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Abstract. Neuroblastoma (NB) is a type of tumor usually found 
in children under 5 years of age, which originates from lesions 
in the nervous system and has fast growth and early transforma-
tion characteristics. Similar to other cancer types, some typical 
tumor suppressor genes (TSGs), such as P53 and CHD5 are 
silenced in NB because of high methylation at promoter zones. 
In the present study, our results showed that genistein, an element 
found in soy, is an epigenetic modifier able to decrease hyper-
methylation levels of CHD5, and enhances the expression of 
CHD5 as well as p53, possibly contributing to inhibition of NB 
growth in vivo and tumor microvessel formation. Furthermore, 
genistein acts as a DNA methyltransferase (DNMT) inhibitor 
to significantly decrease the expression of DNMT3b. Our study 
indicates that genistein plays an important role in inhibiting NB 
growth in vivo, probably preventing tumorigenesis risk as a kind 
of therapeutic agent for NB treatment in the future.

Introduction

Neuroblastoma is a childhood tumor derived from the nervous 
system. Tumorigenesis of NB is a complicated process. In NB 
tumor, the changes on chromosome remodeling have been 
found, including gaining of chromosome 17q and losses of 1p, 
3p and 11q, histone methylation and acetylation of H3K9 (1). 
The alteration at molecular level includes high expression of 
oncogene MYCN and ALK, silence of tumor suppressor genes 
RAS-association domain family 1 isoform A (RASSF1A) and 
SF1, and silence of apoptosis related gene caspase-8 (2). DNA 
methylation regulation largely contributes to the abnormal 
expression of these genes. Especially, hypermethylation at TSG 
promoter is observed during tumorigenesis. Decades of investi-
gation on DNA methylation of NB found that epigenetic silence 
of caspase-8 and RASSF1A, among the 75 selected methylated 

candidate genes, were responsible for the development and 
progress of the disease (2).

Dietary soy has been regarded as a healthy food for 
reducing heart disease and cancer risk. The epigenetic changes 
with dietary soy in cynomolgus monkey have been verified 
(3). Some flavonoid compositions, including genistein, may 
transmit these epigenetic changes to the next generation. 
Genistein, as one of the soy-derived bioactive isoflavones, 
affects tumorigenesis through epigenetic regulations (4). The 
major process of DNA methylaton is that methyl is transferred 
from SAM to cytosine by DNMT (5). Genistein may work as a 
DNMT inhibitor that can regulate gene expression by erasing 
DNA methylation at the promoter. Genistein has been proved to 
promote DNA demethylation of SF1 promoter in endometrial 
stromal cells (6), and has the capacity of preventing cancer 
risk of breast cancer (5). There are no significant changes in 
embryo stem cells treated with genistein, but for a set of genes, 
regulation after de novo DNA methyaltion in the early embryo 
may be sensitive to genistein (7), and the next generation can 
inherit this pattern of DNA methylation alteration. In genistein-
mediated differentially methylated regions (DMRs), 95 of 149 
DMRs are less methylated in promoters (7). Overall, genistein 
alters the configuration of chromatin, and acts as a DNMT 
inhibitor, demethylating the hypermethylated regions at TSG 
promoters, such as p16 (8-11).

The tumor suppressor factor CHD5 was uncovered (12), and 
it has been verified that the defect of CHD5 leads to excessive 
proliferation of tissues and induces tumorigenesis. CHD5 acts 
under the downstream pathway of p53 and is recognized as a 
TSG. Fujita et al proved that low expression level of CHD5 also 
exists in NB (13), which prompted us to examine the role of 
CHD5 in NB and our results indicate that CHD5 was associated 
with malignancy grade of NB and may be regulated by genistein 
under an epigenetic pathway.

