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Abstract

e AIM: To

deoxycytidine (5 -Aza-CdR), a DNA methyltransferase
(DNMT) inhibitor, on the growth and survival of the
Chinese retinoblastoma (RB) cell line HXO-RB,.

e METHODS: The DNA methylation status of the Ras

association domain family (RASSF1A) promoter in the
presence of 5-Aza-CdR at different concentrations was
analyzed by methylation -specific polymerase chain
reaction (MSP). RASSF1A mRNA and protein levels were
measured by semiquantitative @RT -PCR and
immunohistochemistry staining, respectively, when cells
were treated with 5.0umol/L of 5-Aza-CdR. The effect of
5.0umol/L 5-Aza-CdR on the proliferation and viability of
HXO -RB,, cells was examined using 3 —-(4,5 -
dimethylthiazol -2 -yl) -2,5 -diphenyltetrazolium bromide
(MTT) assay and flow cytometry.

investigate the effect of 5 -Aza -2° -

e RESULTS: 5-Aza-CdR efficiently induced cell cycle

arrest at G/G, and apoptotic death in HXO -RB,, cells.
MSP analysis showed that unmethylated RASSF1A DNA
increased and methylated RASSF1A decreased in a
dose-dependent manner in a range of 0.5-5.0umol/L 5-
Aza -CdR. Accordingly, RASSF1A expression was
reactivated at both mRNA and protein levels. Incubation
time of 5-Aza-CdR treatment also functioned as a factor
for the demethylation status of RASSF1A promoter DNA,
with a plateau on day four. 5 -Aza -CdR at 5.0umol/L
completely demethylated the RASSF1A promoter in HXO-
RB, cells on day four, and as a result, RASSF1A
expression increased significantly from day 4 to day 7.

e CONCLUSION: 5-Aza-CdR inhibits the growth of the

HXO -RB, RB cell line and induces apoptosis by
demethylating the Z455F7A4gene.
e KEYWORDS: 5-Aza-2'-deoxycytidine; retinoblastoma;
methylation; apoptosis; Ras association domain family
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INTRODUCTION
L ong-term survival rates of retinoblastoma (RB) patients
are low in some developing and undeveloped countries,
and diagnostic delay or lack of access to multidisciplinary
coordinated therapies account for the low rates .
Intracranial invasion, metastasis or second nonocular tumors
lead to death even after enucleation or orbital exenteration®.
And aggressive systemic approaches might improve the
survival rate of high-risk cases.However, antineoplastic
drugs can adversely affect the physiological function and
development of normal cells, especially in children.
Moreover, some RB cases are resistant to these drugs. Thus,
there is a need for a new drug with lower toxicity or
synergistic effects.
Recent studies have focused on the epigenetic changes
of-tumorigenesis, and the silencing of multiple tumor
(TSGs) by aberrant methylation of CpG

islands in promoter regions, is now widely recognized as an
48]

suppressor genes
important contributing factor In contrast to genetic
mutation, epigenetic silencing of gene expression can be
effectively reversed by DNA methylation inhibitors in many
tumor types, rendering the inhibitors as attractive tools for
therapeutic interventions. 5-Aza-2'-deoxycytidine(5-Aza-CdR)
is a cytotoxic drug with severe side effects when used at
maximum tolerance doses and it can trap and rapidly deplete
cellular DNA methyltransferase (DNMT) through a stable
covalent DNA-5-Aza-CdR-DNMT reaction %, Therefore,
selective degradation of DNMTI1 through a proteasomal
pathway may be a new alternative mechanism for
5-Aza-CdR activity!"""). Hypermethylation occurs frequently
in a variety of human cancers, but rarely in normal tissues,
suggesting that methylation inhibitors could be more specific
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to tumors and less toxic to normal cells ™. Based on the
results of previous studies, 5.0wmol/L 5-Aza-CdR chemical
intervention were the median lethal dose concentration™.
Moreover, the promoter hypermethylation of 2455774 gene
is one of the most frequent epigenetic inactivation events,
observed in at least 37 human tumor types !, Meanwhile,
some studies report that AA4S8774 also has a high
methylation rate in RB patients and it can be reversed by
5-Aza-CdR in RB WERI-RB1 and Y79 cell lines ',
Futhernore, a recent study show that 5-Aza-CdR has a new
function in activating the expression of silenced RASSF1A at
a much lower concentration!.

