Induction of Alzheimer pathology modulates transcriptomic profile in a non-human primate
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The first AD-induced primate model
Human Alzheimer brain _
Introduction with A and tau //“’ Primate model of amyloidosis, tauopathy and cognitive impairment

* Understanding the early molecular events underlying Alzheimer's disease (AD) is essential for | || — Amyloid plaques (4G8) — Tau Tangles (AT8)
developing effective therapeutic strategies. 24 months Iniection 6 mpi 12 mpi 18 mpi g

* Transcriptomic approaches, particularly unbiased data-driven analyses, provide powerful tools to Learning > S
identify these early molecular changes. O =]

* Single-cell RNA sequencing (scRNA-seq) has uncovered the remarkable heterogeneity of microglia,

including the identification of Disease-Associated Microglia (DAM) associated with AD progression \ \ ' \ ' ' &
(Keren-Shaul et al., 2017). Memory g \ » B A
* However, most current transcriptomic knowledge is derived from transgenic mouse models, which fail .

to fully recapitulate sporadic AD and human microglial transcriptomic signatures (Boche et al., 2021).
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Aims: Identify the impact of intracerebral inoculation of human AD brain homogenates on the primate transcriptome

Amyloid impact on transcriptome in AD: RNAseq study Effect of AD induction on microglial transcriptome

Prefrontal cortex with amyloid pathology only

Modules correlated to amyloid burden (WGCNA) Sc-RNAseq Workflow
DEG expression iAD

. Module-trait relationships
Am y I Ol d ALL samples: association between WGCNA modules and amyloid plaque density

