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Abstract. Retinoblastoma (RB) is the most prevalent 
childhood intraocular cancer type. Previous studies have 
demonstrated that c‑myc (a proto-oncogene) is associated 
with tumorigenesis. However, at present, the influence of the 
expression profile and bioactivity of c‑Myc on RB occurrence 
and progression is yet to be characterised. Notably, the present 
study demonstrated that c‑myc is downregulated in the RB cell 
line WERI-Rb1. However, treatment with the histone deacety-
lase (HDAC) inhibitor trichostatin A (TSA) was revealed to 
significantly upregulate the expression of c‑Myc mRNA and 
protein in WERI‑Rb1 cells. Moreover, TSA increased the 
activity of the c‑myc promoter in WERI-Rb1 cells, and the 
expression of c‑Myc was also regulated by other HDAC inhibi-
tors, including vorinostat (SAHA), valproic acid sodium salt 
(VPA) and entinostat. Notably, although c‑myc was silenced 
in the Y79 cell line, the HDAC inhibitor TSA did not induce 
upregulation of mRNA and protein in Y79 cells. By contrast, 
certain HDAC inhibitors (TSA, VPA and SAHA) were 
discovered to significantly decrease the activity of the c‑myc 
promoter in Y79 cells. Furthermore, the current data indicated 
that exogenous c‑myc expression has a mild inhibitory effect 
on WERI‑Rb1 and Y79 cell viability. Therefore, the present 
study revealed novel insights into the expression mechanism 
and bioactivity of c‑Myc in RB cells.

Introduction

Retinoblastoma (RB) is the most prevalent intraocular cancer 
that affects children (1). It occurs worldwide, with an incidence 

of one case per 15,000‑20,000 live births (2) and an estimated 
mortality rate of 50% (3). Therefore, elucidation of the charac-
teristics of RB is necessary in order to identify more effective 
therapeutic strategies. Although the most significant event 
contributing to the oncogenesis of RB is the inactivation of the 
two RB alleles on chromosome 13 (4), other oncogenes may 
also contribute to RB tumorigenesis.

The c‑myc proto‑oncogene belongs to the MYC family (5). 
Expression of c‑myc or its protein product c‑Myc is upregu-
lated in the majority of malignant tumour types, including 
lymphoma, neuroblastoma, melanoma, breast, ovarian, pros-
tate and liver cancer (6‑9). c‑Myc upregulation in tumours may 
result from gene amplification, increased c‑myc transcription, 
or an increase in c‑Myc protein stability and activity via 
post-translational regulation (10). Thus, it has been hypoth-
esized that the oncogenicity of c‑myc is dependent on elevated 
expression levels. However, the expression level of c‑Myc in 
human cancer types ranges from lower than average to greatly 
elevated (11), and it is differentially expressed depending on 
the cell type. The expression level of c‑Myc in RB is yet to be 
identified, to the best of our knowledge.

Additionally, it has been determined that c‑Myc is regulated 
via different pathways in different cell lines. Histone acyla-
tion and DNA methylation are involved in the transcriptional 
regulation of c‑myc. For example, c‑myc is downregulated by 
the demethylating reagent 5‑azacytidine in human prostate 
cancer cells (12,13), whereas 5‑aza‑deoxycytidine induces 
the upregulation of c‑myc in lung cancer cells (14). Moreover, 
c‑myc expression is regulated via histone deacetylation in 
human cervical cancer cells (15). Nonetheless, whether c‑myc 
is regulated via histone acylation or DNA methylation in RB 
cells has not yet been elucidated.

Furthermore, c‑Myc is a pleiotropic transcription factor 
that binds to the promoters, and regulates the expression, 
of a large number of genes regulating metabolic processes, 
macromolecular synthesis, the cell cycle and apoptosis (16). 
In a similar manner to the majority of oncoproteins, c‑Myc 
enhances cell proliferation and regulates cell cycle (17). In 
both healthy and tumorous cells, MYC‑dependent signalling is 
an important regulator of cell cycle progression from the G1 to 
S phases (18), and inactivation of c‑Myc expression results in 
tumour regression accompanied by apoptosis, differentiation 
or tumour dormancy (19). However, unlike most oncoproteins, 
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c‑Myc also significantly enhances certain mechanisms of 
programmed cell death (PCD), including senescence and 
apoptosis (20). Therefore, under conditions of limited energy 
sources, downregulation of c‑Myc may represent a survival 
strategy enabling cancer cell proliferation (21). The conflicting 
roles discovered indicate a complex role served by c‑Myc, 
which varies depending on cancer cell type. Thus, investiga-
tion of the bioactivity of c‑Myc may greatly improve the 
present understanding of RB pathophysiology.