However, few data are available regarding AZAS5/74 gene
inactivation and reactivation in Chinese, especially in the
HXO-RB,, cell line To find the optimal concentration of
5-Aza-CdR with the least toxicity and the greatest effect on
RB cells, we effect of different
concentrations or different treatment times of 5-Aza-CdR on
the demethylation of the RASSFIA promoter and
reestablishment of RASSF1A expression that consequently
inhibits the growth of HXO-RB, cells. Our data might
provide a new strategy for the treatment of advanced RB.
MATERIALS AND METHODS

Cell Culture The HXO-RB, human RB cell line was
obtained from the Center of Cell Biology, Xiangya Medical
College, Central South University, China. HXO-RB,, cells
were cultured in RPMI 1640 with 10% fetal bovine serum
(FBS) in a humidified incubator at 37°C in 5% CO,.
5-Aza-CdR Treatment HXO-RB,, cells (1x10% in six-
well plates were treated with various concentrations of
5-Aza-CdR (0.1, 0.5, 1.0, 5.0, and 10.0pmol/L) in DMSO
(Sigma Chemical Co., St. Louis, MO, USA). Concentrations
used in this study were based on previous findings . The

investigated the

medium containing 5-Aza-CdR was replaced every 24h for
the indicated period.

Methylation —Specific PCR Assay Genomic DNA was
extracted from HXO-RB,, cells treated with different doses
of 5-Aza-CdR for four days by the proteinase K digestion
procedure, according to the manufacturer's instructions
(Sigma-Aldrich, USA). To evaluate demethylation levels of
the RASSFI1A promoter, DNA extracted from HXO-RB,
cells was analyzed by methylation-specific PCR (MSP),
based on the sequence differences between methylated and
unmethylated DNA after sodium bisulfite modification (EZ
DNA Methylation-Gold Kit™, Zymo Research, USA) P!,
Unmethylated cytosine was converted to uracil, which is
recognized as thymine by Taq polymerase. The primer pairs
specific for methylated (M) and unmethylated (U) RASSF1A
DNA were as follows: U-sense primer, 5'-GGTTTTGTGAG
AGTGTGTTTAG-3'; U-antisense, 3'-CACTAACAAACAC
AAACCAAAC-5'"; M-sense primer, 5'-GGGTTTTGCGAGA
GCGCG-3', and M-antisense, 3'-GCTAACAAACGCGAAC
CG-5'. DNA from normal lymphocytes with or without Sssl
methyltransferase treatment (New England Biolabs, Boston,
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MA, USA) was used as the positive control for methylated
and unmethylated alleles, respectively. PCR products were
separated on a 3% agarose gel containing ethidium bromide,
and visualized under ultraviolet illumination. Photodensity
(OD) of the methylated and unmethylated products of
RASSF1A was measured by quantitation software (Quantity
One; Bio-Rad, Hercules, CA, USA). The methylation status
of the RASSF1A promoter represented the average OD value
of methylated or unmethylated products from triplicate
samples. The experiment was repeated once.

Semi —Quantitative RT -PCR HXO-RB,, cells (1 x107)
were harvested at different time points before (DO) or after
(days 1-7) treatment with 5.0pmol/L 5-Aza-CdR. Total RNA
(Sigma-Aldrich),
dissolved in RNase-free water and quantified with a UV

was extracted using Trizol reagent

spectrometer. cDNA was synthesized from 2ug total RNA as

described previously .

B-actin mRNA was used as an
internal control. Primers for RT-PCR were as follows:
RASSF1A  sense, 5-GGCGTCGTGCGCAAAGGCC-3',
antisense, 3'-GGGTGGCTTCTTGCTGGAGGG-5', Tm 56C,
35 cycles for a 329 bp PCR product; B-actin sense 5'-CGC
ACCACTGGCATTGTCAT-3', and antisense 3'-TTCTCCTT
GATGTCACGCAC-5'". Blank controls containing all PCR
components except for sample cDNA were included in all
PCRs. RASSF1A and B-actin band density was measured
from three independent experiments with Quantity One
software.

Immunohistochemistry  Expression of RASSFIA in
HXO-RB,, cells with or without 5.0pmol/L 5-Aza-CdR
treatment  for  five days was  analyzed Dby
immunohistochemical staining using purified anti-human
RASSFIA antibody (14-6888-80, Clone eB114-10H1,
1:200; USA) according to the
manufacturer's protocol.

dilution eBioscience,
MTT Assay MTT assay was performed according to the
method of Carmichael using 3-(4,5-dimethylthiazol-2-yl)-2,
S-diphenyltetrazolium bromide (MTT). HXO-RB,, cells were
seeded in 96-well plates, and treated the next day with
5-Aza-CdR at the Medium
containing 5-Aza-CdR was replaced every 24h. Untreated
tumor cells (no 5-Aza-CdR and no DMSO) were used for a
control

indicated concentrations.

