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Using Stem Cell
Technology to
Combat

Age-Related
Neurodegenerative
Disease




» Frontotemporal Dementia

Decades of healthy life before diaghosis

KEY QUESTION: What changes occur in tauopathy Clinical

brains prior to clinical symptoms?? S}_/mptoms
Diagnosis



The Dataset: scRNAseq data from Bowles et al., 2021
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Studied the impact of a key
gene mutation (MAPT) giving
rise to tauopathy in human
brain, using iPSC-based
organoid models

Selected V337M MAPT
as model mutation (100%

penetrant, behavioral
variant FTD)

organoids from 3 original stem
cell donors with
CRISPR-corrected isogenic
equivalents (controls)

370,000 single cells subjected
to single-cell RNAseq on 10X



Findings from single cell RNA-seq analysis: LI
Organoids contain 16 major neuronal/glial cell types Kat Bowlos Alson Gost
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Conclusions

« Can we model a disease of aging with brain organoids which
by their nature are ‘immature?

« Can we use organoids to study disease progression?

* How do different brain cell types respond to disease
conditions?

C € C X

* Are these models valuable for a) disease phenotyping and b)
testing candidate therapeutics?



Questions we want to ask

7/ iPSC lines differentiated into brain
organoids 3 V337M MAPT mutation
3 isogenic controls

3 timepoints — 2,4,6 months

3 replicates

Bulk-RNA seq from each sample — the
genes that are expressed in each
sample

370,000 single cell RNA-seq — the genes
that are expressed by about 5000 cells
per sample

What is the impact on gene expression of having a
MAPT mutation?

What is the impact at timepoints — 2,4,6 months

Look for consistency across lines and replicates

What are differentially expressed genes expressed
by all the cells over time?

What are the differentially expressed genes
expressed by individual cell types, neurons
astrocytes and subtypes, over time?

Which cells express my favorite gene? Is it
expressed differently between mutant and
control? With time?



Objective: Making this dataset
accessible for the biologist

Single cell data — one of fastest growing areas of biology

This dataset has great value, but currently not easy to use:

o Dataset is huge — takes significant computing power even to load

o Requires specialized knowledge to ask questions

OUR GOAL:

Make this dataset accessible to the biology researcher and
general user irrespective of computational abilities, maximizing
value for research into tauopathies such as Alzheimer’s Disease



Solution: FTD MINDER
An Open-Source Web Application for scRNAseq Data Exploration

O Overall Dataset Gene Explorer CellType Explorer Differential Expression Statistics About

Average ELAVL4 expression over time

Dimensional reduction plot of the full dataset of ~370,000 single cells, colored by neuronal cell type
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Questions we want to ask:

How do the expression patterns of my favorite gene differ between
FTD-Tau mutant and control cells, and over time?

How is my favorite gene expressed (or not expressed) in different
neuronal cell types?

Which genes are differentially-expressed by individual cell types, neurons
astrocytes and subtypes?

Which genes are differentially-expressed in FTD-Tau mutant cells relative to
controls, and how do these expression patterns change over time?

How do the different neuronal celltypes communicate with each other in
mutant cells versus controls? What cell-cell communication networks are
represented, and how do these networks change over time?




Gene Explorer View analyzes expression trends of
individual genes of interest
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CellType Explorer
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Gene Explorer View tracks single-gene expression
trends across neuronal cell types

Overall Dataset Gene Explorer CellType Explorer Differential Expression Statistics
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Gene Explorer View tracks single-gene expression
trends across neuronal cell types

Overall Dataset Gene Explorer CellType Explorer Differential Expression Statistics Differential expression
significance annotations
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Questions we want to ask:

How do the expression patterns of my favorite gene differ between
FTD-Tau mutant and control cells, and over time?

How is my favorite gene expressed (or not expressed) in different neuronal
cell types?

Which genes are significantly differentially-expressed by individual cell

types, neurons and glial subtypes? (i.e. what are marker genes?)

How do the different neuronal cell types communicate with each other in mutant
cells versus controls? What cell-cell communication networks are represented,
and how do these networks change over time?