Based on the aforementioned findings, the present study 
sought to determine the expression profile and bioactivity of 
c‑Myc in RB cells. It was discovered that c‑Myc was downreg-
ulated in the RB cell lines WERI‑Rb1 and Y79. Moreover, the 
expression of c‑Myc was significantly upregulated following 
cell treatment with HDAC inhibitors, such as trichostatin 
A (TSA), vorinostat (SAHA) and entinostat (MS‑275). The 
activity of the c‑myc promoter was significantly increased 
following TSA treatment in WERI‑Rb1 cells. However, the 
low level of c‑Myc expression in Y79 cells was not upregu-
lated by the HDAC inhibitors. Furthermore, exogenous c‑myc 
significantly reduced the viability of both WERI‑Rb1 and Y79 
cells. Therefore, the present data provide new insights into the 
c‑Myc expression mechanism and its bioactivity in RB cells.

Materials and methods

Cell culture and transfection. Human retinoblastoma cell 
lines WERI-Rb1 and Y79 [both American Type Culture 
Collection (ATCC)], and the human colon cancer cell line 
RKO (ATCC), were cultured in Dulbecco's modified Eagle's 
medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.) and 
supplemented with 10% fetal bovine serum (FBS) and 1% 
penicillin/streptomycin (both Gibco; Thermo Fisher Scientific, 
Inc.), in a humidified 5% CO2 incubator at 37˚C. The cells 
selected for the assays were collected during the exponen-
tial growth phase. TSA was obtained from Sigma‑Aldrich; 
Merck KGaA, and SAHA, MS‑275 and VPA were obtained 
from Selleck Chemicals. WERI‑Rb1 cells and Y79 cells were 
seeded at a density of 1x106 cells per well in a 6 well plate and 
were stably transfected with a plasmid expressing c‑Myc or an 
empty vector control (pMXs‑c‑Myc or vector; Addgene, Inc.), 
using Lipofectamine® (Invitrogen; Thermo Fisher Scientific 
Inc.) in Opti‑MEM (Gibco; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions. The plasmid or 
vector was used at a concentration of 0.8 µg/well. Medium was 
changed to complete growth medium (10% FBS) after 4 h.

Reverse‑Transcription (RT) PCR. Total RNA was extracted 
from WERI‑Rb1 and Y79 cells using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). One microgram 
of total RNA was subjected to reverse transcription with the 
PrimeScriptTM RT‑PCR kit (Takara Bio, Inc.) according to the 
manufacture's protocol. Reverse transcription was performed 
at 37˚C for 15 min and 85˚C for 5 sec. The PCR reaction 
was carried out using a My Cycler thermal cycler (Bio‑Rad 
Laboratories, Inc.) with TaKaRa Premix Taq® Version 2.0 
(Takara Bio, Inc.). For c‑Myc, PCR reaction was performed 
for 35 cycles each at 98˚C for 10 sec, 60˚C for 30 sec, 72˚C 
for 30 sec and a final extension at 72˚C for 10 min. PCR reac-
tion for β‑actin was performed for 20 cycles, with the same 

temperature and time parameters as for c‑Myc. The primer 
sequences are presented in Table SI.

Reverse transcription‑quantitative (RT‑q)PCR. The 
mRNA expression levels of histone deacetylases (HDACs) 
in WERI‑Rb1 cells were identified using a Roche 480 
system (Roche Diagnostics) and assays-on-demand primers 
(Invitrogen; Thermo Fisher Scientific, Inc.) for HDACs. Total 
RNA was extracted from WERI‑Rb1 cells using TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). One 
microgram of total RNA was subjected to reverse transcrip-
tion with the PrimeScriptTM RT‑PCR kit (Takara Bio, Inc.) 
according to the manufacture's protocol. Reverse transcrip-
tion was performed at 37˚C for 15 min and 85˚C for 5 sec. 
qPCR was then performed using the SYBR® Prime Script TM 
RT‑PCR kit (Takara Biotechnology Co., Ltd.), according to the 
manufacturer's protocol. qPCR was conducted to determine 
the expression levels of HDACs using the Roche 480 system 
(Roche Diagnostics). PCR was performed as follows: 94˚C 
for 5 min, followed by 40 cycles of 94˚C for 30 sec, 60˚C for 
30 sec, and 72˚C for 30 sec. Relative target gene expression 
levels were quantified using the 2-ΔΔCq method and normal-
ized to the internal reference gene, β-actin (22). The data are 
presented as the inverse of the normalized Cq value (InvCq), 
or as the relative fold change compared with the untreated 
control. The primer sequences are presented in Table SI.

