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ABSTRACT
How the considerable diversity of neural crest (NC)-derived cell types arises in the vertebrate embryo has
long been a key question in developmental biology. The pluripotency and plasticity of differentiation of the
NC cell population has been fully documented and it is well-established that environmental cues play an
important role in patterning the NC derivatives throughout the body. Over the past dacae,andin
vitro cellular approaches have unravelled the differentiation potentialities of single NC cells and led to the
discovery of NC stem cells. Although it is clear that the final fate of individual cells is in agreement with their
final position within the embryo, it has to be stressed that the NC cells that reach target sites are pluripotent
and further restrictions occur only late in development. It is therefore a heterogenous collection of cells that
is submitted to local environmental signals in the various NC-derived structures. Several factors were thus
identified which favor the development of subsets of NC-derived eeNstro. Moreover, the strategy of
gene targeting in mouse has led at identifying new molecules able to control one or several aspects of NC cell
differentiationin vivo. Endothelin peptides (and endothelin receptors) are among those. The conjunction of
recent data obtained in mouse and avian embryos and reviewed here contributes to a better understanding of
the action of the endothelin signaling pathway in the emergence and stability of NC-derived cell phenotypes.

Key words: neural crest, avian embryo, cell differentiation, endothelin3, peripheral nervous system,
melanocytes, Schwann cells, mesectoderm.

INTRODUCTION cells migrate extensively throughout the embryo and

The neural crest (NC) arises at the junction betweerkater give rise to a wide array of derivatives in a

the prospective epidermis and the prospective neuraﬁa“ety of sites.

plate in vertebrates, regardless of whether the NC NC.C?”S cor_1ta|n different subsets of cells that
cells ultimately detach from the open neural foldsfOIIOW distinct migratory pathways and are at the

(as in mammals and amphibians), the closed neuraﬁrigin of multiple cells in the adult (for references,
tube (as in birds), or from an ectodermal thickeningl‘e Douarin 1982, Le Douarin and Kalcheim 1999).

at the neural plate-epidermis boundary (as in fish)The levels of the NC along the neural axis have been

Shortly afterward the morphologically identical NC designated, from rostral to caudal, gs cephghct va-
gal, trunk, and lumbosacral. The various derivatives

“Invited paper _ _ of the NC are listed in Table I. The NC was found
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TABLE |

Summary of the neural crest-derived cell typesin the vertebrate embryo.

Neural crest derivatives

Neuronal cells
Sensory ganglia of cranial nerves V, VII, 1X, X
Spinal ganglia
Ganglion cells of the autonomic nervous system
Supportive cells of the nervous system
Glial cells of the peripheral ganglia
Schwann cells of peripheral nerves
Meninges of the anterior brain
Pigment cells — (except for pigmented retina)
Endocrine and paraendocrine cells
Adrenomedullary cells
Calcitonin-producing cells
Type | cells of the carotid body
M esectoder mal derivatives — (cephalic neural crest)
Visceral and facial skeleton
Cranial vault
Walls of large arteries derived from the aortic arches
Connective tissue of thymus and parathyroid glands
Dermis of neck and facial regions

