
Demethylation treatment of NES1 gene for breast carcinoma xenografted in nude mice.     Hu, Shengping; Li, Biao; Zhang, 
Yifan; Zhang, Min.    Department of Nuclear Medicine,  Ruijin Hospital, School of Medicine, Shanghai Jiaotong University,  Shanghai,  

 
Bibliographic Information
 
Answer 3:

The objective was to observe the effect of 5-aza-2'-deoxycytidine (5- aza-CdR) on the normal epithelial specific-1 gene (NES1) and the 
growth of human gastric cancer xenografts in nude mice, and to explore the possible anti-tumor mechanisms and search for new 
treatment for gastric cancer.  Human gastric caner xenograft model in nude mice was established and treated with 5-aza-CdR.  The 
growth of xenografts in nude mice was obsd., and the status of methylation and protein expression of NES1 gene were detected by 
MSP and immunohistochem. resp.  After treatment with 5-aza-CdR, the growth of the xenografts in nude mice was greatly inhibited 
(P<0.01).  The inhibitory rate of tumor was 57.44%.  The methylated exon3 of NES1 gene was found to be demethylated and the 
expression of NES1 protein also increased.  5-Zaz-CdR may reactivate antioncogene (NES1) silenced by denovomethylation, 
therefore, inhibit the growth and proliferation of gastric cancer cells in vivo.
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GADD45 genes are epigenetically inactivated in various types of cancer and tumor cell lines.  To date, defects of the GADD45 gene 
family have not been implicated in osteosarcoma (OS) oncogenesis, and the role of this pathway in regulating apoptosis in this tumor 
is unknown.  The therapeutic potential of Gadd45 in OS emerged when our previous studies showed that GADD45A was reexpressed by 
treatment with the demethylation drug decitabine.  In this study, we analyze the OS cell lines MG63 and U20S and show that on 
treatment with decitabine, a significant loss of DNA methylation of GADD45A was assocd. with elevated expression and induction of 
apoptosis.  In vivo affects of decitabine treatment in mice showed that untreated control xenografts exhibited low nuclear staining for 
Gadd45a protein, whereas the nuclei from xenografts in decitabine-treated mice exhibited increased amts. of protein and elevated 
apoptosis.  To show the specificity of this gene for decitabine-induced apoptosis in OS, GADD45A mRNAs were disrupted using short 
interference RNA, and the ability of the drug to induce apoptosis was reduced.  Understanding the role of demethylation of GADD45A 
in reexpression of this pathway and restoration of apoptotic control is important for understanding OS oncogenesis and for more 
targeted therapeutic approaches.
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Purpose: The DNA methyltransferase inhibitor 5-aza-2'-deoxycytidine (decitabine) induces DNA demethylation and re-expression of 
epigenetically silenced genes, and increases carboplatin sensitivity of tumor xenograft models.  We designed a clin. study to det. the 
feasibility of delivering a dose of decitabine, combined with carboplatin, that would be capable of producing equiv. biol. effects in 
patients with solid tumors.  Patients and Methods: In a two-stage design, 33 patients received escalating doses of decitabine 
administered as a 6-h infusion on day 1 followed by carboplatin, area under the concn.-time curve (AUC) 5 (cohort 1) and AUC 6 
(cohort 2), on day 8 of a 28-day cycle.  Pharmacodynamic analyses included 5-methyl-2'-deoxycytidine levels, MAGE1A CpG island 
methylation, and fetal Hb (HbF) expression.  Results: The major toxicity was myelosuppression.  Dose limiting toxicities, prolonged 
grade 4 neutropenia (one patient), and sepsis and grade 3 anorexia/fatigue (one patient), were seen in two of four patients treated with 
decitabine 135 mg/m2 and carboplatin AUC 5.  Dose limiting toxicity comprising neutropenic sepsis (one patient) and grade 3 fatigue 
(one patient) was seen in two of 10 patients treated at decitabine 90 mg/m2 and carboplatin AUC 6.  Decitabine induced 
dose-dependent, reversible demethylation in peripheral-blood cells (PBCs) maximally at day 10.  Furthermore, decitabine 90 mg/m2 
induced demethylation of the MAGE1A CpG island in PBCs, buccal cells, and tumor biopsies, as well as elevation of HbF expression.  
