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    Introduction    

   Skin Structure 

 The integumentary system is formed by skin and 
several skin appendages (glands, hair, nails, and 
teeth)  [  1  ] . The skin is the largest organ in the body 

(in adults it weighs from 3 to 5 kg) and represents 
both its border and its intermediary with environ-
ment  [  1,   2  ] . The skin covers the whole outer sur-
face of the body, including the wall of the outer 
auditory canal (meatus). It proceeds with the 
mucosae of the alimentary canal and respiratory 
and urinary-genital ways  [  3  ] . Its total thickness 
varies from 1.5 to 4.0 mm  [  3  ] . Human skin is 
formed by two distinct layers: the outer epider-
mis, a strati fi ed pavement epithelium, and the 
underlying dermis consisting of connective tissue, 
principally dense at interlaced bundles (Fig.  1.1 ).  

 The two skin layers are interconnected with 
each other through epidermal-dermal junctions. 
These are undulating in section and formed by 
ridges of the epidermis, known as rete ridges, 
that project into the dermis. The junction pro-
vides mechanical support for the epidermis and 
acts as a partial barrier against exchange of 
cells and large molecules. Below the dermis, 
there is a fatty layer, the panniculus adiposus, 
usually designated as “subcutaneous.” This is 
separated from the rest of the body by a vesti-
gial layer of striated muscle, the panniculus 
carnosus  [  4  ] . 

 There are two main kinds of human skin. 
Glabrous skin (non-hairy skin), covering the 
palms and soles, is grooved on its surface by con-
tinuously alternating ridges and sulci. It is char-
acterized by a thick epidermis divided into several 
layers, including a compact stratum corneum; by 
the presence of encapsulated sense organs within 
the dermis; and by a lack of hair follicles and 
sebaceous glands. On the contrary, hair-bearing 
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 Key Points 

 Skin embryology: the embryology of the • 
both epidermis and dermis is described. 
 Epidermal development: the development • 
of the epidermis beginning the third week 
of fetal life and its regulation is treated. 
 Skin structure: the structure and the • 
ultrastructure of adult skin are detailed. 
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skin has both hair follicles and sebaceous glands 
but lacks encapsulated sense organs  [  4  ] . 

    The integumentary system has not only princi-
pally protection functions but also thermoregula-
tion, respiration, and perception functions  [  1  ] . The 
skin is the  fi rst line of defense against  environmental 
(mechanical, chemical, osmotic, thermal) insults 
and microbial infection, as well as water and elec-
trolyte loss  [  2,   3  ] . It confronts these attacks by 
undergoing continual self-renewal to repair dam-
aged tissue and replace old cells  [  5  ] . Stem cells are 
located in the adult hair follicle, sebaceous glands, 
and in the basal layer of the interfollicular epider-
mis  [  5,   6  ] ; they have the function to maintain tis-
sue homeostasis, regenerating hair and repairing 
the epidermis after injury  [  5  ] .  

   Embryology of the Skin 

 The skin develops by the juxtaposition of two 
embryological elements: the prospective  epidermis, 
which originates from a surface area of the early 
gastrula, and the  prospective  mesoderm, which is 

brought into contact with the inner surface of the 
epidermis during  gastrulation  [  4,   7,   8  ] . 

 The epidermis originates almost completely 
from the covering ectoderm, and only few cells 
(melanocytes and Langerhans’ cells) migrate from 
other areas. On the contrary, the dermis develops 
from two different mesenchymal areas; the larger 
part arises from somatopleure    (lateral mesoderm) 
and the smaller part arises from somites (paraxial 
mesoderm)  [  1  ] . Both components of the skin 
should be considered as donors and receptors of 
information. Morphogenesis of the skin depends 
on a careful and constant dialogue between them 
 [  9  ] . Before skin morphogenesis, several cell inter-
actions take place, in order to specify  fi rst the for-
mation of dermal progenitors  [  10,   11  ]  and second 
their densi fi cation inside the sub-ectodermal space 
 [  9  ] . These two  fi rst steps lead to the formation of 
the embryonic skin, formed by an upper epidermis 
overlying a dense dermis. The next step is the ini-
tiation and organization of regular repetitive 
appendage primordia. Finally, the  fi nal step is the 
organogenesis of the epidermal primordia 
( placode) in a complete, mature appendage  [  9  ] .  

