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Learning objectives

To understand

Halr Skin and acoessory glands o Toeth

Skin function and anatomy

Mammary ridges Tooth buds form from

A\
of hir ger (‘f/ Ly =\ . . e
N 4 AN 4 Skin origins
Development of the overlying epidermis

Development of epidermal appendages:

Hair follicles
Glands
Nails

Teeth

Development of melanocytes

Development of Langerhans cells

Schoenwolf et al: Larsen's Human Embryology, 4th Edition. )
Copyright © 2008 by Churchill Livingstone, an imprint of Elsevier, Inc. All rights reserved

Development of the Dermis




Skin Function and Anatomy

Largest organ of our body (20%)

- Protects inner body from
outside world (pathogens, water, sun)
-Thermoregulation

Diverse: thick vs thin skin, scalp skin
vs face skin, etc

Consists of:

Overlying epidermis
Epidermal appendages:-

- Hair follicles,

- Glands: sebaceous, sweat, apocrine, mammary

- Nails

- Teeth
Melanocytes
Langerhans cells
(Merkel Cells)
Dermis
Hypodermis




Muscles of head, striated skeletal muscle Urogenital system, including
(trunk, limbs), skeleton except cranium| dermis | gonads, ducts, and accessory
of skin, and connective tissue glands

D e r i Vat i Ve S Of t h e Connective tissue and muscle

of viscera

t h ree G e rm Laye rS Serpus membranes 9f pleura,

pericardium, and peritoneum

Primordial heart

Cranium g
& ;
Connective tissue of head ?L 8 kol ok
%
Dentin % g" g Spleen
1) w &
L% & § Suprarenal (adrenal) cortex
) § ¢
fanseony A
Epithelial parts of @ <
Toachion é o g SURFACE ECTODERM |
Bronchi o £ K )
Lungs N

Epidermis, hair, nails, cutaneous
glands, and mammary glands

Anterior part of pituitary gland

Enamel of teeth

Internal ear

Epithelium of gastrointestinal tract, Lonai.eye

liver, pancreas,
urinary bladder, and

urachus -<«———— ENDODERM
. | NEUROECTODERMl
Trilaminar embryonic disc Cranial and \
Epithelial parts of ranial and sensory Central nervous
Pharynx ganglia and nerves system
Yy Bilaminar .
Thyroid gland Epiblast )
Tympanic cavity Embryonic disc Medulla OfI Retina
Ph ‘ suprarenal
Tor?‘i;V“ZIQOmeamc tube Embryoblast dond Pineal body
Parathyroid glands Pigment calls Posiaor part
of pituitary gland

Pharyngeal arch
cartilages

Head mesenchyme and connective tissue

Bulbar and conal ridges in heart

FIGURE 5-5 Schematic drawing of derivatives of the three germ layers, ectoderm, endoderm, and mesoderm. Cells from these
layers contribute to the formation of different tissues and organs.




e Ectoderm

1 Overlying epidermis, epidermal appendages, nerve endings

*|
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Neural Crest

Melanocytes + Cranial Connective Tissue

Neural Plate Border Neural Plate Epidermis

!
Convergence —/ \
q

Weeks 3-4

Neural Tube



Dermis

Connective tissue with:
Fibroblasts
Blood vessels
Nerve endings
Sensory receptors
Muscle bundles

Hair shaft — Epidermal ridge

Dermal papilla
Opening of —ea
sweat gland , N —I— Epidermis

Arrector pili muscle

Papillary Iayer—[ B / > QR

Reticular layer

Stratum corneum

Stratum e — Hypodermis
granulosum L) ==
Stratum £ ) Y
spinosum .
o . oo .
0,2 .
Stratum ¢ © o A S
germinativum-— 5 =2 Sweat gland Hair follicle ~ Sebaceous gland
a o, ) . -
!
Dermal
papilla Epidermal ridge
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Dermis development

3% Somitic mesoderm -> trunk (back)
¢ Somatic lateral plate mesoderm -> trunk (anterior), limbs
~ 3&Cranial neural crest derived mesenchyme -> cranial region —

Schoenwolf et al: Larsen's Human Embryology, 4th Edition.
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_ . area of skin supplied by a single spinal nerve level

Dorsal ramus

(Somitic mesoderm -> trunk (back)

