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Figure 4.9 Dorsal views of the germ disc showing gene expression patterns respon-
sible for establishing the left-right body axis. A. Fibroblast growth factor 8 (FGF-8),
secreted by the node and primitive streak, establishes expression of Nodal, a mem-
ber of the transforming growth factor β (TGF-β) superfamily, on the left side near
the node. B. Later, as the neural plate is induced, FGF-8 induces expression of Nodal
and Lefty-2 in the lateral plate mesoderm, whereas Lefty-1 is expressed on the left
side of the ventral aspect of the neural tube. Products from the Brachyury (T) gene,
expressed in the notochord, also participate in induction of these three genes. In
turn, expression of Nodal and Lefty-2 regulates expression of the transcription fac-
tor PITX 2, which, through further downstream effectors, establishes left sidedness.
Sonic hedgehog (SHH), expressed in the notochord, may serve as a midline barrier and
also repress expression of left-sided genes on the right. NKX 3.2 may regulate down-
stream genes important for establishing right sidedness.

induces expression of Nodal but only on the left side of the embryo (Fig. 4.9A).
Later, as the neural plate is induced, FGF-8 maintains Nodal expression in the
lateral plate mesoderm (Fig. 4.10), as well as Lefty-2, and both of these genes
upregulate PITX2, a transcription factor responsible for establishing left sided-
ness (Fig. 4.9B ). Simultaneously, Lefty-1 is expressed on the left side of the
floor plate of the neural tube and may act as a barrier to prevent left-sided sig-
nals from crossing over. Sonic hedgehog (SHH ) may also function in this role
as well as serving as a repressor for left sided gene expression on the right. The
Brachyury(T) gene, another growth factor secreted by the notochord, is also
essential for expression of Nodal, Lefty-1, and Lefty-2 (Fig. 4.9B ). Genes regulat-
ing right-sided development are not as well defined, although expression of the

胎生の初期に現れるsulcusはNotochordの窪み
Fig.1
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Figure 5.3 Formation and migration of neural crest cells in the spinal cord. A and B.
Crest cells form at the tips of neural folds and do not migrate away from this region until
neural tube closure is complete. C. After migration, crest cells contribute to a hetero-
geneous array of structures, including dorsal root ganglia, sympathetic chain ganglia,
adrenal medulla, and other tissues (Table 5.1). D. In a scanning electron micrograph
of a mouse embryo, crest cells at the top of the closed neural tube can be seen mi-
grating away from this area (arrow). E. In a lateral view with the overlying ectoderm
removed, crest cells appear fibroblastic as they move down the sides of the neural tube.
(S, somites).

Schwann cells, and cells of the adrenal medulla (Fig. 5.3). Neural crest cells
also form and migrate from cranial neural folds, leaving the neural tube be-
fore closure in this region (Fig. 5.4). These cells contribute to the craniofacial
skeleton as well as neurons for cranial ganglia, glial cells, melanocytes, and
other cell types (Table 5.1). Induction of neural crest cells requires an interaction
between adjacent neural and overlying ectoderm. Bone morphogenetic pro-
teins (BMPs), secreted by non-neural ectoderm, appear to initiate the induction

Langman's Medical Embryology 10th edition

Formation and migration of neural crest cells in the spinal cord. 
A and B. Crest cells form at the tips of neural folds and do not migrate away 
from this region until neural tube closure is complete. 
C. After migration, crest cells contribute to a hetero- geneous array of 
structures, including dorsal root ganglia, sympathetic chain ganglia, adrenal 
medulla, and other tissues Fig.2



Schematic representation of the early morphogenetic processes associated 
with the devel- opment of the cranial placodes. All cranial placodes develop 
from a thickening of the head ectoderm. Adenohypophysis, olfactory 
epithelium of the nose, lens, and inner ear form by invagination of the placodal 
epithelium into a vesicle. 