  Fig. 1.1    Histological section 
of human skin. The human 
skin is composed by a 
super fi cial upper layer, the 
epidermis covering a deeper 
layer, the dermis. Inside the 
dermis, numerous glands 
( arrows ), blood vessels ( bv ), 
and hair follicles ( hf ) are 
evident. Below the dermis is 
visible the subcutaneous fat 
( stars ). Mallory trichromic 
stain. Original 
magni fi cation 2.5×       
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   Development of the Epidermis 

 After gastrulation, the embryo surface emerges as 
a single layer of neuroectoderm, which will ulti-
mately specify the nervous system and the skin 
epithelium  [  5  ] . The covering ectoderm develops 
from epiblast during the third week of fetal life 
and represents the ectoderm that does not differ-
entiate in nervous tissue. During the fourth week, 

the covering ectoderm separates from neural tube 
and closes on nervous system, forming a continu-
ous coating on embryo surface. At the crossroads 
of this decision is Wnt signaling, which blocks the 
ability of ectoderm to respond to  fi broblast growth 
factors (FGFs)  [  5  ] . In the absence of FGF signal-
ing, the cells express bone morphogenetic pro-
teins (BMPs) and become fated to develop into 
epidermis  [  5  ]  (Fig.  1.2 ).    Initially, the covering 
ectoderm is composed by a single layer of undif-
ferentiated, cuboidal, and glycogen- fi lled cells 
 [  4,   12  ]  (Fig.  1.3a ). At this early stage, cell 
 proliferation is the dominant process  [  13  ] . At the 
end of the fourth week, the epidermis forms a sec-
ond layer that lies outer and originates simple 
squamous epithelium called periderm, a purely 
embryonic structure, which is unique to primates 
 [  4  ]  (Fig.  1.3b ). Its cells  fl atten, cornify, and even-
tually spread to several times the diameter of the 
deeper cells. The inner, basal layer includes stem 
cells and represents the germinal layer (stratum 
germinativum) of epidermis, whereas the perid-
erm establishes the protection barrier on contact 
with amniotic  fl uid  [  1  ] .   

 Between 8 and 11 weeks, the germinal 
layer actively proliferates and originates a third 

Wnt

Neuroectoderm

BMP

Epidermis

FGF

  Fig. 1.2    The epidermis formation. Wnt signaling blocks 
FGF activity on the neuroectoderm that can express BMP 
proteins so developing the epidermis       

3–4° week

End of the 4° week

8–11° week

12–24° week

To the amniotic fluid
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  Fig. 1.3    Development of the 
epidermis. ( a ) The covering 
ectoderm is formed by a 
single layer of cuboidal, 
undifferentiated cells; ( b ) the 
epidermis is composed by a 
second super fi cial layer called 
periderm; ( c ) the germinal 
basal layer originates a third 
middle layer, the intermediate 
layer, whose cells are 
characterized by the presence 
of microvillus projections at 
the surface of the periderm; 
( d ) during the  fi fth month, the 
intermediate layer 
 proliferates, forming one or 
more other layers. The 
periderm cells form numerous 
blebs and get away in the 
amniotic  fl uid (See more 
details in the text)       
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 middle layer, the intermediate layer (Fig.  1.3c ). 
Development of this layer is associated with 
asymmetric cell division of embryonic basal kera-
tinocytes  [  14–  16  ] . Glycogen is abundant in all 
layers, and a few microvillous projections occur 
at the surface of the periderm. The surface cells 
are  fl at and polygonal  [  4,   17  ] . These three lay-
ers persist about a month and then the epidermis 
later on evolves. During the  fi fth month (12–16 
weeks), there are one or more intermediate lay-
ers (Fig.  1.3d ). These cells contain  mitochondria, 
Golgi complexes, and a few tono fi laments, as well 
as abundant glycogen both within and between 
cells. Microvilli become much more numerous 
 [  4  ] . From this stage onward, dome-shaped blebs 
start to project from the centers of the periderm 
cells. At  fi rst, the blebs are simple, but later their 
surface becomes dimpled and infolded  [  4  ] . The 
periderm gets away, and in some weeks (by 24 
weeks), it is removed in the amniotic  fl uid, form-
ing, together with shed lanugo, sebum, and other 
materials, the vernix caseosa  [  4  ] . The periderm 
may be no more than a protective coating for 
the fetus before keratinization of the epidermis. 
On the other hand, features such as the abundant 
microvilli, raised blebs, coated- and smooth-
membrane vesicles, and increasing cell size sug-
gest that it may have an important function such 
as the uptake of carbohydrate from the amniotic 
 fl uid  [  4,   17  ] . 

 In the same time, like basal keratinocytes, 
intermediate cells undergo proliferation and/or 
differentiation. The loss of their proliferative 
capacity is associated with the maturation of 
intermediate cells into spinous cells  [  14,   16,   18  ] . 
The basal layer together with the spinous layer 
forms the Malpighian layer  [  19  ] . The spinous 
layer cells undergo further maturation to form the 
granular layer (stratum granulosum) and the outer 
corni fi ed layer (stratum corneum)  [  1,   18  ] . 

