R

DENa ESQIIJIJJSJ'JQ aUX cJéwLJverze; :

Monaco
Aqge
Onoologie

Cours Francophone d'oncogériatrie

* UC ; JEDI

nnnnnnnnnnnnnnn e la recherche médicale C OT E D AZ U R -a 2 : blnt.E)cellenta\dDyeric Initiative




INSTITUT DE PHARMACOLOGIE MOLECULAIRE ET CELLULAIRE

% Hni\rcrsi[é Inserm mci{nsgzitalier UNl\/E RS'TE, .'. 2 l ) |

icc

Sophia Antipolis — Universitaire C@TE D’AZUR ,° : aﬂ

de la sants et de la racherche medicale de Nice

FRANCE GENOMIQUE

LABEX ICST (%4
ION CHANNEL SCIENCE AND THERAPEUTICS

I .

~B [Bi

V5561 N - aINFRASTRUCTURES 4
‘ X \, £T AGRONOMIE

‘;,I N Microscopie ( APAB'O i

s ( ' Imagerie M5 U DEFHA3MACOLAGE EMOLEC JL4R= El CELLILARE

__ \ Cot

SIGNA(MFE @fﬂOﬂ@ i‘\{ N\ Sz




Une expertise établie

Nouvelles molécules
contre la dépression

Canaux ASIC
douleur et toxines

Mouvements des lipides
dans les membranes et entre
compartiments cellulaires

Etudes génomiques
a I'échelle de la cellule unique









Viodernbiolegicalitheornesioraging inmnumans

IWGEIMalN CatELORIES:

0 Programmed  theornies: Aging 1ollowWs ar kiolegicals timetanie)
f

PEMAPSs ar continuation sNErenerthat regulatesscniicdnood
) )
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c'r]arge; NEBENE EXPrESSIONS tha affect e SsyStems
esponsipietormalintenance; repail: rmrl 0 EIENSEESPONSES:
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Ihe programmed theory

Nree sup-CateESOrIES:

17

Programmed  Longevity:  Segquentials SWitChing: ons and ol of;
CErtainy BENES, SENESCENCE PEINS dENNEC as the time Whenrage-
associated deficitsiare manifested:

Endocrine; Tiheory, Bielogicalt Clocks act: throUghr WOMMONES 10
contrel the: pace of aging. Evelutionarilys consernved roler of;
insulin/IGE=1 signaling (IIS)fpathway.

Immunoloegicallheory: e immune system: declines GVer time;
Whichleads: torantincreased Vulnerabilitys tor iInTECtious, diSEASE
and thustaging and death. Dysregulated immUne reEsponse Nas
peentlinked ter cardiovasculardisease; inflammation; AlZheimers
disease(AD)) and Cancer:
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Ilhe damage or error. theories

Wearanditear'theory (Weismann, 1882): Cellsiand tissueshave
Vitaliparts thatWearoutWith time:

Rate ofiliving theory (Rubner, 1908). Invernted relationshiploetween
organism s metaboelismiandilifespan:

Cross=linking theory(Bjorksten; 1942). Anraccumulation o Cross:
lInkediproteins damages cellSiand tiISSUES:

Freeradicalitheoryoroxidativerdamage theory ofiageing
(Gerschman & Harman, 1954=1955). AccUmulationioVer time of
damages o biomolecUlES Y SURPEroXiderandiotherfreeradicals.
= Single=andidoublesstrandrbreaksintnucleic acids; chemicalicrosslinks.
= mpoertance ofiseveralisignaling pathways:; ROSsighaling; antagonisms
petween growthi(MOR)fandistressiresistanceforkihead box @ itranscription
factors); AlVIP=activated protein kinase; sirtuins...
Somatic DNA'damage theory: Continteus nuclearand/or
mitechondriallDNATdamagesinliving cellss Accumulation o eenetic
mUutationSWithiincreasingage => deterioration - malfitnction:



" !\ ll

~. 1

||\l7| ] |VW'

”!gg

lon torrent PROTON lllumina NextSeq500 Fluidigm C1 Fluidigm Biomark




Ficorder

A flavor or Starlrek




Portable (space, zika) _— :
Long read sequencing (30kbp++) |

>95% precision
Many applications: detecting microbes, haplotypmg, methylation
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A future « Minion » revolution in medicine

* A new tool for semiology:
— Addressing more rapidly infectious diseases
— Metagenomics

— Long read information => haplotyping (combined or not with
short read NGS)

— Nucleic acid modifications = epigenetics, DNA modification
* Opening the systems biology box in any medical office

* But improvements still required (high error rate,
sensitivity, bioinformatics,...) 2 short reads needed



D Genetics of human longevity

25% of the variation in human lifespan thought to be caused by genetic variation
(Herskind et al. 1996 ), especially after age 85 years (Hjelmborg et al. 2006).

Candidate genes for longevity encode proteins engaged in different biological
processes including lipoprotein metabolism and inflammatory processes
(Christensen et al. 2006).