Langman's Medical Embryology 10th edition

Fig.3



12 Section I Orientation, Development, Gross Anatomy, Blood Supply and Meninges

Fig. 2.3A–C. Lateral views of the brains of human embryos at 26 days (A), 30 days (B) and 41 days (C).
Based on [69]

1 Prosencephalon
2 Mesencephalon
3 Rhombencephalon
4 Optic vesicle
5 Rhombomeres
6 Cephalic flexure
7 Cervical flexure
8 Optic cup
9 Cerebral hemisphere

10 Diencephalon
11 Hemispheric sulcus
12 Epiphysis
13 Cerebellum
14 Metencephalon
15 Myelencephalon
16 Pontine flexure
17 Infundibulum
II, V etc. Cranial nerves

神経管の最初のダイナミックなfolding
は胎生30～40日に起こる
metencephalon とmyelencephalon
が谷を作り、菱脳・橋(三叉神経節)が
形成される．
Nieuwenhuys R ”The Human 
Central Nervous System”
4th Edition Fig.4



10週ではmetencephalon とmyelencephalonが分化し、菱脳・橋(三叉神経節)が形
成されるが、telencephalonにはまだ脳回・脳溝の形成はみられない．

Fig.5



Diagrammatic representation of the principal tangential migrations of 
neuronal precursors in the human CNS, using a lateral view of an embryo 
of about 8 weeks as a topographical framework.
髄鞘化する以前の神経細胞は、GABAなどのneurotransmitterのstreamに沿って
矢印の方向へそれぞれ細胞増殖し、皮質・髄質を形成する．その基本骨格は脊椎
動物では種族間で大きな相違がない．

Nieuwenhuys R ”The Human 
Central Nervous System”
4th Edition

Fig.6



Sagittal sections of the 
developing cerebellum 
at 8 weeks (A), 
10 weeks (B), 
12 weeks (C), 
14 weeks (D), 
15 weeks (E) and 
18 weeks (F).

脳室側の上衣神経細胞と外套側
の小脳皮質細胞の増殖速度と細
胞数に大きな差異があり、
deep cerebellar nucleiから発
現される遺伝子誘導酵素により
制御されていると考えられてい
る．

Fig.7



Development of the lens placode into the mature lens. Diagrams 
illustrating the sequence of events leading to formation of the lens 
in a vertebrate embryo.　Park BY. Induction and Segregation of the　
Vertebrate Cranial Placodes

眼杯から眼球の形成過程．
neural retina (神経網膜)も脳回の一つと捉えることができる．眼は終脳の出店と言
われる所以である．

Fig.8



魚類 両生類 爬虫類

Paleopallium, Achipallium, Neopallumの系統発生上段が頭側、下段は側面像　
初期の終脳は嗅脳とPaleopalliumが優位であることがわかる．Sulcus, Gyrus
の形成は爬虫類以降のneipalliumの増大に伴って発達してくる．

Fig.9



図1 発生期の終脳における神経細胞移動　
(a)側面から見た胎生14日 目ころのマウス胚の脳.上 が背側,(b)終脳をaで示した
coronal view (上が背側に相当)  脳の内腔に面した領域 は脳室帯とよばれ.この領域で
神経細胞は神経上皮細胞から分裂する.おもな細胞移動の経路である放射状方向への細
胞移動と背側接線方向への細胞移動に加えて,本 稿で紹介する腹側接線方向への細胞移
動を示した .終脳表層に伸長する 嗅球の軸索の束(嗅索)を緑色で示してある.  
出典: 川崎能彦” 蛋白質 核酸 酵素 Vol.47No.15,2002. Fig.10



Medial cortex (MCx), a dorsal cortex (DCx), a lateral cortex (LCx), and a 
large part of the periventricular dorsal ventricular ridge (DVR). 
In mammals, the pallium consists of the hippocampal formation (HIP, which 
is comparable to the MCx and the dorsomedial cortex), the isocortex (ICx)
OCx(olfactory cortex)とICx(isocortex)間のfissureはヒトにおけるRhinal fissure
つまりcollateral sulusに相当する． Fig.11



Figure. Fundamental morphological units in the vertebrate brain. 
Puelles L et al. Phil. Trans. R. Soc. Lond. B (2001) Fig.12



Basic organization of the brain gyri
Red lines indicate the constant arrangement of the brain gyri.

lateral surface midsagittal

Fig.13
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ピンクはヒトneopallium
の発達、縦のラインは
foramen monroを基軸にし
ている．脳回・脳溝構造が
はっきりするのは20週以降
である．