 In the epidermis of the hand and foot, among 
granular and corni fi ed layers, a thin additional 
layer, called bright (glossy) layer (stratum 
lucidum) for its refraction property, lies. This 
layer is formed by cells containing the  fl uid elei-
din that replaces the granules. All the epidermis 
layers are formed by cells called keratinocytes 
because they contain keratin by 14 weeks  [  4  ] . 

The germinal layer continuously produces cells 
that differentiate in keratinocytes, move toward 
the upper layers, degenerate, and  fi nally are elim-
inated in the environment. During this migration 
among layers, keratinocytes pass through several 
maturation phases and their structural transfor-
mations originate morphological differences. 
Hemidesmosomal and desmosomal proteins are 
already detectable in the basal keratinocytes at 10 
weeks  [  4  ] . 

 Epidermal cells must undergo growth arrest 
before they can initiate a differentiation program 
 [  13  ] . Moreover, the morphological changes that 
are a hallmark of epidermal strati fi cation are asso-
ciated with changes in the expression of keratin 
differentiation markers  [  16,   20  ] . In fact, during 
normal epidermal development, commitment to 
the epidermal lineage involves the repression of 
the non-epidermal keratin pair K8/K18  [  16,   21  ]  
and the induction of the epidermal keratin pair 
K5/K14  [  6,   16,   22,   23  ] . Keratinocytes belong-
ing to the spinous layer are big and polyhedric 
cells, synthesizing high quantity of keratin and 
keratohyalin, the two speci fi c proteins of the 
epidermis. In the granular layer, these proteins 
are organized in two several types of subcellu-
lar aggregates: keratohyalin granules and keratin 
bundles. Some derivatives of keratohyalins, par-
ticularly the  fi laggrin, used to tightly join cells 
together, are  fi rst detectable at 15 weeks  [  4  ] . 
Moreover, cells forming the layer just beneath 
the periderm become to express loricrin  [  13,   23–
  25  ] . Speci fi cally, keratohyalin granules appear 
at 21 weeks in the uppermost layer  [  4  ] . The ini-
tiation of terminal differentiation results in the 
induction of K1 and K10 expression in the newly 
formed suprabasal keratinocytes  [  18,   26,   27  ] . In 
addition, corni fi ed envelope proteins, which are 
rich in glutamine and lysine residues, are synthe-
sized and deposited under the plasma membrane 
of the granular cells  [  5  ] . When the cells become 
permeabilized to calcium, they activate transglu-
taminase, generating  g -glutamyl- e -lysine cross-
links to create an indestructible proteinaceous sac 
to hold the keratin macro fi brils (including vari-
ous keratins, involucrin, loricrin, and  fi laggrin) 
 [  5,   13  ] . In the higher part of granular layer, the 
cells start to show the  fi rst signs of terminal 
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 differentiation and degeneration:  fl attening cell 
form, destruction of cellular organelles, dense 
chromatin granules, and breaking of the nuclear 
envelope.    When the cells pass into the corni fi ed 
layer, they completely degenerate, lose nuclei, 
and assume the shape of  fl attening sacs full of 
keratin, forming 15–30 layers of dead cells. 
Terminal differentiation is a slow process that 
requires many newly synthesized proteins in all 
layers of the epidermis  [  13  ] . 

 The plane of union between epidermis and 
dermis is smooth until early in the fourth month 
when epidermal thickenings grow down into the 
dermis of the palm and sole. About 2 months 
later, corresponding elevations  fi rst appear on the 
skin surface. These epidermal ridges complete 
their permanent, individual patterns in the second 
half of fetal life  [  28  ] .   

   The Regulation of Epidermal 
Development 

 The process during which the unspeci fi ed surface 
ectoderm adopts an epidermal fate is de fi ned as 
epidermal speci fi cation  [  16  ] . 

 Generally, keratinocytes take about 4 weeks to 
pass from the germinal layer to the outside of the 
body, and the epidermis structure depends on both 
their proliferation rate and differentiation pro-
cesses. The  fi ne balance among proliferation and 
differentiation is regulated by a complex system 
of interaction between many growth factors 
(Table  1.1 ). Some of these stimulate keratinocyte 
proliferation (epidermal growth factor,  fi broblast 
growth factor, transforming growth factor- a , insu-
lin, and interleukins), whereas others inhibit it 
(transforming growth factor- b 1 and transforming 
growth factor- b 2, interferons, and tumor growth 
factor)  [  1  ] . These pathways may be variably acti-
vated, both spatially and temporally, leading to a 
diverse series of transcribed genes  [  4  ] .  