Northern Europe:

— Genetic variation in APOE, CETP, and IL6, and possible HSPA14 associated with human longevity
(Soerensen et al. Evidence from case-control and longitudinal studies supports associations of
genetic variation in APOE, CETP, and IL6 with human longevity. Age (Dordr). 2013 Apr;35(2):487-
500)

China:

— 11 independent loci, replicated in 2 studies (Northern + Southern China). Asscoiation with
« immune response and inflammation », « MAPK », « calcium signaling » (Zeng et al, 2016.
Scientific Reports | 6:21243 | DOI: 10.1038/srep21243)

Alzheimer’s disease:

— Lambert et al. Meta-analysis of 74, 046 individuals identifies 11 new susceptibility loci for
Alzheimer’s disease. Nat. Genet. 45, 1452—-1458 (2013) = APOE also!

— Karch et al. Alzheimer’s disease genetics: from the bench to the clinic. Neuron. 83, 11-26 (2014).



SCIENTIFIC REPg}RTS GWAS study:

OPEN’ Novel loci and pathways
significantly associated with Souhern China: (887 + 1412) controls
longevity

Four pathways highly associated with longevity (P < 0.006) in Han Chinese:
 starch, sucrose and xenobiotic metabolism;
* immune response and inflammation*
* MAPK*
e calcium signaling®  * confirmed in other cohorts
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Northern China: (1063 + 1115) centenarians

11 independent loci,
replicated in 2 studies
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Importance croissanterdela

/

Iareponseraiunetherapieci

Pathologie Biomarqueur # tests
Cancerauisein Amplitication’d:HER2 3924
CancerdelestomaciAmplification’astiER2 709
Cancer colorectal Viutationside’KRAS 19547

lViutationsideMNRAS 5550
GIST lViutationsidesKii; d:lf?

Viutations de'PDGERA
Mutations d’EGFR
Translocation d’ALK

Viutation de’BRAE V6005026
L Detection de'BCR=ABL 6750
Leucemie: .

ABL 861
TOTAL: 89254

VIUtationsc

DonneesPlatejormesigenetiguesiNca; 2013

genetiquerpourpreaire
J Cerologie

cEC € Cail

Nombre % altérations Non
patients moléculaires interprétables
Translocation ALK * | 18861 13.4%

VIOTaTIONSIKHEAS] 225D 2Y3070

Mluezitlons H5HAF 20100 2.0% .27
VIUTatiONSHI ERZ: 13895 U0 ) b7
Mlurzstlons PIECA V7575 4.4 L0,

=2 gefitinib, eriotinib, afatinib,
= crizotinib, certinio;



Gomprehensivemolecularprofiling of23010ngadenocarcinomao

ARNmMymicroARNmutations)Variationsid iinombbreld elcopiespmethylationyproteomigque
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B Missenze M Splice site B Frameshift
B Monsense | In-frame indel

EA Collisson + Cancer Genome Atlas Research
Percentage

Network, Nature (2014)

B Transversions M Transitions ™ Indels, other

Jauxieleve deimutationsisomatiques: 8:9' mutations parrmegabase
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Mutation total

Ploidy
Purity
CpG —>T%

Never-smoker
Female

Histology

b ona methylation subtypes

CIMP-intermediate Normal

CIMP-low

CDKN2A
RASSF1
sox17
HOXD1 |

HOXA9
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DNA methylation subtype Expression subtype Expression, ploidy,
2 s X > purity, mutation rates
B CIMP-high Bl Proximal proliferative
CIMP-intermediate I Proximal inflammatory
CIMP-low Bl Terminal respiratory unit Low High
(TRU)
Integrated subtype Fusion Histology
1 iClust1 14 iClust4 ALK B Solid
2 iClust2  [§) iClusts ROS1 B Acinar
3 iClusts 18 iCluste RET -;ep':w o :
< apillary/Micropapillary
DNA coEJ number DNA methylation Muicincis
| S Other
-1.0 0 1.0 0 1.0
Mutation Smoking status Gender
Il Mutant Il Never-smoker Il Female Concurrent p16 methylation

and SETD2 mutation



Cellular’theoriesiof;aging

s CellfdivisionigraduallyisiowsratieachiSUCCESSIVE dIVISIon, Until
replicative’senescence; atWhich point nofurtherdivisionsiwilllocculr:

s | CrEasing Proportion esenesceEnt CellSToVErR timeNterminalistage at
Whichicellsi\cease tordivide):

s IhemechanismieiireplicatiVe SENESCENCENS ThoUghT toNRVOIVEISOME
tYpe oirbielogicaliciockawithintthercell, WhIChimEeasures the RUMIBEN
oficelltlardivisionsiandisighalsithe cellfterdiscontinue division at
some genetically predetermineditime = Hayflickilimit theory offaging
(RUmBEeroidivisiontuntil’stoplinked torthe SHoRtENIng oiftelomeres at
eachicellidivisiontuntillarcriticalliensth)



