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1. Neural crest %12

$£ 4 DRELHIZ 5N ZBFIR neural crest (NC)(E. FEDHEAIC—EEHICRO SN DZHE
MR TH D, 1868FIc X1 RADEEEZEDWillhelm His Sr. [1831-1904)Ic K DIRE=N
7= [1]. Slide 1. ###2& Dbasal motor palate& alar sensory plateZ %) (3 2R1#%# (0> 7=
sulcus limitans(3sulcus limitans of His (1893)EhNd &K S(C. HDZZEZLTWS. [@
C2aIDE2FDWillhelm His Jr. [1863-1934](&. [D\didbundle of His (HisR)I[CZ D& %5%
LTW3. BRIROKZHIMUICHER SN @RV 7Eneural foldh SFIREICB>TES - —3
(CI6 ATENCEHislEZwischenstrang (intermediate cord) EEY, EEEH S, REHR
DOEREIREN(CEEE T DNCHERE (NCC) Z=#ER U7cHislENCZganglionic crest& & T3 7.
NC& WS ZFR(E1879F (CMarshallh I TE->T LD, #RIENCODRE]TICneural ridge & 52, U
DBEICNCEEE LT [2].

20t #eRTH (3. ECHRLE - ARG EDTEBHE TNCOFRRFTONLA, 1970FR(Z.
Nicole Le Douarin5(c &3 =7 kU & D XS DchimeralZ & ONCODERFE (chimeric study)
(FFREOTEAT [3). Slide 2. RESEFZD KU (OO FUDKAICHFLCHHBLTND)E
D5 (VOXFUDRIMEICEXR>TWVND) DMBFEROREHDEZEITHCFIAL. NCYZ
D FEH DHREDEIAIDfate mapZzfERL L7z, Slide 3. NCCIEIFREBIBRDBEREPIRENIC
EFBneuronPgliadftt, RBBFRPIIRZSGREROMIN. SIEHRE MR, 250K
RECRDZENTEETH D [4]. Slide 4. NCCIEintegrinZfELVEN S, MBA2AmatrixD P
ZmigrationLTW< . RAIL— b medial routeZ@2NCCIIFEEP DIEEI DB SN %
WD EERE T, RN B %8 D migration UEIRIBIREI & DM (CERR T 5. Slide 5.2M
migration/ (% — (JAEIDEFED IR CRKIZT DephrinPF-spondin’a & R FERE Frepulsive
factorfEBIC KD, E/MAL— b dorso-lateral routeZzmigration L7=ENCCII&RMBAZ (7R
3.

NCIZ K= < cephalic (cranial) NC&trunk NCIZ2 F 5 3. Somite 6H\5 ERISCIHE T%
trunk NCE WS, Somite 5& D REIANDP/IO L ANILE TDEEBIDcephalic NCl&, trunk NCHD
{LTTREAMBRELIAN [T, SBERE SR EEMRIC HHMELTIAETH 0. FEEPCIRERE IC/MET 3.
Slide 6. DX DFBEEBEAZBDONCE KEZREWLE. AEBTIEPHEE mesodermh Fopk 9 D #Ei8
RE (B - B - BE5EB) ZHEIBTIENCHRET 728, I TIEmesenctodermE H
ectomesenchyme& IE(EIN 3. Slide 7. HEEEICEZLEBDOEBIIETNCERETH D
[5]. somite 3-6ldcardiac crest& HIFE(EN, ZD—EBDNCCHDIEDTREEEDseptum(ZH
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b9 3. NCIIFiI#% (8BE) AM@IC. cephalic NC, vagal NC, trunk NC, sacral NC& AT