 TGF- a  is made by the basal cells and stimu-
lates their own division. If the TGF- a  gene is 
linked to a promoter for keratin 14 (one of the 
major skin proteins expressed in the basal cells) 
and inserted into the mouse pronucleus, the 
resulting transgenic mice activate the TGF- a  

gene in their skin cells and cannot downregulate 
it. The result is a mouse with scaly skin, stunted 
hair growth, and an enormous surplus of kerati-
nized epidermis over its single layer of basal 
layer  [  19,   29  ] . 

 Another growth factor needed for epidermal 
development is keratinocyte growth factor (KGF), 
a paracrine factor produced by the  fi broblasts of 
the underlying dermis. KGF is received by the 
basal cells of the epidermis and probably regu-
lates their proliferation. If the gene encoding 
KGF is fused with keratin 14 promoter, the KGF 
becomes an autocrine factor in the transgenic 
mice. These mice have a thickened epidermis, 
baggy skin, too many basal cells, and no hair fol-
licles, not even whisker follicles  [  19,   30  ] . 

 Many studies have demonstrated that the 
dermis provides the initial signals required for 
epidermal speci fi cation  [  16  ] . In vertebrates, the 
acquisition of the epidermal fate is associated 
with the induction of p63 expression, which 
is the  fi rst transcription factor to be speci fi ed 
for the epidermal lineage  [  16,   31–  36  ] . It has 
been demonstrated that mice that are de fi cient 
for  p63  gene function have truncated or absent 
limbs, poorly developed skin, and die shortly 
after birth, presumably due to dehydration  [  13, 
  37,   38  ] . p63 is involved in the development of 
the embryonic basal layer (Fig.  1.4a ). In the epi-
dermis, at least six p63 isoforms are expressed, 
which fall into two categories: those that encode 
proteins with an amino-terminal transactivation 
domain (TA isoforms) and those that encode pro-
teins that lack this domain ( D N isoforms)  [  13  ] . 
Among the TA or  D N isoforms, alternative splic-
ing gives rise to three different carboxyl termini 
that are associated with the designations of  a , 

   Table 1.1    Main growth factors involved in proliferation 
and differentiation of keratinocytes   

 Proliferative  Anti-proliferative 

 EGF  TGF b 1 
 FGF  TGF b 2 

 TGF- a   Interferons 

 Insulin  Tumor growth factor 
 Interleukins  NF- k B 
 KGF 
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 b , and  g   [  13,   39  ] . Regulation by p63 involves 
an intricate interplay between various p63 iso-
forms  [  13,   20  ] . Speci fi cally, TAp63 isoforms are 
detected prior to the commitment to stratify and 
strongly localize to the nucleus, indicating that 
they may be required to initiate the epithelial 
strati fi cation program in the developing embryo 
 [  13  ] . Particularly, the TAp63 a  isoform induces 
expression of AP-2 g , a transcription factor impli-
cated in the regulation of K5 and K14 expres-
sion during epidermal morphogenesis  [  6,   16, 
  23,   36,   40–  43  ] . Other than K14 expression, the 
epidermal fate is also associated to the expres-
sion of desmosomal components, important for 
cell-cell adhesion within the epidermis  [  18,   44  ]  
(Fig.  1.4a ). One desmosomal component directly 
involved by p63 in the embryonic basal layer is 
Perp  [  6,   16,   45  ] . Moreover p63 is important for 
regulating the adhesion of keratinocytes to the 
basement membrane which is mediated by inte-
grins, a family of transmembrane receptors for 
the basement membrane protein laminin  [  6,   46  ] . 
Speci fi cally, it has been demonstrated that p63 
induces expression of several integrin subunits, 
such as integrin  a 3  [  6,   47,   48  ] . Furthermore, 
p63 controls basement membrane formation by 
directly inducing the expression of the basement 
membrane component Fras1  [  6,   18  ] .  