Conclusion: Decitabine can be combined safely with carboplatin at a dose and schedule that causes epigenetic changes equiv. to or 
greater than that obsd. in mice with carboplatin-sensitized xenografts.  The recommended dose/schedule for phase II trials is decitabine 
90 mg/m2 (day 1) followed by carboplatin AUC 6 (day 8) every 28 days.
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The objective was to study the anti-tumor effect of 5-aza-2'- deoxycytidine (5-aza-dC) on breast carcinoma xenografted in nude mice.  
The model of breast carcinoma xenografted in nude mice was established.  Ten mice were randomized into the treatment group (treated 
with 5-aza- dC) and control group (treated with PBS).  The mass of the tumors before and after treatment were measured in the two 
groups, the inhibition rate of the tumor was calcd., and the growth curve was drawn.  Immunohistochem. and Western blotting were 
employed to detect the expression of normal epithelial cell specific-1 (NES1) gene.  The inhibition rate of the tumor in the treatment 
group was 57.44%, which was significantly different form the control group (P<0.01).  Results from immunohistochem. and Western 
blotting indicated that the expression of NES1 gene was significantly increased after the treatment with 5-aza-dC.  NES1 gene may 
serve as an anti-tumor gene and mol. marker, whose absence is closely related with the carcinogenesis and development of breast 
carcinoma.  Demethylation treatment may increase the expression of NES1 gene and bring the anti-tumor effect, which paves a new 
way for the treatment of breast carcinoma.
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 Conclusion: These data provide new insights regarding the use of epigenetic modifiers in OS, and have important 
implications for therapeutic trials involving demethylation drugs.  Collectively, these data have provided biol. evidence 
that one mode of action of decitabine may be the induction of apoptosis utilizing promoter-CpG demethylation of specific 
effectors in cell death pathways in OS.

Background: Methylation-mediated silencing of genes is one epigenetic mechanism implicated in cancer.  Studies regarding the role of 
modulation of gene expression utilizing inhibitors of DNA methylation, such as decitabine, in osteosarcoma (OS) have been limited.  A 
biol. understanding of the overall effects of decitabine in OS is important because this particular agent is currently undergoing clin. 
trials.  The objective of this study was to measure the response of the OS cell line, U2OS, to decitabine treatment both in vitro and in 
vivo.  Results: Microarray expression profiling was used to distinguish decitabine-dependent changes in gene expression in U2OS cells, 
and to identify responsive loci with demethylated CpG promoter regions.  U2OS xenografts were established under the sub-renal 
capsule of immune-deficient mice to study the effect of decitabine in vivo on tumor growth and differentiation.  Reduced nuclear 
methylation levels could be detected in xenografts derived from treated mice by immunohistochem. utilizing a 5-methylcytidine 
antibody.  Decitabine treatment reduced tumor xenograft size significantly (p < 0.05).  Histol. anal. of treated U20S xenograft sectious 
revealed a lower mitotic activity (p < 0.0001), increased bone matrix prodn. (p < 0.0001), and a higher no. of apoptotic cells (p = 
0.0329).  Microarray expression profiling of U2OS cultured cells showed that decitabine treatment caused a significant induction (p < 
0.0025) in the expression of 88 genes.  Thirteen had a ≥2-fold change, 11 of which had CpG-island-assocd. promoters.  Interestingly, 6 
of these 11 were pro-apoptotic genes and decitabine resulted in a significant induction of cell death in U2OS cells in vitro (p < 0.05).  
The 6 pro-apoptotic genes (GADD45A, HSPA9B, PAWR, PDCD5, NFKBIA, and TNFAIP3) were also induced to ≥2-fold in vivo.  Quant. 
methylation pyrosequencing confirmed that the tested pro-apoptotic genes had CpG-island DNA demethylationas a result of U2OS 
decitabine treatment both in vitro and in xenografts.
