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Introduction

Retinoblastoma is the most universal primary intraocular 
malignancy in childhood, accounting for 3% of childhood 
cancers (1,2). Retinoblastoma can cause serious damage to 
the patient’s vision and even lead to blindness. In addition, if 
left untreated, it can cause life-threatening problems due to 

local or distant metastasis (3). Chemotherapy is still a major 
means of treating retinoblastoma to date. However, many 
patients with retinoblastoma develop resistance and are at risk 
of blindness during the chemotherapy period (4,5). Thus, it is 
necessary for us to discover novel anticancer agents that can 
reduce the drug resistance and toxicity during treatment.
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Genetic mutations are the leading cause of cancer 
development and progression. In addition, epigenetic 
abnormalities play a crucial role in the development of 
tumors (6). Therefore, epigenetic regulation has become a 
new treatment strategy for cancer. Epigenetic regulations 
of gene expression include DNA methylation, histone 
modification and Chromatin remodeling with reversible 
properties (7). Eleven human histone deacetylase (HDAC) 
family members have been identified and divided into four 
classes until now (8). They play a key role in epigenetic 
regulations of gene expression by regulating the acetylation 
level of the histone proteins (9). And an increasing number 
of research have demonstrated an anti-tumor role of 
HDAC inhibitors in multiple malignant tumors (10-12). 
Among the HDAC family, HDAC6 is a unique HDAC that 
not only deacetylates histones but also affects some non-
histone substrates such as heat shock protein 90 (HSP90) 
and α-tubulin (13). Selective inhibition of HDAC6 plays 
anti-tumor effects through induction of differentiation, 
apoptosis, chemosensitivity, cell cycle arrest, and inhibition 
of migration and angiogenesis (14). More importantly, 
HDAC6 knockout mice develop normally and have seemingly 
normal major organ functions, suggesting that HDAC6 
inhibition could not cause severe adverse events compared to 
inhibition of other HDACs (15). In addition, it has been found 
that the depletion of HDAC6 can enhance cisplatin-induced 
DNA damage (16). This suggests that inhibition of HDAC6 
may enhance the sensitivity of chemotherapy by cisplatin. The 
selective HDAC6 inhibitors have been shown to have anti-
tumor effects in a variety of tumors, such as multiple myeloma, 
melanoma, colorectal cancer, Gastric cancer and lymphoma 
(9,17-20). However, the role of selective HDAC6 inhibitors in 
retinoblastoma is rarely reported.

WT161 is a recently discovered potent and selective HDAC6 
inhibitor. Recently, WT161 has been shown to play anti-tumor 
effects on multiple myeloma and breast cancer. In addition, 
WT161 shows a significantly synergistic antitumor effect 
with Bortezomib and this combination treatment is effective 
in bortezomib-resistant cells in multiple myeloma (21,22). 
However, the role of WT161 in retinoblastoma remains unclear. 
Thus, the aim of this study is to explore the role of WT161 in 
retinoblastoma and its potential mechanisms.

Methods

Cell culture and chemicals

The human retinoblastoma cancer cell lines Y79 and Weri-

Rb1 were obtained from the Institute of Biochemistry 
and Cell Biology of the Chinese Academy of Sciences 
(Shanghai, China). Y79 cell was cultured in DMEM (Gibco, 
Thermo Fisher Scientific, Waltham, MA, USA) medium 
supplied with 10% fetal bovine serum (FBS) (Gibco-Life 
Technologies) at 37 ℃ in 5% CO2 atmosphere. WT161 was 
purchased from MedChemExpress (NJ 08852, USA) and 
prepared in dimethyl sulfoxide (DMSO) (Sigma-Aldrich, St. 
Louis, MO, USA).

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay

Retinoblastoma cell was seed in 96-well plates at a density 
of 5,000 cells/well. The cells were treated with a series 
concentration of WT161 and/or cisplatin for 24, 48, and 
72 h. MTT (Biosharp, China) was added to each well and 
cultured for 4h. Then the cells were lysed with DMSO and 
the optical density (OD) value at 490 nm was measured by 
microplate reader. The relative OD value = OD value of 
experimental well/OD value of control well.

