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Initiating copy number and structural events1,2

Canonical IGH translocations (40%) that occur in >1% of newly diagnosed patients
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Overview of common genetic abnormalities in MM

Copy number gain Copy number loss Marker of aggressive disease

Relevant copy number and structural events14

Loss of 1p (30%), gain of 1q (36%), loss of 13 (59%), 
loss of 16q (35%) and loss of 17p (7%)

Complex structural events13

• Nested or chained clusters of structural variants comprise chromothripsis (24%), 
templated insertion (19%) and chromoplexy (11%)

• Often involve multiple driver genes, for example MYC, CCND1, CCND2, CDKN2C, CYLD, RB1 and MAX 

Tumour suppressor gene — deletion and/or mutationA Proto-oncogene — translocationA Proto-oncogene — mutationA Immunoglobulin locusA

• Involve oncogene activation via enhancer hijacking
• Association with TP53 inactivation and 
 poor prognosis
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High-risk events7

High-risk events associated with disease 
progression and poor prognosis include
• t(4;14), t(14;16) and t(14;20)
• Biallelic alteration of TP53
• Gain or amplification of 1q

Resistance

MGUS3 and SMM
• In MGUS, cells contain mutations 

but not always gains or deletions 
of chromosomes

• Mutation rate is low and can 
persist for decades

• In SMM, the frequency of 
mutations and copy number 
gains or deletions increases 

Focal 
growth 
pattern

MM cells have undergone class-switch recombination (CSR) and somatic hypermutation (SHM) in the GC. The plasma cells acquire initiating primary genomic events (IGH translocations or hyperdiploidy) 
in the GC and accumulate secondary events such as complex structural events, copy number abnormalities and mutations, which advance the disease through the asymptomatic stages of MGUS and SMM to 
symptomatic MM. As the disease progresses, cells proliferate and expand and genomic instability increases, which results in the accumulation of genomic diversity. Spread of cells throughout the skeleton gives 
rise to the independent evolution of clones and a focal growth pattern. Treatment creates an evolutionary bottleneck where resistant cells can expand, leading to relapse.

High-risk SMM4,5

Molecular high-risk events 
defining the transition to 
MM include t(MYC) and 
mutations in
• KRAS and NRAS (involved  
 in Ras signalling), TP53,  
 ATM and ATR (involved in  
 DNA repair) and DIS3 and  
 TENT5C (involved in 
 RNA processing)
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Focal lesions10

Associated with
• Increased clonal diversity 
• Generation of resistance
• Excess contribution to relapse

Diversification

APOBEC mutational signature12

Association with t(14;16), t(14;20), increased 
mutational burden and adverse prognosis

Clonal evolution 
at each stage
• Increasing diversity
• Clonal competition
• Selective sweep

CKS1B

MM driver events6

Driver events confer a 
growth advantage to cells. 
The most frequently 
mutated genes include
• KRAS (22%), NRAS (17%), 
 DIS3 (10%), TENT5C (9%), 
 BRAF (8%) and TP53 (6%)

Resistance events8,9

Genomic events linked to treatment 
resistance
• CRBN variants in immunomodulatory  
 imide drug resistance
• Deletion of immunotherapy targets,  
 for example TNFRSF17 and anti-BCMA

Chromosomal abnormalities in multiple myeloma
Aneta Mikulasova, Gareth J. Morgan and Brian A. Walker

Multiple myeloma (MM) is a malignancy of  
post-germinal centre (GC) B cells called plasma  
cells and accounts for ~2% of all new cancer cases  
(https://seer.cancer.gov/statfacts/html/mulmy.html). 
The accumulation of plasma cells in the bone marrow 
results in bone lesions and high levels of clonal 
immunoglobulin in the blood. As such, patients present 

with the clinical symptoms of hypercalcaemia, renal 
impairment, anaemia and/or bone disease. MM is 
preceded by two asymptomatic stages known as 
monoclonal gammopathy of undetermined significance 
(MGUS) and smouldering multiple myeloma (SMM) 
where the clonal immunoglobulin is detected but 
generally there is no therapeutic intervention.

Sample Preparation Solutions from STEMCELL Technologies
In patient samples of hematological cancers, malignant cells are mixed with normal cells at variable frequencies, making it challenging to detect genetic 
aberrations in cases of low disease burden. STEMCELL Technologies provides tools for enriching target cells, which can enhance your ability to detect them 
in downstream cytogenetic or cytogenomic assays while also increasing lab efficiency and throughput.
• EasySep™ (www.EasySep.com) is a fast, easy, and column-free immunomagnetic cell separation system for isolating highly purified plasma cells that are 

immediately ready for downstream analysis. 
• RoboSep™ (www.RoboSep.com) instruments automate EasySep™ cell isolation to free up valuable technician time. By reducing sample handling,  

users’ risk of exposure to dangerous pathogens is minimized. 
• RosetteSep™ (www.RosetteSep.com) is an immunodensity-based cell isolation system for one-step enrichment of untouched plasma cells directly from 

whole blood.
• SepMate™ (www.SepMate.com) allows for hassle-free PBMC isolation in just 15 minutes. The SepMate™ tube contains a unique insert that prevents 

mixing between the blood and the density gradient medium. Easily load your sample and simply pour off desired cells for quick and consistent results.
To learn more about our cell isolation platforms for hematological analysis, visit www.STEMCELL.com/cell-isolation-products.
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