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Ischemic brain injury (stroke)

« Critical reduction in blood flow caused by
either sudden or gradual occlusion of

cerebral arteries z
* Blockage of blood circulation causes carora artory causing |
. . a stroke N
neurologic deficits )

off and travels
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Ischemic brain injury (stroke)

« Critical reduction in blood flow caused by
either sudden or gradual occlusion of
cerebral arteries

 Blockage of blood circulation causes
neurologic deficits

« Main pathologic changes include

« Energy depletion, calcium overload, reactive
oxygen species generation, inflammatory
response, and ion imbalance

« Changes detrimental to basic cell
functions leading to cell death
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Blood clot breaks
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Ischemic brain injury (stroke)

« Affects over 12 millions people per year world-wide
» Second leading cause of death (6.5 millions)
« Third leading cause of death and disability combined

-> Major health care and economic burden

A Allstrokes

Incidence rates per 100000 people
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GBD 2019 Stroke Collaborators, 2021
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Ischemic brain injury (stroke)

« Affects over 12 millions people per year world-wide

» Second leading cause of death (6.5 millions)
« Third leading cause of death and disability combined

-> Major health care and economic burden

A Allstrokes

* Demand on development of new
neuroprotective strategies
« >1000 drugs investigated
« >100 tested in clinical trials

, v > s
[} " ) } \ 1;(,_,
* Early clot lysis remains the sole e s é
40t0 <855 158.0to <175
approved therapy Do mawan &
O 1243t0<1417 022183 Eitig

GBD 2019 Stroke Collaborators, 2021
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Ischemic brain injury (stroke)

* The major reasons causing the lack of new therapeutics

Complexity of the disease involving interactions of large number cell types
Cell-type heterogeneity further exaggerating the complexness of the disease
Temporal and spatial factors defining the role of cell types in the disease
Inappropriate experimental models
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Ischemic brain injury (stroke)

* The major reasons causing the lack of new therapeutics

a) Complexity of the disease involving interactions of large number cell types

b) Cell-type heterogeneity further exaggerating the complexness of the disease
c) Temporal and spatial factors defining the role of cell types in the disease

d) Inappropriate experimental models

 Unique opportunity to apply recent technologies for

transcriptomic analysis
» Single-cell RNA-sequencing
« Spatial transcriptomics
* Integrative analysis
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Glial cells

» Major players in response to ischemic
brain injury

o Contribute to neuroinflammation,
restriction of the injury site and
recovery processes

« Beneficial as well as detrimental
effects during ischemic stroke

{ %
 High level of heterogeneity Oligodendrocte [’f

Blood vessel

Allen & Lyons, 2018
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Microglia

e Resident immune cell of CNS

» Active and dual role in neuropathologies Cell
A Unique Microglia Type Associated with Restricting

Development of Alzheimer’s Disease

Graphical Abstract Authors
Hadas Keren-Shaul, Amit Spinrad,

* Heterogeneous cell type A | 08%p g | derswen acoCooms
%ﬂ N Correspondence

. . . . Er\ @ - © Michal Schwartz, Ido Amit
« M1/M2 microglia (pro-inflammatory vs anti- e 82 ® ¥ ondence
inflammatory) € | oo @: il oo s 1),
» Disease-associated microglia (DAM) e In Brif

A new type of microglia associated with
restricting neurodegeneration may have
~Molecular important implications for treatment of

/ characterization Alzheimer's and related diseases.
!~ Functional assays

- Genetic engineering
\\ Spatial location
\_Conserved in human
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Microglia

* Resident immune cell of CNS
 Active and dual role in neuropathologies

» Heterogeneous cell type

« M1/M2 microglia (pro-inflammatory vs anti-
inflammatory)

» Disease-associated microglia (DAM)
 Activated response microglia (ARM)
* Interferon-responsive microglia (IRM)
* MHC-II microglia

* Proliferating microglia

« ATM, PAM, WAM etc.
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Z GENE EXPRESSION www.labgenexp.eu

Cell Reports

The Major Risk Factors for Alzheimer’s Disease: Age,
Sex, and Genes Modulate the Microglia Response to
AR Plaaues

