.
Western Blot Assay  The total protein was extracted, and its 
concentration was determined. Each protein was diluted to the 
same concentration and denatured in boiling water bath for 
later use. The 12% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) was prepared, 20 μg samples 
were taken from SA group and control group separately, and 
protein marker 5 μL was used for electrophoresis. The gel 
was cut according to the size of the target strip, and the PVDF 
membrane was transferred by semi-dry transfer machine 
(Bio-rad, USA). The membrane was sealed by 5% skim milk 
at room temperature for 1h. Tris-buffered saline Tween-20 
(TBST) buffer was washed routinely and incubated at 4℃ 
overnight with primary antibodies anti-Bax, anti-Bcl-2, anti-
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caspase-3, anti-caspase-8, anti-caspase-9, anti-CDK1, and anti-
CyclinB1 (diluted at 1:1000; Cat. #5023; Cat. #15071; Cat. 
#14220; Cat. #4790; Cat. #9508; Cat. #28439; Cat. #4135; 
CST, Inc.), and anti-β-actin (diluted at 1:1000; Cat. #AF003; 
Beyotime Biotechnology). This was followed by incubation at 
normal temperature for 1.5h with HRP-conjugated antibody 
(diluted at 1:1000; Cat. #A0208 and Cat. #A0216; Beyotime 
Biotechnology). Immunoreactivity strips were visualized 
using an enhanced chemiluminescence system (Beyotime 
Biotechnology) and the densitometry of the strips was 
determined with Image J software. 
Statistical Analysis  Data were expressed as means±standard 
deviation (SD) of 3 independent experiments. Statistical 
analysis was conducted by using GraphPad Prism 7.0 or 
SPSS 21.0. Unpaired Student’s t-tests (two-tailed) or one-
way ANOVA analysis were used to compare control and SA 
groups. P<0.05 is shown significant difference. 
RESULTS
Inhibitory Effects of SA on Y79 cells  To detect the inhibitory 
effect of SA on Y79 cells, the cells were cultivated with 40, 60, 
80 or 100 μg/mL of escin sodium for 24, 48, and 72h, and then 
subjected to CCK-8 assays (Table 2). Compared to control, 
Y79-cell viability was significantly inhibited by SA treatment 
at 24, 48, and 72h, separately (P<0.01). The inhibitory effect 
of SA on Y79 cells is time and concentration dependencies. 
After treatment, we viewed the cell morphology under an 
inverted microscope in order to see the inhibitory effect clearly. 
As shown in Figure 1, with increasing SA concentration and 
time, the number of Y79 cells decreased, a small number of 
Y79 cells were formed into clusters, irregular shape, while cell 
debris increased. Cells in the control group remained in good 
condition, with clear outlines, and they stuck to the medium 
like grape clusters.

SA Inhibits Cell Proliferation in Y79 Cells by Arresting 
the Cell Cycle at G2/M Phase  To find out whether SA 
induces inhibition of proliferation and blockage of the 
cell cycle, we used flow cytometry to analyze cell cycle 
distribution. In Figure 2A-2C, in the G2/M phase, compared 
with the control group, the proportion of cells in the SA group 
increased remarkably (P<0.01). This caused a time-dependent 
increase in the G2-phase cell population (24.34%±0.27% and 
9.48%±0.48% for 24h and 48h of SA group, respectively, 
compared with 21.04%±0.11% and 2.41%±0.80%, respectively, 
for the control group), and was accompanied by a decrease in 
cell populations at S phases (P<0.01). To further elucidate the 
mechanism underlying G2/M arrest, RT-qPCR and Western 
blot were adopted to examine the levels of the regulatory genes 
(CDK1 and CyclinB1) at the G2/M phase. As shown in Figure 
2D, CDK1 was obviously down-regulated at the mRNA level. 
Meanwhile, at the protein level, both CDK1 and CyclinB1 
expression were significantly decreased after being treated with 
SA compared to the control group (Figure 2E and 2F). These 
data manifested that SA efficiently blocks the G2/M phase by 
inhibiting the expression of CDK1 and CyclinB1.   
SA Induces Apoptosis in Y79 Cells  Annexin V‐FITC/PI 
staining enabled us to find out a significant rate of apoptosis. 

