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Summary in English 

Multiple myeloma is the second most common haematological malignancy with around 300 new 

cases per year in Denmark. Even though the use of novel drugs, especially thalidomide, 

lenalidomide and pomalidomide (also called immunomodulatory drugs; IMiDs), has significantly 

improved the quality of life and survival of patients with myeloma, all patients will at some point 

develop resistance to the treatment with disease progression. It was recently shown that these drugs 

directly bind to and alter the activity of the ubiquitin ligase protein Cereblon (CRBN), however, 

little is still known about the mechanisms of acquired resistance to IMiDs, and to what extent CRBN 

is involved in this process. 

 

The aims of this thesis were to 1) unveil the  mechanisms that regulate  Cereblon (CRBN) 

expression and function, 2) to examine the biological alterations that lead to IMiD resistance 3) to 

test whether resistance to IMiDs is reversible, and 4) whether this allows for resensitization of the 

malignant cells to IMiDs. Furthermore, we wished to investigate CRBN, together with its 

downstream targets, Ikaros (IKZF1) and Aiolos (IKZF3) as potential predictive biomarkers of 

response to IMiDs (paper II). 

 

In paper I, we generated IMiD-resistant cell lines from two sensitive human myeloma cell lines, 

OPM2 and NCI-H929, by continuously culturing the cells in the presence of increasing doses of 

lenalidomide or pomalidomide for 4-6 months. By performing a panel of experiments to unravel the 

epigenetic regulation of CRBN promoter activity (Ms-MCA, ChIP, AcceSssIble), we showed that, 

in these cell lines, CRBN was not downregulated through epigenetic modifications of its promoter. 

By using assays that allowed global epigenetic mapping, we found however, that acquired IMiD 

resistance was associated with a global epigenetic reprogramming resulting in decreased chromatin 

accessibility and increased DNA methylation. In an effort to reverse these changes, we found that 



dual inhibition of the DNA methyltransferase DNMT1 and the histone methyltransferase EZH2 

almost entirely restored the accessibility changes that accompanied the IMiD resistance. This 

combined treatment, restored sensitivity to both lenalidomide and pomalidomide, suggesting that in 

myeloma patients with acquired IMiD resistance, sensitivity might also be achieved by pretreating 

with epigenetic therapy.  

 

In paper II, we used a total of 30 bone marrow formalin fixed paraffin embedded (FFPE) samples 

from MM patients either before (N = 23) or after (N = 7) therapy with a lenalidomide-containing 

regimen. After performing IHC for CRBN, IKZF1 and IKZF3, we could conclude that the 

expression of none of these proteins was associated with response to IMiDs. In addition, we 

performed mutational analysis for a panel of 12 genes (including CRBN, IKZF1 and IKZF3) for 22 

of the 32 samples. We observed, in line with previous results, a high frequency of recurrent 

mutations in KRAS and NRAS, but detected no mutations in the genes involved in the CRBN 

pathway. 

  



 