 The basal layer other producing keratinocytes 
   that undergo terminal differentiation provides the 
epidermis with mechanical stability and  barrier 

function (Fig.  1.4b ). To this purpose, some 
keratinocytes terminally differentiated are ulti-
mately sloughed off, whereas other cells which 
can continuously supply terminally differentiat-
ing keratinocytes must be maintained for the life 
of the organism  [  16  ] . In order to prevent prema-
ture terminal differentiation, basal keratinocytes 
must repress the expression of genes that initiate 
this process and, at the same time, must induce 
and maintain the expression of genes required 
for proliferation and K5/K14 expression  [  16  ] . 
It has been demonstrated that  D Np63 a  can 
directly induce K14 expression, and it is prob-
ably involved in maintenance of K14 expression 
in keratinocytes  [  16,   43,   49  ] . Moreover,  D Np63 a  
is able to maintain keratinocyte proliferation by 
directly inhibiting the expression of two genes 
induced during epidermal terminal differentia-
tion: p21 WAF/Cip1 , a member of the cyclin-depen-
dent kinase inhibitor (CKI) family  [  13,   50  ] , and 
14-3-3 s , a member of 14-3-3 family of intracel-
lular signaling proteins  [  13,   16,   51–  57  ] .  D Np63 a  
binds directly to the p21 WAF/Cip1  and 14-3-3 s  
promoters  [  55  ] , so inhibiting their transcription 
and then favoring epidermal cell proliferation 
 [  13  ] . In addition,  D Np63 a  inhibits p21 expres-
sion by preventing Notch signaling, an upstream 
regulator of p21 in the epidermis  [  16,   57–  59  ] . 
Moreover, it has been hypothesized that Notch 
signaling is involved not only in growth arrest 
but also in corni fi cation  [  13  ] . In fact, it has been 
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  Fig. 1.4    Roles of p63 in the 
development of the epider-
mis. ( a ) p63 is involved in 
several processes important 
for the formation of the 
embryonic basal layer; ( b ) 
p63 isoforms also control 
terminal differentiation of 
keratinocytes (See more 
details in the text)       
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 demonstrated that addition of JAG-1 to human 
keratinocytes lift cultures resulted in Notch acti-
vation; strong induction of loricrin, involucrin, 
and peroxisome proliferator-activated receptor-
 g  (PPAR g ); and corni fi ed envelope formation 
 [  13,   60  ]  other than in enhanced levels of nuclear 
NF- k B  [  13,   61  ] . Furthermore, p63 also represses 
two cell cycle inhibitors Ink4a and Arf  [  6,   62  ]  as 
well as induces the expression of genes required 
for cell cycle progression, including ADA and 
FASN  [  6,   55,   62–  66  ] . Ink4a regulates cell cycle 
arrest by blocking phosphorylation of Rb fam-
ily members, thereby maintaining them in their 
anti- proliferative states  [  20,   67  ] . On the other 
hand, it has been demonstrated that p63 is 
able to directly repress the expression of genes 
required for cell cycle progression including 
cyclin B2 and cdc2  [  6,   16,   68  ] . This apparent 
controversy may be explained by supposing 
that p63 functions to maintain proliferation in 
early transit amplifying (TA) cells, whereas it 
acts inducing cell cycle exit in mature TA cells 
 [  6,   16  ] . In fact, it has been demonstrated that 
p63 directly induces p57 Kip2 , a cyclin-dependent 
kinase inhibitor, in order to allow cell cycle exit 
and undergo terminal differentiation  [  6,   69,   70  ] . 
Speci fi cally, whereas TAp63 isoforms inhibit 
terminal differentiation  [  36  ] ,  D Np63 isoforms 
are  fi rst expressed after the single-layered epi-
dermis has committed to strati fi cation  [  13  ] . In 
vivo studies using transgenic mice suggest that 
one function of  D Np63 a  during early epider-
mal morphogenesis is to counterbalance the 
effects of TAp63-induced inhibition of differ-
entiation, allowing cells to respond to terminal 
differentiation program  [  13,   36  ] .  D Np63 a  may 
block TAp63 isoforms directly, via a dominant-
negative action of TAp63  [  13  ] . As reported for 
p63 and Notch, another molecule involved in 
the switch from proliferation to growth arrest 
is NF- k B  [  13,   71  ] . In normal epidermis, NF- k B 
proteins localize in the cytoplasm of basal cells 
and then in the nuclei of suprabasal cells  [  13, 
  71  ] . Particularly, it has been shown that NF- k B 
in association with selective induction of p21 WAF/

Cip1  induces growth arrest  [  13,   72  ] . As p63, also 
NF- k B acts by downregulating molecules that 
promote cell proliferation  [  13  ] . Speci fi cally, 

during epidermal development, NF- k B func-
tions by opposing the proliferative activity of 
TNFR1/JNK  [  13  ] . 

 In humans, the earliest morphological sign of 
strati fi cation during epidermal development is the 
formation of the intermediate cell layer  [  14,   16,   73  ] . 
The intermediate keratinocytes, which proliferate 
and express K1, populate the  fi rst suprabasal layer 
of the embryonic epidermis  [  14–  16,   18  ] .  D Np63 a  is 
the only transcription factor known to be required 
for the formation of the intermediate layer  [  16  ] . In 
fact,  D Np63 a  synergizes with Notch to induce K1 
expression  [  16,   57  ] . 