cells of the sensory and autonomic ganglia of thegenerated from very restricted regions of the neu-
peripheral nervous system (PNS), to the entire enroaxis. The NC is therefore regionalized as con-
teric nervous system, and to various glandular anderning the different ganglionic neurons (i.e. sen-
endocrine cell types. In addition, the cephalic NCsory, autonomic and enteric) belonging to the PNS.
from the level of the diencephalon yields mesenchy- ~ As a population, the NC cells show a great
mal cell types forming the so-called mesectoderm pluripotency when challenged with a new environ-
including the facial and head dermis and conneciment by heterotopic grafting (quail-chick neu-
tive tissue, the smooth muscles of the wall of arte-ral chimeras). For example, the vagal NC, which
rial trunks and most of the skull vault (i.e., parietal normally produces cholinergic gut neurons but no
and frontal bones) (Couly et al. 1993). In addi- adrenergic cells, produces sympathetic neurons
tion, the NC yields the pigment cells (except thoseand chromaffin cells when grafted at the trunk level.
ofthe pigmented retina). Melanocytes are generate&imilar transpositions of fragments of the neural pri-
along almost the entire axis of the embryo whereasnordium along the antero-posterior axis have thus
other NC derivatives such as the chromaffin cells ofrevealed that NC regions have broader developmen-
the adrenal medulla and the enteric nerve cells ar¢éal capacities than actual fates expressed in the em-
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bryo. Nevertheless, the trunk NC cells are unable tdion of antibodies to neural antigens later allowed
contribute to mesectodermal structures when grafted better characterization of multipotent avian trunk
at cephalic level, therefore suggesting an early deNC cells, by identifying the existence of both cate-
velopmental restriction of NC cells caudal to somite cholaminergic and sensory neurons in multipheno-
5 as compared to the more rostral cephalic NC.  typic colonies (Sieber-Blum 1989).
In vitro clonal analysis permitted us to address
THE GENERATION OF NEURAL CREST CELLULAR the controversial question of the origin of mesecto-
DIVERSITY; THE NEURAL CREST STEM dermal lineages from the cephalic NC. Two models
CELL CONCEPT could be proposed (Figure 1), a first one assum-
A key question in understanding the ontogeny of NCing an early segregation in the premigratory NC
derivatives is to elucidate how cellular diversity is of mesectodermal precursors from the progenitors
generated from the apparently homogeneous popef other NC-derived (neural, melanocytic and en-
ulation of NC cells. Two different scenarios can docrine) lineages, and a second model where the NC
be made to explain the diversity of cell phenotypesincludes highly multipotent cells capable to gener-
arising from such a pluripotent population of embry- ate both mesectoderm and other NC derivatives. By
onic cells. One possibility is that the NC consists of seeding migratory NC cells individually on a feeder
a heterogeneous assortment of committed unipoter@yer of growth-inhibited 3T3 fibroblasts and ana-
progenitor cells, each programmed to give rise to dyzing their progeny with lineage-specific markers,
particular derivative. These progenitor cells couldevidence was provided for extremely diverse devel-
migrate in a directed fashion to their proper loca-opmental and proliferative potentialities of NC cells
tions and differentiate according to prescribed fatestaken from the mes-metencephalic level (Baroffio et
or they could migrate randomly and those localizedal. 1988, 1991, Dupin et al. 1990).
in inappropriate sites must either fail to differentiate Common progenitors for neurons, adrenergic
or die. A second possibility is that the NC is a ho- cells, glia and melanocytes were identified as well
mogeneous population of multipotent cells, capableas more restricted oligopotent progenitors and com-
of generating any crest derivative under appropriatenitted glial or neuronal precursors. In addition,
conditions. Those multipotent cells might migrate colonies were obtained that contained both glial and
randomly and differentiate according to instructive neuronal cells, and cartilage, a main derivative of
cues encountered along their migratory pathways omesectoderm, a finding which argues against com-
at their final sites. plete segregation of ectomesenchymal and neural
With the establishment of clonal cultures of NC progenitors prior to the emigration of NC cells from
cells and with the complememn vivo single cell  the neural primordium. Moreover, the progeny of a
tracing experiments, it was revealed that the realitysingle cell included samples of all the major pheno-
lies somewhere in between these two extremes. types represented in the mesencephalic NC deriva-
Using a permissive and constant culturetives (i.e., glial cells, adrenergic and non-adrenergic
medium, that theoretically permitted the differenti- neurons, melanocytes and cartilage), therefore im-
ation of all NC-derived cell types, it has been pos-plying the existence of a NC stem cell able to yield
sible to study the potentialities of individual cells all derivatives, including mesectoderm (Baroffio et
in vitro. In the 1970s, Cohen and co-workers wereal. 1991). Taken together, these results show that
first able to establish cultures of trunk NC cells from the migrating crest is composed of a heterogenous
the quail neural primordium. NC cells in a colony population of progenitor cells endowed with a vari-
assay generated clones either entirely pigmentedsty of developmental capacities. One can hypothe-
partially pigmented or entirely without pigment ob- size that these cephalic NC precursors are lineally-
tained (Cohen and Konigsberg 1975). The produc+elated (Figure 2), thus supporting the view that, as
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Models for the origin of mesectodermal
derivatives from the cephalic neural crest