Ventral ramus

Somatic lateral plate mesoderm -> trunk (anterior), limbs




Epidermal
development

Surface ectoderm

_stratified

squamous epithelium

Hair follicles

Glands (sebaceous, sweat,
apocrine, mammary, lacrimal,
salivary)

Nails

Teeth




Development of Skin/interfollicular epidermis (IFE)

Week 4  o—

Week 11 «—— Onset of stratification
———




Development of Skin

Periderm formation: 4 weeks{ 1. wnwlazwiuas
Periderm (P) A178ZALTZUAINNGN

ARAUNUUATN
2. laanugastuans
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_*‘__;;(.colla Wé‘tnjl?i'.ﬂflbronectln) 4‘ | ,.;, - .:.g:tv @ :

Q < -
N~ -‘.“'..‘L - : 4 e ".‘.x ~ . : g (
€. -~ . s ¥ o;s‘al\' Lo = —m, 1 "" 4




Development of Skin/Stratification

Onset of stratification
11 weeks (3 Mo): intermediate Iayer{ 5 months Periderm (P) is shed

Periderm (P)

--"'.
~

-
»

%0 3ulders (5S,5G;SC)

Intermediate layer (IL

Germinative layer (B)
(Stratum germinativum: SG)

Layer of stem cells

11 weeks
Schoenwolf et al: Larsen's Human Embryology, 4th Edition. 17 weeks
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later forms ridges and hollows, which are reflected on the surface of the skin

in the



Development of Skin/Stratification

6 Months: Full thickness

Schoenwolf et al: Larsen's Human Embryolbgy, 4th Edition.
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Development of Skin/Stratification

Onset of stratification
11 weeks: intermediate Iayer{

Periderm (P)

Intermediate layer (IL

'Mtw

Germinative layer (B) 24 wooks | Tl aEip - A

(Stratum germinativum: SG)

Layer of stem cells

11 weeks
Schoenwolf et al: Larsen's Human Embryology, 4th Edition.
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$

5 months Periderm (P) is shed

Adult

b
o, o
s .
--------
...........

s -
L ‘ ’ )
17 weeks | g, toa Tl s SRS L, &
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Stratified epidermis

Filaggrin: flatten cell ~—— |
Loricrin _ Cornification; Iytic enzymes: squame = | Stratum comeum (SC)
Envelope proteins Involucrin Kerati AT Tame T .«ﬁg Bundles » fr T
Envoplakin | g SHeEierEnesenie st %%W Granular layer (GL)

SN, e

T T

Secondary Keratin proteins

Keratin 1/10 Spinous layer (SL)

Desmosomes:
- resistant to water uptake or loss and infection
- distribute force

Primary Keratin filaments
Keratin 5/14 Basal layer (BL)
\ D Basement membrane
Junctions: g3 Adharens junction =a Hemidesmosome s=Desmosome < Focal contacts

(integrins)

essential for cell survival and determines the orientation of cell divisions




Stratified skin

Thick skin

Thin skin




Keratinization of the Skin

Ichthyosis, excessive keratinization of the skin, is
characteristic of a group of hereditary disorders
that are usually inherited as an autosomal reces-
sive trait but may also be X-linked. In severe cases,
ichthyosis may result in a grotesque appearance,
as in the case of a harlequin fetus (Fig. 21.2).

Figure 21.2 Ichthyosis in a harlequin fetus with

massive thickening of the keratin layer, which cracks to
form fissures between thickened plaques.



Surface ectoderm

Epidermal Appendages

Surface ectoderm

® )
Neural crest —=_= (100 &

- Hair follicles,

- Glands: sebaceous, sweat, apocrine,
mammary, salivary, lacrimal

- Nails

- Teeth



Share common developmental mechanisms:

Epithelium i
- WNTE 7 =
Mesenchyme -~ "_-"- .
First Signal

(1. Proliferation
2. Differentiation)

Reciprocal Signal ithelial
Sonic Hedgehog (SHH)

Placode Fibroblast Growth Factors (FGFs) BUd/Peg

—m—

- . = . = 4 - = - '£+ . = -.' -#- . = ﬁ
T .= = = - - Invagination of
- = - = - o= —
- - " = = Epidermis (IE)
Mesenchymal
Condensation - ..1‘:1.
(MC) Growth Factors

(11 FGFs, TGF-B)

_, Signaling events

Epithelial-mesenchymal interaction induces the formation of the placode (P), followed by
mesenchymal condensation (MC) and the invagination of the epidermis (IE) into the

dermis.