HD. vagal NCOPIC, cardiac NCEEEND. BHEEWCHRHOYEcephalic NCIE. $8E

B. BRESE. BEOHEM. i (FIK) OBARCRERG CHEBOEEZEM L. HREEEpreda-
tionDELICEEFR LTLD [6].

AR &K S [ENCFEEE & AEEEEDFAICBRLTVND. COBEHEMADNCIE2 DD
domain(C 4+ SN EPRARND S ZRr2 X TDRIFAdomain& & A domainlCy F 5. BIA
domainT(dHox geneDHEIB(F% <. #HdomainTlEHox gene (R#®D 4 DDHox gene®
paralogue) NMEIRLTND. Z<DEHEBELHEABTDET. TMBEDELTIINCERTH .
HEB basihyal bone&k O BRIDFTEBEHHox positiveONCHETH 3, BBEEND%L (&
Hox negative®NCHX TH 3. NCERDBEUMNIC, BHEET(E. mesodermiZRDBEE
DNH D, BEEIS S (CEHDPEEDsomiteh) 5 DB ENMIDEEN SR ZDBIZICH TSN
5. Slide 8.

2. Neural crest & BXEhAR

EMERICE VT, RIBASESIAR primitive internal carotid artery DMK ICNCAEES L
(cephalic NC origin) . #8& - MEBARRICIENCERESE Y, PHEELIR (mesodermal
origin) Td&%%. Slide 9, 10. MERNZMMIAIIRBALEESMESH. £EHDOME DAL
PHRERRTHD. /I\IEIARE REBAMD PREERIR TH D Z & (FHEIKRV, FEZHIC /N
AxENAR (&R IEASEBNARD caudal branchDik & SN AN, I\IKSERDOYRIZEN SRS ND
BEEZ 3 E LI\NBIIRDRBRSBEMORE WS Z & (FREVLAE LW, TEETIE
BRHEECRARDRVERIEEARIE. HEBMH SDIXT DD TPHERRETHD. £ ~TE,
ZIEBIR(SNBENIRDILZ TH DD, TEHEE TIIHEBSBIROZETH D, ELDIBIRT, EAHH

SEIACHBHLIEHDEEZSND.

it - BEEME DR TH D & RIBFEEmMeninx primitivald, PZEFEICZENKX O MEIA, NC
originT. EflA'mesoderm originT®h 3. REEZHNICE X2 &&HFHRnotochord DUMAICFZAL
SINDEMNEEBZERORBIBIECNCHEE L. PRKDE - BRIICENCHOEEE T PIRE
D SRBBERD R END. BEDorigindDHHINERBUERREZEZ SN, BELANILT
(&, BEfE - ME L Tmesoderm originE WS Z & (T2 3. BEEPREIDHMEA(INC originTdH
2h\. tEfE(Emesoderm origin T 3 [3].

3. Neural crest& /DM - KIMME

rhombomere 6-8®Dcardiac crest(d. KEAFS Dtunica media. KENRTAHBNATRE DRI
aorticopulmonary septum# B FHEDHERE truncal septum(CFS L TWVWBZ EAESNT
L3 (7). Cardiac NC (post-otic crest) & DUl preotic crest (r1-5) HEEHARD IS
AV ESMR. HICOERBEPEOEDIBHOEKICEHRLTVNDZ EMNArImasICL DR
RSNz [8]. (DMiEdDaortico-pulmonary septum*conotruncal septum(cNCHYBIFR LT
WBZ ERFKSHSNTED, tetralogy of Fallot¥double outlet right ventricle, persis-
tent truncus arteriosus (PTA). coarctation of the aortaldZ DEBDONCHES LTULBK
BfEERE LTSNS, PHACE syndromelc®, BEBE®DhemangiomaiRERE S, %BEE
BDcystBH T, coarctation of the aorta. [O\&HZ. interruption of the aorta’@x EDEH
NHS5SNTWLDS,