TRUNK NC
neural cells
melanocytes
endocrine cells

CRANIAL NC
neural cells
melanocytes
endocrine cells

MESEEOHEM

© O

<]\

Model 1

Model 2

Fig. 1 — Models for the origin of mesectodermal derivatives from the cephalic NC. Cranial and
trunk NC share common derivatives (neural cells, melanocytes and endocrine cells) which derive
from a multipotent NC stem cell in the trunkt(iped circle).
derivatives, the cephalic NC yields the mesectoderm. Two models can be proposed : Either the
mesectoderm is generated from a specific precugey €ircle) which is segregated early from
trunk-like multipotent NC cellsstriped circle) (Model 1) ; The other possibility is that common
precursorsgriped grey circle) are endowed with all cephalic NC potentialities, including the ability

to yield mesectodermal derivatives (Model 2).

NC cells divide during migration, progressive re- son 1992) trunk NC cells. Rat NC cells sorted out
striction takes place in the developmental potentialdy labeling with p75 low affinity NGF receptor and
of the cells generated from an initial pool of multi- grown in clonal cultures give rise to neurons, glial
cells and fibroblasts and these multipotent progen-
Pluripotency of NC cells was confirmed for itors self-maintain after serial propagation. Those
findings indicate, for the first time, the existence in
mouse (Ito et al. 1993) and rat (Stemple and Andermammals of NC stem cells defined by the property

potent stem cells.

mammalian cells byin vitro clonal analysis of
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Model for the segregation of cell lineages derived from the cephalic neural crest
(Adapted from Baroffio, Dupin and LeDouarin, 1991)
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Fig. 2—Model for the segregation of cell lineages derived from the cephalic NC. Diagram illustrating
the different progenitors from quail mesencephalic NC cells grown in clonal cultures. The presence of
cartilage (C), neurons (N), glial cells (G), adrenergic cells (A) and melanocytes (M) was recorded in the
colonies. Progenitors have been classified according to the number of these distinct phenotypesin their
progeny. The results are consistent with the generation of unipotent progenitors from a ‘totipotent’
stem cell through several intermediate oligopotent precursors. Filiations between precursors are only

hypothetical.

to give rise to multiple phenotypes and to self-renewcell is labeledn situ so that its descendants can be
(Stemple and Anderson 1992). uniquely identified. By injecting the vital fluores-
However, it is possible that crest cells isolatedcent dye lysinated fluorescent dextran into individ-
in vitro may behave differently than they do in the ual cells of the chick neural primordium, Bronner-
living embryo, due to the influence of signals coming Fraser and Fraser (1988, 1989) have demonstrated
from thein vivo environment and from cell-cell in- the multipotency of NC cellgn vivo. The labeled
teractions. Therefore, an important complement tgprogeny could contain cell types as diverse as sen-
the in vitro experiments is prospective cell lineage sory neurons, presumptive pigment cells and
analysis in the intact embryo where an individual adrenomedullary cells. However, it was also found
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that NC cells predetermined to the sensory neuromected toward particular fates by signals localized
phenotype populate the dorsal root ganglion, thuslong migratory pathways and at differentiation
confirming earlier evidence for the presence of comsites. Many such factors appear to instruct multi-
mitted sensory neuronal precursors in the premigrapotent NC cells to form specific derivatives. Others
tory NC (Ziller et al. 1983). appear to act selectively, affecting the proliferation
Taken together, these results show that NC cell®r survival of particular NC progenitors.
are heterogeneous in their developmental poten-  Several factors have been identified that di-
tialities, including multipotent stem cell-like pro- rect multipotent rat NC progenitors to generate spe-
genitors as well as already committed precursorscific cell types. The transforming growth factgr
Therefore, appropriated signals from the environ-(TGFg) superfamily is an important group of cy-
ment are required to promote the differentiationtokines that have a role in NC differentiation (Shah
of the proper NC-derived cell types in the etal. 1996). One of the proteins of this group, bone
various derivatives. Knowing the factors that influ- morphogenic protein 2 (BMP2), is involved in the
ence the expression of developmental potentialitieproduction of sympathetic neurons by trunk NC cells
of NC cells locally and are responsible for final fate in vivo as well agn vitro. BMP2 is expressed in the
decisions is of great importance for understandingdorsal aorta, near which sympathetic ganglia form
the molecular mechanisms underlying NC multipo-and it induces the expression by NC cell$&SH1