rho=0.84 ; p = 0.0021 ; BH = 0.034

Integration Feature selection UMAP
+ clustering

7'
Variable genes Clustree
Resolution op

rho =-0.81; p =0.0048 ; BH = 0.038

AD:IE 534 T W 725

rho =-0.78 ; p = 0.0076 ; BH = 0.04

DOWN

thoj=0.60:p = 0.067 ; BH = 0.27

1
mo=-0§7‘p=0085:BH=027

y S\
| .\Z{ 4

UMAP -2

: 1
: 1
: e VS
8 : 1 >
8 MEblack 4 : [ I
: . . . . 4 . . .
500 pm g MEgreenyelow{ | : Brain dissociation Cd11b microglia sorting o
o ] 1
g wmepupe] ] : , Harmon
MEgrey : ;ella‘[)man rho y
H H MEbrown 4 ! - 05
Differentially Express Genes (DEG) j: ‘o
MEsalmon : '
N . 5
PCA based on the 2500 most expressed genes . . erinigrition 1l : ; - =10
exp 9 NS © Onlylog FC ¢ Only p-adjusted ® p-adjustedandlog; FC @ p - adjusted and log; FC MEmagenta{ | ;
: . : ' . . . . .
AD A o s . Em , , , Clusters annotation — Single Cell Pathways Analysis (SCPA): Functional Pathway Changes in
® CTRL ! :' ! 0 1 2 3 H ' ]
1 o =
. o logrfraw p - vake) Microglia (AD vs CTL)
1 ! ! a
H . - s Homeostatic § _____ DAM L NFkB__Jinterferon ] MHCil ] Prolif | BAM ] Other | AU e S S— e e
g | 20 i i Module ei engene — MEturqumse Modul ME K Module eigengene — MEblue ‘
| Y, S 273 down ! ! cigengene — ME odule eigengene — MEpin Y e o test Interferon alpna response [HALL] 1 ® ® ® ] ] o ®
s | Ext ! ! up CTRL vs AD Wilco 9 ® ° @ccQee-Q0 ®
g 1 o i i 06 075 | ’ Positive regulation of cytokine production [GO] 4 [ ) [ ) ‘ (] [ ) [ ] H H
> 05
g ] L ° i | vese s . . . 8 . 0 00000 Average Exp Neuroinflammation
o ] L] g) } ! PCEP3 : sLC ost‘w N4 . 050 ' Chemokine signaling pathway [KEGG] 4 [ ] [ ] . [} [ ] [ ]
b i S | ] FAMIE0A V - 2
%-) -20 1 o ‘ i iw\ . ﬁ' ‘3)’:;2;!' ;g; . 2 2 0.0 = " ¢ ' ¢ oo . ¢ 1 Regulation of inflammaory response [G0] . . . . . .
N I I & & 0. &
: 10 e _,. Nk g 8oz g * c{e@-ee Ne® O @ 0--000 . s o 000000 00 ° compommm pi] @ ° ° ° ® ®
| . o, le " !'; Y < £ O @ g O < @ O < 3 00 . g . < = I >
(P N "..'t I 4"‘ ﬂ .' . . % % ) 8 e % § 91: % E’S :E % 0.00 § % 51 ° ° k Complement cascade [REAC] [ ] [ ) [ ) [ ] ) [ )
. . e ° © ) ~ © © S
. 4 : N . . s e I *» ‘l .‘ o °. ) . .‘. 8 2' E‘l & Dl DI gl R 8 % = s . = o =05 Group 8 4 [ Qe Percent Expr Complement and coagulation cascades [KEGG] 4 [ ] [ ) [ ] [ ] [ ] [ ] Com plement
1 ° o g ‘ﬂ} & ! [T ! < < < DI DI DI EE - AD -0 Complement activation [G0] [ ] [ ] ) [ ] o o
75 50 25 0 25 W T o = < < < . . . CTRL 31 e 25
PC1 (35% variance) 01 ! ! &) QO 06 -0.50 10 21 . ..0® ° .. . . o- c® . .. ) ® 50 Complement activation classical pathway [GO] - [ ) . . ' [ ]
_'4 (') :1 CTRL AD CTRL AD CTAL 75 ® 75
) - 11 Y Y ® o . @ 100 Antigen processing and presentation of pepfide or polys.. [GO] ® [ [ ) o { ( J
Log, fold change Total = 16595 variables
.. . . ° ° ° 04 Antigen processing and presentation of exogen n [GOJ 4 . . . . . . .
Pathways strongly pos|t|ve|y correlated with amy|o|d burden GSEA - Mlcroglla signatures -——ee-§ § L ____ @ —— e o T . . ° PY ® °® Antigen presentation
SE0E8358T% SLAiLoif30B@ziE CLE29f£9: fooLigii ESEY EAIZEY [BU5ESS Lo e e e
' E 5 E é % % &5 3 é g g % % 8 - @ g © g 6 E 8 « =" g 8 é E :x; § g LLE== g E g 8 ?‘( S - % ,@ 8 E E % % é ; E E %’ E E @ § i § Antigen processing cross pre: n [REAC] 4 . . . M H C
H T o 5w 5] s} pu 3
(r = 0.84, p= 0.002, BH-adeStEd p= 0.034) [ AD2 [1283] @ ] : i * ° Antigen processing and presentation [KEGG] { ] [ ] [ ]