Table 1 Primer pairs used for RT-qPCR   
Gene Primer pair sequences (5’-3’) GenBank Accession No.
β-actin F: CTGGGACGACATGGAGAAA

R: GCACAGCCTGGATAGCAAC
NM_001101.3

CDK1 F: GATTCTATCCCTCCTGGTCAGT
R: CAGCCAGTTTAATTGTTCCTTT

NM_001786.4

CyclinB1 F: GTCGGGAAGTCACTGGAAAC
R: AACCGATCAATAATGGAGACAG

NM_031966.3

Bax F: TTGCTTCAGGGTTTCATCC
R: CGCTCAGCTTCTTGGTGG

NM_138761.3

Bcl-2 F: CGCTGGGAGAACAGGGTA
R: GGGCTGGGAGGAGAAGAT

NM_000633.2

Caspase-3 F: GGTTCATCCAGTCGCTTTG
R: ATTCTGTTGCCACCTTTCG

NM_032991.2

Caspase-8 F: TTCCTGAGCCTGGACTACATT
R: GAAGTTCCCTTTCCATCTCCT

NM_001228.4

Caspase-9 F: ACTAACAGGCAAGCAGCAAA
R: CCAAATCCTCCAGAACCAAT

NM_001229.4

Table 2 Viability of Y79 cells after SA treatment       mean±SD, n=3

Groups Concentration 
(µg/mL)

Cell viability (%)

24h 48h 72h

Control - 100.00±1.89 100.00±3.21 100.00±7.25

SA 40 73.78±12.02 34.47±0.61b 21.26±3.79b

60 37.93±1.30b 19.55±1.43b 12.55±0.75a

80 73.78±12.02b 15.35±0.42b 12.02±0.09a

100 33.19±0.50b 14.83±0.29b 11.46±1.05a

aP<0.01; bP<0.001 vs control group.

Effect of sodium aescinate on retinoblastoma Y79 cells



1549

Int J Ophthalmol,    Vol. 13,    No. 10,  Oct.18,  2020       www.ijo.cn
Tel: 8629-82245172     8629-82210956      Email: ijopress@163.com

Also, as shown in Figure 3A and 3B, after being treated with 
35 μg/mL SA for 24 and 48h, the percentage of apoptosis were 
15.27%±1.46% and 16.87%±0.83%, the control group were 

2.21%±0.14% and 4.42%±0.26% respectively. The difference 
was statistically significant (all P<0.01). These results indicate 
that SA effectively induced Y79 cell apoptosis.

Figure 1 Morphology of Y79 cells after treatment with different concentrations of SA for 24, 48, and 72h.

Figure 2 SA inhibits the proliferation of Y79 cells by preventing the cell cycle in G2/M phase  A: Cell cycle distribution in Y79 cells 
following their incubation in the control and the SA groups for 24h and 48h was assessed by flow cytometry; B, C: Histogram showing cell cycle 
distribution after 24 and 48h, respectively; D: Expression levels of CDK1 and CyclinB1 in Y79 cells, detected by qRT-PCR assay after treatment 
with SA (35 μg/mL) for 48h; E: Expression levels of CDK1 and CyclinB1 in Y79 cells, detected by Western blot assay; F: Histogram compares 
relative protein expression levels of CDK1 and CyclinB1. bP<0.01 and cP<0.001 vs control.
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Intrinsic Pathway Involved in SA-induced Apoptosis  
Here we further investigated the mechanism underlying the 
induced apoptosis. Following SA treatment, in Figure 3C, the 
expressions of Bax, caspase-9, and caspase-3 at the mRNA 
level were up-regulated compared to the control group, 
whereas Bcl-2 was down-regulated. Furthermore, Western blot 
showed that Bax, cleaved-caspase-9, and cleaved-caspase-3 
increased, while the expression of Bcl-2 decreased in Y79 cells 
treated with SA (in all cases P<0.01; Figure 3D-3F). They 
are key regulatory components involved in apoptosis. As a 
result, the decrease in Bcl-2 expression and the increase in Bax 
expression in Y79 cells resulted in an increase in the ratio Bax/
Bcl-2 (Figure 3E). The intrinsic apoptosis pathway was then 
activated by caspase-9, finally activating the apoptotic effector 
caspase-3, which induced Y79-cell apoptosis. 
Extrinsic Pathway Involved in SA-induced Apoptosis  
Expression of additional genes was also detected in extrinsic 
apoptotic pathways. In Figure 4A, higher expression of 
caspase-8 and caspase-3 was observed at the mRNA level 