Which genes are significantly differentially-expressed in FTD-Tau mutant cells
relative to controls, and how do these expression patterns change over time?




CellType Explorer View summarizes biological profiles of individual
neuronal and glial cell types

Overall Dataset

Gene Explorer

CellType Explorer Differential Expression Statistics

Summary of enriched Gene Ontology terms in oRG cells, all timepoints.

Select a cell type:

process wounding cje

- - v regulation of i
Outer Radial Glia (e"J oL cellipIpjestion antatortnlcal
D ion = i) structure
. '_ I g organization Lo cis
7 | r nervous system proliferation "5
Show| 10 v |entries Search:j development
Gene avg log2FC p_val
1 SFRP1 2.27266133506659 0 negative response
head regulation gland to
2 FABP7 2.1272139842273 development of apoptotic morphogenesis organic
process substance
3 PTN 2.12629128864291 0
4 HOPX 2.11482795601417 0 negative regulation of positive
neuron differentiation i regulation ..., cell Sounes e
5 SLCTA3 1.89743286227067 0 development of development migration hi::');::e:ic
biological
6 VIM 1.70143866600855 0 5
process
regul ation
7 PTPRZ1 1.56649366015413 0 |'egu|ation Seaulation of of
< locomotion
8 PEA15 1.45272840942231 0 o oo e
X migl‘ation organismal pephde.
2 ) : process metabolic
9 DB 1.34818794484693 0 anatomical structure basification | process
development
10 AC018730.1 1.34288796285723 0 cell-cell aye negative
— adhesion development 'efg“';'if" i T
. x : of cellular S¢rsssments
Showing 1 to 10 of 100 entries Previous ’ 1 ‘ 2 3 4 b5 10 Next w7 e,



Questions we want to ask:

How do the expression patterns of my favorite gene differ between
FTD-Tau mutant and control cells, and over time?

How is my favorite gene expressed (or not expressed) in different neuronal
cell types?

Which genes are differentially-expressed by individual cell types, neurons
astrocytes and subtypes?

How do the different neuronal cell types communicate with each other in
mutant cells versus controls? What cell-cell communication networks are
represented, and how do these networks change over time?

Which genes are differentially-expressed in FTD-Tau mutant cells relative to
controls, and how do these expression patterns change over time?




CellType Explorer View highlights cell-cell communication networks in
each cell type- for mutant vs. control cells, and at specific timepoints

Jin, S., Guerrero-Juarez, C.F.,, Zhang, L. et al.
Inference and analysis of cell-cell
communication using CellChat. Nat Commun
12, 1088 (2021).
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CellType Explorer View shows representation of signaling pathways of
interest in the detected cell types

Overall Dataset Gene Explorer CellType Explorer Differential Expression Statistics User selects biological
pathway of interest

Select pathway to explore its communication network in the dataset

NCAM v Go

Left, cellular communication visualization outputs for different analytical tasks, showing the inferred intercellular communication network for selected signaling.

Right, analysis of the communication. Heatmap shows the relative importance of each cell group based on the computed four network centrality measures of selected signaling. Histogram shows the relative contribution of each ligand-receptor pair to the overall
communication network of selected signaling pathway, which is the ratio of the total communication probability of the inferred network of each ligand-receptor pair to that of selected signaling pathway.

Visualization of pathway
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1838 NCAM2_L1CAM NCAM NCAM2 L1CAM KEGG: hsa04514 Cell-Cell Contact
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Questions we want to ask:

How do the expression patterns of my favorite gene differ between
FTD-Tau mutant and control cells, and over time?

How is my favorite gene expressed (or not expressed) in different neuronal
cell types?

Which genes are differentially-expressed by individual cell types, neurons
astrocytes and subtypes?

How do the different neuronal cell types communicate with each other in
mutant cells versus controls? What cell-cell communication networks are
represented, and how do these networks change over time?

Which genes are significantly differentially-expressed in FTD-Tau mutant
cells relative to controls, and how do these expression patterns change
over time?




