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MOMUNKOBA
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ronoBHa BNACTUBICTb CTOBOYPOBOI KNiTUHUN —
BiACYTHICTb BNaCTUBOCTEM



1.
2.
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TPU OCHOBHI BJIACTUBOCTI CTOBBYPOBUX
RKNITUH:

30ATHI 40 NOAINY.
30ATHI 1O CAMOBIOTBOPEHHA.

DAIOTb MOYATOK KNITUHAM, LLLO BUULL/IU 3
KAITUHHOIO LUUKAY.
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NMOTEHTHICTb

PiBeHb NOTEHTHOCTI BU3HAYAETbCA KINbKICTIO
BUAIB ANPepeHLinOBAaHNX KNITUH cepen,

3araJIbHOro Yynmcaa HauwlaAKiB cToBOYpoOBOI.

* TOTINOTEHTHI
* NJTIIOPUNOTEHTHI

* MYNbTUNOTEHTHI

MAKE GIFS AT GIFSOUP.COM



MynbTUNOTEHTHI CTOBOYPOBI KNITUHM

[1atoTb NOYATOK KNITMHAaM, AKi BiANOBIAAOTb 32 OCHOBHY GYHKLLiIHO OAHIE]
TKaHW.

He 34aTHI BiATBOPUTU TKAHMHY B LiNOMY ((PYHKUIOHAbHY
apxXimeKmoHiKy), Wo ANA HepPBOBOI TKAHUHM MAE K/IHOYOBE 3HAYEHHS.

Buan mynbtunoteHTHUX ctoebyposux '
KNiTUH

Me3eHXUMAnbHi;
remonoeTUYHI;
MIOTeHHI;
OCTeOreHHI;
OLAOHTOMeHHi;

eHTOoAEepMAanbHi;

eKToAepManbHi;

HeuporeHHi;

C1oBb6YpOBI KNiTUHU HepBOBOIrO rpebHs +



He3'4coBaHO

noTeHTHUN cTtaTtyc CK 3pinoro
OpraHiamy

NIAaCTUYHICTb NOTEHTHOro ctatycy CK
npmnpoaa meseHximanbHux CK
CK | eKBIr@eHOMHICTb OpraHiamy

CKy dyHKUiT i naTonorii



HeunporeHHi ctoBOYpOBi KNiTUHM
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Protracted Persistent
Striatum (guinea-pig) N
(3 years)
Striaturn (rabbit) N naurcbiast chalna _ Calrat+ naurcns 717 |
Cerebellum (mammals) N EGL
{3 years)
Cerebellum (rabbit) gN EGL SPL PaxZ+ intemeurons  MapS+ calls T 7T |
VMS (mouse) N (1 week)
VMM (mouse) N {1 waak)
VIMM-like (rabbit) N IS (2—4 weaks)
Corpus callosum G ETH 7 oligodendroyte 7% ]
CHNS parenchyma G Slow ranewal of oligodendrocytes and  astrocylas
Dentate gyrus N 5GZ Addition of  granules
Qlfﬁﬂtﬂﬂ," bulb cM Sz Replacement  of  perglomerulir and | grsnule  infemeurons
Dieval SpmEnial neuro {Eness
Embryo Birth Postnatal Puberty Adulthood ONd age Death
European Journal of Neuroscience, Vol. 34, pp. 930-950, 2011 doi:10.1111/5.1460-9568.2011.07832.x LlFESPAN

Adult neurogenesis in mammals — a theme with many

variations

Luca Bonfanti'? and Paolo Peretto'>




Comparative aspects of adult neural stem cell activity
in vertebrates

Heiner Grandel - Michael Brand

Latent Reparative
progenitors neurogenesis
+ —
? —
? —

Fig. 1 Pamsagittal sections through the brains of an adult 2 rodent
{mouse), b bird (canary). ¢ reptile (lizard) and d fish (zebrafish) indicating
regions of constitutive proliferation (red) and neurogenesis (blue).
Encricled area in a is magnified in Fig. 3a. The EGL (red) gencerates
most gramile neurons {bliee). EGL 15 defined as the external granule layer
with superficial and deep layers of dividing cells and neuroblasts, respec-
tively. CC corpus cerchelli, #FC nuclkeus engaged in song leaming and
production, LPO lobus parolfactorius, OF olfactory bulb, P pallium