Hair follicle development and cycling

Epidermal appendage
Involved in thermoregulation/sun protection

Sex steroid hormones dependent

eyebrows, ?&f;ﬁx»i %{%@ = Permanent
evelids, — ms W A A LV [ e Infundibulum
T = Wy Sebaceous
25 ) gland
upper e !
- e T
l P f 'ch a;:*i. shat l
H / — Medulla
chin. (07 o Cycling
\ \ Bl oo
=T ) inal i

olf et al: Larsen's Human

Months 2-4: Onset hair follicle development
Hair follicles develop first in cranial region

-: most hair follicles present = - hair follicles.
_ it is believed that novel hair follicles do not form after birth -




Hair follicle development

(= 3 months = 12 weeks)
Month 2 > + 1 Month ——Birth: 5,000,000

(i) UNDIFFERENTIATED (i) PLACODE (iil) GERM {iv) PEG (v) BULBOUS PEG
EPITHELIUM

-_.-.'...‘_r_h" "-‘ __‘_h-r- l!q--l-.'.,'* - - _h. ] -
- * e . T . B . ) . - = Germinal matrix:
. producing hair shaft
- s \Bulb -
Mesenchymal -
(dermal)
condensate

—, Signaling events

Dermal iaiilla



Hair follicle development

Epidermal cells lining the follicular canal

Hair germ 4 Inner root sheath (IRS)

(HG) * Outer root sheath (ORS)

_ + Dermal root sheath (DS)

Hair peg

(HP) ‘ associated with the hair follicle

. Arrector pili muscle

Bulbous ¢ '1?’j O N o ®© eyebrows
hair peg ¥ SBR[ ® eyelashes

(BHP)

Invasion of

DP: Dermal papilla
dermalcells p bap

GM: Germinal matrix: producing the hair shaft

Schoenwolf et al: Larsen's Human Embryology, 4th Edition.

Copyright © 2008 by Churchill Livingstone, an imprint of Elsevier, Inc. All rights reserved



Hair follicle development

Formation of:
Arrector pili muscle (APM)

S ' hair follicle bulge ** {
m = . . 0%
tem cells Germinal matrix Epidermis [ S Basement (-DU
Inner and outer root sheaths memorane 3
Sebaceous Q)
12th week gland >
. . . Bulge ** 2-
Babies are born with first )
generation of fine un- Came == ==""4""
. d h . Inner root shaft
pigmente airs: Betiris sheath
Medulla—
Outer root
lanugo * sheath Qo
Sweat o
gland S5
oQ
Postnatal regeneration: Gomnatmalrix
. . . Dermal
Hair follicle cycling B epita

Vellus & terminal hairs

Schoenwolf et al: Larsen's Human Embryology, 4th Edition.
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Postnatal hair follicle cycling

Initiation of
follicular cycling
L]

bulbous
peg

——

germ peg

Epidernus
e—

Placode
g e Dermal
— = papilla

8p°
Follicular morphogenesis | 4 Regressing

epitheia

Platelet-Rich Plasma (PRP)

. Sebacecus r" =~
Anagen: growth _ 2 ML«/ Resting phase: 6 mo.
Catagen:regression wost ) fepe

Dermal  Bulge

Telogen: resting

Exogen: shedding [
@ / Shedding phase
New hair 'I — Bulge
S “ Dermal
Growth phase: 6 yr. | papila

& ]
|
| @+— New hair
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Abnormalities of Hair Distribution
[ Hypertrichosis (excessive hairiness)] is caused
by an unusual abundance of hair follicles. It may be
localized to certain areas of the body, especially the
lower lumbar region covering a spina bifida occulta
defect or may cover the entire body (Fig. 21.4).
Atrichia, the congenital absence of hair.]is usu-
ally associated with abnormalities of other ectoder-
mal derivatives, such as teeth and nails.

Hypotrichosis or Alopecia or Atrichia

Unfused neural  Tuft of hair
arch

Skin

Dura mater

Subarachnoid space
(containing CSF)

Spinal cord

N

Back muscles

Vertebra -

Figure 21.4 Child with hypertrichosis.