tency. encoding a basic-helix-loop-helix transcription fac-
tor required for autonomic neurogenesis. In addi-
GROWTH FACTOR CONTROL OF NEURAL tion, it was suggested recently that local concen-

CREST CELL FATES trations of BMP2 can determine the choice between

The evidence for the existence of multipotent pro-sympathetic and parasympathetic fates in rodent NC
genitors in the NC raised the question of how thesecells (White et al. 2001). In contrast, TGE drives
progenitors generate distinct phenotypes in the varirat NC stem cells to a smooth muscle fate. Both
ous NC derivatives. On one hand, cell fate couldTGF81 and BMP2 act instructively to influence cell
be assigned by lineage or other cell-autonomougate decisions, rather than selectively to support the
mechanisms. On the other hand, cell fate could beurvival of lineage-committed progenitors (Shah et
influenced or determined by cell-extrinsic signals.al. 1996). Neuregulinl/glial growth factor (GGF),
Similar to the model proposed for the hematopoi-a Schwann cell mitogen of neuronal origin, inhibits
etic system, it seems likely that both types of mech-neurogenic commitment and promotes glial devel-
anisms operate in NC cell specification. In thisopment of multipotent NC cells in culture (Shah
model, multipotent stem cells generate progenitoret al. 1994). It is unclear how pluripotent NC
committed to one or more sublineages, which thercells exposed to multiple signais vivo integrate
proliferate, survive and differentiate in response tothem to regulate the outcome of a particular phe-
specific environmental cues. The process of differnotype. Howeverin vitro experiments of simulta-
entiation necessarily involves many changes in gengeous and sequential addition of different growth
expression, which are brought about by regulatoryfactors to rat NC cells have revealed that integration
transcription factors acting in the cell nucleus. Oneof competing influences is influenced by NC stem
goal of studying NC differentiation is to understand cell-intrinsic differences in the relative sensitivity
the relationship between the action of environmentabhnd timing of responses to different factors (Shah
signals at the cell surface and the changes in tranand Anderson 1997). BMP2 neurogenic signal over-
scriptional regulation that these signals bring aboutides GGF action at saturating concentrations of both
in target cells. factors; however, GGF can attenuate MASH1 induc-
In general, it is thought that NC cells are di- tion by low doses of BMP2, but is not sufficient for
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glial lineage commitment. The generation of glia in and, variously known as steel factor (SLF), stem cell
PNS ganglia, i.e., in alocal environment containingfactor or mast cell factor (for references, see Reith
strong instructive neurogenic factors (BMP2), is dueand Bernstein 1991, Williams et al. 1990, 1992,
to expression by the neuroblasts of Notch ligandsGalli et al. 1993). A number af vitro studies of
which in turn impairs neighboring cells to enter the mouse and avian NC suggest that SLF promotes sur-
neuronal pathway. The loss of neurogenic capacvival and moderate proliferation of melanocytes or
ity promoted by activation of Notch signaling is ac- their precursors (Murphy et al. 1992, Lahav et al.
quired rapidly and irreversibly, leading to glial cell 1994, Reid et al. 1995). Lahav et al. reported that
differentiation (Morrison et al. 2000, Wakamatsu et SLF promotes the appearance of an early marker
al. 2000). of melanoblasts/melanocytes in cultured quail NC
Another factor that plays a role in NC cell dif- cells (Lahav et al. 1994).
ferentiationisretinoic acid (RA), a natural derivative
of vitamin A. RA is known to inducén vitro the dif- THE ROLE OF ENDOTHELIN 3IN NEURAL CREST
ferentiation of many cell lines of NC origin (Amos CELL DIFFERENTIATION
and Lotan 1990) and to cause NC embryopathieThe endothelins are another determinant group of
after deprivation or administration in excess duringfactors responsible for the differentiation of certain
vertebrate embryonic development (Morriss-KayNC derivatives. The endothelins 1, 2 and 3 (EDN1,
1993). In vitro experiments have shown that RA EDN2 and EDN3) are a family of 21 aa peptides
favors the development of neuronal lineages derivedhat activate, in mammals, one or both of the two
from the crest (Henion and Weston 1994, Dupin ancheptahelical, G-protein-coupled endothelin recep-
Le Douarin 1995, Ito and Morita 1995, Rockwood tors type A and B (EDNRA and EDNRB). EDNRA
and Maxwell 1996). In cephalic and trunk quail NC exhibits different affinities for endothelin peptides
clonal cultures, it influences the differentiation of and EDNRB accepts all three peptides equally. The
cells when they are in pluripotent state by specif-EDN1/EDNRA signaling pathway thus acts on cra-
ically increasing the number of adrenergic cells innial NC derivatives. Target disruption BEDN1 and
their progeny. RA also stimulates pigment synthesiEDNRA genes in mouse results in blood pressure el-
in melanoblasts differentiatinign vitro (Dupin and  evation and cranio-facial abnormalities. The devel-
Le Douarin 1995). opment of thyroid, tongue and other facial structures
The mouse genetics proved to be veryisimpaired (Kurihara et al. 1994, 1995). Many of
useful for the knowledge of the factors that influ- these defects are related to abnormal development of
ence the migration, survival and differentiation of NC-derived mesectoderm, which forms most of the
NC melanocytic precursors. Mouse mutants withconnective tissue, cartilage and bones of the head