4. Neural crestD¥FER
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NCOEREIC X BfEEEZneurocristopathy & IFU, A7+ 45 O/ RIFIEE TdH SRobert P.
BolandelZ & D 1974F([CE RS =7z (crista = crest, ridge) [9,10]. Slide 11. Dysplastic
type & neoplastic typeh'#® D, BiIFE (C(FHirshprung’s diseasePierre Robin syndromeh®
HD. #F(CZ(Eneurofibromatosis type 1 (NF1), neuroblastoma, schwannoma’x EH\d%H
%. PHACE syndromel(d. infantile hemangioma of the face&ICA agenesis*>coarc-
tation of the aorta’x EZ=&H 9 S7=8. dysplastic kUneoplastic typeD@MEDEZRNH
%. NF1(CHBWVTHneurofibromatosisAA S, PAANBIAREAZE L WillisENAREREAEE (PAEE.
HEPHPRE) OEHHIEHSN TS [11-13]). Cephalic NCIEBHEMDRHETHD., 2D
Cephalic NCAERKICEF S T 2 AEBMDKEVRED—DOHANEBAMDOIZ AL (FBFEK - 1€
k) THD. RIcWillisBIEREIZEIE ©BEANDRIBASEEIRER (WillisEhAféR) ([CEZS
EITHEDBRE - AZEMEZRE TH D, vascular neurocristopathy EIEATEHLWWTH S S
(14].

MEBEDFEBEHIENCHEDED EPHEEREDEDHH D, BEHIERRZFEBHBEIEL D
trigger(CX UCORMHERRZR D Z EMRBEND. BE. BKILEINCEHROME DFEHD
ADPHREBRROED LD HEIDOPITVNE=NS [15].

5. By & Dig - KIE DR

YME &/ OEDTEARS KB EDKME S, FHE &6 ICBMBILREZRF O LICRS.

ABZED20-30% % &5 8 D IRMEESE L. (OB TR S NN ERRE RS A, K
BOEBIRBILERELERREQBONERDEDORRAE LD, CORKT, NEDIE - KME (X
BENSEL. UH L. REZHICE Ucephalic NCHBIS L7zMERE LTHREL. BUXA

ZXAT, BRME., KME. BIRICHEEIRCDER>BEOEBINTIBI >, 1B,
MEFEE & VERBHNEH UIZEWSEIRTHS. LHL. MEHIEERRLEV. ERE2
FTRIENBD, ZDOLSBEBEEZTHZLN. Slide 12.

5.1. WillisENAREEAZEAE (P58 ©PHIR)

WillisEhAREREAZEAE (. ETIHED MR DIEERNARSEENARD K im T [CIEAEPCRAENETT D%
BTHD. TOERBEDERXRTHDIELSKR HPHPME; KT LEFETDEEFRST (H
PEPME) HNMEFEITDMELEBL, ZORKTHOHPHPREVWSRBIIFESNETEF AW
TH3S) . —PIOREL T THZDEEEACERT BN [16). K=WillisEATéEm
FAZEfE(Svascular neurocristopathyD—EIEE X 52 [14]). WillisEATEREAZELE & EENAT
REDEHHILEINSHSNDH, BRODEHTIERL, ASHDEENBBEENREBEIND
[(17]. Slide 13,14.2 DA EHLEDAEDEFIFRS (F1261H 0. BEEA VY RHAS 149
D, BO10MIEBANSTH 7. SPHLET. 7HIHBE. F#v(d14-465% (F1930.6
) THofz. 2BFIHNEEEME T, 108IAERE QFIADEIEE. 18O AET, 86N
WOVE) THo7z. 1HIZBRE. WillisEhAREREAZEE DIERN LT LW, BEIREEBDFKIE
NEFETHO. ZOWilisBAREREAZEE & BEMEZDEAESHOEIC(E. BT IRFOFE
HNREBEIND. Kz, WillisBMEREAEE & KBIRBREDSHBHEH SN S[18].

5.2. ACTA2ELFDELTFERICEEEY 2KE

ACTA2DEIGFERICELDFEBMDa P IO FVEBCK>TRIDESENHD. ACTA2D
missense mutationDZEEIIC K DEERND LT DER DN, BEAROFIRE. ISR AKEHATIE.
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SR RENARARRE. BIARERIF. TIHIESR. MIBE., D« U XIIMHEARE (HPHPR) =&
EDH D, MERDEEFLDELEE congenital mydriasis (fixed dilated pupils)®52& 513 [19].

