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Abstract 
 

Multiple myeloma (MM) arises through an accumulation of multiple genetic and 

epigenetic changes, which play a significant role in tumorigenesis and tumor 

development. DNA methylation is often found in cancers including MM at the 5-carbon 

on cytosine residues within CpG islands of genes whose products are associated with the 

promoter regions of protein-coding genes. This methylation is an epigenetic alteration 

that leads to heritable changes in gene expression through the recruitment of histone 

deacetylases and histone methyltransferases. We and other researchers have reported the 

association of global and regional DNA methylation status with MM. Global DNA 

hypomethylation is the predominant early change during plasma cell oncogenesis from 

monoclonal gammopathy of undetermined significance to MM, while regional DNA 

hypermethylation occurs in tumor relapse and during disease progression. Thus, DNA 

methylation could be a useful biomarker of MM tumorigenesis and progression. In the 

current review, we discuss the role of DNA methylation changes; their potential 

application as epigenetic biomarkers to facilitate risk assessment, diagnosis, prediction of 

prognosis, and sensitivity to treatment; and epigenetic therapy in MM. 
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Introduction 
 

Cancers, including multiple myeloma (MM), arise because of an accumulation of 

multiple genetic changes, which play a significant role in tumorigenesis and tumor 

development. In addition to genetics, recent studies revealed the role of epigenetics—

heritable information that does not affect DNA sequence—in the pathogenesis of cancers, 

including MM [1-4]. Among epigenetic changes, DNA methylation and histone modification 

have been well-studied. 

DNA methylation occurs at the 5-carbon on cytosine residues in cytosine-guanine pairs 

known as CpG dinucleotides. DNA methylation is catalyzed by three DNA 

methyltransferases, including DNMT1, DNMT3A, and DNMT3B, and is a crucial regulator 

in different biological processes, such as embryonic development, transcription, chromatin 

structure, X chromosome inactivation, genomic imprinting, genomic instability, and 

tumorigenesis [5]. Since transcriptionally active regions of the genome are usually CpG rich, 

methylation of CpG sites is a critical factor affecting gene transcription. DNA 

hypermethylation of the large clusters of CpG dinucleotides, referred to as CpG islands, at 

gene promoters and transcription start sites is an epigenetic alteration that can suppress gene 

expression through the recruitment of methyl-CpG binding domain proteins, histone 

deacetylases, and histone methyltransferases, thus causing chromatin condensation [6]. 

Genome-wide hypomethylation and regional hypermethylation are common events in tumors, 

including hematological malignancies. In MM, DNA hypomethylation was reported as the 

predominant early change during tumorigenesis that gradually transforms to regional DNA 

hypermethylation during disease progression [7-9]. 

In the current review, we discuss the role of alterations in DNA methylation, potential 

application of epigenetic biomarkers, and target therapeutics in MM. 

 

 

2. Molecular Mechanism Involved  
in Tumorigenesis of MM 

 

MM is a neoplastic plasma cell disorder that is characterized by the clonal proliferation of 

malignant plasma cells in the bone marrow, the presence of monoclonal immunoglobulin in 

the serum and/or urine in most cases, and associated organ dysfunction, including lytic bone 

lesions, compromised immunity, anemia, renal failure, and hypercalcemia [10-12]. Recent 

studies have shown that MM is consistently preceded by a premalignant stage of clonal 

plasma cell proliferation, termed monoclonal gammopathy of undetermined significance 

(MGUS) [13,14]. Approximately 1% of MGUS cases evolve to MM per year [15].  

MM advances through a multistep transformation process of specific events, including 

somatic mutations, chromosomal copy-number changes, and non-random chromosomal 

translocations such as immunoglobulin gene rearrangements involved in cyclin D; 

furthermore, epigenetic changes drive progression from MGUS, to symptomatic MM, and 

ultimately to recurrent myeloma, including extramedullary disease and, in some cases, plasma 

cell leukemia [4,12,16,17] (Figure 1).  
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Figure 1. Multiple myeloma (MM) advances through a multistep transformation process due to specific 

events. These events include somatic mutations, chromosomal copy-number changes, and non-random 

chromosomal translocations, such as immunoglobulin gene rearrangements involved in cyclin D. 

