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L 3BontoumnA HeEpBHOM CUCTEMbI OT NPOCTENLLMX A0 YEN0BEKa.
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9BOJ/TIOUMOHHAA AUNHAMUKA

HepBHaﬂ CNCTEMa BO3HUKIIA TOJIbKO B LLAPCTBE XXUBOTHbIX

— Frst Homo zapiens Brain cells, nervous systems, and
— Frst Homo erectus muscles first evolved in animals.

— Frst Hominids Y‘\
A
— Extinction of the i ﬂ
dinosaurs . % r,’/
';ij ..Lk R

Monera Protista Plantae Fungi Animalia
(bacteria) (single cells) (plants) (fungi) (animals)

MnH. net

— Frst brains

— Fist simple nervous
systems

Common ancaestor

s Truecells
of animals

(nuclei and organelles)

CeHCOpHbIi OdPeKTOpPHbLIN

First single-celled 610K 610K
organisms

CeHCOpHbI BIOK 3P PeKTopHbLIN
The Earth forms 6noK CpaBHEHUs 610K




3BONOLUMA HEPBHOW CUCTEMbI

HepBHasa ceTb: CermeHTupoBaHHasa HC: Y3noeaga HC: raHrnuum — FonoBHOU U
anddysHana, Mmosra Het ounarepanbHass cMMMeTpUs || NPUMUTUBHBLIU MO3T CNUHHOWN MO3rT
M/ 8‘; J+ Sea /4 Flatworm Squid
\ ¢ anemone ’y's
| { _.“;._-- Ganglia
i ; ¢ e, (
== ' Y

R .
==
l'I \\, ~\'\ \\ —
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Common ancestor ganglion ganglion ganglion ganglion
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(a) Nerve net of jellyfish

(b) The flatworm nervous system has a (c) The earthworm nervous system has a
primitive brain. simple brain and ganglia along a nerve cord.

Esophagus - -~
Primitive brain
Nerve cords -7 Primitive

brain = =

Mouth s
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ganglion Ventral nerve cord
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3BONOLINA HEPBHOW CUCTEMBI
[NMO3BOHOYHbLIX

@ "N

MuHoru XpsaweBsle KocTtucrteie Ambpunbumn Pentunuun Mruuel
MUKCUHbI PLIOLI PLIOLI nurakowue

Bonbwoun
MO3r

KoHeuHocTH

"HA CYLLY

OcobeHHOCTN CTPOEHNSA HEPBHOW CUCTEMbI MO3BOHOYHbIX:

» BbunatepanbHasi cMMMeTpuS;

» CermeHTMpoBaHHOEe CTPOEHNe CNNHHOIO MO3ra;

» 3awmta LIHC KocTHbIMM 0Opa3oBaHusMU;

* [lporpeccuBHbIn PoCT NepeaHero Mosra nNpu pa3sBUTUN KOHEYHOCTEN;

» [TepekpecT HepBHbIX NyTen (MpaB. Nnonylapue — eBasi CTOpoHa 1 HaobopoT);
» PacnonoxeHne HepBHOM cuctembl nosaan cepaua n XKKT.



OCHOBHBbIE 3TAlbl PASBUTUA MOS3TA NO3BOHOYHbLIX

W Mo3r MPUMUTUBHbI Moaxeuok
Mo3Xeuyok Hepa3BUT

T [NaBHblii OTAEN - 3aHWiA . OBoHAT. Aors . lepEarSloTastE

% [losiBneHne mMoaxkeuka
- o =

sy [losiBNeHne NpoMeXyToyHoro otaena
PbiBbl [maBHble OTAENbI - BUuaocneLnguyHbI

YBenuyeHne nepeagHero moasra
3auaTtku YeTBepOoXonmus

[NosiBneHne HEOKOPTEKCa,
CTpVIapHOﬁ CUCTEMbI, HETBEPOXOJIMUA.
Pa3Butne mosxeuka

Peaykuus HeokopTekca
[porpecc cTpuapHoi CUCTEMBI
CoBeplLUEeHCTBOBaHNE MO3XKe4Ka

[MaBHbIA OTAEN - CPEAHUI + NMPOMEXYT.