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A review.  The research of Appleton et al. (2007) entitled "Phase I and pharmacodynamic trial of the DNA methyltransferase inhibitor 
decitabine and carboplatin in solid tumors" is reviewed with commentary and refs.  Appleton et al. conducted trial combining decitabine 
and carboplatin in advanced solid tumors.  This dose-finding trial uses a series of doses of decitabine that, per cycle, all fall within the 
range of low doses shown to induce hypomethylation in vitro and in vivo.  Furthermore, decitabine was administered 8 days before 
initiation of cytotoxic therapy, in keeping with preclin. models.  The investigators conducted two sep. dose escalations of decitabine, 
the first with carboplatin fixed at area under the concn. time curve (AUC) 5 and the second at AUC 6, concluding that the 
recommended phase II dosing for this combination is decitabine 90 mg/rn2 administered on day 1 followed by carboplatin AUC 6 on 
day 8 of a 28-day cycle.  Of the 30 patients assessable for response, one patient with melanoma had a partial response and three 
other patients had stable disease.  The majority of responses clustered at the recommended combination dose.
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This study was to observe the inhibitory effect of 5-Aza-2'-deoxycytidine (5Aza-CdR) on the growth of human nasopharyngeal 
carcinoma (NPC) cells and xenografts in nude mice, explore the possible mechanisms, and search for new treatment target of NPC.  
NPC cell line CNE cells were treated with 5-Aza-CdR; the methylation status of death-assocd. protein kinase (DAPK) gene was 
evaluated by methylation-specific polymerase chain reaction (PCR).  The model of human NPC xenograft in nude mice was 
constructed and treated with 5-Aza-CdR; the xenograft growth in nude mice was obsd., and the mRNA and protein expression of DAPK 
were detected by reverse transcription-PCR (RT-PCR) and immunohistochem.  No expression of DAPK mRNA was found in CNE cells 
and the xenografts in nude mice without treatment of 5-Aza-CdR.  After treatment, the expression of DAPK mRNA in CNE cells and 
the xenografts was increased along with the increasing concn. of 5-Aza-CdR; the growth of CNE cells and the xenografts in nude mice 
were obviously inhibited, and the methylated DAPK gene was reactivated.  Four weeks after treatment, no significant difference was 
found in body wt. of nude mice between 5-Aza-CdR group and control group [(22.35±2.02) g vs. (21.68±2.14) g, t=0.011, P>0.05]; the 
vol. of xenografts was significantly smaller in 5-Aza-CdR group than in control group [(195.32±27.57) mm3 vs. (343.67±23.08) mm3, 
t=10.11, P<0.01].  5-Aza-CdR may reactivate antioncogene silenced by de novo methylation, therefore, inhibit the growth of CNE cells 
in vivo and in vitro.
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The effects of 5-aza-2'-deoxycytidine on the growth of tumor and transcription regulation of DAPK (death-assocd. protein kinase) gene 
in the xenografted of nude mice were investigated to find new target of laryngeal cancer therapy.  The model of human laryngeal 
carcinoma xenograft in nude mice was set up.  The growth of those xenografts in nude mice was obsd. and a growth curve of the 
xenografted drawn, after treated by 5-aza-2'-deoxycytidine.  RT-PCR and immunohistochem. were used to det. the expressions of 
DAPK mRNA and protein.  No significant difference for body wt. of the nude mice was found between the medication group and the 
controls, after treatment with 5-aza-2'-deoxycytidine.  The size of human laryngeal carcinoma xenografts in the nude mice of 
medication group was smaller than those in the controls.  There was a statistically significant difference between the medication group 
and the controls, because no expression of DAPK was obsd. in the control group without treatment of 5-aza-2'-deoxycytidine.  On the 
contrary, the expression of DAPK was obsd. in the treatment group.  It indicated that 5-aza-2'-deoxycytidine might slow down the 
growth of tumor by reactivating tumor suppressor genes silenced by promoter methylation in vivo.
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The tumor suppression efficacy of histone deacetylase inhibitor, phenylbutyrate (PB), in combination with DNA methylation inhibitor 
5-Aza-2-deoxycytidine (5-Aza-CdR) in the treatment of Kasumi-1 xenograft tumor in nude mice and its mechanism were investigated.  