= -~ 2P
@

{dorsal telencephalon), B4 robust nucleus of the archistnatum, RAS
rostral migratory stream, SGZ subgranular zone, P subpallium (ventral
telencephalon ), SV subventricular zone, T2 optic tectum. ¢ Indicates the
plain of the section shown in Fig. 2c. Images modified from Doetsch and
Scharff (2001), Hatten and Hemntz {1995), Kashn et al. {2008), Northcuott
{2011), Peninficl et al. (1996), Pérez-Caficllas and Garcia-Verdugo ( 1996)
amd Stamatakis et al. (2004)

® Constitutive neuronal
progenitors
© Latent neural progenitors
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T. Imai / Seminars in Cell & Developmental Biology 35 (2014) 180-188

o‘lf'aCtOr;y :
tubercle

I[HTEHCUBHICTb HEMPOHOreHe3y y rpn3yHiB: ~1 % HEMPOHIB WOAHA, NPOTArOM MicauA

No/I0BUHA HOBOYTBOPEHUX HEMPOHIB rMHe.

YtBoptotoTbca TAMK-eprivHi iHTepHepoHK HL, , a TaKOX rayTamaTtepriyHi miTpanbHi

Ta ny4kosi ('tufted’) KniTMHM

Archana Gengatharan’, Rodrigo R. Bammann' and Armen Saghatelyan™2*






AIMONE ET AL.
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NEUROGENESIS, INFLAMMATION AND BEHAVIOR

Rachel A. Kohman and Justin S. Rhodes
Department of Psychology, Beckman Institute, 405 M. Mathews Ave, Urbana, IL 61801

Brain activity

Glu
GABA
Dopamine
ACh
S5HT

A
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Upon entering food supplies, '*C incorporates into DNA in Astrocyte

a many similar to that seen in the original [*H]thymidine
studies. This technique enables estimates of overall levels of

neurogenesis, showing a turnover rate of GCs at ~1.75% a

year. Notably, subsequent studies with this technique did H. Suh 1 coaBT.. 2009
, | : y

not observe new neuron turnover in the OB; however, it




REGULATION AND FUNCTION OF ADULT
NEUROGENESIS: FROM GENES TO COGNITION

James B. Aimone, Yan Li, Star W. Lee, Gregory D. Clemenson, Wei Deng, and Fred H. Gage {;4 wk
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{froniers in MINI REVIEW ARTICLE
CELLULAR NEUROSCIENCE D e S oty %

doi: 10.3389/fncel.2014.00440

Neurodevelopmental origin and adult neurogenesis of the
neuroendocrine hypothalamus

Roberto Maggi'?*, Jacopo Zasso® and Luciano Conti®*
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I a1-Tanycytes ) Y
a2-Tanycytes /'
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I B2-Tanycytes RM Hypoﬂla_lgm -
I Parenchymal progenitor %
9]s

I Newborn neuroblast

’/ Neuroblasts (DCX+)

#._ Tanycyte (Vim+)
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®  Ependymocyte




Review

Seasonal regulation of structural plasticity and neurogenesis in the
mammalian brain: Focus on the sheep hypothalamus

Martine Migaud *, Lucile Butrille, Martine Batailler
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hermore, we determined that young neurons tha
rtin (DCX) were observed in sheep hypothalami
the ARC and ME (Batailler et al.,, 2014). We con




Appetite for Neurogenesis
Developmental Cell 42, August 7, 2017
Kristen L. Zuloaga'-* and Sally Temple2*

A Sagittal View of Brain f-endorphin release
in Nkx2.1+ Domain

Cerebellum V-SVZ Olfactory
Bulb

Rostral
OoMC Migratory
Neurons Stream (RMS)

B-endorphin release
B2-tanycytes Neuron from POMC neurons

Hypothalamic regulation of regionally distinct adult neural

Hypothalamus

B Hypothalamus C Anterior V-SVZ D Olfactory Bulb Interneurons
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Alex Paul,"* Zayna Chaker,” Fiona Doetsch®**
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Cell and Tissue Research
https://doi.org/10.1007/s00441-017-2735-4