(P<0.001). After Y79 cells were treated with SA for 48h, 
caspase-8 was cleaved into subunits and self-activated, the 
protein expression of cleaved caspase-8 increased (P<0.001, 
Figure 4B and 4C). What’s more, the high cleaved caspase-3 
expression together illustrated that SA-induced apoptotic cell 
death was performed by the extrinsic pathway. 
DISCUSSION
Apoptosis is a major control mechanism and an important 
means of controlling cell number and proliferation[16]. 
Research in recent years has shown that SA is effective 
against a variety of tumors[17]. Our study suggested that SA 
can promote the occurrence of apoptosis and proliferation 
inhibition of retinoblastoma Y79 cells in vivo. The CCK-
8 assay explained that SA has an anti-proliferative effect on 
Y79 cells and induces apoptosis in a time-dependent and 
concentration-dependent manner (Table 2). It is currently 
believed that selective induction of tumor cell apoptosis is one 
of the important mechanisms of tumor therapy. Therefore, after 
applying the CCK-8 assay to verify its anti-retinoblastoma 

Figure 3 Intrinsic pathway involved in SA-induced apoptosis in Y79 cells  A: Flow cytometry demonstrates changes over time (24 and 48h) 
in Y79-cell apoptosis in the control and the SA group; B: Changes in Y79-cell apoptosis rate in the control group and after SA treatment for 24 
and 48h; C: The expression levels of Bax, Bcl-2, caspase-3, and caspase-9 in Y79 cells, detected by RT-qPCR assay after treatment with 
SA (35 μg/mL) for 48h; D: In Western blot assay, the protein expression levels of caspase-3, cleaved-caspase 3, caspase-9, cleaved-caspase-9, 
Bcl-2,  and Bax in Y79 cells; E: Comparison of Bax and Bcl-2 protein expression and Bax/Bcl-2 ratio; F: Comparison of cleaved-caspase-3 and 
cleaved-caspase-9 protein expression. The expression level of β-actin is considered as one.  bP<0.01 and cP<0.001 vs control.
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properties, we further explored its mechanism of action on 
retinoblastoma, in order to provide a theoretical basis for its 
therapeutic use in the clinic.
Checkpoint is an important regulatory node in the cell cycle. 
The process of cell proliferation encounters at least two major 
checkpoints in the cell cycle, namely G1/S and G2/M[18]. 
Only by passing checkpoint tests can cells enter the next cell 
cycle[19]. Researches has shown that SA induces cell cycle 
arrest or apoptosis in a variety of cancer cells[20-24]. Here we 
showed that SA has a vital impact on cell distribution in the 
cell cycle: it notably decreased the DNA content in the S phase 
and blocked Y79 cells in the G2/M phase (Figure 2A-2C). In 
an attempt to understand the mechanism of SA-induced G2/M 
arrest, we analyzed the expression of CDK1 and CyclinB1-
the G2/M checkpoint regulators. In the G2 phase, CyclinB1 
and CDK1 formed the mature promoting factor (MPF) 
complex, which causes chromosome concentration, nuclear 
membrane rupture and spindle formation, and also initiates 
mitosis, promoting G2/M phase conversion and accelerating 
the cell cycle process[25]. Following SA treatment, the protein 
expression of CDK1 and CyclinB1 in Y79 cells was lower than 
that in control group (Figure 2E and 2F), and the synthesis 
of the MPF complex was reduced, leading to cell cycle 
arrest in the G2/M phase and preventing Y79 cells containing 
damaged DNA from entering mitosis. Our results suggested 
that the inhibition of Y79 cell proliferation is associated with 
cell cycle arrest in the G2/M phase, a molecular mechanism for 
commonly used anti-cancer drugs[18]. These results thus suggested 
that SA may be a potential drug against retinoblastoma.
The Bcl-2 protein family has been shown to play a critical role 
in the regulation of apoptosis. Members of the Bcl-2 family 
include two types: anti-apoptotic proteins (Bcl-2, Bcl-xl) and 
pro-apoptotic proteins (Bax, Bak, and others). It is generally 
believed that the anti-apoptotic Bcl-2 members can promote 
the survival of tumor cells by binding to members of the 
pro-apoptotic Bcl-2 family, thereby preventing activation of 
mitochondrial outer membrane melamination (MOMP) and 
cytotoxic caspase[26-27]. Studies have confirmed that when cells 
are damaged the pro-apoptotic BH3 protein serves as a death-