Materials and methods

Neuroblastoma cell culture. Human neuroblastoma SK-N-SH 
cells were purchased from the Cell Bank of the Chinese Institute 
of Biochemistry and Cell Biology (Shanghai, China). For routine 
maintenance, the neuroblastoma cell line was cultured in MEM 
supplemented with 0.1 M L-glutamine, 10% (v/v) FBS, 100 U/
ml of penicillin, 100 U/ml of streptomycin, and 100 U/ml of 
kanamycin at 37˚C with 5% (v/v) CO2 in a humidified incubator. 
For the assessment of estrogen-like activity, the cells were 

Genistein demethylates the promoter of CHD5 
and inhibits neuroblastoma growth in vivo

HUI LI,  WEIJUE XU,  YIMIN HUANG,  XIONG HUANG,  LINGCANG XU  and  ZHIBAO LV

Department of Pediatric Surgery, Children's Hospital of Shanghai, Shanghai Jiaotong University, Shanghai 200040, P.R. China

Received May 24, 2012;  Accepted July 23, 2012

DOI: 10.3892/ijmm.2012.1118

Correspondence to: Dr Zhibao Lv, Department of Pediatric Surgery, 
Children's Hospital of Shanghai, Shanghai Jiaotong University, No. 24 
Lane 1400, West Beijing Road, Shanghai 200040, P.R. China
E-mail: lihuichildren@126.com

Key words: genistein, neuroblastoma, CHD5, methylation, DNA 
methylation transferase



LI et al:  GENISTEIN REDUCES THE CANCER RISK OF NEUROBLASTOMA1082

cultured in phenol-red free MEM supplemented with 10% (v/v) 
FBS, which was pretreated with sulphatase and dextran-coated 
charcoal (CD-FBS) (14).

Nude mice subcutaneous injection and diet. BALA/C nude 
mice, ~4 weeks of age on arrival, were purchased from 
Shanghai Slaccas Co., and maintained in micro-isolator cages 
under pathogen-free conditions on a 12-h light/12-h dark 
schedule for a week. All animal experiments were approved 
by the Institutional Animal Use and Care Committee of 
Shanghai Jiao Tong University. After housing for a week, the 
mice were inoculated with 3x106 SK-N-SH NB cells in 0.1 ml 
of PBS. After injection, the mice were randomly divided into 
four groups and treated with 2 mg genistein (Sigma), 2 mg 
BPA and E2 as control and olive oil as blank control everyday. 
After 15 days, mice were sacrificed, and tumors were excised, 
weighed, fixed in 10% (v/v) buffered formalin and processed 
for histology analysis.

Immunohistochemistry and microvessel density (MVD). 
According to the protocol of Zhao et al (15), the primary 
antibody of factor Ⅷ-related antigen (polyclonal, ZA-0111 
Santa Cruz) was used. The stained sections were screened at 
magnification x200 under a light microscope to identify the 
five random regions of the section. Vessels were counted and 
the average numbers of microvessels were recorded by two 
observers, and the mean value was used for analysis.

Analysis of CpG methylation by bisulfite sequencing. DNA 
extraction from NB transplantable tumors was treated with 
DNA samples bisulfite treatment provided by EZ DNA 
Methylation-Gold kit (Cat: D5005). Reaction conditions: 98˚C 
for 10 min, 64˚C for 2.5 h, stored at 4˚C for <20 h. Primers 
were designed by methylation analysis software MethPrimer. 
CH D5M-F:  G GG GTAT TAT T TGGAT T T T T T T TG; 
CHD5M-R: CTAATTACTATAACAACCCCATCCC. PCR 
amplification: We used fidelity Taq enzyme (1X Platinum PCR 
MasterMix, Invitrogen), 50 µl reaction system containing 45 µl 
Platinum PCR MasterMix, 1.5 µl sense primer, 1.5 µl anti-sense 
primer, 2 µl bisulfite treated DNA. Reaction conditions: 95˚C 
for 3 min, first cycle: 95˚C for 30 sec, 58˚C for 30 sec, 72˚C for 
40 sec, running 8 cycles as touchdown 1˚C of annealing temper-
ature at each cycle, and then 95˚C for 30 sec, 50˚C for 30 sec, 
72˚C for 40 sec, running 40 cycles.

Transformation and cloning. PCR products purified with 
universal DNA Purification kit (Tiangen) were ligated into 
PMD-18T vector (Takara), at the concentration ratio of 1:3 
(PCR products:PMD-18T). The recombinant T vector was 
transformed into E. coli. DH5α, and then cultured on LB solid 
medium containing ampicillin (1:1000 diluted), 40 µl X-gal 
and 8 µl IPTG overnight.  Ten clones for each PCR product 
were picked up to be cultured in liquate LB medium for 6 h.