Further, epigenetic changes drive progression from monoclonal gammopathy of undetermined 

significance (MGUS), to symptomatic MM, and ultimately to recurrent myeloma, including 

extramedullary disease and plasma cell leukemia. Genome-wide hypomethylation occurs during the 

events indicated by a blue wedge, and gene-specific hypermethylation occurs during the events 

indicated by a blue wedge. 

Recently, several studies using high-throughput sequencing technologies demonstrated 

heterogeneity of MM genomic evolution and subclonal structure [18-22]. Chapman et al., 

reported that the analysis of somatic mutations by tumor-genome sequencing in MM cases 

revealed that, of the numerous genes mutated, identified genes are specifically involved in 

NFκB activation, protein homeostasis, and histone methylation, which are processes 

consistent with MM biology [18]. However, the key steps in MM oncogenesis remain unclear 

[3,4,23,24]. Recent findings also revealed that epigenetics, including DNA methylation and 

histone modification, is also important in MM pathogenesis. Global methylation analyses in 

MM have revealed the role of DNA methylation in MM pathogenesis and progress. 

 

 

2. DNA Hypomethylation in MM 
 

Genome-wide DNA hypomethylation is a common epigenetic alteration in cancer cells. 

Low levels of DNA methylation in cancer cells is substantially due to the loss of methylation 

at repetitive sequences such as long interspersed nuclear element-1 (LINE-1; a kind of a 

retrotransposon), which accounts for 17% of the human genome [19,25]. The following 

mechanisms have been suggested for DNA hypomethylation in tumorigenesis and tumor 

development: increased instability of the genome and reactivation of transposable elements 

(transposons) that can move in DNA [26-28]. Importantly, we and others reported that global 

methylation levels of DNA repetitive sequences, including LINE-1, progressively decline 

during the development of MM from MGUS to aggressive myeloma such as plasma cell 

Figure 1

Plasmacyte MMMGUS

Recurrent MM,

Extramedullary disease,

Plasma cell leukemia

Primary genetic events

Translocation (14q+)：
11q13 (CCND1), 

4p16  (MMSET, FGFR3)

16q23 (MAF)

Deletion: 13q-

Hyperdiploidy

Secondary genetic events

Translocation (14q+)：
8q24 (MYC), 

Deletion: 13, 17p-, 1p-

Mutation: N/K-RAS, p53, UTX, MMSET, DIS3, 

FAM46C, BLIMP1, BRAF

Genome-wide hypomethylation

Gene-specific hypermethylation



Hiroshi Yasui, Tadao Ishida and Kohzoh Imai 150 

leukemia [8,9]. We also reported that there is a significant inverse correlation between the 

degree of genomic loss and LINE-1 methylation levels, and MM cases with LINE-1 

hypomethylation had a significantly poor prognosis [9]. Regarding the pathogenesis of MM 

plasma cells, microarray data examining genome-wide differences in CpG methylation 

patterns revealed that genome-wide hypomethylation occurs at the transition from MGUS to 

MM [7]. 

 

 

3. DNA Hypermethylation in MM 
 

DNA hypermethylation at gene promoters and transcription start sites is an epigenetic 

alteration that suppresses gene expression. Global DNA hypomethylation is the predominant 

early change during plasma cell oncogenesis from MGUS to MM, while regional DNA 

hypermethylation occurs in tumor relapse and during disease progression [7]. We and others 

studied regional DNA hypermethylation in MM and identified certain key genes as targets for 

epigenetic inactivation (Table 1).  