Review: adult neurogenesis contributes to hippocampal plasticity

Social Behavior, Hormones and Adult Neurogenesis

Maya Opendak, Brandy A. Briones, Elizabeth Gould

Social regulation of adult neurogenesis: A comparative approach

Melissa M. Holmes

Social manipulation

Isolation ‘

Social defeat ‘
Social status ‘

(subordination)

Cell proliferation

male and female rats,
male guinea pigs,
female prairie voles,
male and female

marmosets

male and female
naked mole-rats

male rats, male mice,

male tree shrews,
male marmosets

male baboons

Cell survival/differentiation

male mice, male and
female rats, female
prairie voles, male and
female marmosets

.' male rats, male mice

‘ male rats, male baboons

male and female naked
mole-rats

NESIS

LI plasticity, or life stage. © 2014 IBRO. Published
r Ltd. All rights reserved.

ds: basolateral amygdala, doublecortin, eusocial,
pus, neurogenesis, piriform cortex.




Review

The role of conditioning, learning and dopamine in sexual behavior:
A narrative review of animal and human studies

Mirte Brom®"*, Stephanie Both", Ellen ILaan¢ Walter Fveraerd¢

Sexual imprinting in

r"

Heather Hoffmann

Familiar odours

Unfamiliar odours
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Amygdala

Hypothalamus

Pregnancy block
Bruce effect

hilip Spinhoven ¢

Social/reproductive stimuli

! Adult neurogenesis l

Survivalfintegration Progenitor
newborn neurons
rapid involvement in individual
discrlminatinn.frccagnitlon
partner recognition, mate choice?

12, 19, 26, 30] |c.g.. 26-29, 38, 40]
Fitness maxirnization J

cell proliferation
later involvement in activities

related to parental behavior

Review Article

The Interplay between Reproductive Social Stimuli and Adult
Olfactory Bulb Neurogenesis

Paolo Peretto,* Roberta Schellino,' Silvia De Marchis,* and Aldo Fasolo™
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HelporeHHi ctoBbypoBi KAITUHMN — YYAaCHUKN NATONOTIYHUX

npouecis y MO3KY

Eninencia (mamorozis HeupozeHe3y y airnokamrii)

NMyxnunHm ronoBHOro Mo3Ky (rramorsiozis Helupo2eHHUX
cmoegbyposux KrimuH MO3KYy 3a2asioM)

Benvknn genpecuBHumn posnapg (namorsiozais Helipo2eHe3y y
airnokamrii)

LLinsodppeHia (mamosiozisa HeupozeHe3y y HOX08iu YubyruHi i,
MOX/1UBO, y 2irokamrii)

MexaHizamu:

HaKkonuueHHA myTauii, eHaopenaikalisa, KonitoBaHHA Ta
po3noscloa)XeHHA myToBaHuX ainaHok AAHK cepen
BN1IACHOrO KNiITUHHOro NOTOMCTBa abo cepepq iHWNX KNiTUH
TKAHUHMU.



NMYXJIUNHU TOTOBHOINO MO3KY



(a) Type B SVZ astrocytes

: s, BL
Growth factors ¥

JNE LIE P73

“NSCS” S e
A \
orar Slow!
Nestin+ <l
Sox2+ _"
Id1-high BMP
EGFR+
CDI133+
l}— FGF-2
Type C astrocyte
“NPCs”
GEAP-
DIx2+ L
Sox2+ Fast )
Id1+ N
Astrocytes
Neuroblasts
<
< .
Oligodendrocyte
precursor cells (OPCs)
PDGFRa+
Olig2+
I‘:.I(‘]z —~— L{ - N
estin+ 1
Sox2+ Fis,t 4
Oligodendrocytes
{ Mutagenesis

(b) !

“CSCS”

]

{ Slow

Achievement of the

tumorigenic hallmarks

Astrocytes
Oligodendrocytes
Ependymal cells
Microglia

SVZ Tenascin-C

Basal lamina
Proteoglycans

Endothelial cells

Vasculature
Vascular

niche

Angiogenesis

Microenvironment
aberrationsand ~ ——

epigenetic changes Neurogenesis

Tumorigenesis

Highly angiogenic activity
Cadherins/integrins /

Rapid growth, bevacizumab




[eHiB, WO MyTyloTb Mig vac rniomareHesy He meHwe 200 (P.A. Northcott et al., 2012; G.
Robinson et al., 2012).