Response to wounding : n ,I
) ) - Regulation of growth Phagogylosis Response to abiotic stimulus [ MGND [34] 5 @ ] U AP Positve regulation of endocytosis (GO 1 ® ® ® o o ® [
Endothelialicell diferentiation Neaative regulation of cell development Neurogenesis and morphogenesis ' Regulation of endocytosis [GO] [ ] [ ) . ] () o
ASTRO-A1 [50] .
Lymphoc te activation . | @ Phagocytoss G0l @ ® o L4 e o Phagocytosis
Positive regulation of neurogenesis : F diated ph [KEGG] 1
M b ; . g 9 Positive regulatlon of RNA poly nerase [ DAM-CONSERVED-15 [19] ' @ ] GSEA confidence e e * e ® * ¢ clearance
Orp O eneSIS : CELLS FEE CLUSTEER Fcgamma receptor fegr dependent phagocytosis [REAC] 4 ‘ . .
s f f AD1 [406 — -
N ] Angiogenesis Matrix adr eS|on substrate e t ‘ Significant : FDR < 0.05 e Microgha - Homeo 1 0 7 474 Reaulation of , P— P °® P ® ° ® °®
4 : |gn| icant : ) _ . - _ egulation of superoxide anion generation B
. ' ARMS [872] (@] . 1 I'I.I'IICFCIQIIEI HDmEUE 1 . T 412 Reaci tabol col4 ® . ® ® P
* VR H . z _ MICFGQHE[ - LIEIW ElCTI'u'ﬂ]" eactive oxygen species metabolic process [GO]
e ¥ Leukocyte dlfferentlatlon : ‘ Moderate: 0.05 < FDR < 0.25 ) . - o 2 8 241 N o cxidatve stess (3014 ° P ® ® ® . .
ot s A Q Regulation of osteoblast differentiation  Regulation of cell migration IAMS [582] ! O ® 3 — Microglia - Hight Activity espanse o oxdaiive siress Oxidative stress
: 3 4 E44
Cell population proliferation | O N.S:FDR <0.25 & 4 —Micro g l1a - &t g en Fresentation LM H ) Reactive oxygen species pathway [HALL] - . (] . ®
' L] Py
Positive requlation of cell organization DAMS-CODING [1037] H & — i = Detoxification of reactive oxygen species [REAC] [ ] [ ] [ ]
Locomotory behavior learning Organization of s napse junction d @ ; Gene Ratio (%) : ] L Micro g lia-Homeo 3 . — 1 E4D
Regulation of cell morphogenesis ASTROA2 [50) Lo "ﬂ S iR 1 ® G —Hdorder Associated Macropnages : . Hitochondrion organization (5014 ° ® ® Py ° PS
H ¥ Bt 4 . . . . L] oa
Transmembrane ion transport e 5 < 10 ik w7 — Microglia - Proliferative ] - Sens (BH<0.05) Miochondral ransport (0] ° ® P PY
Lo e NEW.SENSOME [128] : G _ _ ' : . .
Ariooragidinanspoit Receptor signaling pathway Endothelial cell migration ! ) 15 - & 5 — Microgha - Inflammatory NEKB . . .‘ Enrichi AD Glycolysis [HALL] | ® o °® Mitochondria
e Regulation of secretion release . O 5 '®) Q 20 e % 89— Microglia - Interferon Respaons R : REACH i
- Response to stimulus factor IRMS [300] : - o 5 a0 Enrichi CTL espiratory electron fransport [REAC] ® L4 ® meta b0||5m
Import to cell | O 25 RS S e ®
! e ycolysis gluconeogenesis -
Response to hormone Regulation of remodellng tissue PIGS 181 e Q 30 %T o
E ,.ﬁ .r'-l'v. (stPA)q'Val Mtorc1 signaling [HALL] 4 [ ] o { . ([ { ]
S REACTOME [86] e} | T orce
Regulation of molecular function ~ Muscle cell communication LocSRalon faamaihipaatianspon Q Synaptic plasticity Odontogenesis 5 %'c . Macroautophagy [G0] 4 o ® L ] ®
n o
Q . -~ Limb morphogenesis Q [ DIM.CONSERVED [15] ® | ] & Lysosome [KEGG] { ] L [ Lyscsome
' . 1
Negative regulation of cell communication R R _ . _ R R Regulation of autophagy [GO] A o o o
Melanocyte differentiation CI u Ste rs p ro po rt ion O 2 swoonony [FEAG . auto P h agy
Actin cytoskeleton organization H 1