alterations in coat color have permitted the study ofand face. The breakthrough in deciphering the role
pigment cell development. Two well-known mouse of EDN3/EDNRB in NC development was the iden-
spotting mutants with clear defects in melanogenesisfication of the genetic defects responsible for the
arewhite dominant-spotting (w) andSteel (s/). Het-  Piebald (s) and Lethal spotting (Is) mutations in
erozygote mutants have a patchy coat color, whereasiouse. These mutations reside in the genes encod-
homozygotes are either completely white or die dur-ing EDNRB (Puffenberger et al. 1994) and its lig-
ing embryogenesis, although the extent of pigmentaand EDN3, respectively (Greenstein-Baynash et al.
tion deficit varies with different mutant alleles. The 1994).
analysis of the responsible genes revealed a molec-  InlIs/lsmice, a point mutation iEDN3 impairs
ular relationship between the two mutant strains:the formation of the mature active form of the pro-
the w locus encodes the receptor tyrosine kinaseein. Moreover, a disruption of thEDN3 gene by
c-kit, whereas the! locus encodes its cognate lig- homologous recombination leads to an identigii
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phenotype of coat color spotting and aganglionic ter- In vitro prolonged exposure to EDN3 causes
minal gut (megacolon). trunk NC cells to switch fronEDNRB to EDNRB2
Both EDN3 and its receptor EDNRB are there- expression, which eventually results in the positive
fore necessary for the development of NC-derivedselection of melanogenic cells (Lahav et al. 1998).
melanocytes and posterior enteric nerve cells.  Invivo, EDNRB, which is expressed by virtually all
vitro studies have shown that EDN3 favors the de-premigratory and early migratory avian NC cells,
velopment of melanocyte progenitors in mouse ands switched off by crest cells which migrate medio-
avian NC cultures (Lahav et al. 1996, Reid et al.laterally under the ectoderm and which start to ex-
1996) (Figure 3). The time at which melanocyte pressEDNRB2 (Figure 3). It is therefore likely
precursors appear probably corresponds to the stagkat, during avian skin development, EDN3 syn-
before crest cells need the action of EDNRB/EDN3thesized by the epidermis triggers, via activation of
receptor-ligand system. In mouse, requirement foEDNRB2, the survival and proliferation of melano-
functional EDNRB corresponds to a restricted pe- blasts and eventually melanocytes.
riod in melanoblast early migration, before entry
into the epidermis (Shin et al. 1999). In avians, hu- PLASTICITY OF NEURAL CREST-DERIVED
man EDN3 peptide is a potent mitogen for NC cells PHENOTYPES
well before the appearance of melanogenic differ-Once they have differentiated, functional cells usu-
entiation (Lahav et al. 1996). These observationsally maintain their cellular specificity in the multi-
therefore suggest that vivo EDN3 is essential for  cellular organization of animals. In some pathologi-
increasing the early NC cell population to ensure acal conditions, however, such as reparative regener-
sufficient supply of melanoblasts needed for colo-ation, tumorigenesis and carcinogenesis, conversion
nizing the entire skin. In addition, the analysis of of cellular specificities can frequently be observed.
the effects of EDN3 on single quail NC cells in cul- Lens regeneration observed in tleaus Triturushas
ture indicates that EDN3 promotes the survival andbeen considered to be the clearest and most repre-
proliferation of uni- and bipotent melanocyte pre- sentative example of cell type conversion, as newt
cursors (Lahav et al. 1998). lens can be regenerated from the dorsal iris by meta-
In the avian embryo, NC cells initially express plasia of its pigment cells. The whole neural retina
EDNRB before they leave the neural primordium, of the newt can also be regenerated from the retinal
all along the neural axis (Nataf et al. 1996). At pigment epithelium. The same results were obtained
later stagesEDNRB is expressed along the medio- using the pigment epithelium of chick eyes and, un-
lateral pathway of NC cell migration in rat embryos der spreading culture conditions, it was observed the
(Gariepy et al. 1998). By contradEDNRB tran-  transdifferentiation of chick neural retina into lens
scripts are not detected in avian melanocytes an@nd pigment cells (for references, Eguchi and Ko-
melanoblasts. However, itwas found that EDNRB2,dama 1993).
athird EDNR identified in birds (Lecoinetal. 1998), It was demonstrated recently that some of the
is expressed by melanoblasts as soon as they beghiC derivatives also show the capacity to dedifferen-
to migrate from the migrating staging area near thetiate/transdifferentiate in the presence of a growth
dorsal neural tube, then when they progress alonfactor. Clonal cultures of already pigmented mel-
the medio-lateral pathway and later on during fur-anocytes isolated from the epidermis of quail em-
ther differentiation of melanocytes. Expression ofbryos show high proliferative activity inthe presence
EDNRB2 in the NC is thus restricted to the cells of EDN3. Such dividing pigment cells progressively
of the melanocytic lineage which develop in closeloose melanogenic traits and, under prolonged treat-
contact to the epidermal source of the EDN3 ligandment with EDN3, generate a mixed progeny contain-
(Nataf et al. 1998). ing not only melanocytes but also cells expressing
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Fig. 3—Effects of EDN3 on melanogenesis and cell division by quail NCicelifro.