“ 1 Q
. p
. PIK3R1

I " P

L=

y . RBl — E2F1

~~~~~ “I‘ ' "o ’--"—-
) A S -4 -2 0 2 4
Figure 2 Log, fold-change



Metabolism and neurogenesis
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IMMUNOCYTOCHEMICAL LOCALIZATION OF DNA DOUBLE-STRAND

BREAKS IN HUMAN AND RAT BRAINS

G. TORRES, " J. R. LEHESTE AND R. L. RAMOS

Department of Biomedical Sciences, New York Instifute of
Technology, College of Osteopathic Medicine, Old Westbury,
NY 11568, USA

Abstract—Post-mitotic neurons are particularly susceptible
to DNA double-strand breaks during their relatively long
lifespan. Here, we report the anatomical distribution and
subcellular localization of a molecule first identified as a
DMA damage checkpoint protein. Immuneocytochemical
analysis of 53BP1 showed that this nuclear molecule is
widely expressed in adult human and rat brains. Further,
we showed that 53BP1 routinely co-clusters with y-amino-
butyric acid neurons throughout the rat neuraxis. Notably,
53BP1 is only expressed in neuronal cells as the DNA dam-
age checkpoint protein was virtually absent from glial cells.
Finally, we found that human neural progenitors showed a
differential index of DNA fragmentation at different stages
of cellular differentiation. These data provide additional
and important anatomical findings for the distribution and
phenotype of DNA double-strand breaks in the mammalian
brain, and suggest that DNA fragmentation is a spontaneous

event routinely occurring in _neural progenitors and adult|

neurons. © 2015 IBRO. Published by Elsevier Ltd. All rights
reserved.

lesions and maintain genome stability (Santivasi and Xia,
2013). One of these repairing pathways is the so-called
non-homologous end-joining (NHEJ) pathway which
repairs helix-distorting lesions such as those induced by
ultraviolet radiation (McKinnon, 2013). If NHEJ is dis-
rupted during neurogenesis, neurodevelopmental defects
arise in the form of microcephaly and/or high-grade
gliomas (Gilmore and Walsh, 2013). Another repairing
pathway operating in the nervous system is ATM (ataxia
telangiectasia, mutated) which responds to DNA dam-
age-responsive kinases. Of interest, disruption of ATM
may lead to neurodegenerative disorders causing
widespread synaptic signal dysfunction throughout the
brain (Suberbielle et al., 2013). Indeed, the importance
of the aforementioned repair pathways is underscored
by the consequences of their failure to respond to DNA
fragmentation in a number of disorders with neurodegen-
erative phenotypes, including Xeroderma Pigmentosum
and the Cockayne syndrome (Jeppesen et al., 2011;
McKinnon, 2013).

To fully appreciate the biclogical contributions of DNA
double-strand breaks in the mammalian brain, we must
first expand our knowledge of the anatomical distribution
of such a DNA damage signaling focus within the adult
human nervous system and to compare whether its
expression and distribution pattern is phenotypically
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Five critena for accepting the neurogenic theory of depression and anxiety

nesis and psychiatric

Criteria

Evidence

1. AHMN is aliered in

depression of anxiey.

2. Impaired AHN is
sufficient to induce

depression or anxiety.

Rodent
- Diverse rodent models of depression and anxiety impair AHN.

Mon-human primate

- Social stress impairs AHM.

Hurman
- Mo direct measurements of AHN in depression or anxiety.
- Postmeoriem studies show inconsistent effecis on progenitor cells.
- Postmeortem studies show decreased dentate gyrus size and granole cell mumbser.
- MR studies show decreased dentate gyrus size.

- Ablation of AHM does not increase baseline depression or anxiety-like behaviors in most studies, but
it may potentiate these behaviors after acute stress.

- Ablation of AHM impairs pattemn separation and cognitive flexibility: cognitive functions relevant to
depression and anxiety.
Mon-human primate

- Mot studied.

Hurman

- Mo direct sudies.

DEPRESSION AND ANXIETY

