t(4;14) and genomic instability in high-risk multiple myeloma
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The t(4;14)(p16;q32) chromosome translocation is unique among MM IgH translocations in that the IgH breakpoint is always within a switch region, and light chain variant translocations have not been described. This results in dissociation of the intronic Eu enhancer on der(4) that dysregulates MMSET from the 3’ enhancer on der(14) that dysregulates FGFR3. This suggests that it may be important in the pathogenesis of t(4;14) MM to dysregulate both of these oncogenes. Activating mutations of FGFR3 that occur in about 10% of patients with t(4;14) indicate that FGFR3 can play an important role in the progression of t(4;14) MM. However the absence of FGFR3 expression in about 25% of patients with t(4;14) MM also indicates that the continued expression of FGFR3 is dispensable, at least in some patients. The role of these two proteins in the pathogenesis of MM has remained elusive. Clinically patients with t(4;14) MM have a poor prognosis when treated with melphalan or IMiDs, whereas early mortality appears to be abrogated by the use of bortezomib, even if the poor prognosis is not completely overcome. 
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Recently we have identified a role for MMSET in DNA repair (Pei H, Zhang L, Luo K, Qin Y, Chesi M, Fei F, Bergsagel PL, Wang L, You Z, Lou Z. MMSET regulates histone H4K20 methylation and 53BP1 accumulation at DNA damage sites. Nature. 2011 470(7332):124-8). Following DNA damage MMSET is phosphorylated on Ser102 by ATM and is recruited to double strand breaks (DSB) by MDC1. MMSET is a histone methyltransferase that methylates H4K20 on the histones at sites of DSBs. Di-methylation of H4K20 recruits p53 binding protein (53BP1) a key transducer of the DNA damage checkpoint signal. 53BP1 is required for p53 accumulation, G2/M checkpoint arrest, and the intra-S-phase checkpoint in response to ionizing radiation. Approximately half of the translocation breakpoints in t(4;14) MM result in a truncated MMSET that lacks Ser102 and cannot be recruited to DSBs. These results indicate that MMSET belongs to a class of cancer causing genes such as ATM that contribute to oncogenesis by impairing the DNA damage response. Although further study is required, based on these data it may not be a useful therapeutic strategy to inhibit MMSET histone methyltransferase activity (and in fact provide caution that this may cause problems with systemic inhibition of the DNA damage response). Furthermore, they also suggest that DNA damaging agents should be used with caution in t(4;14) MM, and it they are to be used, it is probably best done when the tumor burden is lowest, and the fewest possible cells deficient in DNA repair are exposed to genotoxic agents