(A, B) Effect of EDN3 on the pigmentation by trunk NC cells after 11 days in culture.

In control medium (A), melanocytes remain dispersed whereas EDN3-treated cultures
(B) show reproducible pattern of pigment cells and unpigmented pre-melanocytes.
(C) Quantification of EDN3-induced changes of the total cell number at different time
points. Cultures of quail trunk NC cells were analyzed during a culture period of 16
days. Significant differences are indicated by a star at the top of columns. (From
Lahav et al. 1996).

glial-specific proteins (Dupin et al. 2000). There- phenotypen vivo.

fore, epidermal pigment celils vitro can be reversed Similarly, Schwann cells purified from em-
to the bipotent stage of glia-melanocytic NC progen-bryonic sciatic nerves and cultured individually re-
itor, which suggests that proliferative signals suchspond to EDN3/EDNRB signaling by yielding de-
as EDN3 may alter the stability of the pigment cell scendant colonies composed of both glial cells and
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melanocytes. The onset of melanogenesis by dividtumors of mixed origin.

ing Schwann cells occurs progressively, by sequenABBREVIATIONS: EDN3, endothelin 3; EDNRB, en-
tial induction of EDNRB2, early melanocyte anti- dothelin receptor B; NC, neural crest; PNS, periph-
gens and later on melanin synthesis (Dupin, Realeral nervous system; SLF, steel factor.

