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Systems biology analysis of responsiveness of non-Hodgkin Lymphoma B-cell lines to CD37-targeting radioimmunotherapy

RESULTS & COMPUTATIONAL ANALYSIS
• CD37 is an internalizing transmembrane glycoprotein widely expressed on mature 

B-cells and B-cell malignancies. The next generation anti-CD37 radioimmunoconjugate 
(RIC) 177Lu-lilotomab satetraxetan (Betalutin®), containing the beta-emitting 
radionuclide lutetium-177, is currently being tested as one time injection therapy in a 
clinical phase 2b trial for follicular lymphoma and phase 1 trial for diffuse large B-cell 
lymphoma (DLBCL).

• The present work is the first to explore intrinsic genetic factors and expression 
features that correlate with the responsiveness of 55 biologically well characterized 
lymphoma cell lines (including 7 activated B-cell-like (ABC) and 20 germinal center-like 
(GCB) DLBCL cell lines) to treatment with 177Lu-lilotomab satetraxetan. 

• Cell lines were grouped by dose-response-curve profiles and IC50 values into sub-
groups with different sensitivity to 177Lu-lilotomab satetraxetan. Correlation analysis of 
sensitivity subgroups to genetic aberrations and baseline gene/protein expression was 
performed to elucidate candidate predictors of treatment sensitivity and to identify 
potentially exploitable vulnerabilities in resistance conferring pathways.  

EXPERIMENTAL STRATEGY

CONCLUSIONS

Lymphoma cell line panel

Figure 2. Bean plot of mRNA expression in cell lines grouped by subtype
Black lines show the medians; white lines represent mRNA expression level (quantile normalized 
raw data; HumanHT-12 v4 Expression BeadChip) in individual cell lines; polygons represent the 
estimated density of the data.
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Table 1. Cell line panel used in the screen 
ALCL: Anaplastic Large Cell Lymphoma; ALK: Anaplastic Lymphoma Kinase; CLL: Chronic 
Lymphocytic Leukemia; CTLC: Cutaneous T-Cell Lymphoma; DLBCL-ABC: Activated B Cell like 
Diffuse Large B Cell Lymphoma, DLBCL-GCB: Germinal Center B cell like Diffuse Large B Cell 
Lymphoma; MZL: Marginal Zone Lymphoma; MCL: Mantle Cell Lymphoma; SMZL: Splenic 
Marginal Zone Lymphoma; PMBCL: Primary Mediastinal B Cell Lymphoma; PTCL-NOS: Peripheral 
T Cell Lymphoma Not Other Specified.

Figure 7: Differential gene expression analysis in DLBCL-GCB subgroups
Differential baseline gene expression analysis (p<0.05, absolute logFoldChange >0.3) and Gene 
Set Enrichment Analysis by Illumina BeadChip array identifies 177Lu-lilotomab satetraxetan 
resistance/sensitivity correlated gene expression and pathways (upper panel), redundantly 
detectable by FFPE biopsy compatible HTG Next Generation Sequencing (lower panels). 
Heatmaps: Blue = low expression, Red = high expression.

•  177Lu-lilotomab satetraxetan (Betalutin®) shows generally promising activity against 
DLBCL-GCB and DLBCL-ABC cell lines, but intrinsic treatment resistance is evident in  
a subset of DLBCL cell lines.

• Resistance to 177Lu-lilotomab satetraxetan (Betalutin®) is not correlated to genetic 
hallmarks of lymphoma aggressiveness, such as TP53, BCL2 and MYC.  

• Detailed comparative analysis of baseline levels of genetic, transcriptomic, 
and proteomic features in treatment resistant and sensitive cell lines identifies 
potentially clinically relevant biomarker(s) and co-targetable pathways to reverse 
treatment resistance (see also abstract PB2328).

Dose-response proliferation screen

Figure 1. Screen design
Exponentially growing cells were treated for 18 hrs with 177Lu-lilotomab satetraxetan [600 MBq/
mg; 0-20 µg/ml] then washed, diluted and seeded in 96 well plates. Cell proliferation was 
assessed after 6 days by fluorescence based measurement of DNA using CyQUANT reagent.

CD37 mRNA is highly expressed in human DLBCL cell lines

Dose-response analysis identifies two 177Lu-lilotomab satetraxetan 
sensitivity subgroups in DLBCL-GCB cell lines

Figure 4: Heatmap and dose-response profiles of DLBCL cell lines
Heatmap of normalized 177Lu-lilotomab satetraxetan dose-response data (left; complete linkage 
analysis, Euclidean distance) and corresponding line plots (right) of DLBCL-GCB and DLBCL-ABC 
cell lines. Sensitivity subgroups are defined by above and below median IC50 of DLBCL-GCB cell 
lines.

Difference in CD37 mRNA or protein expression are insufficient to 
explain 177Lu-lilotomab satetraxetan sensitivity in DLBCL-GCB cell lines 

Figure 5: IC50, CD37 mRNA and CD37 protein distribution in DLBCL-GCB subgroups
Boxplots of IC50, CD37 mRNA (Illumina) and CD37 protein (Cascione et al., AACR 2018)  
expression within 177Lu-lilotomab satetraxetan sensitivity subgroups in DLBCL-GCB cell lines  
(IC50 < 5 µg/ml, n=10; IC50 > 5 µg/ml, n=10). Center lines show the medians; box limits indicate 
the 25th and 75th percentiles as determined by R software; whiskers extend 1.5 times the 
interquartile range from the 25th and 75th percentiles, outliers are represented by dots; crosses 
represent sample means; data points are plotted as open circles.

TP53, BCL2 or MYC aberrations and BCL2 or MYC protein expression 
do not correlate with 177Lu-lilotomab satetraxetan sensitivity

Table 2: Genetic aberration status of TP53, BCL2, and MYC in DLBCL-GCB cell lines
Tabular overview (left) of genetic aberration status of clinically relevant TP53, BCL2 and MYC genes, 
BCL2 and MYC expression (Cascione et al, AACR 2018), and 177Lu-lilotomab satetraxetan sensitivity of 
DLBCL-GCB cell lines (0 = absent; 1 = present; nd = not determined).

Differential baseline methylation and miRNA profile analyses identify 
candidate biomarkers for treatment sensitivity in DLBCL-GCB cell lines

Figure 6: Global methylation pattern and miRNomes of DLBCL-GCB sensitivity subgroups
Heatmap (left) of unsupervised clustering analysis of baseline methylation status in DLBCL-GCB cell 
lines (blue hypo-methylated, red hyper-methylated). Multidimensional scaling (MDS) plot of miRNA 
profiles shows that miRNA expression correlated to sensitivity to the drug (right). 

Differential gene expression analysis identifies candidate biomarkers 
and pathways for treatment sensitivity in DLBCL-GCB cell lines

Figure 3: Bean plot of IC50 of cell lines grouped by subtype
Red lines show the medians; white lines represent individual cell lines; polygons represent the 
estimated density of the data.