- 3puTen. Aons

SHuedanmsaums
KopTukanunsauus




Caenorhabditis elegans, 1000 / 300 knetok

KonHektom C. elegans




[daxHuo pepuo: 6onee 1 MNH. HEMPOHOB

Mbiwb: okono 70 MNH. HEMPOHOB
Kowka: okono 1 mnpa. HeMpoHoB
Y/o o6e3bsiHbI: 7-10 MnpAa. HEMPOHOB

Yenosek: okono 100 mnpAa. HeMpoHoB
(85-90 mnpa.)

OnekTpuyeckue n XumMmnyeckue Kak e n3ay4yarb HacTonbKo
NPUHLUMNBLI paboTbl HEPBHbIX CNOXHble CUCTEMbI?

CUCTEM BECbMa MOXOXM. HemHoro cnacaer cutyauuio
370 No3BONSAET, B Yucne npoyero, [l OOLWHOCTL NPUHLMNOB PaboThl

npeasapuTenbHO UCMbITbIBATb MO3ra — Ha MOJNEeKyINspHOM,
NneKapcTBa Ha XUBOTHBbIX. .. KNTeTO4YHOM U CeTeBOM YPOBHSAX.

CnoH:

250 mnpa., HO B
kope 0. n/w -
MWL 5 MNpAa.
(6onbLu-BO
OCTanbHbIX B
MO3JXKEYKE).

Y yenoseka B
MO3XEYKe
okono 50%
HEAPOHOB




3BONOLNA HEPBHOW CUCTEMBI
[MO3BOHOYHbLIX

YCIOXHEHWE NOBEOEHUA

Cerebrum Cerebellum Cerebrum Cerebellum Cerebrum Cerebellum Cerebrum , Cerebellum
\ f /
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Tarsiers New World Old World Gibbons Orangutans Gorillas Chimpanzees Humans
and lorises monkeys monkays

Great apes

Common ancestor
of primates




PASMEPbl MO3IrA TOMUHNA

C yBennyeHnem pasmepos
MO3ra YCHOXHAKTCSA opyans

TPyAa

H. neanderthalensisS

CoBpeM. yernosek HeaHnpgepraney

Common A africanus
ancestor

l 3pUTENLHON N OCTPOBKOBOW
(06oHATENbHON) KOpbI

A. africanus — acmparnorniumek agpukaHcKuu;
H. habilis — yenosek ymernbiU;

H. erectus — yenosek ripsamoxoosawjud;

H. neanderthalensis — HeaHOepmarey,

H. sapoens — 4yernosek pa3ymMHblU.



aTy Rat == COMNOCTABINEHUE PA3MEPA
M MO3rA MNEKOMUTAIOLUUX
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KOSOPULIMEHT SHUEPAJIN3ALINA

(a) Brain Weight (g) : : ‘ L .

Squirrel Sheep Chimpanzee Human Dolphin Elephant
6 100 400 1,400 1,600 5,000

(b) Brain Weight as a Percentage of Body Weight

Brain weight (g)
Body weight (q)

Percentage:

(c) Encephalization Quotient

EQ - ' m — macca Mo3ara B rpammax,
- IRMPAYEIER M — macca Tena B rpaMmax.

(I". DxepucoH, 1973r.)



KOSOPULIMEHT SHLUEPAJIN3ALINA

The modern human brain has

the largest size relative to .

body weight. Homo sapiens _

\ _ Dolphin
&

Elephant
~

®—» Gorilla
Chimpanzee

e
Lion

Australopithecus — ..A
Baboon —@ o &
Wolf ~ o

Deviation from the trend line indicates
either larger (above) or smaller (below)
brain size than average, relative to
body weight.
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10 100 1,000 10,000 100,000
Body weight {in kilograms)

KOSOPULIMEHT LUEPEBPOJIM3ALUN: m x m/M

yenoBek — 32

cnoHbl — 10

romuHuabl — 7,35
KutoobpasHble — 6,25
HacekomosiaHble — 0,06

M — MacCCa MO03lra B rpamMmax,
M — macca Tena B rPamMmmax.

AnnomeTtpuyeckas 3asmcumoctb (CHenn): m = aMP



BEC MO3IA (I

1 — aBCTpanuinupbl;
2 — aHrnu4yaHe;

3 — dopaHUy3bl;
4 — HeMUbl;

S — pyccKue;

6 — Kopenupl;
7 — ANOHLbI.

https://www.sciencedaily.com/releases/2015/04/150428082201 .htm



N.C. TypreHeB
2012 r.

.. MeH,qenAeeB
1650 r.

B.W. JleHuH
1340 r.