Glavieux, Vaigot and Le Douarin, in preparation).

ACKNOWLEDGEMENTS
pigment cell We wish to thank Michéle Scaglia for prepar-
: \OA » . ing bibliography. This work was supported by the
neuralcrest | bipotent s i + Centre National pour la Recherche Scientifique
stemcell ' precursor 7 ,6 o .

and College de France and by a grant from the As-

O@ —> 1 sociation pour la Recherche contre le Cancet (N

‘\Q : 5578). C.R. is recipient of a doctoral fellowship
N . from Fundacéo para Ciéncia e Tecnologia, Portugal
_________ & © (SFRH/BD/990/2000).
‘M EDNRB |
A EDNRB2 | glial cell
RESUMO

Fig. 4 — Summary of the action of EDN3 on NC precursors O modo como a diversidade dos tipos celulares derivados
da crista neural (CN) surge, no embrido de vertebrado, tem
sido uma pergunta chave na biologia do desenvolvimento.

and NC-derived cells. EDN3 favor the survival and proliferation
of bipotent glial-melanocytic progenitors derived from NC stem
cellsin the early NC. Activation by EDN3 of the melanogenic dif- A pluripoténca e a plasticidade na diferencia¢é@o da popu-
ferentiation program involves the induction of EDNRB2 expres- lagdo de células da CN tém sido intensivamente documen-
sion by developing melanablasts, whereas differentiating glialtadas, ficando deste modo estabelecido que os factores
cells continue to express EDNRB. Whether the hipotent cells areambientais tém um papel importante na correta diferen-
able to co-express both types of receptors remains to be asce€iacéo dos derivados da CN no organismo. Na década
tained. At later stages, differentiated pigment cells in the epi-passada, estud@s vivo e in vitro, revelaram as poten-
dermis and glial cells in peripheral nerves are able to revert tocialidades de diferenciagdo de células de CN individuais
the immature bipotent stage of their common NC ancestor undelevando a descoberta de células “stem” (células tronco)
prolongedn vitro exposure to EDN3. da CN. Embora seja claro que a diferenciacéo celular fi-
nal das células individuais est4 de acordo com a sua lo-
Taken together, these results show that the secalizagdo final no embrido, é necessario realgar que as
lection and expansion of melanogenic precursors desélulas da CN que atingem locais alvo sdo pluripotentes
pend on the local action of EDN3 on bipotent glial- e as restrigdes impostas nas suas potencialidades ocor-
melanocytic NC cells derived from NC stem cells rem somente numa fase mais tardia do desenvolvimento.
(Figure 4). The immature bipotent stage of thisA CN é, deste modo, um conjunto heterogéneo de célu-
common ancestor can be recapitulateditro by  las que é submetida a sinais ambientais localizados nas
differentiated pigment and glial cells, thus provid- varias estruturas derivadas da CN. Foram assim identifi-
ing evidence for the plasticity of NC cell fate which cados vérios factores que favorecem a diferenciacdo de
is represented here by the reciprocal conversion besubgrupos de células derivadas da GNyitro. Para
tween pigment and glial phenotypes. This suggestalém destes factores foram também identificadas novas
that EDN3, due to its strong proliferative activity on moléculas capazes de controlar um ou varios aspectos da
NC precursors and NC-derived cells, could play adiferenciagdo celular da Chh vivo, através da estraté-
role in vivo in several pathologies implicating both gia molecular de “gene targeting” em ratinho. As en-
gliaand melanocytes, such as neurofibromatosis andbtelinas (e os seus receptores) sdo um exemplo destas
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