FP7-HEALTH AgedBrainSYSBIO: 2013-2017
Initiative CH Sainte-Anne-INSERM-Paris Descartes

Neurones humains dérives des fibroblastes des

patients
Michel Simonneau MD PhD

i Inserm

Institut national
de la santé et de la recherche médicale

VS

CcC A C H

I k Ecole des
Neurosciences

Paris Tle-de-France

]
SEVENTH FRAMEWORK
PROGRAMME




1. FP7-HEALTH AgedBrainSYSBIO:

2013-2017

SYSTEMS BIOLOGY OF PATHWAYS
INVOLVING BRAIN AGEING

AGEDBRAINSYSBIO

Type of funding scheme
SME-targeted Collaborative
Project (Medium-scale focused
research project)

HEALTH.2012.2.2.2-1 Integrative
systems biology & comparative
genomics for studying human
ageing and/or most common age-
related diseases.
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Getting new sets of data

Spatial resolution

-> subsets of neurons

-> subregions of neurons
-> evolutionary data

-> humanized mouse lines

-> human neurons from iPSCs
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2. Approches génétiques 7 =
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Christine VAN BROECKHOVEN, Antwerpen

Jean Charles LAMBERT, Institut Pasteur, Lille

Jacques EPELBAUM, INSERM U894
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http://www.sciencedirect.com.gate2.inist.fr/science/article/pii/S0168952510001472
http://www.sciencedirect.com.gate2.inist.fr/science/article/pii/S0168952510001472
http://www.sciencedirect.com.gate2.inist.fr/science/article/pii/S0168952510001472
http://www.sciencedirect.com.gate2.inist.fr/science/article/pii/S0168952510001472
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Lipid transport

r - Atherosclerosis

TRENDS in Genetics

Van Broeckhoven et al., 2010
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Extremely rare Rare Common
Variant frequency
TRENDS in Genetics

* High-risk—rare alleles (Mendelian disease)
 Low-risk—common alleles (GWAS)
 Moderate-risk—low-frequency alleles

“dark matter of disease risk’ Singleton, Hardy et al., 2010



S The NEW ENGLAND JOURNAL of MEDICINE
Bacterial cell

TREM2
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Figure 1. Phagocytosis and TREM2.

V"Si‘gh‘all"i‘n'gs The receptor molecule TREM2 is expressed on the sur-
face of the microglial cell and is known to mediate
l phagocytosis of bacteria. Binding of TREM2 promotes
Ph - signaling through the molecule TYROBP, resulting in
Prodlfci‘i):r):?:::os phagocytosis and elevated short-term production of

reactive oxygen species (ROS).



3. Analyse des interneurones: ==

Approches genethues SEVET ke %
\ } _T"‘\*"J 7 L PN TN . .
— ‘ 3G Analysis of pathways using
SR () Wiy novel ontology elements
‘ x L. (] :
= 3% Subsets of identified neuronal types as
OIS !~{ :/¥>\ ', indicated (coloured circles) on an
{ K\)C > ’{*\ original cortex drawing from Santiago
e =B F ‘, \_,j{:t | Ramon y Cajal (1904).
b; g \»\;i > \.. ; )£ l\ b 3 Superficial layers of the .human front§I
\L}’c/ 3 tS:( il ;\, c?r';exlvye.re drawn kfy Caj_?:]on thg ba5|ls|.
=y ~ ! {l) / of Golgi impregnation. The maln ce
/\‘:\l - *i / ,E types of the cerebral cortex i.e. small
‘ ) Sl and large pyramidal neurons (A, B, C, D,
A % ~—i~{\ E) (red oval) and non pyramidal (F, K)
\EYQ*IJI" cells (interneurons in the modern
| v L%/(,_/* 5 i nomenclature) (green ovals) are
P S \/ ) remarkably outlined.
0 = 1 Localisations in a neuronal
;"r?‘w%w ; 1‘} { compartment: dendrite, dendritic
¥ | 4 | . T
'-‘.‘K‘)J'. R spines, cell body and axon are indicated

(blue boxes).



List of interneuronal genes

Gene Name |Access to human version (Ensembl release 65 - Dec 2011)
ARX ENSGO0000004848
CALB2 ENSGO0000172137
CCK ENSG00000187094
COL19A1 ENSG00000082293
DLX1 ENSG0000014435
DLX2 ENSG00000115844
DLX5 ENSG0O0000105880
DLX6 ENSGO0O000006377
GAD1 ENSG00000128683
GAD2 ENSGO0000136750
IGF1 ENSGO0000017427
LHX6 ENSGO0000106852
NLGN2 ENSG00000169992
PNOC ENSG0O0000168081
SLC32A1 ENSG0O0000101438
SST NSGO0000157005
TAC1 ENSGO0000006128
VIP ENSG0O0000146469
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18 genes analyzed

Alice THOMAS,
Yann LOE-MIE,
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Représentation en réeseau des alléles du bloc haplotypique du gene SST
Les sommets représentent des haplotypes et les arétes des mutations

Haplotypes contenant
-«—— le variant C du SNP
rs4988514

- Alléle ancestral

Données issues des 1000 génomes. L'allele ancestral est calcule a partir d'un
alignement homme, chimpanzeé, macaque et gorille.



