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Adult Neurogenesis

Ramon Y Cajal 1910...

“In adult centers the nerve paths are something
fixed, ended, immutable. Everything may die,
nothing may be regenerated. It is for the science
of the future to change, if possible, this harsh
decree.”

Onwc moAAd AAAo Opyava TOV EVIIALKOV
OPYOVIGLOD, £TGL KL O &Y KEOUAOC TEPLEYEL
BAaocTtoxOTTOPO OO TO OO YEVVIOVTOL VEQ
veupikd kottapd (SVZ kot SGZ tov
ITTOKAUTOV). AVTT €lval L LGTOAOYIKN
OLOOIKOGIOL TTOV TTOPATNPELTAL GE TTTNVA KOl GE
OAa. Ta. ONAaoTIKA.
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2TO EPYUCTNPLO EMGNUULVOVUE TO VEO,
KUTTOPO 6TV 000vTOTN éMKa (DG)...
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Msffeuvan 1000 @opéc

Toun eykepd.lov 0TS PAIVETOL OTO OTTTIKO UIKPOOKOTLO UETA OO0 Ypon yio. BrdU
AvoooicTtoynueio



Iog ypnowonorettonr To BrdU?

Evdotrepitovaikn €vean tng oucia BrdU, n otroia ival avaAoyn 1nS Bupidivng,
EICEPXETAI OTOV EYKEPAAO KAl evOowHaTwveTal 0T0 DNA Twv KUTTAPpWV TTOU
dlaipouvTal KAl Ta ETTIONMAIVEL.

Ortav BavatwOei To TTeipapatolwo Kal a@aipedei 0 EYKEPAAOG, KOBETAI O TOUES
KAl «XpwuaTtiloupe» Ta KUTTAPA ME TNV TEXVIKI TNG avooolioToxXNMEIag (Xpnon
QAVTICWMNATWV).
2T OUVEXEIQ O€ OTITIKO MIKPOOKOTTIO UTTOPOUME VA METPHOOUUE Kal VO
TTOCOTIKOTTOINOOUME TA VEA KUTTAPA TTOU gixav emmionuaveei ye 1o BrdU. (ue
KAQPE) o€ OXEON ME TA UTTAPXOVTA «TTAAQIA» KUTTAPA TTOU £XOUV XPWMATIOTEI
MTTAE.




...OPIGUEVA, LETATPETOVTIOL GE VELPIKA KOTTOPO!

Nevpika, KOTTOPO OTWGS POIVOVTOL OE UIKPOTKOTLO TOAAGTANG E0TIOONG



XOUNAG ETITEON VELPOYEVEGTC GTOV ITITOKOLTTO
£yovv ocvvoebel L. ..

Meiouevo 0yKo 1mmokaumov/atpopia

[ vooloKkEG otaTapayEG

KoatdOAwyn, dyyoc, otpeg
2y 1LoppEVEL

NevpoekpoAoTtikéc madnoelg (m.y.
Alzheimer's)

AvTticuo




Mewmuévn vevpoyEves 6€ TEPUUOTIKA TPOTVTTO
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AVENGN TNG VEVLPOYEVEGTC GTOV ITITOKAUTTO
ETITUYYAVETOL LLE..

2OUOTIKY) AoKNon/TpESIUO
Aofioon 6 EUTAOVTIGUEVO
wePIPAALOV

MdaOnon veéwv Kot 0O0GKOA®MV
OL0OTKOC DV

Opioueva eapuoKa, .y.
VTIKOTOUOAMTTIKA, OVTIYLYOGIKY

OPIoUEVEC OPLOVES TT.Y. OLOTPOYOVA

ADENON VELPOTPOPIKDOV TAPAYOVTMOV
(n.x. NGF, VEGEF, BDNF)




NevpoyEVEST GTOV EVIIAIKO ITTOKOLUTO Kol Labnon




In Vivo Assessment In Vitro Assessment
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[ToAAQL Q7O TA VEQ KUTTAPA TTOV YEVVIOUVTAL OEV eTB1wVouV
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Mnopei n nalnon va «6OGEL) TO véa KVTTOPA,

Prof. Tracey Shors, Prof. Elizabeth Gould,
Rutgers University, Princeton University, New
New Jersey, USA Jersey, USA

Eivair arapaittn n vevpoyeveon yia m uabnon;



MaOnon...

\ . m CS
Stimulation f //,,l\\\\

Conditioned response



Eyeblink conditioning: kAAGO1KO HOVTEAO

egapmuevng pabnong
250 msec
Trace SR
Eaprdrai Uus 500 msec
arTro ToV ITTITOKAMTTO R 100 sec

Trace interval

850 msec
Delay  cs__m———_——

Agv géaprarai US
aTTO TOV ITTTTOKAMTTO

100 msec



[Telpapatikn Otaoikaoia

Inject
BrdU
200 CS- US
1 week 4 days 12 days

200 trials/day after BrdU

d BrdU — avaioyo mmc¢ Oupndivnce

d Avoooiotoynueia



To trace conditioning avéavel tov aplOuo twv
KUTTAP®YV IOV ETTP1VOLV

—e— Trace paired
—>— Trace unpaired
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Gould et al, Nature Neuroscience 1999



BrdU labeled cells

Ta vea xvttapa emPiwvouy yua
TOVAQY1OTOV 2 UNVEC..
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Eitvan mpayupatika padnon;




[Ieproootepa vea kVTTAPA EMPLWVOVV OTOV

UTITOKALITO TOV (WmV TT0V Ladaitvouv kaAd
e ———

1 —e— Good learners
| —o— Poor learners

BrdU labeled cells
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Dalla C. et al, Neurobiology of Learning & Memory, 2007



Avtn n avénon ovuPatvel povo otav pabaivovue kATl
TIOV €EAPTATAL ATTO TOV WITTOKATTO;




MaOnon stov 0ev e€apTaTal A0 TOV
UTITOKALLITO. ..