Soft agar colony formation assay

We prepared 1.2% and 0.7% agarose (A9045-5G, Sigma), 
DMEM containing 20% FBS and 2× working concentration 
of penicillin streptomycin. The 1.2% agarose was diluted 
into the culture medium at a ratio of 1:1 and put into 6-well-
plate with 2 mL/well to make bottom layer. To make upper 
layer of agarose, we diluted 0.7% agarose in the medium 
containing 1×103 single cell at a ratio of 1:1. The upper 
layer of agarose was added to 6-well-plate with 2 mL/well. 
After the upper layer of agar became solidified, each well 
was treated with different concentrations of WT161 for 
2 weeks. After 2 weeks, the cells were stained with 0.1% 
crystal violet dye overnight. Colonies containing >50 cells 
were photographed and counted.

Apoptosis assay

We used the annexin V-FITC/propidium iodide (PI) 
apoptosis detection kit (BD Biosciences, USA) to assess 
the apoptosis of retinoblastoma cells. Cells were plated in 
6-well plate and treated with specific concentration range of 
WT161 for 48 h. Then the cells were harvested and washed 
twice with phosphate-buffered saline (PBS). At last, the cells 
were stained with annexin V-FITC and PI and the apoptosis 
rate was determined by flow cytometer (BD Biosciences).
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Real-time polymerase chain reaction (RT-PCR)

RT-PCR was performed as described previously (23). 
Primer sequences were as follows: human Bad forward: 
G A C C A G C A G C C C A G A G TAT  a n d  r e v e r s e : 
CGCCTCCATGATGACTGTTATTG; human Bax 
forward: GAGGCAGCGGCAGTGATG and reverse: 
TCCTGGATGAAACCCTGTAGCA; human Bim 
forward: CGACAGTCTCAGGAGGAACC and reverse: 
CCTTCTCCATACCAGACGGA; human Noxa forward: 
ATGAATGCACCTTCACATTCCTCT and reverse: 
TCCAGCAGAGCTGGAAGTCGAGTGT; β-actin 
was used as an internal control and the primers were 
forward: CACTGTGTTGGCGTACAGGT, reverse: 
TCATCACCATTGGCAATGA.

Luciferase reporter assay

The Bad promoter was constructed into pMIR-reporter 
plasmids. The Bad and negative control (NC) mimics were 
transfected with Lipofectamine 2000 (Invitrogen, USA), 
respectively. Then 293T cells were cultured for 48 hours 
with different concentrations of WT161. The luciferase 
activities were detected by the luciferase reporter assay 
system.

Western blot analysis

The cells were washed 1–2 times using PBS and then added 
radioimmunoprecipitation assay (RIPA) buffer with protease 
inhibitors incubating on ice for 30 min. The lysates were 
collected and centrifuged at 1,000 rpm for 20 min at 4 ℃. 
We used the bicinchoninic acid (BCA) assay kit (Pierce, 
Rockford, IL, USA) to measure protein concentration. 
The proteins of each group were fractionated by SDS-
PAGE, and then transferred to PVDF membrane. After 
that, the membranes were soaked in PBST with 5% non-
fat dry milk for 1.5 hours at room temperature and then 
probed with primary antibodies overnight at 4 ℃. After 
wash extensively, the membranes were probed with second 
antibody and then wash with PBST for 3 times. Then the 
proteins were visualized by chemiluminescence (Beyotime 
Biotechnology, Shanghai, China).