Differential Expression Statistics Browser
reports differential gene expression between mutant and control cells, for
any experimental group of interest

Overall Dataset Gene Explorer CellType Explorer Differential Expression Statistics
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Resources for Learning More and Visiting the App!

Source code and full documentation freely
available at our production GitHub:

https://github.rpi.edu/DatalNCITE/AlzApp/
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MAP-T Minder

LIVE APP: https://inciteprojects.idea.rpi.edu/apps/AlzApp/

MAP-T Minder (MTM) is a web-based, dashboard-style data browsing tool that enables interactive exploration of single-cell
RNA sequencing data. The primary inspiration for our application centers around exposing a large dataset of RNA transcripts
from brain organoid models affected with frontotemporal dementia (and associated isogenic controls) which was put forward
and initially characterized in the 2021 paper by Bowles et al. with the Neural Stem Cell Institute. The Bowles study performed
transcriptomic and physiological characterization of over 6,000 cerebral organoids derived from three tau-V337M (MAPT gene)
mutation carrier cell lines and respective isogenic CRISPR-corrected lines. In the context of this large-scale and largely
untapped dataset, MAP-T Minder affords the user the ability to characterize transcriptional expression across different
neuronal cell types, profile expression differences between FTD-Tau mutant cells versus controls, and map expression
trajectories over developmental time.

More fundamentally, MAP-T Minder was built out of the goal of enhancing the accessibility of large-scale NGS data to both
the biology researcher and general user for drawing biological insights. Our data-browsing functionalities allow the user to
quickly and easily explore the hosted transcript data from multiple perspectives, and to tailor their view of the data to specific
research focuses. A central and ongoing goal of this project is to present the neural stem cell and tauopathy research
communities with a general tool for automated and user-customized analyses of newly generated transcriptomic datasets.

Live application is hosted publically at:

https://inciteprojects.idea.rpi.edu/alz
app/app/alzapp/
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Questions?



Potential Q & A

 What programming framework is the app implemented with?

©)

MAPT Minder is an RShiny application developed in the R programming language. Source code is
managed using Git and freely accessible in our production GitHub. We are deployed on a public,
institutionally-curated and well-resourced production server.

 What additional programming frameworks/analysis technologies does the app draw on for analyses?

©)

©)

Major programming softwares / R frameworks used:
m Seurat; CellChat; G:Profiler; Revigo, MAST
Refer to https://qgithub.rpi.edu/DatalNCITE/AlzApp/wiki#key-resources-employed for references

* How do we handle performance restraints due to dataset size?

©)

The majority of the visualizations shown in the app draw on pre-calculated data (data calculated, subset, or
otherwise drawn from the original dataset prior to app runtime). For the visualizations that must be
rendered at runtime (namely the Gene Explorer gene expression feature plots based on selected genes),
we draw on a downsampled version of the complete, normalized dataset containing a subset of ~10% of
cells per celltype, which we have found to be approximately representative of the overall trends.


https://github.rpi.edu/DataINCITE/AlzApp/wiki#key-resources-employed

Potential Q & A

e How many genes are available for querying?

o (Genes now available for selection in dropdown are all ~40,000 represented in the complete Bowles dataset
o Performance is kept in check despite this number because we use backend, R-based search handling, rather than
front-end Javascript-based data loaders as many apps do by default

 How is the data normalized and scaled? Is the data displayed in the different plots normalized and scaled
uniformly?

o We draw on the data as it was originally normalized and scaled for the Bowles paper, which used the
SCTransform protocol regressing out specific common confounding sources of variation. The exceptions
are our gene-specific expression trajectory line plots, which show gene expression averaged from raw read
counts at each time point within each individual celltype and subsequently log-normalized; and our
gene-specific violin plots, which also show expression distributions log normalized from raw read counts.

 What server is hosting the live app?

o The app is currently hosted on a server institutionally-funded and maintained by the Rensselaer
Polytechnic Institute Incite Projects Directive. We are currently expanding our server resources to avoid
multi-user performance limitations .