Brain of a white-collarworker

Ecmb makue nodu, K
KOMmMOpbIM rpocmo
xoyemcsi noéoumu u
rMouHmMepecosamsCH,
C/I0’KHO 11U 6€e3 M03208
Xumb?

®auHa PaHesckas

ELSEVIER

The Lancet
Volume 370, Issue 9583, (July 2007)
DOI: 10.1016/S0140-6736(07)61127-1



®OPMUNPOBAHWVE HEPBHOW TPYBKW —
nepsas ctagus pa3BuTUS HEPBHOW CUCTEMBbI
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YenoBek

Neural plate

Ectoderm—____

Mesoderm — #

Endoderm—"

(A) Day9 (B) Day 10

o, e

MbiWwb

2 -?}; é >y ol
CkraHupyrowuti MUKpockorn



OCHOBHbIE MOP®OIEHbI (ambpuoHanbHbIE NHAYKTOPbI)
B PA3BUTVWM HEPBHOW CUCTEMbI

1. BMP — Bone Morphogenetic Protein /

[lop30-BeHTpanbHo

2. SHH - Sonic hedgehog S ™

3. Homeobox-containing nnun Hox reHbl

Kayao-pocTpanbHo




MEXAHWN3MbI MHOYKLNA ®OPMNPOBAHMSA HEPBHOW TPYBKW

SKTOOEPMA

HEFBIAR 4—\>M
TKAHb

Noggin
Follistatin
Chordin
FGF3
HoBbIn MHOYKTOP FGF4
Henpynsauuu ? ? (Nature, 2011) Xliml

_~BWP
E.WRHDT/ BMPR
-Sma -Sm
0-Sm

Zfp521

ME3OOEPMA




MOP®OJIOIMYECKUE HAPYLUEHUWA MNMPU OTCYTCTBUN HO'TNUHA N XOPOUHA

A B c

HOPMA HOKAYT no HorruH HOKAYT no HorruH+XopauvH

Y

From Bachiller et al., 2000



MOP®OJIOIMYECKUE HAPYLUEHUA INMPU OTCYTCTBUW SHH - Sonic hedgehog

(A) Wild-type (B) Shh™/Shh™

o W Mesencephalon
/ Mesencephalon

Diencephalon
: Telencephalon

Optic vesicle

© Diencephalon Figure 12.28

Brain defects in embryos lacking sonic hedgehog. (A) A wild-type mouse and (B) a
Telencephalon Mesenceohalén 12.5-day embryo lacking sonic hedgehog. The expression of the otx-2 gene is seen in red
P to highlight certain regions. In the mutant, no midline forms, and there is a single,
continuous optic vesicle in the ventral region. The nose will form above it. (C)
Drawing showing the location of the prechordal plate in the 12-day mouse embryo.
(Photographs courtesy of P. A. Beachy and C. Chiang.)

/ Metencephalon

Prechordal
plate Myelencephalon

Hypothalamus

Notochord




OOP30BEHTPAJIbHASA CMNELMANU3ALIMA HEPBHOW TPYBKU

BMP— popasanbHasi Yactb —
BMP4, 7 in BMP4 in — iop3arlibHble MHTepHeMPOHb|

ectoderm roof plate

SHH — BeHTpanbHasa 4yactb —
— BEeHTpalbHble UHTEPHEUPOHBI
N MOTOHENPOHDI

floor
notochord plate

TGF-p family:
BMP4, BMP7 4

BMP5, Dorsalin,
Activin

st BMP7, Dorsalin, Activin
-y

Dorsalin, Activin '
/ -Roof plate

Gradient (\ _— D1 interncurom

of TGF-B ' -[D2 interncurons

family = VO interneurons

; — VI interneurons

Gradient ' } ; V2 interncurons

of Shh 7 Motor neurons
- ——V3 neurons

—

—Floor plate

1/
4

Mouse embryo
(12 days)

Homeobox-containing nnu Hox reHbl

Liu et al., 2005 doi:10.1038/nrn1805




SKCIPECCUA MOP®OIMEHOB MNP ®OPMNPOBAHU MEOVWATOPHBIX CUCTEM MOHOAMUHOB

Diencephalon

Telencephalon

Inductive Neuronal populations
influences

Dopamine Cranial
=it (substantia nigra) | motor
s @ Serotonin neurons:

= Wnt1 (raphe nuclei) m v ®
. Fgrd @ Noradrenaline
B BMPs (locus coeruleus)

