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Chick embryo

Head

Tail

Neural Crest

Migrate extensively through
stereotypic patterns



Neural Crest Derivatives

A~

neurons & glia of the PNS, and Melanocytes

Q Sympathoadrenal cells

PATHOLOGIES: 1/3 of all birth defects.
Orofacial clefts, rare syndromes, and cancers
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Differentiation Potential of Neural Crest

Neurons, Glia, melanocytes, Adipocytes, odontoblast,
osteoblasts, chondroblasts, myocytes, Oxigen sensing cells

of the Carotid Body, Thymus mesenchyme, etc....

How do NC cells Generate so
Many Different Cell types?
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Waddington Epigenetics
Sequential segregation of potential

CRANIOFACIAL

'\\2‘

A R

TN

7

3
oS

O é\\; : N i,
X \§ P . :’A‘, " - .

Melanocyte

e 4

Cartilage,
EPIBLAST ‘ Muscle,

Skin & CNS Muscle, Bone, Adipo, Blood




Garcia-Castro Lab: Neural Crest Ontogeny
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"Ontogeny of Neural Crest "
S

Specification of chick NC before gastrulation.

Human NC, Embryonic studies and PSC models
suggest an early post epiblast differentiation.

Specification of mammalian NC in the Rabbit is
evident during gastrulation

Garcia-Castro Lab
UCR, School of Medicine



Neural Crest Formation

Classic Induction

Cascade of
Transcription
Factors and other
markers
responsible for
Neural Crest dev.

Non Neural Ecto Neural Ectoderm
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Neural Crest Formation

Our work suggest earlier NC induction
(prior to definitive mesoderm and neural tissues)

NCC
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EarIy aV|an NC development Snail2, Sox9, FoxD3 exp

Neural plate —>
stage Xl stage 3 stage 4+ J stage 7 stage 8 stage 10",
*7’;(17?* l@
e
Incubation 13 18 22 28 36
Time hours hours hours hours hours hours
Pax7 expression & requirement S
Snail2 Pax3
Sox9
Ets1
Sox10
FoxD3

Basch et al. 2006
Nature 441:218-222
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Early avian NC development
Neural plate

Incubation 0 13
Time hours hours
Specified

Earlier specification?

Koller’s sic

Eileen Uribe-Querol
(Assistant Professor, UNAM, Mexico)




Blastula studies of NCC specification

Dissect epiblast tissues, explant into collagen gels

/Culture in isolation /non inducing conditions
)

l, stage 10
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Are NC markers induced during culture?

®Prospective NCC

stage 4+

> Lol \T/

Culture 25h

Dissociate

ONCC

pN: 6% Pax7, 5% Sox9. PNCC: 45% Pax7, 23% Sox9.



Epiblast Fate Mapping
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Cell tracing summary
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Are human Neural QN
Crest also specified E M
before gastrulation? A NC+N

SINC+M
OnNc+E

Can we translate the

gains from ChiCk NC Non-neural ectoderm
StUdiES? Mesoderm

Neural ectoderm

Medial 0/3=2> NC
Intermediate 7/9~> NC

y2 = 5.600, df =1, y2/df = 5.60, P(x2 > 5.600) = 0.0180



Analysis of early human NCC development

Neural plate Snail2, Sox9, FoxD3 exp
stage XlI stage 4+ stage 7.~ stage 8 stage 10 1
Incubation 13 18 22
Time hours hours hours hours hours
Specified
Week 2 2 | | | WeeKk 4
Camegle SLO Carnegie St.13-14
’ [
Ronan O’Rahilly
Histological analysis Carnegic SL12-18

Dr. Erik Sundstréom
(Karolinska Instituet, Sweden)



Analysis of early human NCC development

Primagratory
NCC

/S0x9

Migratory o o 010
A‘,’T\W‘: “ - N CC 3
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Week 4 Week 3] |
\ ' | Carnegie St.12-18 "
S dh NP & /

Pax3, Pax7, Sox9, Sox10,
Msx1/2, AP2, HNK1, P75NTR

Erin Betters Betters et al, Dev. Biol. 2010



Modeling hNC development with PSC

Pomp et al 2005 (R. Goldstein lab—> Studer, Wysocka, Dalton, Bajpai, Toguchida, Andrews, etc)
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Validation of NC status
-

Expression of NCC markers

1 SOX10 100

PAX7 10000 H
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Whnt-induced hNCC generate genuine NCC-derivatives

chondroblast osteoblast peripheral neuron markers glia markers melanoblast
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HISTORY OF NEURAL CREST INDUCTION FROM hPSCS