The nude mice model of Kasumi-1 xenograft tumor was established by s.c. inoculation.  Latency of tumor formation, the ability of 
Kasumi-1 cells pre treated with PB to form the xenograft tumor, and the tumor suppression activity of PB and 5-Aza-CdR by i.p. 
injection in xenografted mice model were detected.  Cell differentiation and cell cycle parameters of the tumor cells were analyzed by 
flow cytometry anal., apoptosis by TUNEL in situ hybridization, and tumor microvessel d. (MVD) by immunohistochem. study.  The 
latency of tumor formation in mice with or without previous lienectomy was 17-23 and 40-50 days, resp.  Tumor cells xenografted 
could not be found in other tissues than in inoculation area, and still harbored the specific t(8;21) and AML1-ETO fusion gene.  When 
the xenografted mice models treated with PB, 5-Aza-CdR, or both, the tumor growth inhibition rates were 49.07%, 25.69% and 87.46% 
(P <0.05),.  The apoptosis indexes (AI) of tumor cells were (2.25 ± 0.85)%, (1.32 ± 0.68)%, and (5.41 ± 1.56)% (P <0.05), and the 
microvessel densities (MVD) were 21.69 ± 6.25, 28.34 ± 4.24 and 9.48 ± 3.21 (P <0.01), resp.  All the data above were significantly 
different from that in control (P <0.05).  The expression of CD11b and CD13 antigen of the tumor cells was increased in xenografted 
mice model treated with PB when compared with the control [(12.08 ± 1.02)% and (54.91 ± 2.72)%], resp. (P <0.01), and tumor cells 
showed a cell cycle arrest with increased G0/G1-phase cells and decreased S-phase cells.  PB inhibited the growth of Kasumi-1 
xenograft tumor by inducing tumor cell apoptosis and differentiation, and suppressing its angiogenesis in vivo.  5-Aza-CdR could 
significantly enhance the antitumor activity of PB.
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Life expectancy of patients affected by glioblastoma multiforme is extremely low.  The therapeutic use of tumor necrosis 
factor-related apoptosis-inducing ligand (TRAIL) has been proposed to treat this disease based on its ability to kill glioma cell lines in 
vitro and in vivo.  Here, the authors show that, differently from glioma cell lines, glioblastoma multiforme tumors were resistant to 
TRAIL stimulation because they expressed low levels of caspase-8 and high levels of the death receptor inhibitor PED/PEA-15.  
Inhibition of methyltransferases by decitabine resulted in considerable up-regulation of TRAIL receptor-1 and caspase-8, 
down-regulation of PED/PEA-15, inhibition of cell growth, and sensitization of primary glioblastoma cells to TRAIL-induced apoptosis.  
Exogenous caspase-8 expression was the main event able to restore TRAIL sensitivity in primary glioblastoma cells.  The antitumor 
activity of decitabine and TRAIL was confirmed in vivo in a mouse model of glioblastoma multiforme.  Evaluation of tumor size, 
apoptosis, and caspase activation in nude mouse glioblastoma multiforme xenografts showed dramatic synergy of decitabine and 
TRAIL in the treatment of glioblastoma, whereas the single agents were scarcely effective in terms of redn. of tumor mass, apoptosis 
induction, and caspase activation.  Thus, the combination of TRAIL and demethylating agents may provide a key tool to overcome 
glioblastoma resistance to therapeutic treatments.
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ABSTRACT: BACKGROUND: Methylation-mediated silencing of genes is one epigenetic mechanism implicated in cancer.  
