
Third to Eighth WeeksThird to Eighth Weeks

The embryonic period



Embryonic (organogenesis) periody ( g g ) p

Third to eighth weeks of developmentThird to  eighth weeks of development

 Ectoderm

 Mesoderm

 Endoderm

gives rise to a number of specifi c tissues & organs

F ti f th j f t f th t lFormation of  the major features of the external



Derivatives of the ectodermal germ layere at es o t e ectode a ge aye

 beginning of third week beginning of third week 

 the ectodermal germ layer broader in the cephalic than in caudal region

 notochord and prechordal mesoderm induces ectoderm to thicken & form the neural plate 

 neuroectoderm

l ti neurulation.



Molecular Regulation of Neural Inductiono ecu a egu at o o eu a duct o

 FGF Upregulation

 BMP4 inhibition(TGF-b) 

 chordin & noggin & follistatin in:

 primitive node, notochord & prechordal mesoderm

 forebrain & midbrain induction

C d l l l t t t I d ti Caudal neural plate structures Induction 

(hindbrain and spinal cord)

 depends on WNT3a & FGF

 Retinoic acid (RA) 

cranial-to-caudal axis organizer



Neurulation

 Neural plate 

 Neural tube

 End of third week

 Neural folds

 Neural groove

F i b i i th i l i Fusion begins in the cervical region

(5th somite, cervical part) 

 Neural tube



Neurulation

 amniotic cavity amniotic cavity 

 anterior (cranial) neuropores

 posterior (caudal) neuropores

 cranial neuropore closes  day 25 (18- to 20-somite stage),

 posterior neuropore closes at day 28 (25-somite stage)

 a narrow caudal portion, the spinal cord

 A broader cephalic the brain vesicles



Neural Crest Cells

 cells at the lateral border or crest of the neuroectoderm cells at the lateral border or crest of the  neuroectoderm

 epithelial-to-mesenchymal transition

 Migration in 2 pathways:

(1) a dorsal pathway through the dermis (melanocytes & hair  follicles)

(2) a ventral pathway through the anterior half of each somite to become sensory ganglia, 
sympathetic & enteric neurons, Schwann’s cells, and cells of the adrenal 



Neural Crest Cells

Neural crest from cranial neuralNeural crest from cranial neural 

(craniofacial skeleton, cranial ganglia, glial cells, melanocytes)

 4th germ layer





Molecular processp

 High BMPs concentration induce epidermis High BMPs concentration induce epidermis

 Moderate BMPs concentration induce neural crest

 Low BMPs concentration induce neural platep

 Moderate BMPs, FGF & Wnt

 PAX3 & other transcription factors3 p

 SNAIL & FOXD3 (Neural Crest Specification)

 SLUG (Neural Crest Migration)



Ectodermal dervatives

By the time the neural tube is closedBy the time the neural tube is closed

bilateral ectodermal thickenings

1. the otic placodes (otic vesicles) 

2. the lens placodes (5th week, the lenses of the eyes)



Ectodermal derivatives

 organs and structures that maintain contact with the outside world:

 The central nervous system;

 The peripheral nervous system;

 The sensory epithelium of the ear, nose, eye, epidermis (hair and nails)

In addition:

 Subcutaneous glands

 The mammary glands

 The pituitary gland

 enamel of the teeth







Derivatives of mesoderm germ layerg y

 17th day

 Paraxial mesoderm

 Lateral plate mesoderm

P i l i d l1. Parietal or somatic mesoderm layer

2. Splanchnic or visceral mesoderm layer

 Intermediate mesoderm Intermediate mesoderm



Paraxial mesoderm

Beginning of third week
 Somitomeres (Segmentation)
Concentric whorls around the unit center 