Real-time reverse transcription polymerase chain reaction (real-
time RT-PCR). Total RNA was isolated using a homogenizer and 
TRIzol™ reagent (Invitrogen) according to the manufacturer's 
instructions. The primers sequences are described in Table Ⅰ. 
PCR reaction system: 2X PCR master mix (Tiangen), conditions: 
95˚C for 3 min, 95˚C for 30 sec, 50˚C for 30 sec, 72˚C for 40 sec, 
35 cycles, then 72˚C for 10 min, storing at 4˚C. For real-time 
PCR, ABI 7900 real-time PCR machine was used. Conditions: 
Step 1, 95˚C for 30 sec; Step 2, 95˚C for 5 sec, 60˚C for 40 sec, 
40 cycles.

Western blotting. Protein were separated by 12% SDS-PAGE 
and then transferred to polyvinylidene fluoride (PVDF, Sigma) 
membrane using electronic transfer method. Primary rabbit 
anti-CHD5 polyclonal antiserum (1:200, Abcam, Cambridge, 
UK) was applied for hybridization at 4˚C overnight. Then the 
secondary hybridization was performed using peroxidase-
conjugated goat anti-mouse IgG (1:4000 diluted) at 37˚C for 
another 1 h. Protein bands were then developed with enhanced 
chemiluminescence (ECL) detection reagents (Amersham 
Biosciences, Piscataway, NJ).

Statistical analysis. All statistical analyses were performed 
using the SPSS17.0 software. The results are presented as 
mean ± standard deviation (SD). Differences among the groups 
were assessed by analysis of variance (ANOVA). P<0.05 was 
considered statistically significant.

Results

Genistein inhibited the NB cells growth in vivo. The genistein 
treatment resulted in smaller tumor size (Fig. 1A) and signifi-
cantly inhibited NB growth (Fig. 1B) compared to the other three 
treatments in nude mice. Besides, the MVD in genistein-treated 
mice decreased compared with that of other three groups (Fig. 2, 

Table I. Real-time quantitative RT-PCR primers.

  Primers
 ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Targets Forward Reverse

CHD5 5'-AAACAAGTGTAAAGGGAAGC-3' 5'-CCTCCGAGAACAGGTAGTCC-3'
P53 5'-CTGCCTTCCGGGTCACTGCC-3' 5'-TTGGGACGGCAAGGGGGACA-3'
DNMT1 5'-GGAAGGCTACCTGGCTAAAGTCAAG-3' 5'-ACTGAAAGGGTGTCACTGTCCGAC-3'
DNMT3a 5'-TGGAGAATGGCTGCTGTGTGAC-3' 5'-CACTCATCCCGTTTCCGTTTG-3'
DNMT3b 5'-AGTGACCAGTCCTCAGACACGAAG-3' 5'-ATCAGAGCCATTCCCATCATCTAC-3'
GAPDH 5'-TAAGTATGACTCCACCCACG-3' 5'-CTAGCACCTTCCCAACTA-3'
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P<0.01). These results suggested that genistein had antitumor 
effects.

Genistein demethylated the promoter of CHD5. A CpG 
island near tandem repeats sequence (TRS) containing 152-nt 
sequences and 12 CpG dinucleotides, as highlighted in red in 
Fig. 3 was selected for methylation analysis. DNA was extracted 
from NB and then treated with EZ DNA Methylation-Gold kit 
and the PCR amplification was performed with CHD5 primer 
pairs. Ten clones were selected for each PCR product. CpG 
dinucleotides were indicated as ellipses (Fig. 4): black, fully 
methylated (>60%); gray, partially methylated (40-60%) and 
white, unmethylated (<40%). The results showed that the meth-
ylation level at promoter of CHD5 was reduced by genistein 
treatment (<60%), and almost no significant changes were found 
in BPA and E2 group (>80%) compared with control group 
suggesting that tumor suppressor gene CHD5 may be epigeneti-
cally regulated by genistein.