Chromatin immunoprecipitation (ChIP) assay

ChIP assays  were  used to  examine the  leve l s  o f 
acetylated histone H3 (AcH3) and acetylated histone 

H4 (AcH4) on the Bad promoter region according to 
the instructions of ChIP assay kit (Millipore, USA). 
Chromatin was immunoprecipitated with antibodies 
against control IgG, acetyl-H3 and acetyl-H4. RT-PCR 
was performed for the Bad promoter region. Primer 
sequences were as follows: ChIP Bad proximal forward: 
TCCTTTCCTTATCTCCAGTGCC and reverse: 
GTGATTATTGTTGCTATTGTTACCG. The relative 
DNA levels in each immunoprecipitated group were 
normalized to the input DNA.

Evaluation of drug interaction

Evaluation of drug interaction was conducted as described 
previously (24). Briefly, using drug concentrations based 
on the half maximal inhibitory concentration (IC50) 
value of each drug as a single drug to produce growth 
inhibition of about 10% to 90%. When the drugs are used 
in combination, the drug concentration of the two drugs 
should be kept at a certain ratio. The combination index (CI) 
was calculated by the CompuSyn software (Biosoft).

Statistical analysis

We used statistical software SPSS 16 to analyze the 
experimental data. Results are shown as the mean ± standard 
deviation (SD). We used LSD test to detect the statistical 
difference between experimental groups. P values less than 
0.05 were considered statistically significant.

Results

WT161 suppresses the cell growth of retinoblastoma cells

Previous study had demonstrated that WT161 inhibits 
the growth of the breast cancer cells (21). To investigate 
whether  WT161 exer t s  an  ant i - tumor  e f fec t  on 
retinoblastoma, Y79 and Weri-Rb1 cells were treated 
with a series concentration of WT161 for indicated time. 
The enhancement of acetyl-α-tubulin level by WT161 
treatment in Y79 cells indicated the efficiency of WT161 
in retinoblastoma cells (Figure 1A). MTT assay was used 
to detect the cell viability. As shown in Figure 1B,C, 
WT161 suppressed the cell growth of retinoblastoma cell 
in a dose- and time-dependent manner. In addition, to 
further investigate the effect of WT161 on suspension cell 
Y79, we performed the soft agar colony forming assay (25). 
As shown in Figure 1D, the results revealed that WT161 
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Figure 1 WT161 suppresses the cell growth of retinoblastoma cell line in dose- and time-dependent manners. (A) The protein expression of 
acetylated tubulin was determined by western-blotting analysis; (B) retinoblastoma cells were subjected to various concentrations of WT161 
for 48 h. TSA was as a positive control. Means from three independent experiments are presented as data; (C) various concentrations of 
WT161 was administered to retinoblastoma cells for 72 h with quantitative absorbance per 24 h; (D) retinoblastoma cells were inoculated 
into 6-well plates with soft agar (1,000 cells/well). Each well was treated with different concentrations of WT161 for 2 weeks. After two 
weeks, the cells were stained 0.1% crystal violet dye overnight. n=3, **P<0.01, ***P<0.001, compared with NC/vector. TSA, trichostatin A; 
NC, negative control.
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inhibits the colony formation of Y79 cells in a dose-
dependent manner.

WT161 treatment induces the apoptosis of retinoblastoma cells

In order to determine whether WT161 affect the 
apoptosis of retinoblastoma cells, we tested apoptotic cell 
number of retinoblastoma cell through flow cytometry. 
The retinoblastoma cell line was cultured with a series 
concentration of WT161 for 48 hours. As shown in  
Figure 2A, WT161 induced a dose-dependent increase in 
the apoptotic cells. In addition, western blotting showed 
that caspase-3 and PARP were activated upon WT161 
treatment (Figure 2B). These results indicate that WT161 
increases the apoptosis of retinoblastoma cell in a dose-
dependent manner.

