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Rapamycin, a mTOR inhibitor, induced growth inhibition 
in retinoblastoma Y79 cell via down-regulation of Bmi-1

Yan-Dong Wang1, Yong-Jing Su2, Jian-Ying Li2, Xiang-Chao Yao1, Guang-Jiang Liang1

1State Key Laboratory of Ophthalmology, Zhongshan Ophthalmic Center, Sun Yat-Sen University, Guangzhou 
510060, China; 2The First Affiliated Hospital, Sun Yat-Sen University, Guangzhou 510080, China

Received March 3, 2015; Accepted April 15, 2015; Epub May 1, 2015; Published May 15, 2015

Abstract: Rapamycin is useful in the treatment of certain cancers by inhibiting mTOR(mammalian target of rapamy-
cin) pathway. Here, anticancer activity and its acting mechanisms of rapamycin were investigated in human retino-
blastoma Y79 cells. CCK-8 assay showed that the IC50 value of rapamycin against human retinoblastoma Y79 cells 
was 0.122 ± 0.026 μmol/L. Flow cytometry analysis indicated that rapamycin induced G1 cell cycle arrest. Western 
blot assay demonstrated that the mTOR pathway in Y79 cells was blocked by rapamycin. Western blot and RT-PCR 
assay showed that Bmi-1 was downregulated in protein and mRNA level by rapamycin treatment. Further Western 
blot and RNA interference assays showed that rapamycin-mediated downregulation of Bmi-1 induced decreases of 
cyclin E1, which accounted for rapamycin-mediated G1 cell cycle arrest in human retinoblastoma cells. Together, 
all these results illustrated that rapamycin induced growth inhibition of human retinoblastoma cells, and inactive of 
mTOR pathway and downregulation of Bmi-1 was involved in its action mechanism.
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Introduction

Retinoblastoma is the most common primary 
intracellular malignancy in childhood with an 
incidence of 1/15,000 to 1/20,000 births [1]. 
Untreatment of retinoblastoma is always fatal 
and the patients die of intracranial extension 
and disseminated disease within 2 years [2]. 
Primary management of retinoblastoma con-
sists of chemoreduction with local consolida-
tion, although newer techniques include local 
delivery via intra-arterial chemotherapy, peri-
ocular, or intravitreal injection [3, 4]. In develop-
ing countries, treatment is limited. Long-term 
survival rates are low and current chemothera-
py causes significant morbidity to pediatric 
patients and significantly limits dosing [5]. 
Therefore there is an urgent need to identify 
new therapeutic strategies to improve the clini-
cal outcome of patients with retinoblastoma 
[6].

Rapamycin is a macrolide produced by the bac-
teria Streptomyces hygroscopicus [7]. Which 
was originally developed as an antifungal agent 
[8]. However, this use was abandoned when it 

was found to have potent immunosuppressive 
and antiproliferative properties [9, 10]. Now 
rapamycin is useful in the treatment of certain 
cancers by inhibiting mTOR (mammalian target 
of rapamycin) pathway [11, 12]. In this study, we 
reported the anticancer activity of rapamycin in 
human retinoblastoma Y79 cells and its acting 
mechanisms.

Materials and methods

Chemicals and reagents

RPMI 1640 media was obtained from Gibco 
BRL. Fetal bovine serum (FBS) was purchased 
from Life Technologies Corporation. Cell 
Counting Kit-8 (CCK-8) was a product from 
Beyotime Corporation. Rapamycin, penicillin, 
streptomycin, propidium iodide(PI) and other 
chemicals were purchased from Sigma 
Chemical Co. mTOR, p-mTOR, Bmi-1, Cyclin E1, 
and β-actin antibodies were purchased from 
Cell Signaling Technology Inc. Primer sequenc-
es, specific siRNA sequences of Bmi-1 and non-
specific control siRNA sequences were designed 
and synthesized by GenePharma Co. TRIzol and 
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Ltd. Lipofectamine® 2000 was a product from 
Invitrogen Corporation. AMV Reverse Tran- 
scriptase System was purchased from Promega 
Company.

 Cell lines and cell culture

The human retinoblastoma cell line Y79 was 
obtained from ATCC. Y79 cells were cultured in 
RPMI 1640 medium supplemented with 10% 
FBS, 1% penicillin, and streptomycin. Cells were 
cultured at 37°C in a humidified atmosphere 
incubator of 5% CO2 and 95% air.