Neuron

Developmental Heterogeneity of Microglia and Brain
Myeloid Cells Revealed by Deep Single-Cell RNA
Sequencing

Immunity

Single-Cell RNA Sequencing of Microglia throughout
the Mouse Lifespan and in the Injured Brain Reveals
Comnlex Cell-State Chanaes

Cell Reports

Temporal Tracking of Microglia Activation in

Nanrndananaratinn at Sinala-Call Racaliitinn

Prior activation state shapes the microglia response
to antihuman TREM2 in a mouse model of
Alzheimer's disease

Daniel C. Ellwanger™' ", Shoutang Wang™' ), Simone Brioschi®, Zhifei Shao*, Lydia Green?, Ryan Case®, Daniel Yoo' ",

Dawn Wei: “, Palani i i), Jodi Bradley? ", Sara Rao, Diana Cha%, Peng Luan",

Shilpa Sambashivan®, Susan Gilfillan®©, Samuel A. Hasson®, lan N. Foltz, Menno van Lookeren Campagne“?’,
ettt A

Neuron
White matter aging drives microglial diversity



Astrocytes

 Traditional role - restriction of the
Injury site

 New roles ARTICLE
« Modulators of immune response
* Neurogenic capacity Neurotoxic reactive astrocytes are
induced by activated microglia
* Heterogeneous cell type e e
« A1/A2 astrocytes (neurotoxic vs
neuroprotective)
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Astrocytes

 Traditional role - restriction of the
Injury site
* New roles

» Modulators of immune response
« Neurogenic capacity

» Heterogeneous cell type

« A1/A2 astrocytes (neurotoxic vs
neuroprotective)

» Disease-associated astrocytes (DAA)

* Inflammatory reactive astrocytes 1
and 2 (IRAS1, IRAS2)

LABORATORY OF

nature
neuroscience

BRIEF COMMUNICATION

https://doi.org/10.1038/541593-020-0624-8

M) Check for updates

Disease-associated astrocytes in Alzheimer's
disease and aging

Naomi Habib©"2%, Cristin McCabe?®, Sedi Medina®®, Miriam Varshavsky'®, Daniel Kitsberg’,
Raz Dvir-Szternfeld?®, Gilad Green’, Danielle Dionne©?, Lan Nguyen?, Jamie L. Marshall ©?, Fei Chen?,
Feng Zhang?*®, Tommy Kaplan©5, Aviv Regev©27% and Michal Schwartz ©23%

DIORXIV Preprint Qoi: NUPS:/GOLONG/ 1U. 1 1U1/£U£1.U8.£3.4D/ 4UU; INIS VETSION POSIEa AUGUST £4, £UZ1. | NE COPYNgNL NOIQEr TOr tNIS preprint
which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

CRISPRI screens in human astrocytes elucidate regulators of distinct inflammatory
reactive states

Kun Leng'_‘z“‘ **_Brendan Rooney', Hyosung Kim*, Wenlong Xia’, Mark Koontz®, Mitchell
Krawczyk™®, Ye Zhang®, Erik M. Ullian®, Stephen P.J. Fancy’, Matthew S. Schrag™'™"", Ethan S.
Lippmann**'*"", Martin Kampmann"'>'*'**
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Oligodendroglial lineage

Oligodendrocytes and their progeny

Not only passive players, but also
active modulators of immune
response

De-differentiation potential

Heterogeneous cell type
 Various maturation phases
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e "Newly formed
: @ density ® MFOL2
-y ® VLMC e MOL1
W) Precursors @ OPC ® MOL2
o B, S S ® COP ® MOL3
¢ ® NFOL1 e MOL4
® NFOL2 ¢ MOLS
MFOLA1 MOL6

Marques et al., 2016



Oligodendroglial lineage

. . illalnéedicine LETTERS
. Ollgodendrocytes and thelr progeny https://doi.org/10.1038/541591-018-0236-y
 Not Oﬂ|y paSSive p|ayer8, but also Disease-specific oligodendrocyte lineage cells
active modulators of immune arise in multiple sclerosis
response
» De-differentiation pote ntial Altered human oligodendrocyte heterogeneity in
multiple sclerosis
» Heterogeneous cell type
 Various maturation phases
: . . ARTICLE ) Cneck for updates
» Disease-exclusive oligodendrocyte o 03 s 20
|ineage cells in MS Distinct oligodendrocyte populations have spatial
: : preference and different responses to spinal
« OLs with spatial preference ana cord iniury

different response to injury
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Glial cells