WT161 increases the apoptosis of retinoblastoma cells 
mainly through increasing the expression of Bad

The BH3-only proteins of  the BCL-2 family are 
important promoters of apoptosis, which transmits 
both extrinsic and intrinsic cell death signals (26). 
Thus, we want to explore whether WT161 induced 
t h e  a p o p t o s i s  o f  r e t i n o b l a s t o m a  c e l l s  t h r o u g h 
the  BH3-only  prote ins .  As  shown in  Figure  3A,  
the result showed that WT161 increased the mRNA 
expression level of several BH3-only proteins to varying 
degrees. Among them, Bad was the most pronouncedly 
upregulated gene induced by WT161. Besides, analyzing 
the high-through transcriptional factor ChIP-seq data 
through UCSC website, we found there are interaction of 
p300 and SIN3A-HDAC with the Bad promoter region, 
indicating Bad promoter might be regulated by histone 
acetylation. More important, the histone modification 
by ChIP-seq data from UCSC website showed heavily 
acetylation histone in Bad promoter. We hence examined 
whether WT161 affected the transcription of Bad 
through modulating promoter activity. Indeed, treatment 
of Y79 cells with WT161 increased the transcriptional 
level of Bad (Figure 3B). AcH3 and AcH4 are important 
substrates of HDAC6. We hence investigated whether 
WT161 influenced the expression of Bad by affecting 
the acetylation level of histone H3 and H4 on the Bad 
promoter as a HDAC6 inhibitor. As expected, WT161 
treatment obviously increased the acetylation level of 
histone H3 and H4 on the Bad promoter (Figure 3C). 
Altogether, these results show that WT161 increased the 

transcription level of the Bad by increasing the acetylation 
level of histone H3 and H4 on the promoter.

WT161 shows synergistic effects on retinoblastoma cell 
combined with cisplatin

Cisplatin is a conventional chemotherapy drug for 
retinoblastoma treatment (27). Thus, we explored whether 
WT161 could show synergistic inhibitory effects on 
retinoblastoma cells combined with cisplatin. As shown in 
Figure 4, the results showed the majority of the CI values 
are lower than 0.7, indicating that WT161 enhanced the 
inhibitory effect of cisplatin on retinoblastoma cells.

Discussion

Retinoblastoma is the most universal primary intraocular 
malignant tumor occurring in childhood. And it accounts 
for 3% all of childhood cancers. If not treated in time, it 
will be deadly. In recent years, the survival rate of patients 
with retinoblastoma has increased significantly due to the 
development of early cancer treatment. However, many 
patients with retinoblastoma are at risk of blindness due to 
metastasis or resistant-chemotherapy. It is critical for us to 
explore new anticancer agents for retinoblastoma.

In recent years, growing evidence indicates that 
epigenetic processes play an important role in tumorigenesis 
and progression. HDAC inhibitors play an important role 
in epigenetic regulation through modulating acetylation 
level of histones. Thus, HDAC inhibitors have become a 
new treatment strategy for cancer (28,29). Previous studies 
have shown that WT161 exerted anti-tumor effects on 
multiple myeloma and breast cancer. A recently identified 
potent and selective HDAC6 inhibitor with an IC50 value 
of 0.40 nM (21,22). In this study, we demonstrated that 
WT161 suppressed the cell growth and increases the 
apoptosis of retinoblastoma cells through increasing the 
acetylated H3 and H4 in the Bad promoter to regulate Bad 
expression. And it also showed synergistic inhibitory effects 
with cisplatin. Our results indicate that WT161 might 
become a new therapeutic approach for clinical treatment 
of retinoblastoma in the future. 

Apoptosisis a process of programmed cell death regulated 
at the genetic level that results in the orderly and efficient 
removal of damaged cells (30). The dysregulation of 
apoptosis program is bound up with cell proliferation, the 
development of cancer and the resistance of tumors to drugs 
(31,32). For this reason, the dysregulation of apoptosis 
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Figure 2 WT161 increases the apoptosis of retinoblastoma cell in a dose-dependent manner. (A) Retinoblastoma cells were subjected 
to various concentrations of WT161 for 48 h. The cell apoptosis levels were assessed by flow cytometry; (B) the protein expression of 
caspase-3, cleaved caspase-3, PARP were determined by western-blotting analysis. n=3, **P<0.01 compared with NC/vector. NC, negative 
control.
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is considered to be one of the hallmarks of cancer (33).  
Therefore, the drugs that can induce apoptosis are a 
promising approach for the cancer treatment. As shown 
in Figure 2, our results showed that WT161 increased 

the apoptosis of retinoblastoma cell in a dose-dependent 
manner.