Western blot analysis. Total proteins were extracted 
following cell lysis using RIPA buffer (Beyotime Institute of 
Biotechnology) at 4˚C. Protein concentration was determined 
using bicinchoninic acid method (Beyotime Institute of 
Biotechnology). Western blotting was performed according 
to standard protocols. Proteins (30 µg/well) were separated 
by 8% SDS‑PAGE and transferred onto polyvinylidene 
difluoride membrane. The membranes were blocked with 5% 
non‑fat milk dissolved in TBS containing 0.1% Tween‑20 
(TBST) for 1 h at room temperature, and incubated with 
primary antibodies diluted in milk dissolved in TBST at 
4˚C overnight. The following primary antibodies were used: 
Rabbit anti‑c‑Myc (1:500; cat. no. ab32072; Abcam) and rabbit 
anti‑GAPDH (1:20,000; cat. no. 10494‑1‑AP; ProteinTech 
Group, Inc.). Proteins were visualized using horseradish 
peroxidase-conjugated anti-rabbit secondary antibodies 
(1:10,000; cat. no. 7074; Cell Signaling Technology, Inc.) 
incubated for 1 h at room temperature followed by use of 
the ECL system (Merck KGaA). Densitometric analysis was 
performed on the western blotting data using computerized 
image analysis and software (Gel‑Pro Analyzer software v. 
6.0; Media Cybernetics, Inc.).

Immunofluorescence assay. WERI‑Rb1 or RKO cells were 
fixed in ice‑cold 95% methanol at ‑20˚C for 20 min. Then the 
fixed cells were incubated with 0.1% Triton X‑100 for 10 min, 
and blocked with 10% normal goat serum (Beyotime Institute 
of Biotechnology) at room temperature for 30 min. Cells 
were stained with rabbit anti‑c‑Myc (1:100; cat. no. ab32072; 
Abcam) at 4˚C overnight. Secondary anti‑rabbit antibody 
(1:500; cat. no. 4413S; Cell Signaling Technology, Inc.) was 
added at room temperature for 1 h, and the nuclei were stained 
using DAPI at room temperature for 10 min. Images were 
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acquired by fluorescence microscopy (magnification, x100; 
Leica Microsystems GmbH).

Cell Counting Kit (CCK)‑8 assay. The viability of WERI‑Rb1 
and Y79 cells was assessed using a CCK‑8 assay (Dojindo 
Molecular Technologies, Inc.) according to the manufacture's 
protocol. The CCK‑8 reagent was added to each well and 
cells were incubated for 2 h at 37˚C. The absorbance (optical 
density) at 450 nm was measured.

Luciferase assay. A plasmid encoding the human c‑Myc 
promoter upstream of firefly luciferase (pDEL1) was obtained 
from Addgene, Inc., and a pGL2‑Control was purchased from 
Promega Corporation. WERI-Rb1 cells (1x106 cells in 60 mm 
dishes) were transfected using Lipofectamine® (Invitrogen; 
Thermo Fisher Scientific Inc.) according to the manufacturer's 
instructions. The transfected plasmids contained 2 µg expres-
sion plasmid or pGL2-Control, and 100 ng Renilla luciferase 
reporter plasmid, pCMV‑RL (Promega Corporation). The 
pCMV‑RL plasmid encoding Renilla luciferase was included 
in all samples to monitor transfection efficiency. At 24 h 
following initial transfection, WERI‑Rb1 and Y79 cells 
were further treated with TSA, SAHA, MS‑275 or VPA for 
another 24 h. Subsequently, the cells were harvested and a 
Dual‑Luciferase reporter assay system (Promega Corporation) 
was performed to identify the sequential measurements of the 
firefly and Renilla luciferase activities. The luciferase activi-
ties and calculation of the relative ratios were quantified using 

a Turner Designs Luminometer Model TD‑20/20 (TD-20/20; 
Turner Designs, Inc.). The levels of firefly luciferase activity 
were normalized against Renilla luciferase activity.

Statistical analysis. The data shown are representative of three 
independent experiments with each experiment performed in 
triplicate. The data are expressed as the mean ± SD. Statistical 
analyses were performed using the SPSS for Windows soft-
ware package, version 10.5 (SPSS, Inc.). The differences 
between mean values were evaluated using either the Student's 
two‑tailed t‑test (for comparisons between 2 groups) or 
ANOVA followed by Tamhane T2 post hoc test (for compari-
sons of mRNA expression levels between different HDACs 
in WERI‑Rb1 cells). P<0.05 was considered to indicate a 
statistically significant difference.