Effect of genistein on CHD5 expression. The expression of 
CHD5 at mRNA level was increased in genistein treatment 
group compared with that of control groups, while BPA, E2 

Figure 1. Tumor growth was determined from different treatment groups. 
BABL/C nude mice were inoculated subcutaneously (s.c.) with SK-N-SH NB 
cells (3x106) at the dorsal flank to generate solid tumors. (A) Representative 
tumor image is shown from different treatment groups, GEN, control, E2 and 
BPA. (B) Mean tumor weights were measured. Differences in tumor weights 
were analyzed by one-way ANOVA analysis. Statistically significant differ-
ences from the control are indicated by an asterisk. *P<0.05.

Figure 2. Tumor microvessel density (MVD) was determined by immunohistochemical analysis of factor Ⅷ related antigen from different treatment groups. 
(A) Illustration from each treatment group are representatives of tumor sections. a, Hemangioma was used as a positive control. b, GEN (15.14±1.12). c, Control 
(22.64±1.49). d, E2 (36.04±2.56). e, BPA (29.77±1.68) group respectively. The blue arrows indicate positive immunostaining sites. (B) The quantitative data in each 
group are shown. Quantified values shown are the average immunostaining intensity of factor Ⅷ related antigen-positive counted in at least five random fields at 
a magnification x400. The data are shown as mean ± SD. Statistically significant differences are indicated by asterisks; **P<0.01.

Figure 3.  CpG island in CHD5 promoter. A CpG island near tandem repeats sequence (TRS) containing 152-nt sequence and 12 CpG dinucleotides (red) was 
selected for methylation analysis.
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treatments displayed weak expression of CHD5 (Fig. 5A and 
C). Only the expression of CHD5 protein in genistein-treated 
group was obviously observed (Fig. 5B). The expression level of 
CHD5 was associated with the changes of the methylation level 
at CHD5 promoter. These results showed that the level of CHD5 
can be regained by genistein.

Effect of demethylation of CHD5 by genistein on NB prolif-
eration. CHD5 methylation not only influences its expression 
level but also determines the NB growth in vivo. As shown in 
Fig. 6, genistein increased the protein expression level of CHD5 
via reducing its  gene methylation level, thereby inhibiting NB 
growth in vivo. These results suggested that epigenetic regulation 
of CHD5 plays a vital role in NB proliferation.

Figure 4. The methylation levels detected from relative groups. Five NBs from 
GEN+olive oil fed mice are marked as G1, G2, G3, G4 and G5; five NBs from 
E2+olive oil fed mice are marked as E1, E2, E3, E4 and E5; five NBs from 
BPA+olive oil fed mice are marked as O1, O2, O3, O4 and O5; five NBs from 
olive oil fed mice are marked as B1, B2, B3, B4 and B5.

Figure 5. Detection of CHD5 expression in relative groups. (A) The expression levels of CHD5 were detected by RT-PCR in following groups, E2+olive oil, 
BPA+olive oil, GEN+olive oil and olive oil alone, while the expression of GAPDH was set as controls. (B) The expression levels were of CHD5 examined by 
western blotting in the above groups while the expression of actin was set as a control. (C) The average expression levels of CHD5 from 5 samples in each group 
were analyzed by real-time PCR. Significant difference is reported.

Figure 6. The average methylation and expression levels of CHD5, and NB 
volume from 5 samples in each group were analyzed respectively. Significant 
difference is reported.
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Effect of genistein on P53 expression. P53 is widely recognized 
as a tumor suppressor gene, which inhibits tumor growth and 
induces cell apoptosis. However, it is also a control target of 
CHD5. Our results showed that the expression of P53 was 
increased after genistein treatment (Fig. 7).

Effect of genistein on DNMT isoforms expression. The 
expression of DNMT3b decreased significantly in genistein 
treatment group, while no obvious changes were observed 
in the isoforms DNMT1 and DNMT3a, as shown in Fig. 
8, suggesting that genistein acts as a DNMT inhibitor and 
involves epigenetic modifications. The reduction of DNMT3b 

implies that DNMT3b may be implicated in DNA demethyl-
ation in tumorigenesis of NB.

