
Comparative spatial analyses of the tumor immune landscape in mouse models of 

glioblastoma using the PhenoCode™ Discovery Mouse Neuro Panel and customized 

markers
Klymyshyn D1, Pratapa A1, Jhaveri N1, Roland F1, Sherry L2, McFarlane M2, March G2, Mazzieri R3, Moi D3, Dolcetti R4, Sun T5, Hou Y1, Poulin M1, Mihani R1, Mantamadiotis T4
1Akoya Biosciences, Marlborough, MA; 2OracleBio Ltd., Glasgow, UK; 3Peter McCallum Cancer Center, Parkville, Australia; 4Department of Microbiology and Immunology, The University of Melbourne, Australia; 5Cedar-Sinai Medical Center, LA, CA

Developing effective therapies for glioblastoma (GBM) relies on robust preclinical animal models that
enable detailed investigation of tumor biology, discovery of therapeutic targets, and evaluation of new
treatment strategies. Mouse models, in particular, remain central to GBM research due to their genetic
flexibility and translational relevance. In this study, we developed a spatial phenotyping workflow to
characterize the immune and neural microenvironment of the mouse brain. Using the PhenoCode™
Discovery Mouse Neurobiology Panel in combination with custom markers, we optimized an imaging
strategy and analysis approach using mouse GBM tissues. This iterative process enabled
comprehensive profiling of key proteins in FFPE mouse brain samples. The resulting workflow
demonstrates that the PhenoCode™ Discovery Mouse Neurobiology Panel provides an off-the-shelf,
scalable solution for spatial characterization of diverse cell populations within the mouse brain
microenvironment.
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Design and Development of the Mouse Neuro Panel + Custom Markers 

PhenoCycler-Fusion in Neuroscience 

Spatial Optimization of the Mouse Neuro Panel + Custom Markers in FFPE Mouse 
GBM Tissues

Conclusions

The PhenoCycler-Fusion platform integrates high-plex barcode-based chemistry with automated
imaging and fluidic control to enable subcellular-resolution spatial proteomics across large tissue
areas. Cyclic in situ detection permits quantification of tens to hundreds of protein targets within a
single intact section while preserving tissue morphology.

AI-based Spatial Phenotyping

Fig 1: Phenocycler-Fusion workflow. A gentle, molecular barcoding-based chemistry enables highly multiplexed detection 
of dozens of protein biomarkers simultaneously.

Neuronal Cell Type Markers

Mature Neurons
NeuN, MAP2,  

Neurofilament, 
Synaptophysin

GABAergic Neurons GABA

Cholinergic Neurons CHAT

Serotonergic Neurons Serotonin

Neurodegenerative Disease Markers

Alzheimer’s Disease
Amyloid-beta, ApoE, p-Tau 
181, p-Tau 205, p-Tau 231, 

p-Tau 396

Parkinson’s & 
Synucleinopathies

Alpha-synuclein

General 
Neurodegeneration

H2A.X

Neuroinflammation & Immune 
Response

Microglia TMEM119

Activated 
Microglia & 
Macrophages

Iba1, CD68, 
Mac2/Galectin-3, 
CD11b, F4/80
CD206

T Cell 
Infiltration

CD3e, CD4, CD8

General 
Immune 
Activation

CD45, CD44, CD20, 
MHC II, Ter119

Astrocyte-
Associated 
Inflammation

GFAP

Neuroplasticity & Cellular 
Remodeling

Prolifer-
ation & 
Neuro-
genesis

PCNA
Ki67

Astrocyte 
& 
Structural 
Plasticity

S100B
Vimentin

Oligoden-
drocytes & 
Myelin-
ation

Olig-2
MBP

Blood–Brain Barrier Integrity 
& Vascular Components

Endothelial 
& Vascular 
Structure

CD31, Claudin-5, 
Col1A1

Pericytes & 
Smooth 
Muscle Cells

SMA

Astrocyte–
Endothelial 
Interactions

AQP4

Table 1. Markers included in the PhenoCode Discovery Mouse Neurobiology Panel

Table 1a. Additional customized markers incorporated in this study

CTIP2 PSD95 TH DCX Calbindin SATB GLUT-1
Laminin 

B1
SOX2 SERT

The PhenoCode Discovery Mouse Neurobiology Panel enables comprehensive characterization of
neuronal, glial, vascular, and immune compartments in FFPE mouse brain tissue. Core markers cover
major neuronal subtypes, neuroinflammatory pathways, blood–brain barrier components, and
neurodegeneration-associated proteins. Additional custom markers incorporated in this study expand
detection of neuronal subtype diversity, structural proteins, and progenitor cell populations, providing
a scalable and flexible workflow for spatial profiling of diverse mouse brain microenvironments.

Spatial imaging of WT and GL261 mouse brain tissues illustrates optimization of the Mouse Neuro Panel
with additional custom markers. The multiplex panel resolves neuronal subtypes (MAP2, NeuN, CTIP2), glial
populations (GFAP, MBP, Olig2), proliferation and stress markers (PCNA, Ki67, H2AX), and immune
components (CD45, CD31, PD-L1). These data demonstrate robust detection and spatial organization of
tumor-associated cell populations within the GBM microenvironment.
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The GBM brain section was classified into Normal, Tumor, and Invasive Margin regions, with the
magnified ROI displayed below. GFAP and vimentin staining, supported by image-analysis overlays,
revealed GFAP⁺ and GFAP⁺/Vimentin⁺ astrocytic populations.

The PhenoCode Discovery Mouse Neurobiology Panel, enhanced with custom markers, enables robust
spatial characterization of neuronal, glial, vascular, and immune features in mouse GBM tissues. This
workflow provides a scalable, high-resolution approach for profiling tumor microenvironmental changes
across diverse brain regions.