Results

c‑Myc is downregulated in WERI‑Rb1 cells. c‑myc is typi-
cally reported as an oncogene with high expression levels 
in a variety of cancer types, including glioma, colon and 
gastric cancer (6-9), though its expression level in RB is 
yet to be reported. To investigate the influence of c‑Myc 
activity on RB progression, a quantitative examination of 
c‑myc expression in WERI‑Rb1 cells was performed; the 
RT-PCR results indicated that c‑myc was almost undetect-
able in WERI‑Rb1 cells but significantly upregulated in 
RKO colon cancer cells (Fig. 1A). Western blotting further 

Figure 1. c‑Myc is downregulated in WERI‑Rb1 cells. c‑Myc was not detectable in WERI‑Rb1 compared with RKO cells according to (A) RT‑PCR and (B) western 
blot assays. (C) Relative expression levels of the c‑Myc protein in WERI‑Rb1 and RKO cells were quantified using densitometry and the data are presented as 
histograms. (D) Cells were stained for c‑Myc (red). Immunofluorescence showed that compared with the positive control (RKO cells), c‑Myc (red) was not 
expressed in WERI‑Rb1 cells. Magnification, x100. All experiments were performed in triplicate. *P<0.05 vs. WERI‑Rb1. RT‑PCR, reverse transcription PCR.
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supported this result (Fig. 1B and C; c‑Myc protein expres-
sion; WERI‑Rb1 cells, 1; RKO cells, 31.26±11.92; P<0.05). 
Moreover, as exhibited in Fig. 1D, nuclear staining of 
c‑Myc (red) was observed in RKO cells but not WERI‑Rb1 
cells. Thus, the current results indicated that c‑myc was not 
expressed in WERI-Rb1 cells.

c‑Myc is upregulated in WERI‑Rb1 cells following treatment with 
the HDAC inhibitor TSA. To determine the influence of epigen-
etic modifications on the silencing of the c‑myc gene, WERI-Rb1 
cells were treated with the HDAC inhibitor TSA. Fig. 2A indi-
cates that c‑myc expression was increased in WERI-Rb1 cells 
treated with 250 or 500 nM TSA, according to the results of the 
RT‑PCR analysis. Western blotting was performed to further 
validate the aforementioned results, and it was revealed that the 

level of c‑Myc protein expression was significantly increased in 
WERI‑Rb1 cells treated with 250 nM TSA for 24, 48 and 72 h, 
compared with the control group (Fig. 2B and C; c‑Myc relative 
protein expression: Control, 1; 24 h, 3.84±1.06; 48 h, 7.44±3.43; 
72 h, 8.12±2.69; P<0.05). Furthermore, nuclear staining of c‑Myc 
(red) was observed in WERI-Rb1 cells treated with TSA, but not 
in the untreated cells (Fig. 2D).

Moreover, to further investigate whether histone deacety-
lation is specific to the expression of the endogenous c‑myc 
gene, a construct containing the human c‑myc promoter 
sequence between positions ‑2,263 and +53 upstream of the 
luciferase reporter gene (Fig. 2E) was utilised. WERI‑Rb1 
cells (transfected with a plasmid expressing the aforemen-
tioned construct) were treated with 250 nM TSA and subjected 
to luciferase assays. As exhibited in Fig. 2F, the basal activity 

Figure 2. c‑myc is transcriptionally upregulated in WERI‑Rb1 cells following treatment with the histone deacetylase inhibitor TSA. (A) RT‑PCR analysis indi-
cated that c‑myc was upregulated by TSA in a dose‑dependent manner in WERI‑Rb1 cells. (B) Western blot analysis of c‑Myc in WERI‑Rb1 cells following 
TSA treatment. GAPDH is shown as an internal control. (C) Relative expression of the c‑Myc protein in WERI‑Rb1 following TSA treatment at different 
time points. Data are presented as histograms. (D) Expression of c‑Myc (red) was visualized in WERI‑Rb1 cells after TSA treatment, and compared with the 
control. Magnification, x100. (E) Luciferase plasmid structure, which contains a c‑myc promoter sequence from ‑2,263 to +53 bp. (F) WERI‑Rb1 cells were 
transfected with the reporter containing the c‑myc promoter and subsequently treated with 250 nM TSA for 24 h. Levels of luciferase activity were normalized 
to those of Renilla luciferase (control, 1; TSA, 1.53±0.18; n=3 for each group). All results were confirmed in triplicate. *P<0.05 vs. respective control. RT‑PCR, 
reverse transcription PCR; BP, base pairs; TSA, trichostatin A; con, control.
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of the c‑myc promoter was significantly higher in WERI‑Rb1 
cells treated with TSA, compared to the control (control, 1; 
TSA, 1.53±0.18; P<0.05). Therefore, the current results indi-
cated that the expression of c‑myc was significantly increased 
by treatment with TSA in WERI-Rb1 cells.