 Neuromeres (head mesenchyme)
 20th day 
 The first pair of somites  in occipital region

i d l craniocaudal sequence 
 3 pairs per day

end of  5th week, 42 to 44 pairs 
 4 occipital
 8 cervical
 12 thoracic12 thoracic
 5 lumbar
 5 sacral
 8 to 10 coccygeal

the age of an embryo



Molecular Regulation of Somite FormationMolecular Regulation of  Somite Formation

 paraxial mesoderm paraxial mesoderm

 segmentation clock

 cyclic expression of a number of genes

 Notch & WNT signaling pathways 

Notch protein (in presomitic mesoderm)

t itnext somite 

Boundaries for each somite by:Boundaries for each somite by:

retinoic acid (RA) (high concentrations cranially) 

FGF8 (higher concentrations caudally)

WNT3a (higher concentrations caudally) 



Somite Differentiationff

 presomitic mesoderm,presomitic mesoderm,

 fibroblast- like cells

 Epithelization (donut shape arrangement around a small lumen)

beginning of the 4th weekbeginning of the 4 week

 cells in the ventromedial walls of the somite

become mesenchymal (fibroblast-like) again

surround the neural tube & notochord

sclerotomesclerotome

 vertebrae

 Ribs



Somite Differentiationff

precursors for muscle cells

 Cells at the dorsomedial region of the somite Cells at the dorsomedial region of  the somite

 Cells at the ventrolateral region of  the somite

d t dermatome

cells between these groups

 Dermomyotome

 ventrolateral edge cells 

migrate to parietal layer of lateral plate mesoderm (body wall)
external and internal oblique muscles

transversus abdominis muscles

Some limb muscles

 Cells in dermomyotome
dermis for the skin of the back 

muscles for the back

body wall (intercostal muscles)body wall (intercostal muscles)

some limb muscles



Molecular Regulation of Somite Differentiationolecula egulation of Somite iffe entiation

 WNT proteins  fromp
 the dorsal neural tube
PAX3 (dermomyotome region) 

 WNT proteins
dorsomedial portion of the somite
MYF5  (primaxial muscle precursors)

 inhibiting protein BMP4 & FGFs (lateral plate mesoderm )
WNT (epidermis )( p )
dorsolateral portion of the somite 
MYOD  (primaxial and abaxial muscle precursors)

 The midportion of the somite dorsal epithelium 
neurotrophin 3 (NT-3)
by the dorsal region of the neural tube
Dermis formationDermis.formation



Molecular Regulation of Somite Differentiationolecula egulation of Somite iffe entiation

th t h d l t b id i d l t l l t d the notochord, neural tube, epidermis, and lateral plate mesoderm

 noggin genes 

 sonic hedgehog (SHH)

notochord and floor plate of the neural tube

ventromedial portion of the somite

Sclerotome (PAX1)

Cartilage &  bone



Intermediate Mesoderm

t i l d ith th l t l l t connects paraxial mesoderm with the lateral plate

differentiates into:

urogenital structuresurogenital structures

 In cervical and upper thoracic regions

segmental cell clusters (future nephrotomes)

 caudally

unsegmented mass of tissue (nephrogenic cord)

urinary systemurinary system

the gonads



Lateral Plate Mesoderm

 Lateral plate mesodermp
1. Parietal (somatic) layer                                                                                                     

line the intraembryonic cavity

2. visceral (splanchnic) layer
Surround the organsSurround the organs

 parietal layerMesoderm & overlying ectoderm
 lateral body wall folds & cephalic & caudal foldslateral body wall folds & cephalic & caudal folds
 close the ventral body wall

 The parietal layer mesoderm forms: 
1. the dermis of the skin in the body wall & limbs,
2. the bones and connective tissue of the limbs,
3. and the sternum

Cell migration  from paraxial mes. To lateral plate mes.
1. costal cartilages
2. limb muscles
3. most of the body wall muscles3. most of the body wall muscles 