250 msec

Trace US

850 msec
CS— 1l

Delay us



To delay conditioning 6ev avéavel tov aplOuo twv
VEMV KUTTAPWYV TTOV TTP1W0VOLVV OTOV WIITOKAUTTO...

—e— Delay paired
—O— Delay unpaired
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CLASSICAL “TRACE"CONDITIONING Difficulty Neurons rescued

Blink

Tone starts Tone ends Stimulus

DELAY CONDITIONING
Blink
Easy

LONG-DELAY CONDITIONING :
Blink :

=
—- :
Tone starts Stimulus

Shors T.' J. Scientific American 2009



Yvufatverl 1o 1010 kat ota OnAvka?




Ta OnAvka pabBaivovv kalvtepa oTo
eyeblink conditioning

—e— Males
—o— Females
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H e&aptnuevn nabnon avéavel v empPioon twv
VEWMV KUTTAPWV

MdpTupeg

msmm MdpTUpEG
= Mabnon

Blink

Tone starts Tone ends Stimulus
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Dalla et al, PNAS, 2009
Dalla et al Neurobiology of Learning and Memory, 2007



AMovV €100v¢ nabnon avéavel v
eMPlHOoN TV VE®V KUTTAPWYV;




Xwpwkn nabnon oto Morris water maze

BrdU A sac

!

1 week training 1 day




H yopkn nabnon avéavel tnv emPiwon
TWV VEWV KUTTAPWV
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Gould et al, Nature Neuroscience 1999



[Ipotevouevo LovtELO

4. Maturation and
integration

O Mature Vimmature GC 7 Immature GC dying
@ Mature GC firing wImmature GC firing ® Young mature GC firing




Eivai arapaitt n vevpoyeveon yia m uabnon;

Prof. Tracey Shors, Prof. Elizabeth Gould,
Rutgers University, Princeton University, New
New Jersey, USA Jersey, USA



Melwon tng vevpoyeveonc mpv tn pabnon...

Inject MAM
CS-US
14 days/ Smg/kg 800 trials

iy il

MAM: avri-uitwrikn Bgparreia

Shors. et al, Nature, 2001



Meilmon TG VELPOYEVESTC TPOKAAEL OLOTOPOYES LAONGNC

Eyeblink EMG
(Conditioned response)
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Bax-dependent cell death

AVENGT TNC VELPOYEVESTC
Nestin Doublecortin NeuN TCPOKGJLS{ af)éncn TT]C; “dengng

“Type I*Type II”
(i)

AvEnon ¢ emPinong tov vémv
VEVPIKOV KLTTAP®V LE YEVETIKN
‘ TPOTTOTTOINGT GTNV 000VTMTY EAKOL
M GH= > 88 TOV IMITOKAUTOV LVMV, EYEL OG
Dax Dz ATOTEAEGUO TNV QLENUEVN
YVOGLOKN ENI00GT TOVC GE £Vl
TEGT, OOV TPETEL VO OLOLKPTVOUV
OO0 OLOLPOPETIKOVE YDPOVG

2 B 5 6 7 8 9
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Bax Bax

Bax deletion — cell death

Day 0 1 3
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M Training Context A
M Similar Context B

Sahay et al, Nature, 2012



H vevpoyeveon eatvetal 0Tl lvat amopoitnTn ylo

TN O1AKPIoT TOPOUOIMV EPEDICUATWOV GTO YPOVO...

a With out neurogenesis b with neurogenesis
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Pattern separation science 2009, Sahay et al, Nature, 2012



frontiars in ORIGINAL RESEARCH ARTICLE
NEUROSCIENCE published: 30 April 2013

doi: 10.3389/fnins.2013.00066

Adult hippocampal neurogenesis reduces memory
Interference in humans: opposing effects of
aerobic exercise and depression

Nicolas Déry’, Malcolm Pilgrim’, Martin Gibala?, Jenna Gillen?, J. Martin Wojtowicz?,
Glenda MacQueen* and Suzanna Becker'*

DLUURN 1

Presentation trial 1 | |
Presentation trial 2
Presentation trial 3

TERCEN

Presentation trial 1 I |
Presentation trial 2
Presentation trial 3

* Recognition trial 1




and mood

REVIEWS

Adult hippocampal neurogenesis and
cognitive flexibility — linking memory

High neurogenesis

Safe context

* Baseline HPA axis activity
* Baseline fear response
* Baseline anxiety,

despair and anhedonia

b

Low neurogenesis

Safe context

* Baseline HPA axis activity

* Baseline fear response

* Baseline anxiety, despair
and anhedonia

Christoph Anacker’ and René Hen'3

Low stress response
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High stress response
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Stressful context

T HPA axis activity

T Fear response

T Anxiety, despair
and anhedonia

Stressful context

TT HPA axis activity
T Fear response
TT Anxiety, despair

and anhedonia

Cognitive flexibility

Safe context
4 HPA axis activity

Cognitivedflexibility
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! Fear response
1 Anxiety, despair
and anhedonia

Safe context

TT HPA axis activity
T Fear response
TT Anxiety, despair

and anhedonia



Ynuaota...
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