The pro-survival and pro-apoptotic members of BCL-2 
protein family control the mitochondrial apoptotic pathway. 

Figure 3 WT161 induced the apoptosis of retinoblastoma cell through increasing the expression of Bad. (A) The mRNA expression levels 
of Bim, Bad, Noxa and Bax were tested in cells treated with (0–1.6 µM) WT161 for 48 h using the RT-PCR analysis; (B) the cells transfected 
with Bad or NC mimics were treated with 0.8 or 1.6 µM WT161 for 48 h. Then the luciferase activity was detected by luciferase reporter 
assay; (C) retinoblastoma cells were treated with 1.6 µM WT161 for 48 h. The ChIP assay kit was used to check the level of AcH3 and 
AcH4 on the Bad promoter region. n=3, **P<0.01, ***P<0.001. RT-PCR, real-time polymerase chain reaction; NC, negative control; ChIP, 
chromatin immunoprecipitation; AcH3, acetylated histone H3; AcH4, acetylated histone H4; IP, immunoprecipitation; WB, Western blot.
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The balance of them can regulate programmed cell death 
appropriately. When pro-apoptotic proteins predominate, 
they will induce the cell apoptosis (34,35). In our study, we 
discovered that WT161 increased the mRNA expression 
level of several pro-apoptotic members to varying degrees. 
And Bad was the most pronouncedly influenced by WT161. 
In recent years, great progress has been obtained in 
understanding how histone acetylation and deacetylation 
influence promoter activity. And histone acetylation 
has become a key regulatory mechanism for controlling 
multiple nuclear processes and transcription (36). In 

addition, a previous study indicated that suppression of 
HDAC6 increased Pax7 expression through increasing 
the acetylation of histones H3 and H4 on the Pax7  
promoter (37). In this study, we demonstrated that WT161, 
as a HDAC6 inhibitor, increased the transcription of Bad by 
affecting the AcH3 and AcH4 on the Bad promoter.

As a well-known chemotherapy drug, cisplatin has been 
certificated to combat different types of cancer including 
sarcoma, soft tissue cancer, bones, muscles and blood 
vessels (38). In retinoblastoma, cisplatin is also used as a 
common clinical chemotherapy regimen (39). However, 
clinical use of cisplatin usually induces drug resistance, 
ototoxic and nephrotoxic (40,41). Thence, the combination 
of cisplatin with other pharmaceutical agents may improve 
its efficacy and reduce the toxicity on patients. In the study, 
our results indicated that WT161 enhanced the cytotoxicity 
of DDP and showed a significantly synergistic effect 
when combined with DDP, suggesting that the combined 
treatment of WT161 and cisplatin could be an effective 
strategy for the treatment of retinoblastoma.

In conclusion, we demonstrated the important role of 
WT161 in retinoblastoma. Our results showed that WT161 
inhibits the cell growth and induces the apoptosis of 
retinoblastoma cells in a dose- and time-dependent manner. 
In addition, WT161 shows synergistic inhibitory effects on 
retinoblastoma cell combined with cisplatin. WT161 might 
be a promising agent against retinoblastoma.
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Figure 4 WT161 shows synergistic inhibitory effects on 
retinoblastoma cell combined with cisplatin. (A,B) CI-Fa 
graphs of combination studies with WT161 and cisplatin in the 
retinoblastoma cell lines Y79 and Weri-Rb1. When CI <1, it 
represents synergism; conversely, CI >1 indicates antagonism. CI =1 
reveals additivity. And Fa = fraction was affected by the combination 
treatment. CI, combination index; EC, effective concentration.
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