» Heterogeneity of glial cells mostly studied
In neurodegenerative context

Cell Cell Reports

Temporal Tracking of Microglia Activation in

A Unique Microglia Type Associated with Restricting Neurodegeneration at Single-Cell Resolution

Development of Alzheimer’s Disease

nature BRIEF COMMUNICATION
L. neuroscience hitps://doi.org/10,1038/541593-020-0624-
Cell Reports Hiéicine o S
The Major Risk Factors for Alzheimer’s Disease: Age, Di iated ast tes in Alzhei '
Sex, and Genes Modulate the Microglia Response to Disease-specific oligodendrocyte lineage cells iseasc-associated astrocytes in Alznaimers
AR Plaaues arise in multiple sclerosis disease and aging

Prior activation state shapes the microglia response ) L
to antihuman TREM2 in a mouse model of Altered human oligodendrocyte heterogeneity in

. ' . . .
Alzheimer's disease multiple sclerosis
Daniel C. Ellwanger™' 2, Shoutang Wang™' 2, Simone Brioschi®, Zhifei Shao®, Lydia Green?, Ryan Case®, Daniel Yoo' (), Sarah Jikel'®, Eneritz Agirre”®, Ana Mendanha Falcdo?, David van Bruggen®, Ka Wai Lee?, Irene Knuesel®, Dheeraj Malhotra®®,
Dawn Wei ik i i Rath i4, Jodi Bradley? ", Sara Rao°, Diana Cha®, Peng Luan"®), Charles ffrench-Constant"®*, Anna Williams'-®* & Gongalo Castelo- Branco®*®*
Shilpa Sambashivan®, Susan Gilfillan®©, Samuel A. Hasson®, lan N. Foltz?, Menno van Lookeren Campagne®™* ),
NEs e e
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n
G | I a | Ce | | S 24 individuals 640 individuals

snRNA-seq Bulk RNA-seq AD traits

. ) . Cell subsets ' Ce!MoD 1~/
* Heterogeneity of glial cells mostly studied ) cpitns |
I n n eu rOd eg e n e ratlve CO nteXt CELLULAR COMMUNITIES¢AND ASSOCIATED TRAITS
» Disease-associated subpopulations share =) 0 Q-.\ Cﬁ?:.i‘é;“
transcriptional program and actively ”°'“‘*°“““Q @ = “‘* )

communicate

orrerations.
R>=0.3 R<=-0.3

White et al., 2020
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— Fluticasone — Mometasone

1.00
0.98 \
0.96

— Control — Fluticasone

Glial cells

1.00

E% 0.98
» Heterogeneity of glial cells mostly studied =~ £2 os
In neurodegenerative context 52 o 084 p<1omtoe
- Disease-associated subpopulations share 85 o=, 5+ & % 5 s

Years of follow-up Years of follow-up

transcriptional program and actively

CO m m u n |C ate c . Cohorts . Hazard Ratio (95:’/0 Cl) p-value
Fluticasone vs. Non-Fluticasone 1 0.86 (0.83-0.89)| p <1.0x10°8
« Shared transcriptional program may be omolsonevs. Fssons | |———| 1074(088-081)| p<10s109
. . . . I
' 0.70 0.75 0.80 0.85 0.90
therapeutically targeted D E
CKB PGR
PLABBAA Mometasone
NR3C2
Fluti
re uticasone NR3C1 c8kss
JUN
NR3C 1 GSK3B  113pgoAB1 CDK5
Drug Drug target
FTH1 o | Nodes from the DAM or DA networks ]
Neighbors from PPI network
Xu et al., 2021
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— Fluticasone — Mometasone