Single celll RNATanalyses

0000
<
c mean
S 0000 0000 0000 0000
c
2 Differentiation,
()
S Treatment ..... 0000
L
« Population sequencing yields * |dentification of cell types or cell
average values states

e Changes in subpopulation
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Viodified 'smart=seq protocol: On=ChipBarcoding + UM

amasaaaasa RNA

96x Reverse Transcription

P (UMI tagging)

AAAAAAAAA
TTTTTTTTT s cDNA
" Barcoding, Amplification

LY S

[TTTTTT]T G-
-

96x PCR
BC PMII

[ |
¥ Gl GGG
NSl CCC

% GEENE wwe® GGG G & & OTTTTTTTTT
RS CCC Gl @D @D AAMAAAAAA D

Isolate 5’ fragments (Biotine)
Library preparation

Sequence
UMI
NS a— Y €] C]C IR—— ]

S CCC

1D 9pIsu|

UMI (NNNNHHHH)

—h

Cell barcode

-

G | -
[ M) adapters

Arguel et al, 2016



The different steps of MCC differentiation
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An identity card for each human nasal epithelial cell




e Standard sequencing configurations
e Easier to multiplex with non-SC libraries
e High quality UMI and Cell Barcode reads

*High performance on patterned flowcells

¢ Partitions 100 - 10,000+ cells per
10x L channel in < 7 minutes
NOMICS™

|

v
A
(3

- *Recovers “65% of all loaded cells

e Low doublet rate: 0.9% per 1,000 cells

* Optimized reverse transcription
and cDNA clean-up

* Enzymatic fragmentation

Enzyme ¢ Cell suspension to library in 1 day

DNA
Barcoded primer library
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10XiChromium -million-scale single.c
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1,508 4247511 g1elGell \eXPression Projiles

Microglia

E18 Mouse Cortex, (6.584 cells, 0.5%)

Hippocampus And
Ventricular Zone

Excitatory Neuron
(768.309 cells, 58.72%)

Endothelial
(45.703 cells, 3.49%)

Inhibitory Neuron : 3 e * Ty, ’ :: L
136 (197.059 cells, 15.06%) 3
~10,000 cell libraries

Oligodendrocyte Precufsor >, by Astrocyte
4 (102.952 cells, 7.87%) (187.814 cells, 14.35%)

HiSeq 4000 flow cells

SINEOJ il SUSEZATCENS
Cell Ranger 1.2

= therismillienisingle=cellsswere processed as 1S 6N Ibrares;

=G CrOSS 17 CRIOmMIUMmMICHIPS, S1SampIes each),
— S dep Adlele)flayyed]ls (L) ailliags feedels = 2.500 reads/cell)
= LHISIWOrKIWAS COmpleted by onepersoninronesweek:



tSNE projection of 10X Genomics single cell RNA seq data

Cluster 1 Cluster 5 Cluster 9
Cluster 2 Cluster 6 Cluster10

Cluster 4 Clustér 8

Basal cells

(CLCA4, SPRR1A)
Ciliated cells (FOXJ1, TPPP3)

Late differentiation

@ “ KRT5, KRT6A, KRT14, TP63
Jio 2..

Proliferation %
(MKI67, cell cycle)




1,067

Mean Reads per Cell

132,400

Sequencing
Mumber of Reads
Valid Barcodes
Reads Mapped Confidently to Transcriptorne
Reads Mapped Confidently to Exonic Regions
Reads Mapped Confidently to Intronic Regions
Reads Mapped Confidently to Intergenic Regions
Sequencing Saturation
Q30 Bases in Barcode
Q30 Bases in RNA Read
Q30 Bases in Sample Index

(30 Bases in UMI

Melanoma

Estimated Number of Cells

Median Genes per Cell

3,145

141,271,047
97.8%
56.2%
60.0%
14.2%

4.9%
64.2%

W00k
5
2
Tk
5
2
'21003
=
5 s
= 2
2 w
5
2
10
5
2
1

-

2 51 2 5100 z  sW000:2
Barcodes

Estimated Number of Cells
Fraction Reads in Cells
Mean Reads per Cell
Median Genes per Cell
Total Genes Detected
Median UMI Counts per Cell

Melanoma_3




Melanoma

- 255 cells
- 220 cells
- 202 cells
- 179 cells
- 126 cells
- 85 cells
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Conclusions

* Nouvelles approches expérimentales, qui vont
probablement changer certaines approches
médicales = Tricorder

* Neécessité d'appréhender des données d’un
nouveau type (génétique, bioinformatique) qui
servent des aujourd’hui a orienter certaines
pratiqgues médicales

* Explosion des outils « single cell » qui offrent
aujourd’hui 'opportunité de capter des
variaitions jusqu’a présent cachées dans les
fluctuations du temps biologiques
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