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Summary: 
We have used a combination of wet and dry lab tools to simultaneously 
measure protein and RNA levels in thousands of single cells from a CAR T 
refractory multiple myeloma patient.  Important differences in RNA and 
protein expression were identified in two therapeutic targets, CD38 
(Daratumumab or Isatuximab) and CD56 (Lorvotuzumab), showing the need to 
measure both RNA and protein in single cell experiments. We also showed that 
loss of BCMA by mutation is not the only mechanism for anti-BCMA CAR T 
escape.  We continue to add new single cell modalities to the ESCAPE platform 
and are interested in advancing the platform with new collaborations to help 
more patients.
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Non-PC bone marrow 
cell types changed 
drastically as the tumor 
grew including an overall 
loss of T cells and 
monocytes with an 
increase in HSPCs and 
both immature and 
mature B cells.  

Figure 1.  Cells identified in the bone marrow of MM patient Figure 2.  Tumor microenvironment analysis

Figure 3.Clinically relevant markers differ in expression between RNA and protein

Expression of therapeutic targets in anti-BCMA CAR T refractory cells.  A. CD38 and 
CD56 (NCAM1) differ in expression between protein and RNA (PC and B cells 
highlighted).  Having undergone anti-BCMA CAR T treatment, cells were BCMA 
negative as measured by flow cytometry (not shown). However, the PCs do express 
the gene encoding BCMA, TNFRSF17.  (B) Aggregate scRNA sequencing reads show 
that TNFRSF17 is not mutated, containing only a common variants and suggesting 
loss of BCMA is not due to gene mutation.    
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Abstract
Multiple Myeloma (MM) is an incurable cancer characterized by highly 
heterogeneous and evolving tumor clones. Chimeric antigen receptor T-cells (CAR 
T), a rapidly emerging therapy, has shown remarkable success rates in clinical 
trials. However, it is not clear which patient will respond to a specific CAR T 
therapy, which myeloma clone may be responsible for relapse, or, after relapse, 
how to select the next treatment. We used the enhanced single cell analysis with 
protein expression (ESCAPE) RNA-Seq platform to simultaneously measure cell 
surface protein expression and gene expression at the single cell level at different 
timepoints for a relapsed MM patient after CAR T therapy. Combining ESCAPE 
RNA-Seq with Proteona’s MapSuite™ of analysis tools, we were able to identify 
changes in the cell types present within these longitudinal samples. Subsequent 
analysis identified discordance between the expression levels of the protein and 
RNA of therapeutic targets, showing the importance of measuring both protein 
and RNA in tumor samples and hinting at a CAR T escape mechanism evolved by 
those cells. Going forward, proteogenomic analysis should become a standard 
tool for understanding blood cancers and stratifying patient populations for more 
precise treatments. 

Bone marrow biopsies were taken at two timepoints from a relapsed Multiple 
Myeloma patient following anti-BCMA CAR T treatment.  BMMCs were subjected 
to the ESCAPE RNA-Seq platform using a panel of 55 DNA encoded antibodies.  
Data were analyzed with a mix of commercial and in-house tools to simultaneously 
measure protein and gene expression.

MapCell™ was used to annotate each cell in the biopsies based on a normal bone 
marrow cell training set.  Samples were clustered together and separated for 
visualization.  Cells are colored by cell type. Approximately 12 months after 
anti-BCMA CAR T treatment, an early relapse biopsy (A) showed abnormal plasma 
cells detected (red arrow).  A biopsy taken five months later (B) shows an 
expansion of the plasma cells and reduction in all other cell types.
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