c‑Myc expression is differentially regulated by three HDAC 
inhibitors in WERI‑Rb1 cells. To further determine whether 
histone deacetylation is implicated in c‑myc silencing, three 
different HDAC inhibitors (SAHA, VPA and MS‑275) were 
used to investigate the mechanism of c‑myc silencing in 
WERI‑Rb1 cells, via treatment of the cells with various concen-
trations of the HDAC inhibitors SAHA, VPA and MS‑275. As 
indicated in Fig. 3A and B, c‑Myc expression was significantly 
upregulated following treatment with 10 and 20 µM SAHA, 
and 5 and 10 µM MS‑275. However, 10 and 20 mM VPA 
did not influence the expression of c‑Myc (control, 1; 10 µM 
SAHA, 7.159±1.157; 20 µM SAHA, 9.027±4.066; 10 mM 
VPA, 4.301±2.856; 20 mM VPA, 1.477±1.156; 5 µM MS‑275, 
18.750±7.971; 10 µM MS‑275, 18.742±8.480; P<0.05).

To investigate the hypothesis that VPA does not increase 
c‑Myc expression in WERI‑Rb1 cells, HDAC mRNA was 
assessed in WERI‑Rb1 cells treated with 500 nM TSA, 20 µM 
SAHA, 20 mM VPA and 10 µM MS‑275. The present results 
indicated that different HDAC inhibitors differentially affected 
the mRNA expression of specific HDAC family members in 
WERI‑Rb1 cells, 6 h after treatment (Fig. S1 and Table SII). 
All four HDAC inhibitors downregulated HDAC7 and 8 in 
WERI-Rb1 cells. Notably, VPA did not decrease HDAC2 
mRNA expression like the other HDAC inhibitors did (Fig. 3C; 

control, 1; TSA, 0.584±0.127; SAHA, 0.532±0.051; VPA, 
0.909±0.130; MS‑275, 0.829±0.087; P<0.05). The current data 
implied that HDAC2 may influence HDAC inhibitor‑mediated 
regulation of c‑Myc.

Thus, the mRNA expression level of HDAC1‑11 in 
WERI‑Rb1 cells was quantified using RT‑qPCR. It was revealed 
that HDAC2 expression was significantly upregulated in 
comparison with the other members of the HDAC family (rela-
tive HDAC mRNA expression levels: HDAC1, 0.0183±0.0035; 
HDAC2, 0.1339±0.0082; HDAC3, 0.0133±0.0023; HDAC4, 
0.0018±0.0002; HDAC5, 0.0087±0.0013; HDAC6, 0.0097±0.0005; 
HDAC7, 0.0041±0.0009; HDAC8, 0.0163±0.0014; HDAC9, 
0.0075±0.0010; HDAC10, 0.0003±0.0001; and HDAC11, 
0.0007±0.0002; Fig. 3D). Therefore, it is speculated that 
HDAC2 may serve a key role in the regulation of c‑Myc in 
WERI-Rb1 cells.

Exogenous c‑Myc influences the viability of WERI‑Rb1 cells. 
TSA treatment resulted in an increase in c‑Myc expression, but 
also affected the morphology of WERI‑Rb1 cells. Normally, 
WERI-Rb1 cells appear as small, round cells in large clusters. 
However, following treatment with 250 nM TSA for 72 h, 
the clusters reduced in size, and single cells were observed 
(Fig. 4A). The CCK‑8 assay indicated that the viability of 
WERI‑Rb1 cells was markedly reduced (in a continuous 
manner), following treatment with 250 nM TSA (Fig. 4B; TSA, 
24 h, 0.377±0.072; 48 h, 0.244±0.089; 72 h, 0.213±0.053; 96 h, 
0.188±0.075; 120 h, 0.147±0.056) compared to the respective 
controls (control, 1; P<0.01). Therefore, TSA significantly 
inhibited the viability of WERI‑Rb1 cells.