 

Table 1. Epigenetically silenced genes in multiple myeloma (MM) 

 

Gene Chromosome Function 

Frequency of DNA 

hypermethylation of patient 

MM samples (n > 50) 

CDKN2A 

(p16) 
9p21.3 Cell cycle 34% [29] 

DAPK1 9q21.33 Apoptosis 52.7% [35] 

BNIP3 10q26.3 Apoptosis 5% [36] 

RASD1 17p11.2 Cell growth 6–8% [33,40]  

SPARC 5q33.1 
Cell-extracellular matrix 

interaction 
 8–18.2% [36,40] 

CD38 4p15  Ectoenzyme 45.9% [40] 

GPX3 5q23  Glutathione peroxidase  7.5% [40] 

NCAM1 

(CD56) 
11q23.1 Cell adhesion 5% [40] 

PDK4 7q21.3  Regulation of metabolism  15.1% [40] 

RBP1 3q23 
carrier protein involved in the 

transport of retinol 
 16.3% [40] 

TGFBI 5q31 Inhibition of cell adhesion  18.2% [40] 

 

These genes include the following: cell-cycle regulators, such as cyclin-dependent kinase 

inhibitor 2A (CDKN2A) [29] and 2B (CDKN2B) [30] and checkpoint with fork head and ring 

finger domains (CHFR) [31]; genes involved in cell signaling, such as Ras association 
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(RalGDS/AF-6) domain family member 1 (RASSF1) [32], RAS, dexamethasone-induced 1 

(RASD1) [33], and transforming growth factor, beta receptor II (TGFBR2) [34]; genes 

involved in apoptosis, such as death-associated protein kinase 1 (DAPK1) [35] and 

BCL2/adenovirus E1B 19kDa interacting protein 3 (BNIP3) [36,37]; genes involved in 

antigen presentation, such as class II, major histocompatibility complex, transactivator 

(CIITA) [38]; genes involved in cell-extracellular matrix interaction, such as secreted protein, 

acidic, cysteine-rich (SPARC) [36]; and genes involved in polycomb repressive complexes, 

such as enhancer of zeste, drosophila, homolog 2 (EZH2) [39].  

Recently, Kaiser et al., investigated the association between DNA methylation and MM 

prognosis using a genome-wide DNA methylation array of 159 patients treated in the Medical 

Research Council Myeloma IX trial [40]. They identified the following 8 epigenetically 

regulated genes with changes in DNA methylation status that were significantly associated 

with prognosis: CD38, RASD1, SPARC, glutathione peroxidase 3 (GPX3), neural cell 

adhesion molecule 1 (NCAM1), pyruvate dehydrogenase kinase 4 (PDK4), retinol-binding 

protein 1 (RBP1), and transforming growth factor, β induced (TGFBI). Importantly, 

multivariate analysis confirmed that GPX3, RBP1, SPARC, and TGFBI are associated with 

survival, and methylation of the genes is independent of established risk factors for MM. 

Methylation levels of these 4 genes is low in MGUS, and then increasing methylation is 

associated with more aggressive MM cellular phenotypes. Walker et al., investigated DNA 

methylation patterns associated with MM subtypes [7]. They found specific profiles with 

increased hypermethylation in clinically aggressive subtypes, such as plasma cell leukemia, 

and in the prognostically unfavorable t(4;14) cytogenetic subtype with overexpressed 

MMSET, which encodes a histone methyltransferase. These findings suggest that methylation 

changes affect disease biology. 

Recent reports correlated hypermethylation of promoter-associated CpG islands with 

silencing of microRNAs (miRNAs), which are small 18–22 nucleotide RNAs that regulate 

many intracellular functions [41]. Dysregulation of miRNA genes has been implicated in 

MM. Moreover, several reports of MM described the role of hypermethylation of tumor-

suppressor miRNA genes, including miR-34b/c [42], miR-194-2-192 [43], and miR-203 [44]. 

Combined genome-wide analysis of miRNA methylation and miRNA expression profiling is 

warranted to clarify the role of epigenetic regulation of miRNA in MM.  