(untreated control), and cells with only complete
medium were used as a blank control. Cells incubated only
with 0.0125% DMSO, the solvent concentration in the
highest concentration of 5-Aza-CdR (10.0pmol/L), were
used as a vehicle control to exclude the cytotoxic effect of
DMSO on cells. At the indicated time points (24, 48, 72, 96,
120, and 144h) after incubation, 20, MTT solution was
added to each well and cells were incubated at 37°C for 4h.
The supernatant medium containing drugs and unconverted
MTT was removed, followed by the addition of 150pL
DMSO per well to dissolve the produced formazan.
Absorbance at 492nm was read using a spectrophotometric
microplate reader (Bio-Rad). Triplicate samples from four
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Table 1 Effect of 5-Aza-CdR on cell cycle distribution (%)

48h 96h 144h
A 0.1 0.5 1.0 50 10 A 0.1 0.5 1.0 50 10 A 0.1 0.5 1.0 5.0 10
PI 1.04 1.05 123 129 179 134 1.72 242 233 254 6.62 688 200 260 331 671 185 17.6
Go/Gr 181 231 25.6 299 325 333 196 237 292 305 335 340 204 270 31.8 321 451 433
S 57.3 520 434 501 520 493 595 635 543 53.0 473 515 640 505 560 504 375 426
Gy 246 249 31.0 200 155 174 219 108 165 165 192 145 11.6 225 122 175 174 18.1

A indicates DMSO (0.0125%) controls. 5-Aza-CdR was used at indicated concentrations (0-10.0pmol/L).

separate  experiments were performed for each
concentration/exposure time combination.

Cell Cycle Analysis HXO-RB, cells were plated and
treated with different dosages of 5-Aza-CdR or 0.0125%
DMSO. Cells (5 x10° were harvested and washed with
Hank's balanced salt solution (HBSS; Sigma-Aldrich), fixed
in 70% ethanol at 4°C for 2h, and then treated with RNasin
(20pg/mL) and stained with propidium iodide (PI,
50mwg/mL). DNA contents were determined by flow
cytometry (BD Company, USA).

Apoptotic Assay The Annexin V staining kit (Roche, USA)
and flow cytometry analysis were used for apoptotic assays,
according to the manufacturer's instructions.

Statistical Analysis All data were tested for non-normal
distribution
Kruskal-Wallis H analysis was performed to test the

differences among the treatment groups. The Wilcoxon

and heterogeneity of variance. Overall,

method was used for pair-wise comparison in contexts.
Results were considered statistically significant when /2 <
0.05. The SPS software package (Brothersoft) was used for
all statistical analyses.

RESULTS

5-Aza-CdR Induces HXO-RB, Cell Cycle Arrest and
Apoptosis We tested the effect of 5-Aza-CdR on the
viability of HXO-RBy, cells using MTT assays. As shown in
Figure 1, 5-Aza-CdR effectively suppressed HXO-RB,, cell
growth and proliferation in a dose-dependent manner. Just
like conventional cytostatic agents, prolonged incubation
further enhanced the cytotoxicity of 5-Aza-CdR in
HXO-RB44 cells (Figure 1).

To more closely examine the cellular events induced by
5-Aza-CdR, we evaluated the cell cycle distribution of
HXO-RBy cells treated with 5-Aza-CdR at different
concentrations. In comparison with the DMSO control cells,
5-Aza-CdR induced a significant cell cycle arrest in S phase
(G/M phase blockage) in a dose-dependent manner (Table 1).
Interestingly, the cell cycle arrest induced by 5-Aza-CdR was
also time dependent, indicating that the cell cycle arrest
induced by 5-Aza-CdR may not be ascribed to its direct
cytotoxicity (Table 1). At the end point of 144h, the
percentages of HXO-RB,, cells blocked in Gy/G, phase in
response to 5.0 and 10.0pmoL 5-Aza-CdR treatment were
45.1% and 43.3%, respectively.

5-Aza-CdR also induced apoptosis of HXO-RB,, cells, and
this activity was also dose and time dependent. After 48h
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Figure 1 Inhibition of HXO-RB,, cell growth by 5-Aza-CdR
HXO-RB,, cells were treated with 0.0125% DMSO or 5-Aza-CdR
at indicated concentrations. Cell viability was measured using MTT
assay at indicated time points. Values represent the mean +S.D.
from four independent experiments. #<0.05 was compared with the
control (a, c, e, g).

treatment with 5.0 or 10.0pmol/L of 5-Aza-CdR, apoptosis
of HXO-RB,, cells increased slightly compared with the
DMSO control, but the apoptotic cell death was enhanced to
6% at 96h and 18% at 144h, levels that were significantly
higher than that of the vehicle control group.

