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RESULTSINTRODUCTION

METHODS AND MATERIALS
Staining began on the Akoya Phenocycler Fusion (PFC) 
System using the following set of markers organized into 4 
categories of marker purpose. The PFC uniquely combines 
staining fluidics with fluorescent microscopy within the same 
hardware that is driven by a single unified software program. 

Understanding Glioblastoma (GBM) is a difficult process due 
to the complexity of the human brain and the modifications 
cancer induces upon it. To start to unravel this mystery it is 
important to first figure out which biomarkers of interest are 
prevalent to GBM before digging deeper through multiple 
samples. We thus started with an akoya phenocode fusion 
hyperplex panel that cast a wide net of 42 (Fig 1) prevalent 
neurological markers. Step two was to analyze the images 
for signs of GBM modifications compared to normal brain 
tissue; followed by taking the most relevant markers and 
running focused multiplex panels on more samples. Finally, 
further image analysis gives us a clearer indication of which 
biomarkers might be druggable. This four step approach 
allows us to capture signatures of GBM in an efficient 
manner.

CONCLUSIONS

Unraveling Glioblastoma spatial signatures using an ultrahigh-plex 
discovery to high-throughput translational spatial platform approach
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The resulting images (fig 2) can then be imported into 
Qupath (a bio-format supporting viewer and analysis 
platform) where they can be annotated to highlight 
specific phenotypes by which a marker or markers are 
being expressed on a given cell. 

Quantitative cell-type analysis of the 42-marker 
unbiased survey revealed distinct compositional 
differences between GBM and normal brain tissue. 
Compared to normal controls, GBM samples exhibited 
a marked increase in microglia and M1 macrophages. 
In contrast, neuronal markers were substantially 
reduced in GBM. Findings from our broad, unbiased 
survey led to the hypothesis that GBM remodels 
synaptic and dendritic behavior. Our targeted 
characterization of GFAP for astrocytes in the tumor 
region saw a disproportionate amount clustered near 
the tumor regions. Two other macrophage markers 
have similar tumor abundance, CD168+/CD58+ 
double positive also exhibit a similar pattern though 
CD168-/CD58+ have a normal distribution across the 
entire tissue. This is the typical signature of M1 
macrophages. 

Following Image analysis, a target set of markers was 
identified as most affected; GFAP for astrocytes and glial 
tumors. TH for catecholaminergic neurons, Olig2 for 
oligodendrocytes, IBA1 for microglia, NeuN for neurons 
and MAP2 for Neuronal dendrites. This assay is run using 
Akoya OPAL reagents and TSA based chemistry on the 
Leica bond autostainer. Next we looked at the average 
distance between a cell phenotype and the tumor. 

Using a two-tier analytical approach, we first 
performed an unbiased survey of 42 cell types to map 
compositional changes in GBM relative to normal brain. 
This screen revealed enrichment of microglia (12.9%) 
and M1 macrophages (4.6), accompanied by 
pronounced loss of neuronal dendrites and synaptic 
structures, suggesting extensive disruption of neuronal 
connectivity. These results guided a second-tier 
multiplex panel designed to test the hypothesis that 
GBM remodels synaptic and dendritic architecture 
through glial and immune activation within the tumor 
microenvironment.

Fig 2: Hyperplex image broken down 
into phenotypic regions

The chemistry of this reaction is quite elegant, relying on 
oligonucleotide tags to join primary antibodies with 
fluorescent reporters. The exact 1:1 nature of this tag to 
opposite tag binding allows virtually unlimited antibody 
cocktail combinations to be developed without worry of 
species cross reactions. By combining the imaging and 
staining instrumentation into one unified system one slide 
can be stained and imaged without removing the combined 
staining incubation and optical coverslipping chamber.

Fig 1: PFC Hyperplex Panel List

TSA based multiplex on normal brain regions and GBM brain regions.
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