Figure 3. c‑Myc expression is differentially regulated by three HDAC inhibitors in WERI‑Rb1 cells. (A) WERI‑Rb1 cells were treated with different concentra-
tions of SAHA, VPA and MS‑275, and c‑Myc expression was detected via western blotting. GAPDH was used as an internal control. (B) Relative expression 
of c‑Myc in WERI‑Rb1 cells was quantified using densitometry; data are presented as histograms. (C) Relative HDAC2 mRNA expression in WERI‑Rb1 
cells treated with HDAC inhibitors. (D) HDAC mRNA expression in healthy WERI‑Rb1 cells was determined via RT‑qPCR. Results were normalized to 
β‑actin expression. All results were confirmed in triplicate. *P<0.05 vs. respective control. RT‑qPCR, reverse transcription‑quantitative PCR; HDAC, histone 
deacetylase; TSA, trichostatin A; SAHA, vorinostat; VPA, valproic acid sodium salt; MS‑275, entinostat; con, control.
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The c‑Myc protein possesses versatile functions in human 
cancer (16,20). To investigate whether the TSA-induced inhibi-
tion of viability in WERI‑Rb1 cells was associated with c‑Myc, 
the cells were transfected with either pMXs‑c‑Myc or an 
empty control vector. The CCK‑8 assay was then performed to 
evaluate the effects of exogenous c‑Myc on WERI‑Rb1 prolif-
eration. As indicated in Fig. 4C and D, western blot analysis 
revealed a higher level of c‑Myc expression in WERI‑Rb1 
cells transfected with pMXs‑c‑Myc compared with the empty 
vector (c‑Myc protein expression: Vector, 1; pMXs‑c‑Myc, 
3.32±1.27; P<0.05). Notably, the viability of WERI‑Rb1 cells 
was significantly reduced following pMXs‑c‑Myc transfection 
(exogenous c‑Myc; 24 h, 0.929±0.014; 48 h, 0.886±0.028; 72 h, 
0.901±0.012; and 96 h, 0.913±0.030) compared to vector trans-
fection (control, 1) (Fig. 4E; P<0.05). Therefore, the present 
results demonstrated that exogenous c‑myc may significantly 
decrease the viability of WERI‑Rb1 cells.

c‑Myc downregulation results from histone deacetylation in 
WERI‑Rb1 cells, but not in Y79 cells. To examine whether the 
silencing mechanism was conserved across other RB cell lines, 
Y79 cells were chosen for comparison with WERI‑Rb1 cells. 
Compared with RKO cells, c‑myc was also nearly silenced in 
Y79 cells, similar to WERI‑Rb1 cells (Fig. 5A). However, the 
expression level of c‑myc was not upregulated in Y79 cells after 
treatment with 250 nM and 500 nM TSA. Moreover, western 
blot analysis demonstrated that the protein level of c‑Myc was 
not induced by 250 nM TSA at different time points (Fig. 5B).

Y79 cells were also transfected with the plasmid carrying 
the human c‑myc promoter with the firefly luciferase gene 
(Fig. 2E) and treated with 250 nM TSA, 10 µM SAHA, 10 mM 
VPA or 5 µM MS‑275. After 24 h, the cells were harvested and 
subjected to luciferase assays. As detailed in Fig. 5C, unlike 
in WERI‑Rb1 cells, TSA, SAHA, VPA and MS‑275 did not 

upregulate the basal activity of the c‑myc promoter in Y79 cells. 
By contrast, c‑myc promoter activity was decreased in Y79 
cells treated with TSA, SAHA and VPA. In addition, c‑myc 
promoter activity was not influenced by MS‑275 compared to 
the controls (control, 1; TSA, 0.35±0.07; SAHA, 0.18±0.04; 
VPA, 0.31±0.59; MS‑275, 0.99±0.24; P<0.05). Therefore, the 
present results indicated that the mechanism of c‑myc silencing 
is specific to WERI‑Rb1 cells compared with Y79 cells.

Moreover, to determine whether exogenous c‑myc is able 
to inhibit the viability of Y79 cells, the cells were transfected 
with either pMXs‑c‑Myc or a control vector, and analysed 
using a CCK‑8 assay. As revealed in Fig. 5D and E, western 
blot analysis confirmed the change in the c‑Myc protein expres-
sion level in Y79 cells when transfected with pMXs‑c‑Myc, 
compared with the vector (c‑Myc protein expression: Vector, 1; 
pMXs‑c‑Myc: 4.36±1.85; P<0.05). Consistent with WERI‑Rb1 
cells, Fig. 5F shows that the viability of Y79 cells was also 
significantly reduced by exogenous c‑myc at 24 h (0.923±0.033), 
48 h (0.898±0.037), 72 h (0.903±0.004) and 96 h (0.92±0.040) 
(all P<0.05). Thus, according to the current results, exogenous 
c‑myc also significantly inhibits the proliferation of Y79 cells.