 At the same time, it has been shown that 
 D Np63 a  expression is reduced to approximately 
25 % in suprabasal keratinocytes with respect to 
its high expression in basal keratinocytes  [  6,   74  ] . 
Its rapid downregulation in suprabasal keratino-
cytes is mediated by several processes:  fi rst, 
 D Np63 a  transcripts are degraded by micro
RNA-203  [  6,   75,   76  ]  which is expressed only in 
suprabasal keratinocytes  [  6,   75–  77  ] ; second, 
 D Np63 a  protein is also actively degraded in 
suprabasal keratinocytes through the proteosomal 
pathways by the E3 ubiquitin ligase Itch and 
p14 Arf   [  6,   78,   79  ] . 

 The intermediate cell layer exists only tran-
siently, since intermediate cells are replaced 
by postmitotic keratinocytes that form spinous 
layer during later developmental stages  [  14,   16  ] . 
Histological analysis has demonstrated that inter-
mediate cells mature directly into spinous cells 
 [  16,   18,   73  ] . Despite  D Np63 a  active degradation 
in suprabasal cell layers, the remaining protein is 
suf fi cient to control important aspects of kerati-
nocytes differentiation and particularly seems to 
be involved also in this process. In fact,  D Np63 a  
critical target gene is IKK a   [  18  ] , a previously 
identi fi ed regulator of epidermal, skeletal, and 
craniofacial morphogenesis  [  16,   80–  82  ]  which is 
a critical mediator of cell cycle exit during kera-
tinocyte differentiation  [  6,   18,   83  ] . Intriguingly, 
the failure of intermediate cells to mature into 
spinous cells, lacking IKK a , also resulted in the 
aborted development of epithelial appendages 
and limbs  [  16,   84  ] . 

 An important trigger of epidermal terminal dif-
ferentiation is an increase in extracellular Ca 2+  
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concentration, which is involved in regulating the 
formation of the spinous layer, granular layer, and 
epidermal barrier  [  16  ] . A Ca 2+  gradient is  fi rst 
established in utero, and in mature epidermis, an 
increasing gradient of extracellular Ca 2+  is present 
from basal to the corni fi ed layers  [  16,   85–  87  ] . 
Speci fi cally, protein kinase C (PKC) is activated 
during keratinocyte differentiation  [  16,   88  ] . 
During terminal differentiation, PKC proteins 
appear to function speci fi cally in the transition 
from spinous to granular cells, by contributing to 
downregulate K1 and K10 expression  [  16,   89  ] , a 
process that is associated with the transition from 
spinous to granular cells  [  27,   90  ] . In addition, 
PKC activation induces expression of loricrin, 
 fi laggrin, and transglutaminase, markers of granu-
lar keratinocytes  [  16,   89,   91  ] . 

 The  fi nal step in epidermal strati fi cation 
involves the formation of the epidermal barrier 
 [  16  ] . The best-studied transcription factor involved 
in the regulation of epidermal barrier formation is 
Klf4 which is expressed in the upper spinous and 
granular layers  [  16,   92,   93  ] . Another transcription 
factor implicated in this process is Grhl3/Get1 
 [  94,   95  ]  which downregulates many genes 
involved in lipid synthesis and metabolism  [  16  ] . 
Finally, it has been demonstrated that  D Np63 a  is 
also important for the formation of the epidermal 
barrier by inducing at least two genes required for 
barrier formation: Claudin 1 and Alox12  [  6,   96, 
  97  ] . Moreover, several in vivo and in vitro studies 
indicated that PPAR activators accelerate differ-
entiation and corni fi cation in fetal and adult epi-
dermis  [  98–  101  ] . It has been demonstrated that 
Notch signaling may be involved also in these 
processes. In fact, Notch may function upstream 
of PPARs to induce terminal differentiation  [  13  ] . 
Moreover, Notch also induces the caspase 3 in 
order to promote terminal differentiation during 
embryonic development of epidermis  [  13  ] .  