Bradley R. Miller, MD, PhD" and René Hen, PhD?~

ult human hippocampal
hought that neurogenesis
ortant in memory forma-
nctional neurogenic pat-
ind psychiatric disorders.
mination of hippocampal
it was found that there is
of proliferating cells in the
depression contribute to
lepressant treatment has
ippocampal neurogenesis
[l clarify the connections
ptric disorders, and may
d neurogenesis therapies

an V-5VZ is increasingly
in the development of
Recent attention has been
in schizophrenia, where
0 contribute to the pathol-
al., 2010). Several reports
It neurogenesis in the V-
rhizophrenia by targeting
et al, 2012). Given the
: from the V-5VZ migrate

# Cancer ireatmends that ablate AHN increase depression and anxiety. usible to speculate that
vity may contribute to the

THE CURRENT STATE OF THE NEUROGENIC THEORY OF "‘”1‘*33’ of schizophrenia in humans. A ‘more thorougn
lerstanding of V=5VZ neurogenesis and the migratory

acity of progenitors to the striatum in humans may be

pful in hamessing the regenerative capacity of NSCs to

—-at neurodegenerative and psychiatric diseases in humans.
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Rachel A. Kohman and Justin S.
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Chronic Peripheral Inflammation, Hippocampal Neurogenesis, and Behavior Cog nitive and

Vera Chesnokova, Robert N. Pechnick, Kolja Wawrowsky
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Cell Reports

Ly6C" Monocytes Provide a Link between Antibiotic-
Induced Changes in Gut Microbiota and Adult
Hippocampal Neurogenesis

Graphical Abstract
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Correspondence
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In Brief

Mohle et al. show the impact of prolonged
antibiotic treatment on brain cell plasticity
and cognitive function. They were able to
rescue the decrease in neurogenesis by
probiotic treatment, physical exercise, or
transfer of Ly6CP°® monocytes. They
propose that the Ly6C™ population is
crucial for brain homeostasis and
plasticity.
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FIGURE 4 | Exosomes as regulators of adult neurogenesis. The NSC-neuron lineage is exposed to a complex mix of exosomes within the neurogenic niche.

Exosomes as Novel Regulators
of Adult Neurogenic Niches

Luis Federico Batiz?3* Maite A. Castro %4, Patricia V. Burgos %,
Zahady D. Velasquez ', Rosa I. Mufioz -, Carlos A. Lafourcade®,
Paulina Troncoso-Escudero * and Ursula Wyneken®*
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Fetal microchimerism: the cellular and

immunological legacy of pregnancy

David M. Lissauer', Karen P. Piper?, Paul A.H. Moss? and
Mark D. Kilby"*
Yol 11, 233, November 2009
expert reviews

in molecuar medicine
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Fetal Microchimerism in the Maternal Mouse Brain: A Novel Population
of Fetal Progenitor or Stem Cells Able to Cross the Blood-Brain Barrier?

STEM CELLS 2005;23:1443-1452
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Male Microchimerism in the Human Female Brain

William F. N. Chan'", Cécile Gurnot’, Thomas J. Mentine?, Joshua A. Sonnen?, Katherine A. Guthrie’, 1.
Lee Nelson'?

PLOS OME | www.plosone.org 1 September 20012 | Volume 7 | lssue 9 | 245592
(=] o
O (s}

%0 e o P 3 o ©

o @ o ©
Telencephalon
T »
L]

L] L ] L ]

P T e . .

o e .

| . ®
oP00 o o o o
Rhombencephalon
.
. _ .
t .i L] - L N ] L N
Diencephalon c; ) o
Spinal cord | & -
L] L L i .; I 1 L]
0 2 4 6 8 10 200 400 &00

Concentration of male Me in gEqg/10°

Figure 1. Concentration of male Mc in female human brain regions. Autopsied brain specimens of females without any neuralogic disease
[open drcles) or with AD (filled circles) were tested by qPCR for male DNA. Each point represents one unique brain specimen Telencephalon consists
of neocortical regions [frontal, parietal, temporal, and occipital lobes), limbic regions [hippocampus, amygdala, and cingulate gyrus), and regions of