Cell proliferation assays

CCK-8 assay was used to detect cells viability. 
Briefly, cells were seeded in 96-well plates with 
an average of 3,000 cells/well for 24 h. 10 μl 
rapamycin diluted with medium at full range 
concentrations were added to the wells for 
another 48 hours. 10 μl CCK-8 solutions were 
added to each well and incubated at 37°C for 
an additional 2 h. Optical Density (OD) value 
was measured at 450 nm by Thermo Scientific 
Fluoroskan Ascent FL (Thermo Fisher Scientific 
Inc.). Finally, IC50 values were calculated from 
survival curves as Tao, et al described [13]. All 
experiments were replicated at least three 
times.

 Cell cycle analyses

Y79 cells were treated with rapamycin as indi-
cated concentration for 48 h, and then trypsin-
ized, washed in PBS, and fixed in ice-cold 75% 
ethanol/PBS. 1×106 cells were stained in 50 
μg/ml PI for 30 min. Cells were classified by 
flow cytometry analysis (Beckman Coulter, Inc), 

and cell cycle profiles were determined using 
MultiCycle AV software. All experiments were 
replicated at least three times.

Western blot analyses

Y79 cells were treated with rapamycin as indi-
cated concentration for 48 h, and then lysed 
for 5 minutes in cold lysis buffer. Cell lysates 
were centrifuged at 10,000 g for 20 min, and 
the supernatant was collected. Protein lysate of 
50 μg was separated on 8-12% SDS-PAGE gel 
and electrotransferred onto a PVDF membrane 
(Millipore, USA). The PVDF membrane was 
blocked with 5% nonfat milk powder (w/v) in 
TBST (10 mm Tris, 100 mm NaCl, 0.1% Tween 
20) for 2 h, and then incubated with primary 
antibody described above at 4°C overnight. 
Thereafter, the appropriate HRP-linked second-
ary antibodies were added for an additional 1 h 
incubation. Finally, the bands of specific pro-
teins on the membranes were detected with 
Western Blotting Luminal Reagent (Millipore, 
USA). β-actin was used as an endogenous con-
trol. All experiments were replicated at least 
three times.

Reverse transcription-PCR

Y79 cells were treated with rapamycin as indi-
cated concentration for 48 h, and then total 
RNA was extracted using TRIzol. The single-
stranded cDNA was reversely transcribed by 
AMV Reverse Transcriptase System. PCR reac-
tions were performed by ABI Prism 9700 PCR 
System (Applied Biosystems). For all of cDNA, 
35 cycles (94°C 30 s, 60°C 30 s, and 72°C 1 
min) were used. PCR primers were 5’-GTA TTC 
CCT CCA CCT CTT CTT G-3’ (forward) and 5’-TGC 
TGA TGA CCC ATT TAC TGA T-3’ (reverse) for 
Bmi-1, and 5’-GGG ACC TGA CTG ACT ACC TCA-
3’ (forward) and 5’-GAC TCG TCA TAC TCC TGC 
TTG-3’ (reverse) for β-actin, respectively. β-actin 
was used as an endogenous control. All PCR 
reactions were replicated at least three times.

Bmi-1 siRNA studies 

The siRNA were transfected using Lipofectamine 
2000 following the manufacturer’s instruc-
tions. Briefly, 5×105 cells were plated in 6-well 
plates. Y79 cells were transfected with 50 
nmol/L Bmi-1 or negative control siRNA duplex 
components using 5 μL Lipofectamine 2000 
per well. After 48 hours of incubation, the total 
protein extracted from the harvested cells was 

Figure 1. Effects of rapamycin on Y79 cells prolifera-
tion. Cell viability assays were performed using CCK-8 
assay as described under “Materials and methods”. 
The cells were exposed to the indicated concentra-
tions of rapamycin for 72 h. Each point displayed the 
mean ± S.E. of three independent experiments. 
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subjected to Western blot analysis for Bmi-1. All 
experiments were replicated at least three 
times.

Statistical analyses

Data were statistically analyzed by SPSS 
Statisics 16.0 software. Independent t-test was 
used between two groups, and the compari-
sons among multiple groups were performed 
with a one-way analysis of variance (ANOVA) fol-
lowed by Dunnett’s test. The significance was 
determined at P<0.05.

Results

Effects of rapamycin on human retinoblas-
toma Y79 cells proliferation

To determine the effect of rapamycin on human 
retinoblastoma Y79 cells viability, we treated 
cells with indicated concentrations (0.1, 0.2, 
and 0.4 μmol/L) of rapamycin at time points 
(48 h). Cell viability was measured by CCK-8 
assay. The proliferation of Y79 cells was inhib-
ited by rapamycin in a dose-dependent manner 
as showed in Figure 1. The IC50 value was 
0.122 ± 0.026 μmol/L. CCK-8 assay indicated 
that rapamycin was more effective in inhibiting 
the growth of human retinoblastoma Y79 cells.