 

 

4. DNA Methylation As an Epigenetic  
Biomarker in MM 

 

The current prognostic factors in MM include cytogenetic aberrations, such as the 

nonhyperdiploid, cytogenetically detected chromosomal 13q deletion, t(4;14), t(14;16), 1q 

gain, and del(17p) detected by fluorescence in situ hybridization [10]. Novel therapeutics, 

such as the proteasome inhibitor bortezomib, can partially overcome adverse outcomes 

conferred by these abnormalities [45]. However, there has been much less progress in the 

development of predictive biomarkers for specific treatments [46]. To identify predictive 

biomarkers for the effect of myeloma therapeutics, appropriate clinical trial designs are 

necessary. Since some novel MM therapeutics in development have specific molecular 
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targets, the identification of biomarkers that also characterize drug sensitivity is a promising 

therapeutic strategy [45].  

As mentioned above, hypermethylation of TGFB1, SPARC, RBP1, and GPX3 is 

associated with significantly shorter overall survival, independent of age, international staging 

system score, and adverse cytogenetics [40]. Future prospective studies will verify these 

genes as prognostic MM biomarkers. 

We identified RASD1 as a possible biomarker in MM [33]. RASD1, located on 

chromosome 17p11.2 with frequent loss of heterozygosity in various human tumors, encodes 

a Ras GTPase with tumor suppressor functions induced by dexamethasone [47,48]. 

Importantly, MM cells that show RASD1 methylation are resistant to dexamethasone, and 

combined treatment with dexamethasone and the hypomethylating agent decitabine (5-aza-2′-

deoxycytidine), which inhibits DNA methyltransferase, restores the cytotoxicity of 

dexamethasone to tumor cells. While the hypermethylation of RASD1 was observed in 

approximately 10% of primary MM samples, the methylation levels of RASD1 were elevated 

in all of the MM cases that had pair DNAs after repeated antimyeloma therapy, including 

dexamethasone.  

Limited studies have addressed the antitumor effects of the hypomethylating agents 

decitabine and azacitidine (5-azacytidine) in MM, demonstrating significant in vitro 

antimyeloma activity. The mechanisms involve changes in gene expression and induction of 

DNA damage [49,50]. Recently, a gene expression-based DNA methylation score was 

reported, which relates the expression of methylation-regulated genes to predict the efficacy 

of hypomethylating agents—decitabine and azacitidine—in human MM cell lines and in 

patient MM cells in vitro [51,52]. Phase I/II clinical trials are ongoing to study the side effects 

and best dose of azacitidine in combination with lenalidomide and dexamethasone in MM; 

therefore, an investigation regarding association of the methylation score and the response of 

MM patients could provide promising information [53]. Taken together, these findings 

suggest the involvement of epigenetic gene silencing in MM progression and drug resistance 

and the usefulness of demethylation therapy for MM treatment. 

 

 

Conclusion 
 

In summary, DNA methylation functions in MM tumorigenesis and progression. Several 

reports have suggested that DNA methylation could be a useful biomarker to predict 

prognosis and sensitivity to treatment. A further comprehensive analysis using a genome-

wide approach with high-throughput sequencing technologies will be necessary to clarify the 

molecular mechanisms of MM oncogenesis and progression. Epigenetics has become to an 

essential research area where important challenges should be resolved through further 

investigations of MM. 

 

 

Acknowledgments 
 

This study was supported by an Aki Horinouchi Research Grant from the International 

Myeloma Foundation Japan (H.Y.), a Grant-in-Aid for Exploratory Research (K.I., H.Y.), a 



The Role of DNA Methylation in the Genetics and Epigenetics … 153 

Grant-in-Aid for Scientific Research (C) (T.I., H.Y.), and a Scientific Support Programs for 

Cancer Research, Grant-in-Aid for Scientific Research on Innovative Areas (K.I., H.Y.) from 

the Ministry of Education, Culture, Sports, Science, and Technology. 

