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7. Conclusions and Outlook

Deep spatial phenotyping of GBM tumors revealed a high degree of cellular heterogeneity in both intra and inter-tumoral fashion. This

unbiased, whole-slide approach of analyzing multiple proteins simultaneously within complex GBM tissue structures will greatly enhance

our understanding of the immune-suppressive tumor microenvironment in GBM. Further investigation of the immune landscape before

and after immunotherapy treatment will help us understand the mechanism of therapy resistance and guide new drug development.

3. Design and validation of the GBM Panel

2. Rapid and Deep Spatial Phenotyping 

The Phenocycler-Fusion assay uses oligonucleotide-tagged

antibodies that are recognized & imaged with complimentary

dye-oligonucleotides; these are hybridized and rehybridized

across multiple cycles. With this approach, it is possible to image

>100 biomarkers simultaneously in a single tissue.

The Phenocycler®-Fusion is a fast spatial biology solution

that affords high parameter and high-throughput spatial

readouts across whole slides with uncompromised single-

cell optical resolution. We used this solution for deep

analysis of over 55 proteins comprising immune, tumor,

vascular & neuronal landscapes of GBM.
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5. Ultrahigh-Plex Single-Cell Spatial Phenotyping of Human FFPE GBM1. Background

Highly multiplexed spatial biology has become key to

unveiling unique cellular phenotypes and neighborhoods in

healthy and diseased tissues. Glioblastoma Multiforme

(GBM), the most prevalent and aggressive brain tumor in

adults, is characterized by high intra- and inter-tumoral

heterogeneity. In addition, the highly immunosuppressive

GBM tumor microenvironment (TME) leads to poor clinical

outcomes with median survival of less than 15 months. GBM

immunotherapy trials have yielded little to no success and a

better understanding of the heterogeneous GBM tumor

immune microenvironment is urgently needed. We have thus

developed a Spatial Phenotyping application that permits

comprehensive characterization of human GBM tissues.

CD21

Pax5

FOXP3

Gran B

CD38

CD79α

TIGIT

E-cadherin

CD31

β-actin

Podoplanin

SMA

Vimentin

Collagen IV

CD34

β-catenin

CD163

CD11b

MPO

iNOS

PD-1

PD-L1

LAG3

IDO1

CD40

HLA-E

IFNG

Iba-1

GFAP

Olig-2

NeuN

CD47

STAT6

STAT1

IDH-1

SIRPα

PD-L2

SOX2

CD4 CD44

CD68 CD45

CD20 HLA-A

CD11c CD14

CD8 CD57

HLA-DR CD19

Ki67 CD3ε

CD45RO PanCK

We have previously developed antibody content to study

cancers, immune organs and brain tissues. The combination

of this content amounts to an optimal panel to study GBM -

the premise of the current study. Shown from left to right:

Cutaneous Squamous Cell Carcinoma, Human Cerebellum,

Head & Neck Squamous Cell Carcinoma (all FFPE).

Cross-correlation matrix showing labeling of 41 markers.

Data show immune cell lineages and functional niches as

well as vasculature/structural signatures.

55-plex Whole Slide Imaging of GBM from three patients. Most tumor tissues exhibited high levels of CD44, a characteristic marker for the mesenchymal

subtype of GBM and associated with poor prognosis. GBM tumors also showed varying degrees of proliferation and angiogenesis as evidenced by Ki67 and

CD31 staining. MMP9 expression was very common in most tumors and generally associated with vasculature. Infiltrating T cells varied significantly from being

almost non-detectable to displaying a large presence in certain tumors. Both residential microglia and infiltrating monocytes/macrophages could be found across

most of the tumors. The merged images indicate the diversity of the GBM TME in these samples.

Single Cell Spatial Phenotyping of ~100K cells in a single specimen. Unsupervised clustering (Leiden) yielded a minimum of 18 cell phenotypes, including

multiple immune and myeloid cell types. Certain cell types are shown in data to the right; the heatmap in the middle column shows a curated clustering dendrogram

with all cell types summarized and annotated. These data illustrate the sheer diversity of the GBM TME.

6. Diversity of the GBM microenvironment across different patients
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Our inventoried antibody content includes markers for cell

lineage, activation states, immune checkpoints, and tissue

structure. Here, we developed an additional GBM module

consisting of markers: CD47, SIRPA, STAT1, STAT6, MMP9,

Iba-1 to characterize global microglia/macrophage status and

the associated proteinase profiles in GBM patients that can

be used to analyze the tumor microenvironment; IDH1 and

GFAP to distinguish between different forms of gliomas and

to determine glial differentiation; SOX2 and PD-L2 to

determine therapeutic resistance
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