5 -Aza -CdR Inhibits RASSF1A Methylation To
elucidate the mechanism of cell cycle arrest and apoptosis
induced by 5-Aza-CdR, we examined the demethylation of
the RASSF1A promoter using MSP in HXO-RB,, cells after
a four-day exposure. Our results showed that 5-Aza-CdR at
0.1wmol/L  did not affect the RASSFIA promoter
methylation status compared with the control, but partial
methylation and demethylation was observed at
0.5-5.0pmol/L, demonstrating a concentration-dependent
effect (Figure 2). At 5.0pmol/L of 5-Aza-CdR, the
RASSF1A promoter was completely demethylated. This
concentration was used for the studies below.

5 —-Aza -CdR Reactivates RASSF1A Expression We
further determined whether 5-Aza-CdR could re-establish
RASSFIA expression in HXO-RB, cells. Using semi-
quantitative reverse-transcription polymerase chain reaction
(RT-PCR), we measured RASSFIA mRNA levels in
HXO-RB,, cells. We found that 5-Aza-CdR at 5.0pmol/L
significantly reactivated RASSFIA mRNA expression in a

time-dependent manner, peaking on the fifth day and lasting
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Figure 2 Inhibition of RASSF1A promoter methylation by 5-Aza-CdR Methylation status of RASSF1Apromoter in HXO-RB,,
retinoblastoma cells was analyzed by MSP. A: MSP products. The PCR products showed the presence of unmethylated templates (U) or
methylated templates (M). Controls were DNA from normal lymphocytes treated or untreated with SssI methyltransferase; B: Photodensity of
PCR products. Values denote mean MSP products measured from triplicate samples of two independent experiments. All 2 <0.05 was
compared with the control.
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Figure 3 Reactivation of silenced RASSF1A mRNA expression by 5.0umol/L 5-Aza -CdR HXO-RBy cells were treated with
5.0umol/L 5-Aza-CdR for the indicated days. Prominent RASSFIA mRNA was detected by semi-quantitative RT-PCR. A: RT-PCR
products, RASSF1A (bottom) and B-actin (top). MW: molecular weight marker; B: Ratios of RASSF1A/B-actin mRNA levels. Photodensity
values of RASSFIA mRNA were normalized to B-actin for each sample. Values represent the ratios of RASSF1A/B-actin from three
independent experiments. *2<0.05 was compared to the control.

Figure 4 Immunohistochemistry of RASSF1A protein
protein was undetectable; B: 5-Aza-CdR at 5.0pumol/L for five days. RASSF1A protein was re-expressed in HXO-RB,, cells. Magnification, x200.

for at least three days (Figure 3).

RASSF/A gene reactivation also resulted in enhanced

protein levels, as demonstrated by immunocytochemistry

staining. Control HXO-RB, cells showed undetectable

RASSFIA protein levels, but cells treated with 5.0pmol/L
54

5-Aza-CdR for five days exhibited strong RASSF1A protein
staining (Figure 4). Taken together, our data showed that
silenced RASSF1A gene expression was reactivated by
5-Aza-CdR at 5.0pmol/L both at the mRNA and protein
level, which may trigger cell cycle arrest and apoptosis.
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DISCUSSION