Lateral Plate Mesoderm

 The visceral layer mesoderm & endoderm The visceral layer mesoderm & endoderm

wall of the gut tube 

Mesoderm cells of the parietal layer

surrounding the intraembryonic cavity 

the mesothelial (serous)  membranes

it l peritoneal,

 Pleural

 Pericardial

 Mesoderm cells of the visceral layer 

thin serous membrane around each organ 



Blood and Blood Vessels

 Mesoderm origine Mesoderm origine

vessels formation: 

1. Vasculogenesis (blood islands) 

2. Angiogenesis (sprouting from existing vessels)

Third week

H i bl t (t )Hemangioblasts (temporary)

first blood islands (mesodermic wall of the yolk sac) 

lateral plate mesoderm

other regionsother regions

 definitive hematopoietic stem cells 

 aortagonad- mesonephros region (AGM)

 colonize the liver (2-7th monthes)

 Bone marrow (7th month)



Blood and Blood Vessels

 Mesoderm origine Mesoderm origine

vessels formation: 

1. Vasculogenesis (blood islands) 

2. Angiogenesis (sprouting from existing vessels)

Third week

fi t bl d i l d ( d i ll f th lk )first blood islands (mesodermic wall of the yolk sac) 

lateral plate mesoderm

other regions

 Hemangioblasts

 defi nitive hematopoietic stem cells 

 aortagonad- mesonephros region (AGM)

 colonize the liver (2-7th monthes)

 Bone marrow (7th month)







Derivatives of the endodermal germ layerDerivatives of the endodermal germ layer

 The gastrointestinal tract The gastrointestinal tract

 brain vesicles growth & development 

embryonic disc  bulge into the amniotic cavity

th l t b L th i the neural tube Lengthening 

embryo to curve

 Head, tail & two lateral folds move ventrally

The ventral body wall closes

1. Foregut

2. Midgut

3. Hindgut



Derivatives of the endodermal germ layerDerivatives of the endodermal germ layer

cephalic endcephalic end

 oropharyngeal membrane (ctodermal–endodermal membrane)

Separate Stomadeum from the pharynx (4th week)

Caudal end

 the cloacal membrane (ectodermal– endodermal membrane)

separates the upper part & lower part(proctodeum) of the anal canal (7th week)



Derivatives of the endodermal germ layerDerivatives of the endodermal germ layer

 cloaca cloaca

 allantois incorporation, body folding

 5th week,

umbilical region( yolk sac duct, allantois & umbilical vessels)

The yolk sac role:

t iti nutritive organ

 first blood cells

 PGCs origin



Derivatives of the endodermal germ layerDerivatives of the endodermal germ layer

 epithelial lining of the primitive gut epithelial lining of the primitive gut

 intraembryonic portions of the allantois & vitelline duct 

● The epithelial lining of the respiratory tract

Th h f● The parenchyma of

thyroid

Parathyroids

LiverLiver 

pancreas 

● The reticular stroma of the tonsils & thymus

● The epithelial lining of the urinary bladder & urethra

Th ith li l li i f th t i it & dit t b● The epithelial lining of the tympanic cavity & auditory tube



External appearance during the second monthExternal appearance during the second month

end of 4th week (28 somites)end of 4 week (28 somites) 

 somites 

 pharyngeal arches

Age in the second month 

 crown rump length (CRL)crown rump length (CRL) 

 vertex to the midpoint between the buttocks

During the second month:

 increase in head size 

f ti f th li b f & formation of the limbs, face, ears, nose & eyes



Limb formationf

beginning of 5th weekbeginning of  5 week
 forelimbs and hindlimbs (paddle-shaped buds ) 

f li bforelimbs 
dorsal to the pericardial swelling
(4th cervical to the first thoracic somites)
 brachial plexus

Hind limb 
caudal to attachment of the umbilical stalkcaudal to attachment of the umbilical stalk 
(lumbar and upper sacral somites) 

With f th thWith further growth:
 terminal portions of the buds flatten
 a circular constriction
 4 radial grooves (digits formation)
 Second constriction