1.00
0.98 \
0.96

0.941 p<1.0x10®

— Control — Fluticasone

Glial cells

1.00
0.98
0.96

« Heterogeneity of glial cells mostly studied
In neurodegenerative context

Proportion of individuals not having
developed Alzheimer's disease

* Disease-associated subpopulations share e e e
transcriptional program and actively .
CO m m u n I C ate Fluticasi(:::: Non-Fluticasone R {gio’; E: (0.83-0.89) z-: E:ZTU-B

* Shared transcriptional program may be Morveere s Fukomre | MR ‘*
therapeutically targeted D B

CKB Mometasone PGR
PLA2G4A
. . . . NR3C2

-> Little is known about reaction of disease- Fluicasone NS o

associated subpopulations in ischemic @

brain injury NR3C GSK3B  i5pgoABT o

-> Promising target for new glia-oriented . e

therapy s NZigiSbofsfro:l PPInthork —

Xu et al., 2021
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Premises and promises

Cell Reports

Decoding the Transcriptional Response to Ischemic
Stroke in Young and Aged Mouse Brain

Graphical Abstract Authors
9 i Peter Androvic, Denisa Belov Kirdajova,
loung Age
. 3 Jana Tureckova, ..., Miroslava Anderova,
P aa o P 2 o 2
'an © © anf Qa0 nf Mikael Kubista, Lukas Valihrach
LI LI .\ L
. . . Correspondence

peter.androvic@ibt.cas.cz (P.A),
Meta-analysle lukas.valihrach@ibt.cas.cz (L.V.)

1 J In Brief

Cerebral stroke is a leading cause of
mortality affecting mainly aged
populations. Androvic et al. use RNA-seq

Aging-atroke interaction

IFNA activation Neuroinflammation Neutrophil infitration Axon/synapse
) % program to analyze aging, stroke, and their
" A interaction in mouse brain. They identify
6 » pathways associated with age-
= dependent vulnerability to stroke,
FA Time Provenlevels | including overactivation of type |

- ) oy ) interferon signaling and downregulation
.- - ?\ X A of the synaptic maintenance program.
. = allal

Highlights

«» RNA-seq analysis of aging, ischemic stroke, and their
interaction in female mice

« Response to stroke in young and aged brain is similar, but
differs in magnitude

« Agedischemic brain is characterized by upregulation of type-
| interferon signaling

« Aged mice downregulate axonal and synaptic maintenance
program after stroke

Androvic et al., 2020, Cell Reports 31, 107777
June 16, 2020 @ 2020 The Author(s).
ttps://d 10.101 p.2020.1(

¢? CelPress

LABORATORY Of
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« Response to stroke in young and aged brain
Is similar, but differs in magnitude

* Aged ischemic brain is characterized by
upregulation of type-| interferon signaling

e GGlial cells main contributors
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Premises and promises

ISG_RNA-seq IRM

» Stroke-induced interferon response showed
strong overlap with markers of interferon
response microglia (IRM)

D < 4.13E-42
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Premises and promises

€

1 __Adar
! Znfx1
[ Stat2
. Irgm1

. EIISQ .

| 551
Ccl12

~ Sifn8
Ifitm3
Sifn2

o Wapee » Stroke-induced interferon response showed
strong overlap with markers of interferon
response microglia (IRM)

* Activation of IRM signature observed in time-
series bulk RNA-seq data
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Premises and promises

Contents lists available at

Neurobiology of Disease

journal homepage: www elsey mfiocatelynbdi

Neurobiology
of Disease

=

Inhibition of TGFp-activated kinase 1 promotes inflammation-resolving | =
microglial/macrophage responses and recovery after stroke in
ovariectomized female mice

Yaan Liu ', Sicheng Li ', Rongrong Wang, Hongjian Pu, Yongfang Zhao, Qing Ye, Yejie Shi

Pizsbrgh of Brain Diso

72 & Recovery and Deparem

at of Newrslogy, Universicy of Pismburgh, Pissburgh, PA 15 States of America

ARTICLEINFO ABSTRACT

activated kinase 1 (TAKI)
ing pathways, making
& o

inhibitor, ari female
reduced neuronal cell death and ax:

‘microglia/macrophages toward an inflamm
TAKI knockout (TAKI mKO) reproduced O;
G} microglial
ly promoted long-term new
Together, the TAKI &
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« Manipulation of inflammatory response
governed by microglia improved
regeneration after transient MCAO
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Experimental design