 

 

References 
 

[1] Dawson MA; Kouzarides T. Cancer epigenetics: from mechanism to therapy. Cell 

2012,150,12-27. 

[2] Toyota M; Suzuki H; Yamashita T, et al., Cancer epigenomics: implications of DNA 

methylation in personalized cancer therapy. Cancer Sci. 2009,100,787-91. 

[3] Yasui H; Ishida T; Maruyama R, et al., Model of translational cancer research in 

multiple myeloma. Cancer Sci. 2012,103,1907-12. 

[4] Morgan GJ; Walker BA; Davies FE. The genetic architecture of multiple myeloma. 

Nature reviews Cancer 2012,12,335-48. 

[5] Bird A. The essentials of DNA methylation. Cell 1992,70,5-8. 

[6] Han H; Cortez CC; Yang X; Nichols PW; Jones PA; Liang G. DNA methylation 

directly silences genes with non-CpG island promoters and establishes a nucleosome 

occupied promoter. Human molecular genetics 2011,20,4299-310. 

[7] Walker BA; Wardell CP; Chiecchio L, et al., Aberrant global methylation patterns 

affect the molecular pathogenesis and prognosis of multiple myeloma. Blood 

2011,117,553-62. 

[8] Bollati V; Fabris S; Pegoraro V, et al., Differential repetitive DNA methylation in 

multiple myeloma molecular subgroups. Carcinogenesis 2009,30,1330-5. 

[9] Aoki Y; Nojima M; Suzuki H, et al., Genomic vulnerability to LINE-1 hypomethylation 

is a potential determinant of the clinicogenetic features of multiple myeloma. Genome 

medicine 2012,4,101. 

[10] Palumbo A; Anderson K. Multiple myeloma. N. Engl. J. Med. 2011,364,1046-60. 

[11] Yasui H; Hideshima T; Richardson PG; Anderson KC. Novel therapeutic strategies 

targeting growth factor signalling cascades in multiple myeloma. British journal of 

haematology 2006,132,385-97. 

[12] Hideshima T; Mitsiades C; Tonon G; Richardson PG; Anderson KC. Understanding 

multiple myeloma pathogenesis in the bone marrow to identify new therapeutic targets. 

Nature reviews Cancer 2007,7,585-98. 

[13] Landgren O; Kyle RA; Pfeiffer RM, et al., Monoclonal gammopathy of undetermined 

significance (MGUS) consistently precedes multiple myeloma: a prospective study. 

Blood 2009,113,5412-7. 

[14] Weiss BM; Abadie J; Verma P; Howard RS; Kuehl WM. A monoclonal gammopathy 

precedes multiple myeloma in most patients. Blood 2009,113,5418-22. 

[15] Kyle RA; Durie BG; Rajkumar SV, et al., Monoclonal gammopathy of undetermined 

significance (MGUS) and smoldering (asymptomatic) multiple myeloma: IMWG 

consensus perspectives risk factors for progression and guidelines for monitoring and 

management. Leukemia 2010,24,1121-7. 

[16] Gonzalez D; van der Burg M; Garcia-Sanz R, et al., Immunoglobulin gene 

rearrangements and the pathogenesis of multiple myeloma. Blood 2007,110,3112-21. 



Hiroshi Yasui, Tadao Ishida and Kohzoh Imai 154 

[17] Schmidt-Hieber M; Gutierrez ML; Perez-Andres M, et al., Cytogenetic profiles in 

multiple myeloma and monoclonal gammopathy of undetermined significance: a study 

in highly purified aberrant plasma cells. Haematologica 2013,98,279-87. 

[18] Chapman MA; Lawrence MS; Keats JJ, et al., Initial genome sequencing and analysis 

of multiple myeloma. Nature 2011,471,467-72. 