Goldstein

PA6 co-culture
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SOX9 N2
SNAIT —
MSX1

3 weeks
B

Peripherin
Brn3a or Tyrosine hydroxylase

Pomp et al, 2005

Studer Dalton  Toguchida/
Noggin BIO
SB SB lkeya &
D-2 to DO ol
Condit
| T S
D-2 to DO
KOSR StemPro mTeSR1
10-Cell clumps
v Pass
v Pass
g tg\v Pass 3
(18] © =
© o S
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v Pass *, (FACS)
p75, HNK-1, P75, HNK-1, TFAP2, SOX10
TFAP2a, SOX10 TFAP2a, SOX10, SOX9 P75, TWIST, PAX3
PAX3, ZIC1

Lee et al, 2007/2010

Mica et al 2013,
Chambers et al, 2013

Menendez et al, 2011

Fukuta et al, 2014

Garcia-Castro
CHIR
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B27
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v
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TFAP2, SOX10, PAX7, PAX3
SNAI2, MSX1, MSX2, ZIC1

Leung et al, 2016



Characterizing the signaling parameters

Garci
Transient WNT
first 2 day only 5 Days
[CHIR]
Low CHIR (WNT) High CHIR (WNT)
Anterior NC Posterior NC

Gomez et al. 2019a Dev Biology

No Hox-(cartilage) Hox+ (adrenal) Gomez et al. 2019b Development

1 —H9 —Shef6 M1 |

Day 5

s 7 0, P4
+10.1 P:81.9%+13.3 +7.2 .4%16.2 $:90.6%+4.7 P:7! + 93.3%+2.2 SP:8! 1%+2.9 SP:80.8%:+5.7

XENO-Free model high efficiency across multiple ES/iPSC

Hackland et al. 2019 Stem Cell Reports

a-Castro
CHIR
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B27

5 days

TFAP2, SOX10, PAX7, PAX3
SNAI2, MSX1, MSX2, ZIC1

Leung et al, 2016



Ontogenx of Wnt induced hNC

Ectoderm Mesoderm Endoderm
Y —
CNS /N _Sim
Neural . @ Non-
<---=->>" Neural




Ontogenx of Wnt induced hNC

WNT, BMP,
FGF, etc

GBX2, SP5,

ZIC3, ZEB2
Mesoderm Endoderm

Ectoderm

PAX3/7,
MSX,
TFAP2

Ontogeny and signaling contributions
Leung et al. 2016, Development

SOX9/10, ‘
FOXD3, ZIC1

NCC



Further analxses of hNC Ontogenx

EPIGENETIC, TRANSCRIPTOMIC, AND
FUNCTIONAL ASSAYS

5 Days
s () e R ¢

Compare epigenetic regulation and expression of ES
and NC markers after WNT induction

L — - ES 6hrNC
ES 2

OCT4

ES 6hr 1.5
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Hierarchical clustering/ Pheatmap in R-studio program.



Upregulation NC proteins in prospective NC
soon after WNT activation

ES 6hrNC 12hrNC 18hrNC 24hrNC
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Leung et al. 2019, BioRxive
Prasad et al. 2020, Submitted



EPIGENETIC, TRANSCRIPTOMIC, AND
FUNCTIONAL ASSAYS

5 Days
s (DD i ) §©

INDICATE THAT 6 HOURS AFTER
INDUCTION, THE NC PROGRAM IS
INITIATED

Can we translate the
gains from Chick and
model human NC
studies to mammalian
embryos?




Early NCC development in Mammals

Pax7/-cre
Pax7 LacZ
Pax7 EGFP
NONYAVAS

- Mu@ch et al. ) Neuroscience 2010
Murdoch et al. PLoS ONE 2012
Pax7KO & Pax3KO DelConte & Garcia-Castro Submitted




Rodent specific pre-gastrula development




Rabbit development as a mammalian alternative

Rabbit

150pum

CHICK MOUSE RABBIT




Expression of mesoderm, Neural,
and NC markers in the rabbi
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St. 6 Rabbit



NCC Marker Expression in the Rabbit

Expression assessed in embryos from St. 3 to St.11/12 (13ss).




Are Rabbit NC specified during gastrulation?

midle-inter-lat
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Culture, Fix and immunostain




Are Rabbit NC specified during gastrulation?

midle-inter-lat

— @ >
Betters et al., 2018

Culture, Fix and immunostain Developmental Biology
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Conclusions

* Chick NC are specified at the blastula stage

 Human NC models based on ES/PSC suggest meso-
neural independent and fast initiation of the NC fate

* Rabbit embryos reveal for the first time the specification
of NC during gastrulation in mammals.
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