Studies regarding the role of modulation of gene expression utilizing inhibitors of DNA methylation, such as decitabine, in 
osteosarcoma (OS) have been limited.  A biological understanding of the overall effects of decitabine in OS is important 
because this particular agent is currently undergoing clinical trials.  The objective of this study was to measure the 
response of the OS cell line, U2OS, to decitabine treatment both in vitro and in vivo.  RESULTS: Microarray expression 
profiling was used to distinguish decitabine-dependent changes in gene expression in U2OS cells, and to identify 
responsive loci with demethylated CpG promoter regions.  U2OS xenografts were established under the sub-renal capsule 
of immune-deficient mice to study the effect of decitabine in vivo on tumor growth and differentiation.  Reduced nuclear 
methylation levels could be detected in xenografts derived from treated mice by immunohistochemistry utilizing a 
5-methylcytidine antibody.  Decitabine treatment reduced tumor xenograft size significantly (p < 0.05).  Histological 
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 The tumors' xenografts, induced by way of Hep-2 cell injection in nude mice treated with 5-Aza-CdR, were obviously 
smaller than those in nude mice treated with phosphate-buffered saline.  Conclusions: Abnormal loss of DAPK expression 
could be assocd. with aberrant promoter region methylation in the LSCC. 5-Aza-CdR may slow the growth of Hep-2 cells 
in vitro and in vivo by reactivating tumor suppressor gene DAPK silenced by de novo methylation.

Objectives/Hypothesis: Death-assocd. protein kinase (DAPK) is a Ca/calmodulin-regulated Ser/Thr kinase that functions as a pos. 
mediator of programmed cell death.  It has been found that DAPK gene is frequently inactivated by its promoter hypermethylation in 
some cancers and tumor cell lines.  However, it is not clear whether promoter hypermethylation of DAPK gene exists in laryngeal 
squamous cell cancer (LSCC).  The aim of this study was to investigate the promoter methylation status of the DAPK gene in LSCC 
and the effect of 5-Aza-2'-deoxycytidine (5-Aza-CdR), a demethylating agent, on Hep-2 cells, a human laryngeal cancer cell line, and 
on xenografts of Hep-2.  Methods: Methylation-specific polymerase chain reaction (PCR) and reverse-transcription PCR techniques 
were used to det. the promoter methylation status and mRNA expression of DAPK gene in LSCC.  Furthermore, Hep-2 cells in vitro 
and in vivo were treated by 5-Aza-CdR to explore the effect of demethylating agents on DAPK mRNA expression and tumor growth.  
Results: Hypermethylation of DAPK gene promoter was found in 39 (67.2%) of 58 LSCC samples.  There was no significant difference 
in the promoter hypermethylation rate among the samples of different histol. grades or samples from patients with different T stages.  
However, there was significant difference in methylation status of DAPK gene between the samples from patients in N0 stages and 
those from patients in N1 stages.  No promoter hypermethylation of DAPK gene was found in any of the five normal laryngeal tissue 
samples.  DAPK mRNA expression was not detected in tumor specimens with promoter hypermethylation.  On the contrary, DAPK 
mRNA expression was obsd. in the unmethylated tumor specimens, specimens from tissues adjacent to the tumor, and normal 
laryngeal tissues samples.  Promoter hypermethylation of DAPK gene was found, and no DAPK mRNA expression was detected in 
Hep-2 cells.  DAPK mRNA expression in Hep-2 cells and xenografts could be restored by treating cells and xenografts with 5-Aza-CdR.
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 Quantitative methylation pyrosequencing confirmed that the tested pro-apoptotic genes had CpG-island DNA 
demethylationas a result of U2OS decitabine treatment both in vitro and in xenografts CONCLUSION: These data provide 
new insights regarding the use of epigenetic modifiers in OS, and have important implications for therapeutic trials 
involving demethylation drugs.  Collectively, these data have provided biological evidence that one mode of action of 
decitabine may be the induction of apoptosis utilizing promoter-CpG demethylation of specific effectors in cell death 
pathways in OS.

analysis of treated U2OS xenograft sections revealed a lower mitotic activity (p < 0.0001), increased bone matrix 
production (p < 0.0001), and a higher number of apoptotic cells (p = 0.0329).  Microarray expression profiling of U2OS 
cultured cells showed that decitabine treatment caused a significant induction (p < 0.0025) in the expression of 88 genes.  
Thirteen had a >/=2-fold change, 11 of which had CpG-island-associated promoters.  Interestingly, 6 of these 11 were 
pro-apoptotic genes and decitabine resulted in a significant induction of cell death in U2OS cells in vitro (p < 0.05).  The 6 
pro-apoptotic genes (GADD45A, HSPA9B, PAWR, PDCD5, NFKBIA, and TNFAIP3) were also induced to >/=2-fold in 
vivo.
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