Slide 15.MAINZESARDIBERED (HEABAVEBREITREE) DILK. ZORBEOEE, ©
PHPMEDFKE. DPARANEIRDOKETIRETT. corpocephaly. INEREDT2SESREN
HTHD. NCEREDINEIARD O IREPHRBRZEN L > TH D ACTA2ZEENNCIESRDED
RICHRZEZFZRL WD EDBEZSND.

5.3. PHACE syndrome

FLIRMEREinfantile hemangiomallfy - KIMEDIKE - RBEEEOERBEZRHE L. LB
(CERINIEZ \VRETHD. PHACE EREEE. LUTOREDBXFEE>TAAFESNTW
%. PHACES fEEBfE W S15E8HH S [20]. Slide 16.

P: posterior fossa anomaly (malformation) : RBEEEDERTH. HF(CDandy-Walker fiE
RBEV/NNDIEFZRR. INNDRERFE. U ERERGLE.

H: hemangioma of the face and neck: @& DiE&IEDnodular typeMEE & 273 D F1B73
plaque typelMEEN %), WEEE. JUE(CEHET DEIICRIBD I EH%L.  (Sturge-
Weber syndrome(z_a":‘.b‘éport wine stain& (32 < E7 D, Sturge-Weber syndrome& ®D
TRANEETHD) . MEEH. BERPERICHROOSNDIZEHHD.

A: arterial anomaly: RXME DM - FAE - ik - 117, NEAROFKARERS - BEFKR. BIRE
IR (=ZXA$EBAR) . loopfZaPredundancy. HPHPIRR.

C: coarctation of the aorta: KENARIEZRAE. ABIAREERT interruption. RENARDIR/IVE & 8
1‘.r\ E)Jﬂﬁ(gﬁﬂ??\ cardiac anomaly (ZDEXFCZESHEHHD) « 770—D4E. 1D

E: eye anomaly: BRIRKDZHHZ. RMERE. $I%. MR, FPROERK - EiE. NRIKE. R
RXRIB. BRERENH DD, BRAEFDRLN.

S: sternal cleft: & DB Psupraumbilical raphe, skin tag/k EDIEPERIOFH - B
ventral developmental defectsD&H#%ZIET. BH - OFH. PRIFKEETHHD.

PHACE syndromeDZ2MiEENH D [21). B2 ERENH D, WZ(E5 cmU LOEEMNE
BB 0. ZHABEB1DHDHINEB2DHDIHET. %5235 cmBl EOEEMERENH D
INBB1DH 356, FHEPPA LEICOLERANS D, KIBEE1DHNNBBE2DHD1HE. NE
BENMECKBEEN2DHDHBE. & LTWDB.

5.4. Cardio-cephalic neural crest syndrome (neurocristopathy)

Z ZTEFWillisEATEREAZEIE. ACTAEIZFDELFERICREET 2%E. PHACE
syndrome’g & (&, ¥ & O\ - RIME & LS cephalic NC origin (cardiac NCHE®D)EWSHE
S HBICFDIE%EE T, Cardio-cephalic neural crest syndrome& WS K SRBREEBEET
EZ2ZENTETHD. A 2EF(CEALUTIERNF213 mutationt®ACTA2 mutationH'a] SH
(D>(73 ZXLTNC originDMERICERA L. BAZE - $L%E - HRE LS TREBICRDZ ENH

EBmnsd. Slide 17.
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Sir Wilhelm His

incubation periods
21 days

Swiss anatomist
inventor of a microtome
professor of anatomy and

physiology at the university
of Basel

Slide 1

First description of NC in the
chick embryo as
“Zwischenstrang” (the cord
in-between) in 1868.

He named “ganglionic crest”.