Fig.14



Genetics and the making of Homo sapiens 
Carroll SB. Nature 2003

ヒトとチンパンジーの間では、各々の
gyrusの容量やunitごとの脳回の数が異な
るだけで、 大脳新皮質の細胞構築と機
能局在は、大きな相違がない．

Fig.15



Superior frontal gyrus における superselective angiography
cortico-medullary arteryがU-fiberをにより屈曲している様子が分かる．
sulcus単位では、arteryはdescending sulcal segment とascending sulcal segment が
gyrus単位ごとに認められるが、cortical venous systemでは、隣接する2つのgyrusの
ascending sulcal veinが合流し、1本のcortical veinとなる．それゆえ、sulcal typeのAVM
では、terminal feederは常に2本あるが、initial draining veinは1本である． Fig.16



superior temporal sulcus に局在するAVM 
sulcal typeのAVMでは terminal feederは常に2本見られ、
drainerはsulcusに所属する皮質静脈1本である．
塞栓術時、glueのdraining veinへの迷入を防げれば、nidus内の圧の上昇や、隣接
する脳回の虚血を起こさずに超選択的にAVMを閉塞できるチャンスがある．

terminal feeder
draining vein

superior temporal sulcal AVM 
arterial phase capillary phase

Fig.17



A Diagram of the embryonic formation of the deep vascular pattern in the central region: 
arteries cross the suici obliquely, the
pressure of neighboring developing areas leads to typical secondary deformations: a 
retrograde obliquity in depth
(postcentral gyrus covers part of the precentral) and the formation of the genu inferior 
within the originally straight central
sulcus, continuing the process of lower frontal infolding.
Yasarigil MG. Microneurosurgery Vol.IIIA  1987

Fig.18
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Fig7.11A-B 
A Diagram of the embryonic formation of the deep vascular pattern in the central region: arteries cross the suici obliquely, the 
pressure of neighboring developing areas leads to typical secondary deformations: a retrograde obliquity in depth 
(postcentral gyrus covers part of the precentral) and the formation of the genu inferior within the originally straight central 
sulcus, continuing the process of lower frontal infolding. 

  

Fig 7 .11B   The angiographic appearance of deep vascular segments results from their position in relation to the direction of 
the X-ray beam and the orientation of the film. Some typical forms are illustrated on this plate: a Loop of an ascending branch in 
the inferior frontal (fi) sulcus: lateral, oblique, and a-p projections, b Loop in the posterior intraparietal (ip) sulcus: lateral and a-
p views. 
 Terminal loops of arterial branches coming from behind and in front into the upper precentral (prc) sulcus (lateral and a-p). 

d A branch crossing the central (centfaj) sulcus (lateral and a-p). 
e A temporal branch coming from the sylvian fissure and crossing the superior temporal (ts) sulcus (lateral, oblique, and a-p 
projections). 
f A branch of the anterior cerebral artery coming from the mesial surface, crossing over F1 and entering the superior frontal 
(fs) sulcus (lateral and a-p projections). 
g A superficial vein descending into the rolandic region collects smaller branches coming from the central and precentral 
(cent[v]) sulci. Straight intrasulcal segments bend upon arriving at the surface (lateral and a-p views). (FromSzikla, G., G. 
Bouvier.T. Hori, V. Petrov: Atlas of Vascular Pattern and Stereotactic Cortical Localization. Springer, Berlin 1977.) 

References p. 399 

 

  

Vascular patters relating to the sulcus on neopallium

Inferior frontal sulcus

Fig.19
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Fig7.11A-B 
A Diagram of the embryonic formation of the deep vascular pattern in the central region: arteries cross the suici obliquely, the 
pressure of neighboring developing areas leads to typical secondary deformations: a retrograde obliquity in depth 
(postcentral gyrus covers part of the precentral) and the formation of the genu inferior within the originally straight central 
sulcus, continuing the process of lower frontal infolding. 

  

Fig 7 .11B   The angiographic appearance of deep vascular segments results from their position in relation to the direction of 
the X-ray beam and the orientation of the film. Some typical forms are illustrated on this plate: a Loop of an ascending branch in 
the inferior frontal (fi) sulcus: lateral, oblique, and a-p projections, b Loop in the posterior intraparietal (ip) sulcus: lateral and a-
p views. 
 Terminal loops of arterial branches coming from behind and in front into the upper precentral (prc) sulcus (lateral and a-p). 

d A branch crossing the central (centfaj) sulcus (lateral and a-p). 
e A temporal branch coming from the sylvian fissure and crossing the superior temporal (ts) sulcus (lateral, oblique, and a-p 
projections). 
f A branch of the anterior cerebral artery coming from the mesial surface, crossing over F1 and entering the superior frontal 
(fs) sulcus (lateral and a-p projections). 
g A superficial vein descending into the rolandic region collects smaller branches coming from the central and precentral 
(cent[v]) sulci. Straight intrasulcal segments bend upon arriving at the surface (lateral and a-p views). (FromSzikla, G., G. 
Bouvier.T. Hori, V. Petrov: Atlas of Vascular Pattern and Stereotactic Cortical Localization. Springer, Berlin 1977.) 