*During gastrulation




GOPMUPOBAHME OCHOBHbIX OTOEJIOB MO3IA B OHTOIMEHE3E

Cerebral
s Y Telencephalon | hemispheres
Y
& Thalamus

Diencephalon =————>| gybthalamus
Hypothalamus

/ Mesencephalon Neuropituitary

»| Midbrain

H Midbrain Metencephalon

X

Myelencephalon ——>| Medulla

Hindbrain /

Spinal
cord




GOPMUPOBAHME OCHOBHbIX OTOEJIOB MO3IA B OHTOIMEHE3E

3 5
Primary Secondary
vesicles vesicles

£ ~ .
Telencephalon

: Diencephalon
Forebrain

Midbrain — Mesencephalon
Metencephalon

Hindbrain
Myelencephalon -

l

Spinal
cord

Adult derivatives

Olfactory lobes — Smell
-E Hippocampus — Memory storage
Cerebrum — Association
(“intelligence”)

Retina ~ Vision

Epithalamus - Pineal gland

Thalamus — Relay center for optic
and auditory neurons

Hypothalamus — Temperature, sleep,
and breathing
regulation

— Midbrain — Fiber tracts between
anterior and posterior
brain, optic lobes,
and tectum

Cerebellum — Coordination of
complex muscular
movements

Pons - Fiber tracts between
cerebrum and
cerebellum
(mammals only)

— Medulla — Reflex center of
involuntary
activities




POPMUNPOBAHME OCHOBHbIX OTOAEJNIOB MO3IA B OHTOIEHE3E

Embryonic brain regions

A\

Brain structures in child and adult

A\

Telencephalon
Forebrain <

Diencephalon

Midbrain Mesencephalon

Metencephalon
Hindbrain <

Myelencephalon

Mesencephalon

Midbrain

) Diencephalon
Hindbrain

-
Forebrain Telencephalon

Embryo at 1 month  Embryo at 5 weeks

© 2011 Pearson Education, Inc

Metencephalon

Cerebrum (includes cerebral cortex, white
matter, basal nuclei)

Diencephalon (thalamus, hypothalamus,
epithalamus)

Midbrain (part of brainstem)

Pons (part of brainstem), cerebellum

Medulla oblongata (part of brainstem)

Cerebrum Diencephalon

CED /e
“\\\\“\' ol?lol:\gaata

'
% Cerebellum

Spinal cord




TABLE 7-1 Stages of Brain Development
|

1. Cell birth (neurogenesis; gliogenesis)
2. Cell migration
3. Cell differentiation

4. Cell maturation (dendrite and axon growth)
5. Synaptogenesis (formation of synapses)

6. Cell death and synaptic pruning

7. Myelogenesis (formation of myelin)




GOPMUPOBAHWME KOPbl MO3IrA YEJIOBEKA

Body weight

Brain weight

B
S
~
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>
[~
@
~

@
®
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r—
o
D

<

Neuronal migration Differentiation Neuronal maturation

S

~ Neurogenesis — — ———

1 1 ]
9 38 Birth 40

Conception Age (in weeks)

Dyslexia and Development: Neurobiological Aspects of Extraordinary Brains, 1993



OCHOBHBbIE 3TAlbl @OPMNPOBAHUNA MOS3I'A YEJIOBEKA

8 12 16 20 24 28 32
- Adulthood
Gestation (weeks)

Neurulation
Neuronal Neural mi

proliferation ————————————

Myehnat:dn

1 week 3 months 1year 2 years 10 years

MRI scans of human brain development

Tiw



OCHOBHbIE 3TAlbl @OPMNPOBAHNA MOS3I'A YEJIOBEKA n 'PbI3YHOB

Myelination

Gliogenesis

Synaptogenesis

HUMANS

Apoptosis

Neurogenesis/Migration

(gestational weeks) BIRTH (years post birth)
8 16 24 32 4 8 12 16 20 24

b

4 8 12 16 4 8 12 16 20 24
(gestational days) BIRTH (days post birth)

Neurogenesis/Migration

Apoptosis

Synaptogenesis

Gliogenesis

Myelination

CN. Zanghi, V.

https://doi.org/10.1016/j.ntt.2016.12.004




Pa3Butu

€ MO3rla

Outer surfsos
QX A

Mo3r 3-Xx Meca4Horo 3apoa

-

billa 0be3baHbI

Hespenbie HENPOHbI
MUTPUPYIOT BAONb
rMuanbHbIX BOMOKOH.