Slide 2

Japanese quail

incubation periods
17 days

Graft from quail to chick

Ectodermal placode
transplantation

Neural primordium
transplantation

ZT10D\

&S

Quail donor

Chick host
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Chick host

Le Douarin NM: Mechanisms Development 2004
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Neural Crest Cells: pluripotent cells

~

Neurons and glia
of cranial ganglia

{9

Cartilage and bone

Gaphalic NC

@ Conr:ctwe tissue

Derivatives of neural-crest cells

Knecht AK et al: Nature Reviews 3:453-461, 2002

Migration of trunk NCC

scelerotome _
dermomyotome -~

dorsal root
ganglion

pigment
cell

sympathetic
ganglion

Repulsive factors
(ephrin, F-spondin)

adreno-
medullarv

el From the web site by Dr. Brian E. Stavely

Table 1| Main derivatives of neural crest cells

SOHSO!‘J’ nervous system

Autonomic nervous
system

Non-neuronal cells

Pigment cells
Endocrine and
paraendocrine cells

Skeleton

Connective tissue

Vessels for the
brain and face

Cranial Crest
Ganglia of cranial nerves
Enteric nervous system

Parasympathetic ganglia:
ciliary, pterygopalatine, otic
and submandibular

Satellite cels of ganglia.
Schwann cells of cranial
nerves

Melanocytes

Calcitonin-producing cells
type | cells of carotid body and
parafolicular cells of thyroid

Face and skull bones, and
visceral cartilages

Dermis, fat and smooth muscle
of skin; ciliary muscles: cornea;
stroma of head and neck glands;
dental papilla; walls of aortic and
arch-derived arteries; meninges
of prosencephalon and part of
the mesencephalon

Trunk Crest
Spinal ganglia

Enteric nervous system
(minor contribution)

Parasympathetic
gangiia: pelvic plexus.

Sympathetic ganglia:
superior cervical, stellate,
celiac, superior and inferior
mesentenc, aorticorenal

Satellite cells of ganglia
Schwann cels of peripheral
nerves

Melanocytes
Adrenal medulla

None

None

Slide 4
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28 somites stage

Cervical
Spinal Cord

7 somife |\ stage

Truncal NC

1§ Mesectoderm
Thoracic
Pigment cells Spinal Cord

Parasympathetic ganglia

J Enterc ganglia

B sensory gangiia Lumbosacral
Spinal Cord
B sympathetic gangia

1 Endocrine cels

Le Douarin NM: Mechanisms Development 2004

Triple origins of avian chondrocranium at E9

pre-chordal skeleton

notochord (S1-4) somatic mesoderm

chordal skeleton

Couly GF, et al: Development 1993

Migrating neural crest cells ~—__

neural crest origin

ICA system

NAW,
including Pcom a and entire PCA @\ /

Primitive internal carotid artery systerd-™

mesodermal origin
VB system

Ventral longitudinal arteries

Neural crest

. Ectoderm

arterial media

dorsal (neck)

Etchevers HC, et al: Development 128:1059-1068, 2001
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Migration of cephalic neural crest cells

No NC anterior
to the
diencephalon

Cerebral and
facial arteries

Diencephalic and anterior mesencephalic NC
B Posterior mesencephalic NC

[CJriNC [Er3aNC [Er5NC [ r7 NC
r2NC [JraNC [OreNC [r8NC

Le Douarin NM: Mechanisms Development 2004

NeurOcriSfOPGﬂ'\y crista = crest, ridge

diseases of neural crest origin
Bolande R: Hum Patrol 1974

Bolande RP: Pedatr Pathol Lab Med 1997

dysgenetic
Hirshspurings disease, Treacher Collins syndrome
facial clefting, Pierre Robin syndrome, etc
neoplastic
neuroblastoma, pheochromocytoma, carotid body tumor

paraganglioma, PNETs, meningioma, NF1, etc

Cephalic, cardiac, and trunk neural crests

Cranial
A
SISO SNSRI (T Neural crest
l 5
H Oto !