Epidermal gland development
Epidermal appendages: outgrowths from E or HF

* Sebaceous glands: sebum/vernix

Sweat glands
* Apocrine glands (pheromones)
Mammary glands
Salivary glands
Lacrimal glands

GLSC £
Epidermis SL. EE’ “ Basemen t
' memb
L__BLL Sebaceous

< »%)5\ sheath

1 (/) -

0/ o772 —sweat
- o

| L (\\_:; = Outer root
( gland

=@
L\vjj/

(R
5 } Germinal matrix

Dermal
. papilla



Epidermal gland development

Epidermal appendages

— Signalingev:

Sebaceous glands

- Develop from hair follicle (+4 Weeks)
. - Mature by 6 months: face

| s L " - Highly active in the fetus

Bulge

Epidermis

—=« | Jkvernix caseosa = - + desquamating

sheath
\ (TO// A

2 epidermal cells + remnants of the periderm

v
= } Germinal matrix

Dermis

Cortex
ﬁiﬁi‘foi wr - (waterproof protective coating )}

.....

Dermal

4 y ¥ papilla
ooy Erioigy v In some areas of hairless skin—such as the glans penis of males and the labia minora
Copyright © 2008 by Chui rchIIL gst an imprin! t fEIsewe Inc. All rights reserved

of females—sebaceous glands develop as independent down growths of epidermis.



kvernix caseosa = - + desquamating
epidermal cells + remnants of the periderm

After birth, the sebaceous glands become relatively inactive,

but at puberty they again begin to secrete large quantities of sebum in
response to the surge in circulating sex steroids.



Milia (baby acne) are common in all ages and both sexes. They most often arise

on the face, and are particularly prominent on the eyelids and cheeks, but they may
occur elsewhere.



Epidermal gland development

Epidermal appendages

Sweat glands (eccrine): develop from stratum germinativum (20 weeks+)
~ |Apocrine sweat glands: develop in association with HFs, most lost late in fetal development

except the axillae, mons pubis, prepuce, scrotum, and labia minora

Susat /
pore

Epidermis
Stratum germinativum|/=r_—

Hair
follicle

Secretory

Central cells peveioping
lumen

degenerate — Ecorine
Myoepithelial gland
S0 cells
Mesenchyme

&rmis)

Apocrine
sweat
gland

Schoenwolf et al: Larsen's Human Embryology, 4th Edition.
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Epidermal gland development

Epidermal appendages

Secondary buds
7

A pair of epidermal Mammary rldges g, Pmeryud

thickenings called the
mammary ridges

a,
C 4th month

15-25 dugi

\
Mammary

ath week | re

s at birth

Lactiferous ducts

inverted nipple -
% p“
NAUNLRRA

D 6th month E 8th month
Schoenwolf et al: Larsen's Human Embryology, 4th Edition.
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¥ ¥
Polymastia: Polythelia:
supernumerary breasts supernumerary nipples




Melanocytes




Melanocyte development

Neural crest

v Epidermis

Week 10

= AOC
| B Week 6/7

Neural crest —=_=

T T NS N Ty
e wdE Sa¥Es N

dermis -.".-.
AA A )

direction of
melanoblast =3

migration
_ Migration Migration Final destination:
Active . ;
into into Bulge
Hair Pegs Matrix
Basal layer (Humans)

Proliferation epidermis



Melanocyte development

Neural crest

Before stratification

Onset stratification

Bulbous hair pegs

Anagen

Matrix

Hair follicle Bulge Djian-Zaouche




i Epidermis

Neural Crest ——_ |

Melanocytes function as a sunscreen

O Sunburn

"\ ® Cancer
it Melanoma
“ ...'u' ‘\r’,\\\?:‘ ' : T T T ] . S

22l A TONANE G
(studies using monoclonal antibodies directed against antigens characteristic of melanocyte precursors )

Melanocytes represent between 5% and 10%
of the cells of the epidermis in the adult.




