The genetic progression of Myeloma
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Multiple myeloma (MM) is a malignant plasma cell disorder, it is estimated that 5000 new diagnoses and 3000 deaths due to myeloma occurred in 2010 in France. MM a haematopoietic cancer emblematic of gradual evolution model. MM is almost always preceded by premalignant plasma cell disorder benign termed monoclonal gammopathy of undetermined significance (MGUS) or more advanced premalignant stage called smoldering MM (SMM), then progression of intramedullary MM is associated with severe clinical features and in a fraction of patients, the tumors acquire the ability to proliferate in extramedullary sites such as blood in this case it is called plasma cell leukemia (PCL) a more aggressive disease. Considerable progress has been made in the treatment of MM in the past decade. Survival improvement in newly diagnosed MM patients is largely due to the introduction of novel effective drugs such as immunomodulatory compound thalidomide and its analog, lenalidomide and the proteasome inhibitor, bortezomib. However, almost all patients relapse, emphasizing a need of exploration of the genomic abnormalities contributing to the mechanism of progression. Previous studies with conventional karyotype and fluorescence in situ hybridization (FISH) analyses have provided a framework of the recurrent chromosomal abnormalities associated with the stages MM and highlighted chromosomal changes which impact clinical outcome. However, until recently comprehensive genome-wide analysis of DNA copy number alterations (CNAs) was hampered by the complexity of the myeloma cells karyotype coupled with the presence of genetically distinct malignant plasma cell subpopulations within the patient’s bone marrow. The advent of single nucleotide polymorphism (SNP) arrays that allow genome-wide detailed exploration of copy CNAs and loss of heterozygosity (LOH) in copy-neutral LOH (CN-LOH), or uniparental disomy in cancer cells coupled with the availability of samples collected in the same individual when diagnosed with MGUS/SMM and at time of progression to active MM or diagnosed with MM and at relapse are providing important insights into the pathogenesis and progression of MM.

[image: image1]Genomic analysis of paired samples from patients with SMM progressing to active MM revealed that progression is associated with chromosomal changes highly variable from one case to another; these changes affected the number, extent, nature and clonality of the lesions. For example, one patient acquired 4 lesions including partial 20p loss, 20q gain, and 21q loss (Fig. 1A); another patient acquired at least 8 lesions including partial 6q and 14q losses (Fig. 1B). 
Integrated analysis of allele ratio (AR), copy number (CN), allele specific copy number (AsCN) revealed a clonal heterogeneity in a SMM case, and clonal selection during progression to active MM in the absence of any treatment (Fig.2). Genomic analysis shows that the chromosomal instability observed in overt MM is present in the early stage of the disease.
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Genomic analysis on matched diagnosis and relapse purified malignant plasma cell samples from patients with MM indicated that patients studied retained the majority of the CNAs or CN-LOH present at the matched diagnosis samples. The vast majority of MM cases acquired additional CNAs or CN-LOH at relapse.
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Five patients acquired various chromosome 1q lesions; entire arm gain (Fig. 3A), sub-arm gain (Fig.3B, C), CN-LOH (Fig.3D) and complex gain with LOH (Fig.3E). Two patients acquired del(17p) encompassing TP53. These results support the fact that relapse mechanism in MM is complex, this is not a massive genomic instability or a single genetic lesion that are responsible for relapse. 
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Comprehensive analysis of genomic changes in myeloma progression is promising, we can speculate that the new treatment paradigm would combine targeted therapy and subpopulations control. 
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Figure 2: Assessment of mosaicism evolution during progression of SMM to MM. Left, 8p arm: CN is <2, AR is predominantly a three allele track combination (AA,AB,BB) where homozygote AA is assigned by the computer software at position 1, heterozygote AB at position 0 and homozygote BB at position –1, AsCN showed both alleles (red and blue) are between 0.5 and 1. There results suggest that del(8p) is present in minor populations. FISH analysis confirms del(8p) in minor populations (30%). Right, 8p arm CN is ~1, AR changes to a monosomic pattern  with a characteristic  five allele track combination (AA,AB, BB/A,B), AsCN reveals a drop of the blue allele. These results suggest expansion of the 8p minor population during progression to MM. FISH analysis confirms increase of del(8p) in MM cells (60%). 8q arm is shown as normal diploid.
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Figure 1: Acquired abnormalities during progression from pre-malignant stage to MM. dChipSNP median-smoothed log ratio copy number heatmap showing two paired samples. Blue is deletion and red is gain. CNAs spectrum of MM sample is shown on the right. 
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Figure 3: Chr.1q lesions acquired at relapse. Upper panel displays CN and lower panel displays AR 
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