3TN HENpPOHbI obpasyroT
BpeMeHHble CBA3U C
ApPYTMMU HEUPOHaMMU B

nyTw.

OBuxeHue BOonb
rnuanbHbIX BOMOKOH
TpebyeT y4yacTua Monekyn
aaresMm u
COKpaTuUTenbHbIX 6enKoB.




POXXOEHWVE N MUTPALINA HEMPOHOB

Layer |
Layer Il
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Cortical Layer IV
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OCHOBHBIE PETIYJIATOPbBI - TpaHcKpunUMoHHble ¢haKkTopbl




MOCTHATAJIbHbIN OCHOIEHES3 MOSIA MPbI3YHOB

HENPOHbI MU

Hippocampus Hippocampus
Cerebellum Cerebellum

Rest of
Brain

Whole
Brain

Postnatal Day

CN. Zanghi, V. Jevtovic-Todorovic / Neurotoxicology and Teratology xxx (2017 ) xox-Xxx

https://doi.org/10.1016/j.ntt.2016.12.004




Temporal development of the neocortex

Key

Y
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POPMNPOBAHWE KOPbl MO3TIA OBLIbI

Ursexumn PH)-tumMuannHa

R

Cnou Kopb!

sewecrso

Xenynou-
KOBbIA CNOA

90 100 110 120 130 140 150
Cytkun 6epemMeHHoOCTH

BeegeHune 3H-TummnanHa

160
Poxaexue




OBPA30OBAHUME CUHATTTUYECKUX KOHTAKTOB
B PEHEOBUIATEJIBHOM LIEHTPE YEJIOBEKA

1
!
/

!

Newborn 1

‘
l

2
| .
K ll' i

PucyHok PamoH-u-Kaxanb, 1900 r.



CUHOPOM NMOMKOW X-XPOMOCOMbI —
CHWKeHne akcnpeccumn benka FMRP
(yBenunyeHue peuentopoB rnytamara mGIluRYS)

Hopma Hokayt no [llogaBneHue
FMRP mGIuR5

Mark F. Bear 2008



TOJILLULMHA CEPOI'O BELWWECTBA KOPbl B OHTOINEHE3E — nokasatens muennHusauymm

Gray Matter

YNCINO CUHAIICOB

Density of synapses

5
Prefrontal

http://dx.doi.org/10.1016/j.ijdevneu.2013.05.007




CTPYKTYPA B3AUMOLENCTBUA MEXOY OTOENAMU KOPbl B OHTOMEHES3E

Children Adults

mPFC (antcrior)

mPFC (ventral) /‘\
6] \
o Zd | \WN

s i

. mhippommpal ',/'A"\‘A'

lat. parictal

retrosplenial

cercbellar tonsils

http://dx.doi.org/10.1016/j.ijdevneu.2013.05.007



dakTophkl, 3anyckarlme
nporpaMmmMupyemMyro
KNeTOYHYI rubenb
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MECTO KACTIA3bI-3
B ANOINTO3E KIIETOK MO3IrA

T/”
,§

LUUTO30IJ1e aroritTtocomMma

KACIA3A-3

CDEarmeHTaiml iHK

U rmoenb KNeTku



CXEMA 3KCIPECCUN N AKTUBALIUN KACTIA3bI-3

A4p0

AKTUBaLUA NMPOTEONM30OM

N’ &
npokacnasa-3

3’ 5’

MPHK npokacna3sbi-3 AKTUBHasA Kacnasa-3

(peseptuBHas MNMUP — 8-10 XXNBOTHbIX (MMMyHOrMCTOXUMUSA

[MLP B peanbHOM BpeMeHN — 5-6 XXUBOTHbIX) /-8 XXMBOTHbIX B rpynne.
~2000 KneToK B Ka)a0M
CTPYKType Moa3ra)

rmoenb KNneTku



OANHAMUKA YPOBHA mPHK NMPOKACIA3bI-3 B OHTOIMEHE3E

CTBOJ1 riiogbl HOBOPOX/]. B3POCIJIbIE
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*p<0.05 #p <0.1 c npedbIdywum eo3pacmo



JKcnpeccnsa akTMBHOW Kacnasbl-3 B MO3re KpbICAT

J1.