   Dermis Development 

 The dermis is the skin layer under the epidermis. 
It arises from mesenchymal cells that come in 
part by somatopleure and, in lower size, by der-
matomes. In the face and in wide regions of the 

neck, instead, the dermis arises from cells that 
migrate from neural crest of the skull  [  1  ] . Initially, 
dermis cells form several junctions between their 
cytoplasmic extensions and originate the  primor-
dial dermis , characterized by high cell density 
and by aqueous extracellular matrix, rich in gly-
cogen and hyaluronic acid  [  1  ] . This primordial 
dermis changes into the  mature  or  de fi nitive der-
mis , during the third month, when a great part of 
its mesenchymal cells differentiate in  fi broblasts, 
which secrete a  fi brous extracellular matrix, 
formed by collagen  fi bers (especially collagen I 
and IV) and by elastic  fi bers  [  1  ] . This change 
gives dermis both a high resistance and notable 
resilience, allowing it to carry out one of its main 
functions: to give a physical stable support to the 
epidermis, essential to establish an effective pro-
tective barrier  [  1  ] . Other than to provide physical 
support, the dermis nourishes the epidermis, 
which is not vascularized. This function is 
allowed by the development of dense network of 
blood vessels in the stroma of the dermis  [  1  ] . 
Always during the third month, the surface that 
divides the dermis from the epidermis loses its 
primordial  fl atten shape and becomes highly 
wavy by the formation of crests and depressions 
that form very complicate drawing (dermato-
glyphics). These waves originate both by epider-
mis ridges and by dermis eversions (dermal 
papillae). Interdigitations between ridges and 
papillae markedly increase adhesion of the epi-
dermis to the dermis, especially in areas exposed 
to high mechanical efforts  [  1  ] . The  fi rst visible 
lines on the skin appear at the end of the third 
month in the hands and feet (forming  fi ngerprints), 
and after several weeks, they cover the whole 
body surface, with drawing that varies from one 
side to the other  [  1  ] . From the  fi fth month, each 
region of the skin is marked by a speci fi c network 
of lines and keeps this con fi guration also if it is 
transplanted elsewhere  [  1  ] . Formation of dermal 
papillae divide the dermis in two layers. An upper 
layer, close to the epidermis, is called papillary 
layer. It is a thin sheet that maintains many fea-
tures of the looser connective tissue which forms 
the primordial dermis  [  1  ] . The deeper layer, 
instead, is much more thick and is called reticular 
layer, since here the collagen  fi bers assume an 
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arrangement at weave, or at a reticulum (net-
work), that characterizes the compact connective 
tissue  [  1  ] . The reticular layer of the dermis, in its 
turn, is close to the hypoderm, or subcutaneous 
layer, the region which is addressed to become 
the main fatty storage of the body. Other than by 
the formation of connective  fi bers and blood ves-
sels, the dermis development is characterized by 
appearance, in its stroma, of tactile receptors 
(Meissner, Pacinian, and Ruf fi ni corpuscles), 
nerve endings (free or encapsulated), and skin 
adnexa (hairs and glands)  [  1  ] .  

   Structure and Ultrastructure 
of Adult Epidermis 

 The epidermis is a complex, terminally differen-
tiated, strati fi ed squamous epithelium formed 
by one basal and several suprabasal layers of 
keratinocytes, which provides barrier functions 
to the skin  [  2  ] . The epidermis can be divided 
into four distinct layers: stratum basale or stra-
tum germinativum, stratum spinosum, stratum 
granulosum, and stratum corneum  [  4  ]  (Fig.  1.5 ). 
In palmoplantar skin, there is an additional zone, 
also electron lucent, the stratum lucidum 
between the granulosum and corneum  [  4  ] . Each 
epidermal layer  contains keratinocytes at  various 

stages of differentiation and proliferative poten-
tial  [  2,   102  ] .  

 The stratum basale is a continuous layer 
directly in contact with a basement membrane. It 
is generally described as only one cell thick, but 
may be two to three cells thick in glabrous skin 
and hyperproliferative epidermis. The basal cells 
are small and cuboidal and have large nuclei that 
vary from euchromatic (in stem cells and in 
young keratinocytes) to eterochromatic (in older 
keratinocytes), dense cytoplasm containing 
many free polyribosomes, mitochondria, dense 
tono fi lament bundles  [  4  ] , included actin 
micro fi laments and keratin  fi lament bundles, and 
melanin granules  [  3  ] . Moreover, basal keratino-
cytes speci fi cally express K5 and K14  [  103  ] . The 
basal cells are linked to basement membrane 
through hemidesmosomes. Almost always, basal 
surfaces of basal cells are many pleated, interact-
ing with basement membrane projections  [  3  ] . 
The basal layer is composed by dividing cells 
that give rise to several upper layers where kera-
tinocytes progressively differentiate  [  4  ] . Close to 
the basal layer, the epibasal keratinocytes enlarge 
to form the spinous/prickle cell layer or stratum 
spinosum. This stratum contains more mature 
keratinocytes, disposed in more layers and 
closely packed. These cells show interacting sur-
faces through projections and indentations and 