References p. 399 
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Fig 7 .11B   The angiographic appearance of deep vascular segments results from their position in relation to the direction of 
the X-ray beam and the orientation of the film. Some typical forms are illustrated on this plate: a Loop of an ascending branch in 
the inferior frontal (fi) sulcus: lateral, oblique, and a-p projections, b Loop in the posterior intraparietal (ip) sulcus: lateral and a-
p views. 
 Terminal loops of arterial branches coming from behind and in front into the upper precentral (prc) sulcus (lateral and a-p). 

d A branch crossing the central (centfaj) sulcus (lateral and a-p). 
e A temporal branch coming from the sylvian fissure and crossing the superior temporal (ts) sulcus (lateral, oblique, and a-p 
projections). 
f A branch of the anterior cerebral artery coming from the mesial surface, crossing over F1 and entering the superior frontal 
(fs) sulcus (lateral and a-p projections). 
g A superficial vein descending into the rolandic region collects smaller branches coming from the central and precentral 
(cent[v]) sulci. Straight intrasulcal segments bend upon arriving at the surface (lateral and a-p views). (FromSzikla, G., G. 
Bouvier.T. Hori, V. Petrov: Atlas of Vascular Pattern and Stereotactic Cortical Localization. Springer, Berlin 1977.) 

References p. 399 
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e A temporal branch coming from the sylvian fissure and crossing the superior temporal (ts) sulcus (lateral, oblique, and a-p 
projections). 
f A branch of the anterior cerebral artery coming from the mesial surface, crossing over F1 and entering the superior frontal 
(fs) sulcus (lateral and a-p projections). 
g A superficial vein descending into the rolandic region collects smaller branches coming from the central and precentral 
(cent[v]) sulci. Straight intrasulcal segments bend upon arriving at the surface (lateral and a-p views). (FromSzikla, G., G. 
Bouvier.T. Hori, V. Petrov: Atlas of Vascular Pattern and Stereotactic Cortical Localization. Springer, Berlin 1977.) 
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Central sulcal AVM (Rolandic AVM)におけるsuperselective angiography
マイクロカテーテルは、ACAよりsuperior frontal sulcus pars posteriorからdescending 
sulcal segmentを経由し、ループを形成してprecentral sulcus ascending sulcal segment
へと以降し、precentral gyrusを超えて、central sulcs内のterminal feederに至っている．

Fig.23
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Puelles, Schuurmanらが遺伝子マーカーで証明した
histogenetic unitsは、Economoらの古典的細胞構築
のmapや、動脈の支配領域に一致する．

Fig.24



1924年に発表されたEconomoらによる脳回の分類．

Fig.25



Key genetic pathways for formation
and patterning of telencephalon

Schuurmans C and Guillemot F, 2002
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Schuurmans C, et al.  Molecular mechanisms underlying cell fate specification in the 
developing telencephalon. Curr Opin Neurobiol 12, 2002.
近年、新皮質に成長する細胞群はinsular cortex の原基であるlateral pallium近傍より発生
し神経細胞遊走 Neuronal migrationを経て計16のhistogenetic units を構成することがわ
かってきた．各々の細胞配列を規定する遺伝子も同定されている．つまり脳回・脳溝の
数や、配列の様式は、発生の初期段階から遺伝子により規定されている．

Fig.26



Key genetic pathways for formation
and patterning of telencephalon

Schuurmans C and Guillemot F, 2002
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Histogenetic Units
(HU) とは、発生の
段階で遺伝子発現に
より制御されている
新皮質の細胞構築の
単位．
各々のHUの増殖
は Gli3, Emx1/2, 
Ngn1/2,Pax6
などのgene 
expressionにより
GABA, cholinergic 
neurotransmitterを
介して制御されてい
る．

Fig.27
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Histogenetic unitsという概念は21世紀に入って
gene markerなどの技術により初めて証明され
たことであるが、 Jules-Bernard Luys は驚くべ
きことに、1865年に数百体の脳解剖知見から、
特に深部白質と脳回を結ぶfiber architectonics
について詳細な観察を行い、ヒトのneopallium
は16のユニットより形成されていることを記述
した． Fig.28