OnTnY. NNOTHOCTL (YC

4 OeHb XU3HU

~"MO3XEYOK"

A

|

N

1\ runnokamn, none CA3

CtBon Mo3x. Kopa CA1 CA2 CA3 DG
M'Mnnokamn

JlaHwakos u Op., bronn. Skecn. buon.Med., 2009, m. 147, Neb.



neurotrophins

factors

Neurotrophic

TGF-beta
superfamily

Neurotrophic
cytokines

BMP
family

CNTF
family

BDNF NGF TGF beta
family
NT-3 NT-4/5
CDNF

LIF

A4

Other

IL-11

OSM

CT-1

CLC

neuropoetin




Neurotrophin signaling

NGF BN?_!:/LF NT_3 B-amyloid, prion protein

B FEEE

L XXXXXXX (XEEED XXXXXXX} LTTAKII) XXXXXXX} I

¥4 Pk

NFkB

Survival-Apoptosis
Proliferation
Differentiation
Axonal Growth/Dendritic Arborization
Synapse formation
Retrograde Signaling
Cross-talk with other receptors

‘ Pro-Neurotrophins

® 1§ Sortilin




OYHKLMWN SPENBIX ®OPM W NMPO®OPM HEMPOTPO®UNHOB

KpbicsaTa, 4 A€eHb XXU3HU

2) mBDNF proBDNF

cortex

hippocampus

Physiol. Res. 64: 925-934, 2015

Cell Survival Apoptosis




HOPAOPEHEPITMYECKAA CUCTEMA MOSTA
(KaKk npumMep HEeMPOXMMUYECKOro CO3peBaHUS)

BMP, SHH, FGF8 — ocHoBHbIe mopdoreHbl hopMmupoBaHUA CUCTEMbI;

Mash1 — Phox2a — Phox2b — HopagpeHepruyeckmn deHoTUN
(akcnpeccusa TI)



CTBOJI MOS3I'A

0/, 120-
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KOPA MO3rA




[MTJIOTHOCTb AJIb®A2A-AP B CTBOIJIE
A COOEPXAHVE HOPAAPEHAJIMHA B MOSI'E

BO3PACT, AHU

14 21 28 35 42 49 56 63 70

HEMPOXMMWYECKOE CO3PEBAHME OMPEOENAETCA 3PENIOCTLIO
BHYTPUCNCTEMHbBIX MEXAHN3MOB BSAUMOPET YIALINA




MEXTMOJIOBbIE OCOBEHHOCTH

MWUETTMHN3ALUNA

Light colored zones
| myelinate last.

LIRE 7-1 F ———r

fact that the light-colored zones are \

myedinate led Flechsig to propose that they are

qualitatively different in function from those that

mature earlier
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Mean brain volume by a ge in

J..I“l than
males, reaching maximum "l""‘fal volume
(A) and gray-matter volume (B) sooner
(indicated by arrows). The decreasing gray
matter corresponds to cell and synaptic loss.
g white-matter volume (C) largely
cc'respo"ds to myelin development. Adapted

F»:-n‘a es show more rapid

from " Sexual Dimorphism of Brain Development
Trajectories During Childhood and Adolescence, by H

K. Lenroot, N. Gogtay, D. K. Greenstein, et al., 2007
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Lifespan of neurons is uncoupled from
organismal lifespan

Lorenzo Magrassi*', Ketty Leto”<, and Ferdinando Rossi®*

eGFP B6/129Sv neural precursors
dissociated from E12 cerebellum

' E15 Wistar rat embryos
/1'

‘4

eGFP B6/129Sv colony

Newborn Wistar rats surviving
in utero transplantation
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Siblings of E12 donnor mothers
(Maximum lifespan 26 months)

Wistar rats transplanted in utero
(Maximum lifespan 36 months)
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Adult neurogenesis

By Gerd Kempermann®* and Abcam

Featured products Neurogenesis in the adult olfactory bulb Neurogenesis in the adult hippocampus

Dfferentation
(neurte extorscn).

Dentate gyrus

Simplified sequence of marker expression
o 2 - —_ —) NeW neuron

» New neuron

BLBR (Pw6)  CEIEINNEYNTIN Caketnin, (TH)
Nestin, Scx2 NeuN

Note: not all marker combinations are prosent in all colls
Obgodendrocytic Anoage

POGFRa IS

Pre-sosceted scondary araboses




Development/Plasticity/Repair

Mitochondria Modify Exercise-Induced Development of

Stem Cell-Derived Neurons in the Adult Brain

Kathrin Steib,! Iris Schiffner,'2 Ravi Jagasia,'? Birgit Ebert,' and D. Chichung Lie!>
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