signaling sensor, activating multidomain proteins such as Bax 
and Bak, which can trigger MOMP and activate caspase to play 
a pro-apoptotic role by inserting itself into the mitochondrial 
membrane. Anti-apoptotic proteins directly inhibit MOMP by 
blocking the activation and activity of Bax/Bak[28]. Ultimately, 
the balance of antagonistic activity of the Bcl-2 family, 
expressed as the Bax/Bcl-2 ratio, determines whether MOMP 
and cell death[26-27,29]. After treatment with SA, Bax was 
higher than the control group at the mRNA and protein levels, 
while Bcl-2 was lower (Figure 3C-3E). It follows that the 
ratio of Bax/Bcl-2 was increased, exhibiting a pro-apoptotic 
effect. Bax located in the cytoplasm can sense the release of 
calcium ions in the endoplasmic reticulum, and translocates 
them to the mitochondria, where they form pores to increase 
the permeability of the mitochondrial membrane. This can 
help release cytochrome C into the cytoplasm, activate the 
mitochondrial apoptosis pathway[30], and undergo cleavage of 
genomic DNA[31] which leads to irreversible apoptosis of Y79 
cells[32].
Apoptosis is the physiological process of removing unwanted 
or damaged cells. Mitochondria are the executors of cell 
survival and death. When stimulated by damage to DNA, 
ultraviolet light or chemotherapeutic drugs, mitochondria-
dependent apoptosis pathways become activated and release 
some proteins from the mitochondrial intermembrane space. 
For example, cytochrome C, which binds to Apaf-1 and caspase-9 
to form apoptotic bodies. These induce permeability of the 
mitochondrial outer membrane and activation of downstream 
caspase-9, which assists in the death of apoptotic cells by 
cleaving their own protein subsets[33-35]. In our study, AnnexinV-
FITC/PI staining showed that SA induces apoptosis of Y79 
cells (Figure 3A and 3B). Under the inverted microscope, Y79 
cells showed morphological changes characteristic of apoptosis 
(Figure 1). We observed some such changes, including their 
numbers decreasing as they gradually loosened into a single 
floating, irregular shape, while cell debris increased. To further 
understand the mechanism of apoptosis, we used RT-qPCR 
and Western blot assays for verification. In PCR analysis, 
the expression of caspase-3 and caspase-9 were observably 

Figure 4 Extrinsic pathway involved in SA-induced apoptosis in Y79 cells  A: mRNA expression levels of caspase-3 and caspase-8 in Y79 
cells after treatment with SA (35 μg/mL) for 48h; B: Protein expression levels of caspase-3, cleaved-caspase-3, caspase-8, and cleaved-caspase-8 
in Y79 cells; C: Comparison of cleaved-caspase-3 and cleaved-caspase-8 protein expression. cP<0.001 vs control.
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up-regulated (Figure 3C). Western blot results showed that, 
compared with the control group, the expression of cleaved-
caspase-9 and cleaved-caspase-3 in the SA group showed the 
same trend (Figure 3D and 3F). We speculated that SA causes 
cell damage in retinoblastoma cells, leading to upregulation 
of Bax and downregulation of Bcl-2, increasing permeability 
of the mitochondrial membrane, releasing cytochrome C 
from the mitochondrial membrane space into the cytoplasm, 
and binding Apaf-1 to form apoptotic complexes[36-37]. 
Caspase-9 was recruited into the apoptotic complex, became 
activated, and underwent autocatalytic cleavage. Furthermore, 
the cleavage unit of caspase-9 activated the downstream 
caspase-3, which then induced the caspase cascade to execute 
the apoptotic instructions[32,38-39].
Caspase-3 is the ultimate effector protein of apoptosis in the 
death-receptor apoptotic pathway. Caspase-3 is activated by an 
upstream promoter, such as caspase-8. Upstream of caspase-8 
the Fas ligand (FasL or CD95L) binds to the Fas receptor 
(CD95) to form the death-domain protein, and to caspase-8 to 
form the death-inducible signaling complex, thereby triggering 
the activation of caspase-8, activating the downstream effector 
protein caspase-3, and inducing apoptosis[40]. In this study, we 
demonstrated that SA treatment can up-regulate the mRNA 
levels of caspase-3 and caspase-8 (Figure 4A), as well as 
the expression of cleaved caspase-8 and cleaved caspase-3 
proteins (Figure 4B and 4C). Our results thus showed that SA 
can induce apoptosis of Y79 cells via an extrinic apoptosis 
pathway.
This study has certain shortcomings. In the future, animal 
studies should also be conducted, using the retinoblastoma 
xenograft model to evaluate the anti-tumor effect of SA and 
further explore other possible anti-tumor mechanisms. In 
conclusion, our results suggest that SA inhibits the proliferation 
and promotes the apoptosis of Y79 cells. In addition, SA 
down-regulates the expression of CDK1 and CyclinB1, and 
reduces MPF production, causing the cell cycle to stop in the 
G2/M phase. Furthermore, SA induces apoptosis of Y79 cells 
through the mitochondrial apoptotic pathway mediated by 
caspase-9 and through the death-receptor pathway mediated 
by caspase-8. These results lay a solid foundation for the 
development of SA as an effective chemotherapeutic drug for 
the treatment of retinoblastoma.
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