Rapamycin induced G1 cell cycle arrest in hu-
man retinoblastoma Y79 cells

To initially examine the cell cycle effects of 
rapamycin in human retinoblastoma cells, Y79 
cells were treated with 0.1, 0.2, and 0.4 μmol/L 
or without rapamycin for 48 h. The cells were 
then fixed, nuclear DNA was stained with PI, 
and cell cycle populations were quantified by 
flow cytometry. As showed in Figure 2A, the cell 
population exhibited increases in the percent-
age of cells in G1 phase and decreases in the 
percentage of cells in S phase. G1 phase distri-
bution was increased from 46.4 ± 4.5% to 57.2 
± 6.8%, 72.7 ± 8.2%, and 87.9 ± 6.2% (Figure 
2B). The results showed that rapamycin 
induced G1 arrest in a time-dependent 
manner.

Rapamycin caused a decrease in phosphoryla-
tion of mTOR in human retinoblastoma Y79 
cells

Rapamycin was known as an inhibitor of mTOR 
pathway [14]. So, we detected the effect of 
rapamycin on mTOR protein in human retino-
blastoma Y79 cells by Western blot analysis. As 
showed in Figure 3A, the expression level of 
the phosphorylated mTOR (p- mTOR) was 
decreased in the rapamycin -treated cells, with-

Figure 2. Rapamycin induced a G1 cell cycle arrest in Y79 cells. A. Rapamycin induced a G1 cell cycle arrest in 
Y79 cells. Y79 cells were plated in six-well culture plates and treated for 48 h with vehicle control or 0.1, 0.2, and 
0.4 μmol/L rapamycin for 48 h, respectively. Cell were harvested and stained with propidium iodide as described 
in “Materials and methods”. Nuclei were tested for DNA content by flow cytometry. All these experiments were 
replicated at least thrice, and a representative example of the DNA content frequency histograms was shown. B. 
Cell cycle distribution. Cell cycle distribution was assessed by MultiCycle AV software. The percentage of cells at G1 
phase was 46.4 ± 4.5%, 57.2 ± 6.8%, 72.7 ± 8.2%, and 87.9 ± 6.2% in 0, 0.1, 0.2, and 0.4 μmol/L rapamycin treat-
ment, respectively. Columns, means of triplicate determinations; bars, SDs; *, P<0.05; **, P<0.01 as compared 
with respective controls. 
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out any changes in the total mTOR protein level. 
The results showed that the mTOR pathway in 
Y79 cells was blocked by rapamycin.

Rapamycin decreased the amount of Bmi-1 
and cyclin E1 protein through mTOR pathway 

Cyclin E1 was a key factor that elicits G1/S pro-
gression. Numerous data had demonstrated 
that cyclin E1 was downregulated by inhibition 
of mTOR pathway [15, 16]. We next explored 
the effect of rapamycin on cyclin E1 protein by 
Western blot analysis. The result showed that 
rapamycin induced down-regulation of cyclin 
E1 (Figure 3A). Cyclin E1 was a common target 

of Bmi1 [17], and Bmi1 could be regulated by 
rapamycin [18]. As showed in Figure 3A and 
3B, the amount of Bmi-1 was reduced in protein 
and mRNA level after rapamycin treated for 48 
h. We presumed that the inhibition of mTOR 
pathway by rapamycin might correspond to an 
inactivation of Bmi-1 to downregulation of cyclin 
E1.

Bmi-1 siRNA reduced cyclin E1 and corre-
sponding increased the percentage of cells at 
G1 phase  

We next examined the effect of the inhibition of 
Bmi-1 expression on cell proliferation in human 
retinoblastoma Y79 cells. Y79 cells were trans-
fected with specific Bmi-1 siRNA and negative 
control siRNA. Results in Figure 4A showed 
that suppression of Bmi-1 by Bmi-1 siRNA 
resulted in the decrease of cyclin E1. These 
data indicated that down-regulation of cyclin E1 
was related to Bmi-1. In addition, the suppres-
sion of Bmi-1 induced a G1 cell cycle arrest 
(Figure 4B). Flow cytometry analysis showed 
that G1 distribution of the Y79 cells was 45.6 ± 
3.9% and 64.2 ± 5.2% in control and Bmi-1 
siRNA group (Figure 4B).