In this study, we investigated the activity of 5-Aza-CdR in
inhibiting the growth and proliferation of HXO-RB., RB
cells. Our data revealed that 5-Aza-CdR significantly
inhibited HXO-RB,, cell growth at a low concentration of
1.0umol/L and led to a dramatic growth suppression and
apoptosis at 5.0umol/L on the 4th day. This study also
evaluated the effects of 5-Aza-CdR on the demethylation and
reactivation of expression of the tumor suppressor gene
RASSFIA. 5-Aza-CdR at a low concentration of 0.5umol/L
was sufficient to inhibit the methylation of the RASSF1A
promoter. With increasing concentrations from 0.5umol/L to
5.0umol/L, demethylation of RASSF1A promoter DNA
significantly increased and peaked at 5.0pmol/L treatment,
while methylated DNA decreased down to =zero at
5.0p mol/L. Length of 5-Aza-CdR treatment was also a
factor that influenced demethylation of the RASSFI1A
promoter. At 5.0pmol/L 5-Aza-CdR for four days, the
RASSF1A promoter was completely demethylated, and
silenced RASSF1A was strongly reexpressed at the mRNA
level on the 4th day and at the protein level on the 5th day,
indicating a time dependency in the demethylation of
RASSF1A promoter by 5-Aza-CdR. These data suggested
that RASSF1A demethylation and reactivation may be
responsible for the cell growth inhibition and apoptosis
induced by 5-Aza-CdR. These results also supported the
observation that RASSFIA is epigenetically silenced via
promoter hypermethylation in the HXO-RB, RB cell line.
5-Aza-CdR induced cell cycle arrest and apoptosis of
HXO-RBy, cells. With increasing concentration or incubation
time of 5-Aza-CdR, the percentage of cells in Gy/G,
gradually increased to approximately 45% at Sumol/L after
exposure for 144h. Meanwhile, the percentage of apoptotic
cells increased markedly from 1% at 48h to approximately
18% at 144h. In parallel, RASSFIA mRNA and protein
levels significantly increased. These findings displayed that
RASSFI1A reexpression could arrest the cell cycle at G,/G,
and promote cell apoptosis zz rzzzo . These biological
consequences may be ascribed to the function of RASSF1A
in repressing cyclin A and DI, stabilizing microtubules,
activating other tumor suppressor genes (including p14ARF,
RB, P53) through p120EA4F, revitalizing the RAS-regulated
pro-apoptotic pathway, or interacting with CNK1 or other
factors ##1. QOur study further supported the existing report
that RASSFIA induces GyG, cell cycle arrest in some
human solid tumor cell lines ®. However, Choy describe
negligible alterations of cell cycle or apoptosis in two other
RB cell lines, WERI-Rbl and Y79, after exposure to
5.0pmol/L 5-Aza-CdR for four days . The most likely
explanation for the different effects is the disparity in
RASSFIA Even at the
concentration of 5.0pumol/L, 5-Aza-CdR triggered only

transcription  level. same

partial demethylation and reactivation of RASSFI1A
transcription in WERI-Rbl and Y79 cells, and thus had
limited effects on cell cycle profile or apoptosis. However,
complete demethylation of the RASSF1A promoter may
completely restore RASSF1A expression in HXO-RB,, cells
and induce cell cycle arrest and apoptosis.

Two major obstacles limiting clinical implementation of
5-Aza-CdR in solid tumor therapies are toxicity and
remethylation. Clinically, 5-Aza-CdR at the cytotoxic dose
or maximum tolerated dose is active against leukemia and
leads to disappointing

myelodysplastic syndrome, but

therapeutic response and severe side effects in the initial

(26271 Researchers have

phase III trials in solid tumors
refocused on lower concentrations to explore the best
balance between the highest demethylation activity and
minimal cytotoxicity. Bender ¥ showed that 0.1wmol/L or
0.5pumol/L 5-Aza-CdR demethylates T24 bladder carcinoma-
derived cells with very low cytotoxicity. Demethylation
activity, such as re-expression of TSGs, cellular growth
suppression and G,/G, arrest, could be transmitted to cells for
at least the ninth passage, unlike cytotoxicity of Ara-C,
which incorporates into replicating DNA but does not inhibit
DNA methylation. Although remethylation may occur in
several days, scientists believe that 5-Aza-CdR may
potentiate the anti-tumor effects of other drugs by epigenetic
reactivation of pro-apoptotic genes during the window of
demethylation. The secondary agents would target the
reexpressed gene and/or reconstituted signal transduction
pathways™. Zebularine, a stable DNMT inhibitor with lower
cytotoxicity, is an alternative approach to solve the
remethylation problems P In our study, 5-Aza-CdR at
0.5umol/L led to demethylation of the RASSF1A gene
promoter and completely reversed the hypermethylation at
5.0pmol/L. The reactivation of RASSF1A appeared to last
for more than five days, indicating the therapeutic potential
of this agent in RB.

To date, an increasing number of RBs exhibit RASSFIA
promoter hypermethylation, especially in unilateral RB,
indicating the role of epigenetic alterations in this disease.
Our study showed the capability of 5-Aza-CdR to effectively
reverse the hypermethylation of RASSFI1A, reestablish
RASSFIA expression, and the growth and

proliferation of HXO-RB, RB cells by restraining cells at

suppress

Gy/G, and triggering apoptosis. These results suggested that
methylation inhibition may be a potential approach in the
prevention and treatment of RB z wzzzo. Further studies are
merited to explore the possible application of demethylating
agents, such as 5-Aza-CdR, in the treatment of RB.
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