Discussion

It has been revealed that c‑Myc is highly expressed in a variety 
of tumour types (6‑9), though the expression level of c‑Myc in 
RB cells is yet to be reported, to the best of our knowledge. 
In the present study, it was revealed that the expression level 
of c‑Myc was very low in the RB cell line WERI‑Rb1. It was 
confirmed that c‑Myc expression in WERI‑Rb1 cells was 
increased at the transcriptional level by the HDAC inhibitor 
TSA, and was also differentially regulated by three other 
HDAC inhibitors. However, none of the HDAC inhibitors 
induced the upregulation of c‑Myc expression in Y79 cells. 

Figure 4. Exogenous c‑myc affects the viability of WERI‑Rb1 cells. (A) Morphological changes in WERI‑Rb1 cells treated with TSA (250 nM) for 72 h. 
(B) CCK‑8 assays indicated that TSA significantly decreased the viability of WERI‑Rb1 cells compared with the negative controls. **P<0.01. (C) Western 
blotting showing the expression of c‑Myc in WERI‑Rb1 cells after transfection. (D) Relative expression of c‑Myc in WERI‑Rb1 cells was quantified using 
densitometry; the data are presented as histograms. *P<0.05 vs. vector. (E) CCK‑8 assays indicated that the viability of WERI‑Rb1 cells was reduced following 
c‑myc transfection, compared with the controls. All results were confirmed in triplicate. *P<0.05. TSA, trichostatin A; CCK‑8, Cell Counting Kit‑8.
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Moreover, exogenous c‑Myc significantly inhibited the prolif-
eration of WERI‑Rb1 and Y79 cells. Thus, the results of the 
current study revealed the expression mechanism of c‑Myc 
and the role it serves in RB cells.

c‑myc has been reported to be regulated by histone acylation 
or DNA methylation in numerous types of cancer cell (12‑15). 
The present data revealed that expression levels of c‑Myc were 
significantly upregulated in WERI‑Rb1 cells following treat-
ment with TSA, SAHA and MS‑275. This result is consistent 
with a previous study, which revealed that TSA significantly 
increased the expression of c‑myc mRNA resulting from 
nerve growth factor (NGF), and blocked both oncogenic ras‑ 
and NGF‑induced neurite outgrowth from PC12 cells (23). 
By contrast, previous studies have indicated that c‑myc may 
also be regulated by certain DNA demethylating reagents, 
such as 5‑azacytidine (12‑14). Certain previous studies on 
different cancer cells have reported that c‑myc expression 
was downregulated or unaffected by treatment with HDAC 
inhibitors. For example, Kretzner et al (24) demonstrated that 
both TSA and SAHA decreased c‑Myc mRNA and protein 
expression, as well as c‑Myc‑regulated microRNA expression. 
Nebbioso et al (25) reported that treatment with SAHA and 

MS‑275 resulted in both c‑Myc acetylation at lysine residue 
323, and c‑Myc downregulation in acute myeloid leukaemia 
cell lines. Furthermore, silencing of c‑Myc was not influenced 
by TSA in prostate cancer PC3 cells (26). Thus, the present 
data indicated that histone deacetylation was implicated in the 
silencing mechanism of c‑Myc in WERI‑Rb1 cells.

Moreover, in the present study, the expression of c‑Myc 
in WERI-Rb1 cells was discovered not to be increased by 
VPA, by contrast to TSA, SAHA and MS‑275. In addition, 
HDAC2 was reduced by all the other HDAC inhibitors except 
VPA. HDAC2 might be involved in HDAC inhibitor-medi-
cated regulation of c‑Myc. HDAC2 has a pivotal role in the 
modulation chromatin architecture leading to transcriptional 
changes (27). Previous studies reported that HDAC2 is 
upregulated in numerous cancer types, including breast 
and prostate cancer (28‑30). Additionally, upregulation of 
HDAC2 has been revealed to significantly enhance cancer 
cell proliferation, migration and invasion (28,30‑33). These 
findings support the results of the present study which indi-
cated that the HDAC2 mRNA level was the higher than that 
of any other HDACs in WERI‑Rb1 cells. Additionally, several 
studies have demonstrated that VPA treatment may decrease 