the basal ganglia [putamen, caudate, and globus pallidus). Diencephalon consists of thalamus. Rhombencephalon consists of medulla, pons, and
cerebellum. Due to the greater number of data points collected for telencephalon and rhombencephalon, data for each group have been plotted
side by side to better present their distributions. Such separation was not done on the data for diencephalon and spinal cord.
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Fig. 1. Microchimerism [(Mc) in three generations. [A) Proband as
infant freal exchanges Me with har mather {blue), resulling in maternal
e in the infant and fetal Me in the moather, [B) As an aduwll, proband (red),
still harbaring maternal Me, experiences pregnancy hersell fgreen) and
acguires newe source of fetal Mo (C) Larer, proband fred), child fareen),
and probana’s mather (blue), al with persistent Me from matemal anay
or felal sources.
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Exosomes: The missing link between
microchimerism and acquired tolerance?

William J Burlingham®*
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Exosomes/miRNAs as mediating cell-based therapy of
stroke

Honggi Xin'*, YiLi' and Michael Chopp'*
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FIGURE 1 |The g of MSC and bio-inf: ion
shuttling between MSCs and brain parenchymal cells via exosomes
Exozames ae generated in the lake endosomal campantment by ineand
buddng of the limiting membrane of MVEB. The exasorme-iled M\Bs
are ather fused with the pasma membrane 0 release oosomes o

zont 10 =omomes o degadation. Micovesides are plasms membrans

,, Astrocyte

Neuron

denved partides fiat are rekeased into the extracelulr emdronment by
e direct autward buddng and fisson of the plesma membrane. The
bo-niormation camied by MEC exasomes than transier 1o brain
prendrymal cells like astrocytes and newans. 1LV, intraluminal vesidles;
MVE, mudivesiculr body; GC, Gdg corrgex; RER, rough endoplasmic
refoulim.
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Cell fusion in the brain: two cells forward, one cell back

Kevin Kemp - Alastair Wilkins - Neil Scolding
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Fig. 3 A GFP-labelled bone marrow-derived Purkinje cell. A sin-
gle GFP-positive Purkinje cell found within the cerebellum of a BM |
chimeric mouse (expressing GFP-tagged bone marrow) with experi- |2
+ mental autoimmune encephalomyelitis (EAE). The image represents
fusion between a GFP-labelled (green) bone marrow cell and a Cal-
bindin-D28K positive Purkinje cell (red). Several GFP-positive ghial |4
cells can also be observed within the image. GFP-expressing bone |4
marrow chimeras were produced through transplantation of GFP-;
tagged bone marrow stem cells into lethally irradiated mice (scale

Heterotypic cell fusion

bar 50 pm)
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Spinal cord injury

2,5 mnH.

TPaBMOBaHMUX

YONOBIKMU
npauesnaTtHoOro BiKy

iHBanigunsauyina

BTPATU | BUTPATHU



Mpu TpaBMi CMMHHOTO MO3KY YIWKOAXYOTbCA HEMPOHU | AaKCOHMU

binbw BaXnmBe KNAiHIYHE 3HAaYEeHHA MAE YPAXKEHHA
HU3XiAHUX BOJTIOKOH CMTMHHOTO MO3KY, AKe 0OYMOBIJIIOE
BTPaTy YCBiAOM/IEHOTO KOHTPOIO HaA GYHKLUiED M’ A3iB



PICT AKCOHIB HYEPE3 3O0HY TPABMMU B/ZTIOKYETbHLCHA
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\

Severed axons

Demyelination

Apoptosis \
and necrosis 7 ©

proteoglicans

, /@

Inflammanon—‘—;‘—@
f

| ®

Edema

Excitotoxicity and
oxidative damage, etc.

Hemorrhage

Cavitation

Glial reactivity and

inhibitory scar formation

Ischemia/vasospasm

and occlusion
\ U

A.J. Mothe, C.H. Tator, 2012

N

CynpacnuHanbHble
npoekuun

a) MepeknioyeHne
Ha cynpacniHanbHble
HeNnpoHbI

6) MepeknioueHue
Ha NPONPHOCNMHasbHbIe
HelPOHbI

B) PereHepauVoOHHbIA
POCT MOBPEXAEHHbIX
cynpacnumHanbHbIX BOSIOKOH
I) CnpayTuHr

CynpacnuHanbHbIX BOMOKOH
Ha YpOBHe CMMHHOIo Mo3ra

) CnpayTunr
NPONPUOCIMHANBHBIX
BOIOKOH



PyxoBa dyHKkuja 3IK, 6anu BBB

beta-tubulin
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Sapienti sat. lakyio.