Regulation of small GTPase signal ®  /Regulation of action potential L J Tra n SC rl ptl O n fa CtO rS O 3
Positive regulation of lipid fransport [GO]q . . . . . . .
MAPK, ERK1/2 cascade P d death apoptoti Mesenchymal development To‘?FDoR:;hEZI?)I\:IIPtERtTdFtacuv:tles O ' ol TR b ? ? ¢ ¢ ) ?
Slgnal transduction of PI3BK/MAPK axis ® rogrammed death apoptotis GI’OUP s wi - etecte argets Regulation of lipid localization [GO] 4 ( ] ® L ] . ini
Organ morphogenesis AD ® ® Llpld cholesterol
‘ ] O — 4 CTRL Biosynthesis of the n glycan precursor dolichol lipid I... [REAC] 4 . [ ] [ ] [ ]
( . . Oligodendrocyte differentiation / § ﬁ?ﬁﬁ ’5 # Glycerolipid metabolism [KEGG] - [ ] [ ]
; I e T 20+ $
Homeostasis process \/ Q Regulation of thermogenesis Phosphorylation process l l l l l ‘_ Hl\;::; > Amyloid beta metabolic pracess [GO] 4 ® o { ] ®
—| e}
Canonical wnt pathway Pattern specmcatlon process / \é\g)‘l‘l c Amyloid fiber formation [REAC] - ([ ] ' o
O EOMES g Amyloid precursor protein metabolic pi GO q [ ] [ ) @ Amylold re I ated
ATF7 =2
. » Regulation of amyloid precursor protein catabolic process [GO] 4 . [ ] .
Ropy I 2 3 : pathways
_— Alzheimers disease [KEGG] 4
FOXJ2 = $
ZFX ©
Pathways negatively correlated with amyloid burden mee S 101 * Pt oot rpoganmencatson 1| @ o ° . o
MYBL2 ]
— . — . — 1 { ]
_ - bval=0 08 ‘BH= (r=-0,80 ; pval= 0,004 ; BH=0,038) | $ oo i) @ * ¢ * * :
(r_ -0157 ’ pva|_0!08 ,BH—O,27) . . . . SP2 0 o Regulation of neuron apoptotic process [GO] 4 @ . [ ] . [ ] . Apopt05|s death
Mitochondrial and nucleoside metabolism GRHL2 >
Neurotransmitter secretion vesicle *‘_E RUNX2 Death receptor signaling [REAC] - [ ] ) Y
Neurogenesis and morphogenesis . . TCF4 -1 * ®
/ Apoptosis [KEGG] 4
® ( ® j / \ Neuron projection morphogenesis ‘N ;ISTT éﬂ
“ - \ ! . > © : 3 | SPIB I -2 ; —— * Regulation of trans synaptic signaling [GO] 4 . . ] . . ' . o
: ; ; \ ) i —— ——
‘3343_‘»5 e / Node f|\| c0|0r: FDR — ‘E g;le O MNeurotransmitter receptors and postsynaptic signal tran... [REAC] . . . . . . .
¢ i T T T T T T T T T T
'® syt tansmisson SUH g s 0 w 2 3 4 5 6 7 8 9 Stelcl aenivion 1501 @ ° ° ® ° ° ° Synapse neuron
Learning behavior Intracellular transduction communication - - : ) TEAD1 Cluster Regulation of synaptic plasticity [GO] Y Y o . ® Y ®
( ) . ) PDX1
A o i . .. ( / \ Node size : GO-term size POUSF1 Regulation of neuronal synaptic plasticity [GO] [ ] [ ] . [ ] [ ] o
Coll motilty migeaion R ,,mc”o,,v‘ . | \ / MAFK co c1 c2 cs c4 cs ce cr cs
; . ® / Response to sterold hormone 5 75 150 300 400 ZBED1 Cluster
/ \ \ ® STAT1
{ ) | | ] POU2F1

veaeee av
avrse” av
0Qag90¢” av
vzie av

gaviie av

vagsze av
vagooe 1L
68¢ 141D
VOG9e 11O
80982 1H10

An increase in adaptive immune activation, neurogenesis, and phosphorylation pathways No changes in microglial cluster proportion
Altered mitochondrial metabolism Overall, it seems that AD microglia are less activated than in CTL except for Complement, Phagocytosis and

Slight microglial activation and a shift in Transcription factors Witochondrial Metabolism
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Intercluster communication: CellChat NicheNet
How does AD induction impact astrocyte transcriptome ? And glial cells crosstalk ?
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