Figure 5. c‑Myc is not upregulated by HDAC inhibitors in RB Y79 cells. (A) RT‑PCR analysis indicated that c‑myc expression was not induced by treatment 
with 250 or 500 nM TSA, in Y79 cells. (B) Western blot analysis of c‑Myc in Y79 cells following TSA treatment. GAPDH was used as a reference gene. 
(C) Y79 cells were transfected with the c‑myc promoter reporter and then treated with 250 nM TSA, 10 µM SAHA, 10 mM VPA or 5 µM MS‑275 for 
24 h. Levels of luciferase activity were normalized to those of Renilla luciferase (control, 1; TSA, 0.35±0.07; SAHA, 0.18±0.04; VPA, 0.31±0.59; MS‑275, 
0.99±0.24; n=3 for each group) *P<0.05 vs. control. (D) Expression level of c‑Myc in Y79 cells after c‑Myc transfection. (E) Relative expression of c‑Myc in 
Y79 cells was quantified using densitometry, and the data are presented as histograms. *P<0.05 vs. vector. (F) CCK‑8 assays indicated that the viability of Y79 
cells may also be reduced by exogenous c‑Myc, similar to WERI‑Rb1 cells. All the results were confirmed in triplicate. *P<0.05. RT‑PCR, reverse transcription 
PCR; TSA, trichostatin A; SAHA, vorinostat; VPA, valproic acid sodium salt; MS‑275, entinostat; con, control.
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or have no effect on HDAC2 expression (34‑37). This may be 
partially attributable to the fact that VPA is tumour‑selective, 
similar to the other HDAC inhibitors (38). However, HDAC2 
has been reported to enhance c‑Myc expression in numerous 
cell types (39,40), by contrast to the present study which 
discovered that c‑Myc expression increased when HDAC2 
was downregulated. Further research should investigate the 
association between HDAC2 and c‑Myc expression in RB 
cells. Taken together, the current data suggest that HDAC2 
may serve an important role in the regulation of c‑Myc 
expression in WERI-Rb1 cells treated with TSA, SAHA and 
MS‑275.

Notably, none of the HDAC inhibitors significantly altered 
c‑Myc expression in Y79 cells. This result is partially consistent 
with the different effects on gene expression caused by SAHA 
in human breast carcinoma cell line MDA 468, compared with 
MDA 435 (41). Moreover, the RB mutation in WERI‑Rb1 cells 
is a complete deletion of the gene, whereas a partial deletion 
is present in Y79 cells (42). The two RB cell lines possess 
differing growth characteristics (43), which may contribute to 
the variation in their gene expression patterns (44) and result in 
contrasting c‑myc-silencing mechanisms. Overall, the current 
results demonstrated that histone acetylation of the c‑myc gene 
was specific to WERI‑Rb1 cells.

Furthermore, the present data revealed that exogenous 
c‑Myc mildly reduced the viability of WERI‑Rb1 and Y79 
cells. However, as suggested in previous reports, c‑Myc 
may be highly expressed in a variety of tumour types, and 
may also promote proliferation and metastasis (6‑9,17). 
By contrast, c‑Myc was revealed to induce apoptosis in 
myeloid progenitor cells and fibroblasts (45‑47). Notably, 
c‑Myc induces massive programmed cell death (PCD) in the 
majority of transgenic mouse models, with greater efficiency 
than other oncogenes (20). Downregulation of c‑Myc protein 
levels contributes to cancer cell survival under certain 
conditions (21). The aforementioned studies are consistent 
with the current results, which revealed that exogenous 
c‑Myc reduced the viability of RB cells, to a certain extent. 
However, the results of c‑Myc on PCD were thought to 
promote cancer cells to adapt to living conditions and envi-
ronmental changes (20,21). Thus, further studies exploring 
the inhibition of exogenous c‑Myc on retinoblastoma may 
help elucidate its role.

In conclusion, the present study indicated that c‑myc was 
downregulated in WERI‑Rb1 and Y79 cells. Moreover, HDAC 
inhibitors TSA, SAHA and MS‑275 were able to transcription-
ally induce the expression of c‑Myc in WERI‑Rb1 cells, but 
not in Y79 cells. Exogenous c‑myc also decreased WERI-Rb1 
and Y79 cell viability. Therefore, the current data support the 
hypothesis that c‑Myc regulates tumorigenesis at an epigenetic 
level in the WERE-Rb1 human RB cell line.
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