309 Seeing more of the brain with high-plex multi-omics imaging at single-cell spatial resolution in a large contiguous tissue section
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Heterogeneity of plague & tangle composition across brain regions

High-plex Proteomics Profiles of Large Area Alzheimer's Disease Tissue

Neurophysiological and neurodegenerative processes occur over multiple
spatial scales in the brain. While fine-scaled spatial molecular analyses of
human brain function have vastly advanced in the last decade, these datasets
often lack context of how microscopic features fit within the larger picture of
macroscopic heuroanatomy. In the brain, critical cell functions and cell-to-cell
communications take place over relatively large interstitial distances and far
from the cell somas. The ability to explore protein and RNA-driven activities at
high resolution, within the spatial context across a large environment and
passing through multiple microenvironments, allows a comprehensive picture |
of brain biology to emerge and is applicable to open questions regarding brain R— e e I @

Brain section #2 from AD patient at Braak stage V
Alzheimer’s disease (AD) is characterized by the spatiotemporal progressive deposition of f P f‘h _

pathologic peptides amyloid beta (AB) and hyper-phosphorylated tau (pTau). The burden of
pTau, in the form of neurofibrillary degeneration, corresponds strongly with cognitive
impairment and progresses generally from medial temporal lobe structures to neocortex. The
middle temporal and superior temporal gyri (MTG and STG, respectively) represent a critical
transition zone in disease progression, separating pTau accumulation associated with aging
and pre-clinical AD from advanced stages of dementia-associated pTau pathology.

Spreading of pathology in AD
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imageable area. Fluidic and imaging conditions of Spatial Molecular Imager
(SMI) were optimized to deliver consistent performance. Combining the Larger
Surface Area flow-cell imaging capabilities with the human-specific > 68-plex
CosMx™ SMI Human Neuroscience protein panel (Neural Cell Profiling and
Alzheimer’s Pathology), we demonstrate spatial imaging of neural cell and
neurodegenerative disease-specific targets (beta-amyloid and phospho-tau
species), and key post-translational modifications. Furthermore, advanced
neuronal segmentation algorithms allow for specific tracing and segmentation
of single neurons, including axons, across hundreds of micrometers of space.
Ultimately, the ability to image and evaluate 5-fold larger sections of human
brain tissues with unparalleled spatial context and high-plex analyte contents
allows the grander scale of disease anatomy and processes to be cataloged with
exquisite precision and accuracy.

Taking advantage of oligonucleotide barcode-conjugated antibodies and large-format flow
cell, the NanoString® CosMx™ Spatial Molecular Imager (SMI) platform allows high-plex
profiling of protein expression in FFPE human brain section in spatial context, capturing
the single-cell variance over large spatial dimension.

Brettschneider et al, 2015 Braak et al., 2006

The novel Large Surface Area flow cell of the CosMx SMI prototype has > 1600 mm2 of PG & ITG

imaging area, which is a > 5-fold increase of standard CosMx SMI flow cell, and thus allows
the study of pTau pathology within spatial context of both immediate and far-ranging
neuroanatomy. Combining the large-format flow cell with a 68-plex CosMx SMI Human
Neuroscience protein panel, we demonstrate spatial imaging of brain cell typing (GFAP, Ibal,
NeuN), disease-specific targets (APP, ABs, pTau), and key post translational modifications
(pTau at multiple sites), tracking the spread of AD pathology across brain structures.
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Brain section #1 from AD patient at Braak stage VI

Unsupervised clustering of protein profiles
identified 16 clusters within 5.15 million cells
across ~1100 mm? scanned area.
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Conclusions

CosMx 68-plex protein panel Large format flow cell

The large format CoxMx SMI technology provides the unique opportunity
to study vulnerable cells continuously across multiple brain structures to
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e Differential subcellular location of pTau species

Critically, by sampling larger brain areas spanning multiple disease-
associated regions from a single donor, we can begin to uncover the
cellular and protein-level underlying key transition points along each stage
of disease progression.
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Robust Cell Segmentation Pipeline using High-plex multi-omics Images

(1) Preprocess Protein & RNA images for multi-omics assays. (11) Perform high-plex segmentation leveraging protein colocalization & ML models. Improved cell segmentation outcomes

. . . Green outline - Previous segmentation pipeline
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is missing. The Spot Density Heatmap is combined with protein images in
Soma group for downstream segmentation.
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. Gray shading — Max projection of high-plex protein

Images within each group are normalized to same range and
then combined into one via maximum intensity projection.

Combined image of each group is fed into ML segmentation
model (e.g. Cellpose).

The ML outputs (flows & cell probability) of each group are
combined to create the combined flow & cell probability,
which are then converted into cell masks using gradient
tracking.

Protrusions are segmented using Moment auto thresholding

and then combined with protein group cell masks using
intersection of union analysis.
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New segmentation greatly increases transcript
assignment to single cells.

New vs. Old

Neural protrusions show
expected mRNA transcripts
(TUBB4A, MT3, NRGN,
DYNLL1, MIF, etc).

New CellSeg outputs capture
more protrusions w/ higher #
of assigned transcripts.

The CosMx™ SMI and decoder probes are not offered and/or delivered to
the following UPC member states™ for use in these countries for the
detection of RNA in a method used for the detection of a plurality of
analytes in a cell or tissue sample without the consent of the President
and Fellows of Harvard College (Harvard Corporation) as owner of the
Unitary Patent EP 4 108 782 B1. The use for the detection of RNA is
prohibited without the consent of the of the President and Fellows of
Harvard College (Harvard Corporation).

*Austria, Belgium, Bulgaria, Denmark, Estonia, Finland, France, Germany,
Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Portugal,
Slovenia, Sweden
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The CosMx™ SMI and decoder probes are not offered and/or delivered to
the Federal Republic of Germany for use in the Federal Republic of
Germany for the detection of cellular RNA, messenger RNA, microRNA,
ribosomal RNA and any combinations thereof in a method used in
fluorescence in situ hybridization for detecting a plurality of analytesin a
sample without the consent of the President and Fellows of Harvard
College (Harvard Corporation) as owner of the German part of EP 2 794
928 B1. The use for the detection of cellular RNA, messenger RNA,
microRNA, ribosomal RNA and any combinations thereof is prohibited
without the consent of the of the President and Fellows of Harvard
College (Harvard Corporation).
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