[19] Bolli N; Avet-Loiseau H; Wedge DC, et al., Heterogeneity of genomic evolution and 

mutational profiles in multiple myeloma. Nature communications 2014,5,2997. 

[20] Walker BA; Wardell CP; Melchor L, et al., Intraclonal heterogeneity and distinct 

molecular mechanisms characterize the development of t(4;14) and t(11;14) myeloma. 

Blood 2012,120,1077-86. 

[21] Keats JJ; Chesi M; Egan JB, et al., Clonal competition with alternating dominance in 

multiple myeloma. Blood 2012,120,1067-76. 

[22] Egan JB; Shi CX; Tembe W, et al., Whole-genome sequencing of multiple myeloma 

from diagnosis to plasma cell leukemia reveals genomic initiating events, evolution, 

and clonal tides. Blood 2012,120,1060-6. 

[23] Stratton MR; Campbell PJ; Futreal PA. The cancer genome. Nature 2009,458,719-24. 

[24] Hanahan D; Weinberg RA. The hallmarks of cancer. Cell 2000,100,57-70. 

[25] Huang CR; Schneider AM; Lu Y, et al., Mobile interspersed repeats are major 

structural variants in the human genome. Cell 2010,141,1171-82. 

[26] Eden A; Gaudet F; Waghmare A; Jaenisch R. Chromosomal instability and tumors 

promoted by DNA hypomethylation. Science 2003,300,455. 

[27] Howard G; Eiges R; Gaudet F; Jaenisch R; Eden A. Activation and transposition of 

endogenous retroviral elements in hypomethylation induced tumors in mice. Oncogene 

2008,27,404-8. 

[28] Iskow RC; McCabe MT; Mills RE, et al., Natural mutagenesis of human genomes by 

endogenous retrotransposons. Cell 2010,141,1253-61. 

[29] Gonzalez-Paz N; Chng WJ; McClure RF, et al., Tumor suppressor p16 methylation in 

multiple myeloma: biological and clinical implications. Blood 2007,109,1228-32. 

[30] Ng MH; Chung YF; Lo KW; Wickham NW; Lee JC; Huang DP. Frequent 

hypermethylation of p16 and p15 genes in multiple myeloma. Blood 1997,89,2500-6. 

[31] Toyota M; Sasaki Y; Satoh A, et al., Epigenetic inactivation of CHFR in human tumors. 

Proceedings of the National Academy of Sciences of the United States of America 

2003,100,7818-23. 

[32] Ng MH; Lau KM; Wong WS, et al., Alterations of RAS signalling in Chinese multiple 

myeloma patients: absent BRAF and rare RAS mutations, but frequent inactivation of 

RASSF1A by transcriptional silencing or expression of a non-functional variant 

transcript. British journal of haematology 2003,123,637-45. 

[33] Nojima M; Maruyama R; Yasui H, et al., Genomic screening for genes silenced by 

DNA methylation revealed an association between RASD1 inactivation and 

dexamethasone resistance in multiple myeloma. Clinical cancer research : an official 

journal of the American Association for Cancer Research 2009,15,4356-64. 

[34] de Carvalho F; Colleoni GW; Almeida MS; Carvalho AL; Vettore AL. TGFbetaR2 

aberrant methylation is a potential prognostic marker and therapeutic target in multiple 

myeloma. International journal of cancer Journal international du cancer 

2009,125,1985-91. 



The Role of DNA Methylation in the Genetics and Epigenetics … 155 

[35] Chim CS; Liang R; Fung TK; Choi CL; Kwong YL. Epigenetic dysregulation of the 

death-associated protein kinase/p14/HDM2/p53/Apaf-1 apoptosis pathway in multiple 

myeloma. Journal of clinical pathology 2007,60,664-9. 

[36] Heller G; Schmidt WM; Ziegler B, et al., Genome-wide transcriptional response to 5-

aza-2'-deoxycytidine and trichostatin a in multiple myeloma cells. Cancer research 

2008,68,44-54. 