Bone marrow
\ 4

Langerhans cells function as the
immune cells of the skin

@ contact sensitivity (allergic skin reactions)

in immune surveillance
Q against invading microorganisms




Teeth




Tooth development

Neural-crest-denved mesenchyme
B Condensing dental mesenchyme
|| Oral epithelium [ | Enamel

[ | Ameloblasts L] Dentn

B Odontoblasts ["] Dental pulp

enamel
r

_dentin

Thickening Bud Cap Bell Erupted tooth

Week 8: i
Week 6: Week 7: y A Week 14:
dental lamina Mesenchyme VIESENCNYME 1% Epithelial cells: Ameloblasts: enamel
U-shaped ridge condensation |r;vaiﬁsbbz:\jse % Neural crest cells=Ectomesenchymal cells
ooth bud: .
. : = Odontoblasts: dentin
of epidermis (20) Dental papilla

Tucker and Sharpe, Nature Genetics 2004
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(a) H&E, cap stage (LP) (b) HAE, bell stage (MP) (c) HAE, onset of root development (LP) (d) HAE, ameloblasts (HP)

FIG. 13.5 Tooth develop




!

Tooth development

Primary teeth
10+ 10

Central
Lateral NCcisors
incisors

Cuspids
(Canines)

Second First
molars ™~ molars
Cuspids

(Canines) Lateral
incisors

Central
incisors

Adult teeth
16+ 16

Central incisors o
Lateral incisors

e’ Cuspids
(Canines)
Bicuspids 2 5
(Premolars) _‘

Second_“
molars
| _First
Third molars
molars |
Bicuspids
(Premolars)
Cuspids
(Canines)

Central incisors Lateral incisors

i—\ 6-10 months I:] 13-19 months , |6-8 years - 11-13 years

[ ]8-13 months [ 16-23 months
[ 110-16 months [l 23-33 months

[ J 7-9 years - 17-21 years

D 9-12 years




Nails




Nail development ...

Ectoderm

Nail field

Week 10: epidermal thickening, nail field

Week 11: nail field moves proximally, nail folds,
proximal nail fold: formation of formative zone

3rd — gth months Sy )

Copyright © 2008 by Churchill Livingstone, an
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Nail development

Ectoderm

Nail fold

Nail bed

Epithelial boundary
furrow

Hyponychium

Proximal nail fold

Nail bed

Eponychium
i Nail body

Stratum corneum

Stratum germinativum ———ssmas

Free edge of nail

Hyponychium
Nail root
Stratum corneum
Nail matrix
Stratum germinativum

(Malpighian layer)

WEEK 10 kroREN
) "URE NAIL
MATU s Distai nail border
. i Lateral nail groove
yponychium
Stratum corneum .
Eponychium Lunula
Stratum Nail or nail plate Eponychium
germinativum
—— Proxial nail border
DEVELOPMENT MRS :

OF FINGERNAIL

Scctions of fingertip

WEEK 14

Nail body

OO v

R % Lateral nail groove
W

4—\— le malnx __-a.a..b...

MATURE NAIL GROOVE AND ROOT
Longitudinal section

Lateral nail fold

Stratum corneum

Stratum germinativum

TERMINAL PHALANX  (Malpighian layer)

X-Section
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X-linked genetic disorder

Ectodermal Dysplasia

*Skin: dry, thin, or prone to infections due to

~abnormalitiesinsweatglands.

*Hair: sparse, brittle, or absent (hypotrichosis or
alopecia).

*Nails: thin, brittle, or misshapen.

*Teeth: hypodontia (fewer teeth) or anodontia
@bsence of teeth). Teeth may also be small,
pointed, or misshapen.

~ *Sweat Glands: Reduction or absence of sweat
~ glands canlead to heatintolerance and difficulty
- regulating body temperature.




Lecture conclusion

Skin

Hair

SKIin origins

Development of the overlying epidermis

Development of epidermal appendages:

Hair follicles Glands
Mammary glands Nails
Teeth

Development of Melanocytes
Development of Langerhans cells

Development of the Dermis

Devalopment
sequence fypical
of hair geem
formed in 7th week

Mammary glands
consist of 15-25
lactisrous ducts

Weeks

Skin and acoessory glands
r Mammary ridges
C_’{( eid e 4
! 3 |
Pornderm 7 -
Melanocytes & 8
Langarhans calls ]
nvade primitive
epidemis Basal layer
Peridem B = ) 10
Intermediste layor - ST SCEIEe Lo
S, germnativum — 11
Secondary buds
BpPPEar In 12
daveloping mammary i}
glands
14 J
Parderm sloughs
2 i S cormeum — 2
S grandosum s
S. spinosum Ol SESY 20 4
S germmativum
Sweat
glands
form

Months
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Teeth

Tooth buds form from
dantal lamina

Early boll stage
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