SST gene 7 b\ o

SEVENTH FRAMEWORK
PROGRAMME

Scale 1 kb I 9
chr3: 187387000| 1873875001 1873880001 187388500

YourSeq

ssT ﬂnes Based on RefSaq, LIniProt, GenBank, CCDS and Cemperm

RefSeq Genes
RefSeq Genes L I ——
Human mRNAs from GenBank
Human mRMAs I ]

Human ESTs That Have Been Spliced
Spliced 1E§:|TS ---------- -IIIIIIIIIIIIIIIIIIIIIIIIIII p {INIRRINRnnm

] Ac Mark {Often Found Near Active Regulatory Elements) on 7 cell lines from ENCODE
Layered H3K27Ac

0

Digital DMaszl Hyperse
DNase Clusters 9 v W R —
 —

Transcription Fa
Txn Factor EEIF’

Placental Mammal Basewise Conservation by PhyloP

Mammal Cons

0-
4

Rhesus
Mouse
De%
Elephari
Opossum i

hicken
*_tropicalis
~Zelbrafish

rs9822131
rs49858514
rs114494514 |
rsf3886434 |
rs17796022 |
rs4988513 |
rs34477564

Common SNPs(132) 1 |

RepeatMasker

s
| Simple Nucleotide Polymorphisms (dbSNP 135) Found in == 1% of Samples

I
%imple Nucleotide Pelymerphislme [dbSNFl" 132) Found in == 1“{1 of Samplles
Rewing Elements by RepeatMasker



sequencing data T

Schéma bilan séqguencage Anvers

05.01.2012
’ ¢ $| |$ — :'c_%?) n=>5 [AD3/5,CTL2/5]
C C
T G C
i I — — n=1[AD:0/1,CTL:1/1]
T C
; Nk S— —+  n=3 [AD:1/3, CTL: 2/3]
T C
T T n=9 [AD:5/9,MCl:1/9
. T CTL: 2/9,AAD: 1/9]
rs17796022 rs4988514
(T>C=3%) (T>C=10%)
Légende:
C forme dérivée exon

T forme ancestrale microsatellite « GT repeat »
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Neuron

A Resource of Cre Driver Lines for Genetic
Targeting of GABAergic Neurons in Cerebral Cortex

Hiroki Taniguchi,! Miao He,! Priscilla Wu,! Sangyong Kim,! Raehum Paik,! Ken Sugino,? Duda Kvitsani,! Yu Fu,!
Jiangteng Lu," Ying Lin,! Goichi Miyoshi,® Yasuyuki Shima,? Gord Fishell,® Sacha B. Nelson,? and Z. Josh Huang'*
1Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724, USA

2Department of Biology and Center for Behavioral Genomics, Brandeis University, Waltham, MA 02154, USA

3Smilow Neuroscience Program, Department of Cell Biology, New York University Medical Center, New York, NY 10016, USA
*Correspondence: huangj@cshl.edu

DOI 10.1016/j.neuron.2011.07.026




Cell-type-specific isolation of ribosome-associated
mRNA from complex tissues

Elisenda Sanz?, Linghai Yang?, Thomas Su?, David R. Morris?, G. Stanley McKnight?, and Paul S. Amieux®?

Departments of PBiochemistry and #Pharmacology, University of Washington, Seattle, WA 98195

AN

Communicated by Richard D. Palmiter, University of Washington School of Medicine, Seattle, WA, June 26, 2009 (received for review May 1, 2009)
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4. Data mining 7 b\ ’

Quretech, Estonia Jaak VILO
EBI, Nicolas le NOVERE

SWISS PROT, loannis XENARIOS
Babraham Institute, Cambridge

Tel-Aviv University, Tal PUPKO
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Genome-wide
association studies

Transcriptomics ——p
Expression
time-course —

biochemistry
Functional studies

amounts and kinetics; OD
—> and stochastic models
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@ LOAD-GWAS susceptibility gene products interacting

| J" + . . . . . .
@ (TRakT with dendritic spine DISC1 protein interactors.
CLU, PICALM, DACT1 and FERMT2 are linked to this dendritic spine network.
Interestingly, both CLU and PICALM are top list candidates and DACT1
TaEZ | x\

encodes a bona fide specific protein of dendritic spine.
- LOAD-GWAS data are from AgedBrainSYSBIO Partner 1, 2 and 3 and DISC1

. \
N N . . e .
. N\ *-., interactors have been identified by AgedBrainSYSBIO Partner 7. These
KIF21B ~ W . .
_ \.\ N\ results outline the power of PPl networks to prioritize results from genome-
\\ \\ wide association studies.
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5. Modeéles murins humaniseés
Clinique de la souris, lllkirch
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6. Drug discovery : ReMynd company, Belgium

A >G (SNP)

mouse huma mouse
5' homology arm for ES cell 3" homology arm for ES cell
S recom bination
Recombination
size = 5kb
size = 5kb

Red/ET

Recombination
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BAC

~£eMYND




7. Initiative CH Sainte-Anne/INSERM/
Paris Desca rtes SEVENTH FRAMEWORK

Neurones humains derivés de fibroblastes OSTARE
Des patients

Individual with
Timothy syndrome

Skin biopsy
-—-—\ Fibroblast
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Cell transplantation W N
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In vitro analysis

Transplantation to create
chimeric mouse brain
for in vivo analysis

Huttner & Rakic, NatureMedicine 2011

Y0 ) Repair - Reprogramming
. using Oct4, c-Myc
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Human neurons derived from patients iPSCs
(James Adjaye, MPI; Michel Simonneau INSERM U894)

PAXG6 / NESTIN / DAPI

TUJ-1/DAPI