Discussion

The environmental estrogen-like contaminants that are collec-
tively called environmental endocrine disruptors (EEDs), 
xenoestrogens, or environmental estrogens, are derived from 
a variety of relatively common and abundant sources, such as 
pesticides, plastics, combustion by-products, plants and agri-
cultural products (16-20). These contaminants can enter the 
body by ingestion, adsorption or inhalation. They bind to the 
estrogen receptor (ER), mimic or interfere with the action of 
natural estrogens in animals and humans (21,22). Bisphenol 
A (BPA), a monomer component of polycarbonate plastics 
and epoxy resins, is widely used in many consumer products. 
It has been verified that BPA can promote the proliferation 
of SK-N-SH cells, and the estrogen receptor pathway may be 
involved in this effect (23). How to resist the hurt of estrogen-
like contaminants? Soy products were found to play a critical 
role in reducing cardiovascular disease and carcinogenesis and 
increasing evidence showed that soy phytoestrogens are at least 
partially responsible for this effect (24-26). The causal relation-
ship and the mechanisms of phytoestrogen action have yet to 
be determined (27). Genistein, one of the many phytoestrogens 
contained in soy, has been shown to inhibit the proliferation of 
both breast and prostate cancer cells (28).

In this study, we explored the effect of genistein on NB 
cell growth in vivo. We established nude mice model by 
subcutaneous injection of SK-N-SH cells, then performed 
oral ingestion with BPA, E2, and genistein, respectively, since 
SK-N-SH tumor formed in these nude mice. Compared with 
E2 and BPA group, in the genistein group, tumors shrank. 
Hemangiogenesis and lymphangiogenesis are associated 
with progressed tumor stages, in GEN group, however, the 
microvessel density (MVD) also reduced, suggesting that the 
tumor grade of the malignancy was reduced, indicating that 
genistein had anti-cancer ability against NB.

We aimed to explore the mechanisms of genistein remit-
ting the process of NB. NB is a childhood cancer that is 
characterized as having genomic deletions at chromosome 1p. 
Tumor suppressor CHD5 localize in this region and it has 
been reported that the CHD5 expression was low in NB, and 
partially because the CHD5 promoter was highly methyl-
ated (13). Okawa et al (29) found that CHD5 had virtually 
absent expression in 30 NB cell lines, and Fujita et al (13) 
verified CHD5 was a tumor suppressor gene against NB, and 
its expression may be inhibited by promoter methylation. In 
our study, CHD5 promoter in E2 and BPA group was highly 
methylated, and almost all 12 CpG sites were methylated 
in BPA group, which is consistent with Fujita et al (13). 
However, genistein reverses the process, demethylation of 
CDH5 gene was found in genistein group, enhancing the 
mRNA and protein levels of CHD5, exhibiting its antitumor 
effect synergistically with p53. The degree of p53 expression 
had positive correlation with that of CHD5 demethylation, 
suggesting that genistein not only influenced CHD5, but also 
restarted the normal function of other anti-cancer genes, such 
as P53. p53, a key gene associated with cancer proliferation 
and apoptosis, and an important suppressor of WNT signaling 

Figure 7. Detection of CHD5 expression in relative groups. The average expres-
sion levels of CHD5 from 5 samples in each group were analyzed by real-time 
PCR, while the expression of GAPDH was set as a control. Significant differ-
ence is reported.

Figure 8. The average expression levels of DNMT1, DNMT3a and DNMT3b in 
relative groups were analyzed by real-time PCR.
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(30). We hypothesized that genistein can erase hypermethyl-
ation level at promoter of CHD5, and improve the expression 
level of CHD5 as well as p53, thereby cooperating with p53 to 
mediate cancer development and apoptosis possibly through 
the WNT signaling pathway.

DNA methylation, as a main epigenetic modifier, has been 
shown to be correlated to tumorigenesis (31). Interestingly, 
in our study, we found that genistein could regulate DNA 
methylation level of CHD5 which is consistent with previous 
studies (32,33). DNA methylation and demethylation on CpG 
dinucleotides are regulated by DNMT commonly regarded as a 
candidate of epigenetic target (34,35). Therefore, we wished to 
verify whether genistein regulates methylation level of CHD5 
via modulating DNMT, and the results of our study showed 
that genistein indeed to some extent inhibited the expression of 
DNMTs.

In conclusion, genistein can erase the methylation of CHD5 
promoter and improve the expression level of CHD5 as well as 
p53, thereby cooperating with p53 to inhibit NB proliferation 
in vivo possibly through the WNT signaling pathway. This 
process may be achieved by inhibiting DNMT. As a natural 
source from soy, genistein has a very broad prospect for future 
therapy of NB patients.
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