[37] Murai M; Toyota M; Satoh A, et al., Aberrant DNA methylation associated with 

silencing BNIP3 gene expression in haematopoietic tumours. British journal of cancer 

2005,92,1165-72. 

[38] Morimoto Y; Toyota M; Satoh A, et al., Inactivation of class II transactivator by DNA 

methylation and histone deacetylation associated with absence of HLA-DR induction 

by interferon-gamma in haematopoietic tumour cells. British journal of cancer 

2004,90,844-52. 

[39] Croonquist PA; Van Ness B. The polycomb group protein enhancer of zeste homolog 2 

(EZH 2) is an oncogene that influences myeloma cell growth and the mutant ras 

phenotype. Oncogene 2005,24,6269-80. 

[40] Kaiser MF; Johnson DC; Wu P, et al., Global methylation analysis identifies 

prognostically important epigenetically inactivated tumor suppressor genes in multiple 

myeloma. Blood 2013,122,219-26. 

[41] Wong KY; Huang X; Chim CS. DNA methylation of microRNA genes in multiple 

myeloma. Carcinogenesis 2012,33,1629-38. 

[42] Wong KY; Yim RL; So CC; Jin DY; Liang R; Chim CS. Epigenetic inactivation of the 

MIR34B/C in multiple myeloma. Blood 2011,118,5901-4. 

[43] Corthals SL; Sun SM; Kuiper R, et al., MicroRNA signatures characterize multiple 

myeloma patients. Leukemia 2011,25,1784-9. 

[44] Wong KY; Liang R; So CC; Jin DY; Costello JF; Chim CS. Epigenetic silencing of 

MIR203 in multiple myeloma. British journal of haematology 2011,154,569-78. 

[45] Anderson KC. The 39th David A. Karnofsky Lecture: bench-to-bedside translation of 

targeted therapies in multiple myeloma. J. Clin. Oncol. 2012,30,445-52. 

[46] Sawyers CL. The cancer biomarker problem. Nature 2008,452,548-52. 

[47] Kemppainen RJ; Behrend EN. Dexamethasone rapidly induces a novel ras superfamily 

member-related gene in AtT-20 cells. The Journal of biological chemistry 

1998,273,3129-31. 

[48] Vaidyanathan G; Cismowski MJ; Wang G; Vincent TS; Brown KD; Lanier SM. The 

Ras-related protein AGS1/RASD1 suppresses cell growth. Oncogene 2004,23,5858-63. 

[49] Khong T; Sharkey J; Spencer A. The effect of azacitidine on interleukin-6 signaling and 

nuclear factor-kappaB activation and its in vitro and in vivo activity against multiple 

myeloma. Haematologica 2008,93,860-9. 

[50] Kiziltepe T; Hideshima T; Catley L, et al., 5-Azacytidine, a DNA methyltransferase 

inhibitor, induces ATR-mediated DNA double-strand break responses, apoptosis, and 

synergistic cytotoxicity with doxorubicin and bortezomib against multiple myeloma 

cells. Molecular cancer therapeutics 2007,6,1718-27. 

[51] Moreaux J; Reme T; Leonard W, et al., Development of gene expression-based score to 

predict sensitivity of multiple myeloma cells to DNA methylation inhibitors. Molecular 

cancer therapeutics 2012,11,2685-92. 



Hiroshi Yasui, Tadao Ishida and Kohzoh Imai 156 

[52] Moreaux J; Bruyer A; Veyrune JL; Goldschmidt H; Hose D; Klein B. DNA 

methylation score is predictive of myeloma cell sensitivity to 5-azacitidine. British 

journal of haematology 2014,164,613-6. 

[53] Maes K; Menu E; Van Valckenborgh E; Van Riet I; Vanderkerken K; De Bruyne E. 

Epigenetic modulating agents as a new therapeutic approach in multiple myeloma. 

Cancers 2013,5,430-61. 

 

 