  Fig. 1.5    Histological section 
of the mature adult epidermis. 
Mallory’s trichrome stain. 
Original magni fi cation 40×       
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are interconnected with each other through des-
mosomes. In their cytoplasm, there are many 
abundant keratin bundles integrated with desmo-
somes. This feature allows a strong cohesion to 
the epidermis and a high strength to traction  [  3  ] . 
The suprabasal layer (spinous) cells express K1 
and K10  [  103  ] . The cytoplasm of the cells of the 
stratum spinosum show moderately euchromatic 
nuclei, with large nucleoli, numerous polyribo-
somes, and typical vacuoles containing melanin 
granules (melanosomes)  [  3  ] . The melanin comes 
from melanocytes of the epidermis. Melanin 
granules are more numerous in the deeper part of 
stratum spinosum and progressively are degraded 
by keratinocytes, so that they lack in the 
super fi cial part of the stratum  [  3  ] . The stratum 
spinosum is succeeded by the stratum granulo-
sum or granular layer, so called for the presence 
of the intracellular granules of keratohyalin 
inside keratinocytes cytoplasm  [  4  ] . At high 
magni fi cation, the dense mass of keratohyalin 
granules from human epidermis has a particulate 
substructure, with particles of irregular shape on 
average 2 nm length and occurring randomly in 
rows or lattices  [  4,   104  ] . The granular cells also 
contain a highly phosphorylated protein, rich in 
histidine, called basic pro fi laggrin  [  3  ] . The cyto-
plasm of the cells of the upper, spinous layer and 
granular cell layer also contains smaller lamel-
lated granules averaging 100–300 nm in size, 
which are known as lamellar granules or bodies, 
membrane-coating granules, or Odland bodies 
 [  4,   105  ] . These are numerous within the upper-
most cells of the spinous layer and migrate 
toward the periphery of the cells as they enter the 
granular cell layer. They discharge their lipid 
components into the intercellular space, playing 
important roles in barrier function and intercel-
lular cohesion within the stratum corneum  [  4  ] . 
The granular cells contain pyknotic nuclei and 
show degenerated organelles  [  3  ] . Granular cells 
also express and produce  fi laggrin, loricrin, and 
transglutaminase 3 (TG3)  [  103,   106  ] . 

 In the palmoplantar region, the cells forming 
the stratum lucidum are still nucleated and may 
be referred to as “transitional” cells  [  4  ] . The out-
ermost layer of epidermis is the stratum corneum 
where cells, now called corneocytes, have lost 

nuclei and cytoplasmic organelles. The cells 
become  fl attened and the keratin  fi laments align 
into disulphide cross-linked macro fi bers, under 
the in fl uence of  fi laggrin, the protein component 
of the keratohyalin granule, responsible for kera-
tin  fi lament aggregation  [  107  ] . The corneocyte 
has a highly insoluble corni fi ed envelope within 
the plasma membrane, formed by cross-linking 
of the soluble protein precursor, involucrin  [  108  ] , 
following the action of a speci fi c epidermis trans-
glutaminase also synthesized in the high stratum 
spinosum  [  109  ] . The process of desquamation 
involves degradation of the lamellated lipid in the 
intercellular spaces and loss of the residual inter-
cellular desmosomal interconnections. The cor-
neocytes which protect the viable cell layers are 
continually shed from the skin surface, and the 
rate of production of cells in the basal layer must 
match the rate of loss from the surface to produce 
the normal skin thickness, although increased 
rates of loss and cell division occur in pathologi-
cal states  [  4  ] . 

 Within the epidermis, there are several other 
cell populations, namely, melanocytes, which 
donate pigment to the keratinocytes; Langerhans’ 
cells, which have immunological functions; and 
Merkel cells  [  4  ] .  

   Structure and Ultrastructure 
of Adult Dermis 

 The dermis is composed of dense connective tis-
sue at interlaced bundles formed by cells scattered 
in a supporting matrix (Fig.  1.6 ). The dermis con-
sists of the following: (a) retiform interlacement 
of collagen  fi ber bundles, with a varying amount 
of elastic  fi bers; (b) a matrix containing proteo-
glycans,  fi bronectin, and other typical element of 
the matrix; (c) blood vessels; (d) lymphatic ves-
sels; and (e) nerve endings. The matrix is consti-
tuted by proteins and polysaccharides linked to 
each other to compose macromolecules that pro-
vide a remarkable capacity for retaining water  [  4  ] . 
Inside the matrix, there are two kinds of protein 
 fi bers: collagen, the major constituent of the der-
mis, which has great tensile strength, and elastin, 
which makes up only a small  proportion of the 
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