Discussion

Retinoblastoma (Rb) is the most frequent pedi-
atric eye cancer [19]. Though chemotherapy 
with adjuvant local treatments is adequate for 
early tumors, enucleation still plays a major role 
in the treatment of retinoblastoma [20]. 
However, present chemotherapy treatments 
result in noteworthy complications including 
second malignancies (e.g., acute myeloid leu-
kemia) [5]. Now, novel targeted therapeutic 
strategies are intended to effectively control 
cancer [21]. Serine-threonine kinase, mTOR, 
plays a key role in cell growth and angiogenesis 
and may be dysregulated in tumors [22, 23]. 
For these reasons, mTOR has recently been 
promoted as a potential target for anti-cancer 
therapy [24]. In this study, we found that 
rapamycin, a mTOR inhibitor, showed potent 
anticancer activity against human retinoblasto-
ma Y79 cell (Figure 1). Moreover, our further 
investigation elucidated that down-regulation 
of Bmi-1 and subsequent degradation of cyclin 
E1 was involved in its action mechanisms. 

Cyclins are the key regulators of cell cycle pro-
gression. There are 2 major classes of G1 
cyclins: cyclin D and cyclin E. E type cyclins (E1 

Figure 3. Rapamycin inhibited mTOR activity and re-
duced BMI-1 and cyclin E1. A. Rapamycin inhibited 
mTOR pathway and reduced BMI-1 and cyclin E1 
protein. Y79 cells were treated with the indicated 
concentration of rapamycin for 48 h. The indicated 
protein levels were determined by Western blot 
analysis as described in “Materials and methods”. 
β-Actin protein levels were used as a loading con-
trol. All these experiments were replicated at least 
thrice, and a representative experiment was shown 
in each panel. B. Rapamycin decreased the mRNA 
expression of Bmi-1. Y79 cells were treated with the 
indicated concentration of rapamycin for 48 h. The 
indicated mRNA levels were determined by semi-
quantitative RT-PCR analysis as described in “Mate-
rials and methods”. β-Actin mRNA levels were used 
as a loading control. All these experiments were rep-
licated at least thrice, and a representative experi-
ment was presented in each panel. 
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and E2) is believed to drive cell entry into the S 
phase [25]. Cyclin E forms a complex and func-
tions as a regulatory subunit of CDK2, whose 
activity is required for cell cycle G1/S transition 
[26]. Many data supported the premise that 
cyclin E is a critical target of signals activated 
during tumorigenesis. A recent study also 
showed that cyclin E expression could be regu-
lated  by PI3K/Akt/mTOR signal pathways [27]. 
In this study, down-regulated cyclin E1 was 
showed in rapamycin (mTOR inhibitor)-treated 
human retinoblastoma Y79 cells (Figure 3A). 
Which inhibited progression through G1 phase 
of the cell cycle in Y79 cells (Figure 2).

Bmi-1 is consisting of 326 amino acids and a 
key component of the Polycomb gene family, 
which was originally identified as a MYC cooper-
ating oncogene in murine lymphomas, and 
played a role in cell cycle, cell immortalization, 
and senescence [28]. Numerous studies dem-
onstrated that Bmi-1 was upregulated in a vari-
ety of cancers [29], and had a positive correla-
tion with clinical grade/stage and poor progno-
sis [30]. Recently, Bmi-1 had been identified as 
a target gene for induction of cell cycle arrest 
[31]. It was believed that cyclin E1 was regulat-
ed by Bmi-1 [17]. In our study, the degradation 

of cyclin E1 protein levels was demonstrated 
after transfected with specific Bmi-1 siRNA in 
Y79 cells (Figure 4A). The results showed that 
downregulation of Bmi-1 were associated with 
G1/S phase cell cycle arrest (Figure 4B).

mTOR assumes a key regulatory role in cell 
growth and homeostasis. Inhibition of mTOR 
now uses as a novel treatment strategy for sev-
eral malignancies, either alone or in combina-
tion with strategies. In this study, we concisely 
evaluate the best known ability of mTOR to con-
trol the G1-phase progression in human retino-
blastoma Y79 cells. The data documented that 
rapamycin (a mTOR inhibitor) induced cells 
death and growth inhibition of human retino-
blastoma Y79 cells by downregulation of Bmi-1 
protein and mRNA expression, and which was 
mediated through the mTOR pathway. Although 
further studies are needed, data have delineat-
ed the anticancer activity of rapamycin and its 
involved action mechanisms in human retino-
blastoma cells. 
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