* Permanent middle-cerebral artery occlusion (pMCAQO)
» Representing majority of clinical stroke cases
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Experimental design

* Permanent middle-cerebral artery occlusion (pMCAQO)
» Representing majority of clinical stroke cases

SHAM 0 pl

Astrocytes
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Experimental design

Congition Time
Cul 12h

G\man%?é?%{g'c 3
Glutam?erg\c T T =
Glutamaftergic 10 GABAergic 4 s | Em
T
101 O
GABAergic 3 e R =
Glutarrdtergi } } _E iE
o ”#ﬁf sEs nm
o GA ic 1 [ L [T EE| [
z )
= 01 Brgic B I::
= mace: mo ! Ems
[ [ =
I ] L
‘;: :Il ;ll
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| oBE ) w m m= #l
1o iR e kg
GABATgic'5 Bl 5 GRS
VMG . {_ Emjamm
EndoiPeri ot |
e I
-10 5 0 5 10 15 e A
UMAP_1 o

‘ Spatial Transcriptomics ‘ Single-nucleus RNA-Seq ‘ Bulk RNA-Seq

(Visium)
il () (] ()
stroke

i (0] (0] (0]
e o ) ) e )
| | | | | |

| | | | | |
Oh 3h  12h 24h 3d 7d
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Spatial Transcriptomics

@0

_|_

Visium Spatial Gene Capture area with Visium Gene Expression
Expression Slide ~5000 barcoded spots barcoded spots

[ — Fiducial Frame
8 mmx8&mm

100 pim Partial Read 1 Poly(dT)VN .
9]l Spotil UMI Whole transcri ptO me
|
55
" and

its spatial localization

NN

Capture Area
6.5mmx 6.5 mm
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Early look — whole brain

Condition

10 1

-5

10

UMAP_1
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Early look — whole brain

10 i

Choroid plexus

Cortex

Thalamus

Piriform

Forebrain bundle system
Lesion

Fiber tracts_Bundle system
Striatum

Receding lesion
Hypothalamus
Cortex_Cortical subplate
Amygdala

Healing lesion

Reticular nucleus of thalamus
Choroid plexus
Hippocampal formation

NA

UMAP_2

Allen Brain Atlas: Mouse Brain 0-

5

UMAP_1
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Early look — whole brain

Hippocampal formahon4

H \ppocqn\pq\
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oomed in: Outer Layers

OutermostCorticalLayer

23( @ erlsocortex |

[Pinfmm

What is the spatial gene expression profile? How unique/distinct are the cellular states?
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Marker discovery

A. Cluster characterization
B. Spatial profile

OutermostCorticalLayer
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Marker discovery

159

A. Cluster characterization
B. Spatial profile

A N B =600 genes

100

Intersection Size

50

| OutermostCorticalLaye? [ ]
| Lowerlsocortex I ® ; I
I Upperlsocortex E I [
®

I Upperlsocortex_lesional

= "ty L [;

I IschemicCore
T T

T T
300 200 100 0
Set Size

Markers are expressed in zones, with respect to the lesional site
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UMAP 2

sNRNA-seq

Glutamatergic

neurons & %/ e Sham, D1, D3, D7
¢ « Captured major cell populations

.~

ol
+ R Neuroblast OPC
. Iipendymal ("& Oligodendrocytes
- . © cells,. g
GABAergic ook, ) y\ .
neurons *‘x - ﬁ'*. 2" VLMC NF- e -o:r-ooo Average Expression
P . GABAergic 1 o 9
ﬁ. & . Glutamatergic 1 - @e ° i1
MG .J. . 0
» Astrocytes  Pericytes / opPC: '..r y
. . OLIGO T ® .
A F Endothe“a' Ce”S ASTRO .eo®- P'er((;)ent Expressed
EPEN 1 900 -0 . : . 25
Microglia VLMG] - el@esl | o
“ 9 PER/Endo 10@°|" * ® w0
UMAP 1 § BRSSO