QllEREEEREET Somites

' ORBHEEDERRE somites

:Periocular & :
, 1stAch 23 4 86 |
ANNNNNNNNNANY Neural crest

Cardiac Neural Crest

Kirby ML: Cardiac morphogenesis - recent research advances. Pediatric Res 21:219-224, 1987
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near occlusion of the left anterior
descending artery

collateral to the left anterior
descending artfery

e

Case 6

YT
presenta- . Coronary
oa®  Author(Yea) tonof Sex i manifesta S orond
g coronary tion ‘giography
disease
1 Furuta etal. 14 M Japa- none stenosis of rt
(1985)°) nese CA
2 Shiratori et al. 29 F Japa- angina
(1985)" nese pectoris stenosis at
ostium of It
irregular wall
at bil CAs
3 Sakamoto et al. 31 M Japa-  angina stenoses of rt
(1987)'% nese  pectoris CA and It ADA
4 Saitoetal. 36 M Japa- angina stenosis of It
(1987)") nese  pectoris ADA
5 Tateno et al. 30 F Japa-  angina stenosis of It
(1988)!) nese  pectoris ADA
6 Suzuki et al. 40 F Japa- heart stenosis at
(1989)* nese failure ostium of It
CA MT,
atherosclerosis
of It ADA
7 Tokunagaetal. 34 M Japa- silent hypoplastic It
(1996)17) nese  myocardial "
ischemia  diffuse
scleroses of
rt CAand It
ADA
8 Akasaki et al. 23 M Japa- angina stenosis of It
(1998)) nese  pectoris ADA
9 Ikeda et al. 48 M Japa- angina normal,
(1998)") nese  pectoris  positive to Ach
provocation
10 Ahnetal 19 F Korean myocardial stenosis of
(1999)!) infarction  middle It ADA
11  Goar et al. 38 M Indian angina stenoses at
(1999)" pectoris ostiums of It
CA MT and rt
12 Present case 25 F Japa-  angina ormal,
nese  pectoris  provocation not
performed

Slide 13

angina pectoris
resistant to repeated PTA
CABG (MIDCAB)

56/F

Komiyama M, et al: Minimal invasive direct coronary artery bypass in moyamoya disease.
Interactive Cardiovascular Thoracic Surg 2:65-67, 2003

Occlusion of the circle of Willis

and coronary artery diseases

14 patients (M/F=6/8, 14-56 y/o)

2 asymptomatic, 12 symptomatic Slide 14
2 myocardial infarction
1 heart failure

9 angina pectoris

Komiyama M, et al: Neurol Med Chir (Tokyo) 2001

Phace syndrome

Posterior fossa malformations
(Dandy-Walker malformation, cerebellar hypoplasia, arachnoid cyst)

Hemangioma of the face

Arterial anomalies

Slide 15

(stenosis/occlusion of the cerebral arteries, moyamoya vessels,

primitive arteries)

Cardiac or aortic malformations

Eye abnormalities

(orbital hemangioma, hypoplastic optic nerve)

Sternal clefting or supraumbilical raphe

Komiyama M

Frieden HJ, et al, Arch Dermatol, 1996
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ACTAZ2 mutation related syndrome

fixed dilated pupils, mydriasis (congenital mydriasis)

persistent ductus arteriosus (PDA)

thoracic aorta aneurysm and dissection

hypotonic bladder, hypoperistalsis Slide 16

moyamoya phenomenon
dolichoectasia of the intracranial ICA
straightening and narrowing of the cerebral arteries

coronary artery diseases
pulmonary arterial hypertension

Neural Crest

Cephalic Crest including Cardiac Crest

Primitive internal Aorta .
carotid artery coronary arteries Slide 17

Primary trigger

-2

?? |ACTAZ mutation |RNF213 mutation
ACTA2 syndrome| |occlusion of Willis circle|
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