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Tumour heterogeneity  - a challenge also in the immuno-oncology era



Improved companion diagnostics –

when more complex molecular traits are measured



Low plex: IHC, (F)ISH

Why use spatially-guided omics analyses?

High plex but no cell type specific info: bulk RNA-seq High plex and individual cell types resolved but no info on 
spatial localization: scRNA-seq

High plex analyses and spatially-resolved individual cell types



Spatial omics – a molecular GPS for biology



Lewis et al, Spatial omics and multiplexed imaging to 
explore cancer biology. Nature Methods 2021





Principles of the GeoMx DSP technology

Tissue section is stained  
with up to three antibodies 
to visualize morphology

Protein or RNA detection antibodies/probes are also added and bind to the tissue

Selected tissue regions are exposed to UV light –> indexing 
oligos/barcodes are released, collected and quantitated 



Selection of regions of interest (ROI)



• Protein detection up to 84 plex

• RNA detection ~1800 plex (CTA) or 20 000 plex (whole transcriptome)



Why use spatially-guided 
omics analyses?

Lewis et al, Spatial omics and multiplexed imaging to 
explore cancer biology. Nature Methods 2021



BIO-MUSE
• Predictive and prognostic BIOmarkers in patients with 

• Mycosis FUngoides and Sézary syndromE

Individual collaborations on solid cancer: 
Lung cancer – Patrick Micke, UU
Ovarian cancer – Karin Sundfeldt, GU





Digital spatial profiling of mantle cell lymphoma

In collaboration with Mats Jerkeman and Anna Porwit

Background

• Increased interest for immune-

modulatory treatment in MCL –

companion diagnostics are lacking. 

• We recently showed that M2 

macrophages have a poor 

prognostic impact- but the function 

in MCL is not described.

Main objectives

1. T-cell and tumor cell adaptation in the presence of macrophages. Guide therapeutic strategies

2. Detailed investigations of T-cell subtype functionality (mRNA profiling of four subsets) in relation to 

genetic and clinicopathological parameters. Companion diagnostic insight

3. Inter and intra patient tumor hetrogeneity (mRNA profiling for target discovery)

Lavanya Lokhande Joana de Matos Rodrigues



Fluorochromes visualized as:

DNA CD20 CD3 CD163

Cells marked for collection:

B-cells, T-cells and Macrophages

B-cells T-cells Macrophages

In depth analysis of the microenvironment



How does the distance between macrophages and 

tumor cells affect the molecular profile of the cells?

Have the immune-composition/proximity between 

tumor and immune cells an impact on outcome?







Digital spatial profiling of NSCLC

Background

• Checkpoint inhibition 

approved for first- and 

second line treatment of 

advanced stage NSCLC

• Limited performance of 

PD-L1 as predictive 

biomarker

In collaboration with Professor Patrick Micke, Uppsala University
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Objectives

1. Deconvolute composition of spatial CD45 niches (infiltrating, stroma, TLS)

2. Assess spatial phenotypes in relation to PD-L1 status and survival

3. Characterize spatial heterogeneity of immune infiltration within and across tumors

Ass. Professor Anna Gerdtsson



Selection and segmentation of CD45 regions

• TMA with duplicate 1mm cores

• Stained with Syto13, Pan-CK, CD45

• AOIs defined by 
segmentation of 
CD45+, Syto13+ 
cells. 

• Antibody-coupled 
oligo identifiers 
released from each 
AOI by UV 
illumination

• Collected in separate 
plate wells, and 
quantified after 
hybridization to 
color-coded 
barcodes.



Annotation of distinct spatial immune ROIs 

• ROIs classified by spatial 
distribution:
• stromal CD45

• infiltrated CD45 (dispersed 
among tumor cells)

• TLS (dense stromal CD45 
compartments)

• Multiple ROIs, frequently of 
different spatial types, were 
selected per patient.

• ROIs also classified by 
distance to tumour region



General conclusions so far

• Spatial proteomics can reveal functional differences in 
immune cells based on their location and proximity to other 
cells

• Spatial proteomics reveal tumor heterogeneity related to 
immune infiltration of specific cells



Data pre-
processing



Data Processing requires development of novel bioinformatic workflow



mRNA

Protein

Image 

Analysis

Metadata, 

IHC

In house development, with
support from collaborators

Lavanya Lokhande Louella Vasquez and Paul Theodor Pyl
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cell segmentation
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CellexalVR: A virtual reality platform to visualize and analyze single-cell omics data

Oscar Legetth, Johan Rodhe, Stefan Lang, Parashar Dhapola, Mattias Wallergård, Shamit Soneji
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Data integration

Rappoport et al, 2018
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