LABORATORY OF
2 GENE EXPRESSION www.labgenexp.eu



UMAP 2

sNRNA-seq

Glutamatergic

neurons & Y 7 * Sham, D1, D3, D7
¢ « Captured major cell populations

) ‘?( « Glial cells analyzed in detail
Al Neuroblast OPC

3 Eﬁpendymal ‘»-& Oligodendrocytes
, . & ocells,., %
GABAergic ook, \ ’“‘ .
neurons .‘x o. “‘.-. . VLMC N.B- e -o:r-ooo Average Expression
’ . . . GABAergic 1 ® 9
. L . Glutamatergic -@e| |o 1
MG .J. : 0
of Astrocytes  Pericytes / opPC: '..r y
. OLIGO o
A # Endothelial cells T .eo®- P'er((;)ent Expressed
EPEN - 900 -0 - . 25
Mi l VIMG] - o@e . |- ; ?2
“ icroglia PER/Endo 10@°|" * ® 00
UMAP 1 RIS RSy 4%
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Astrocytes

Neuroblast

Choroid plexus

epithelial cells

=

‘ b

Ependymal cells

UMAP 2

Progenitors

Reactive

astrocytes

L

Diencephalic
astrocytes

»
|

UMAP 1 \_

&

Telencephalic
astrocytes

\

J
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* Regional heterogeneity of astrocytes
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Ependymal cells

UMAP 2

Astrocytes

Neuroblast

Choroid plexus

epithelial cells Progenitors

¥ Reactive
* %: [ astrocytes

Diencephalic
astrocytes
Telencephalic
> astrocytes

UMAP 1
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* Regional heterogeneity of astrocytes

* Reactive astrocytes generated primarily
from telencephalic astrocytes
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Ependymal cells

UMAP 2

Astrocytes

o
—

0.4
o 8 03
[ ] . O
Neuroblast ‘5 0.2
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epithelial cells - 0.0 n

P Progenitors o 2|2 &|S

. o O c | o

o ¥ % Reactive Wz S |8
* "% astrocytes ol
] —/

L

» Regional heterogeneity of astrocytes

Diencephalic * Reactive astrocytes generated primarily

astrocytes ; | from telencephalic astrocytes
elencephalic

TV astrocytes « Neurogenic potential of striatal astrocytes
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Astrocytes

D1 D3 D7
Tmem72 . Tmem72 . ’ Tmem72 . l
. ” 00 05 10 15 00 05 10 15 0.0 05 1.0 15 20
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Choroid plexus
epithelial cells Progenitors
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* % Reactive
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Ependymal cells

» Regional heterogeneity of astrocytes

Diertwceprt]alic * Reactive astrocytes generated primarily
AstoLyles from telencephalic astrocytes

UMAP 2

Telencephalic
TV astrocytes « Neurogenic potential of striatal astrocytes
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UMAP 2

Oligodendrocytes

Trauma
associated OLs

¥, recursor cells
.,"":S'! P

Mature OLs ga: ~
- ;“'"

g %) Myelin forming OL
> 300 and mature OLs

( -
Fast
Response f Committed OL
OLs progenitors + Newly
. formed OLs
\ -
OMAP 1
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Oligodendrocytes

« Two new subpopulations
» Fast response OLs

www.labgenexp.eu
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« Two new subpopulations
» Fast response OLs
* Trauma associated OLs
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UMAP 2

Microglia
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UMAP 2

Microglia

Homeostatic microglia

Trauma associated
microglia (TAM)
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* |IRM not identified in snRNA-seq, but
IRM markers detected in ST
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Integration of snRNA-seq and ST

* Homeostatic microglia
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Integration of snRNA-seq and ST

» Trauma associated microglia (TAM
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Perspectives

« Additional scRNA-seq of astrocytes, microglia and oligodendrocytes
» Deeper spatial and temporal analysis
* Integrative analysis

* Cell-cell communication analysis #* #‘#
xy

« Deconvolution *
* Meta-analysis *_
« Validation . ﬂ.

» Network analysis *‘*’

-> |dentification of target for therapeutic intervention
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Summary
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S@é Encompassing look at the transcriptomic heterogeneity

-‘D Dynamics of ischemic brain injury

&R Descriptive — functional annotation -> therapeutic intervention
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