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Skin Main Functional AreasThe skin can be divided into four main functionalareas:
• epidermis – the major protective layer derived fromthe fetal ectoderm;
• dermis – the major support layer – of mesodermaloriginal;
• hypodermis - subcutaneous fat area – ofmesodermal origin
• skin appendages - composed of cells derived fromboth ectoderm and mesoderm – hair follicle,sebaceous gland, apocrine sweat gland, eccrinesweat gland, and nails.





The EpidermisFour main layers and sometimes another oneadditional :
• cornified or horny layer - outer non-nucleatedbarrier layer;
• granular layer – the zone where epidermal nucleidisintegrate;
• spinosus or prickle cell layer – the bulk of the livingepidermal keratinocytes;
• bazal layer – the only keratinocytes in normalepidermis which undergo cell division.
• These layers are best seen if a piece of thick, weight-bearing skin, such as that from the sole of the foot, isexamined under the microscope. In this skin, a fifthlayer can sometimes be seen just above the granularlayer – the stratum lucidum.























Cell Types Seen in the Epidermis
• keratinocyte – the main cell type; basal keratinocytes are a kind of stem cells
• melanocyte – found in the basal layer, the pigment-producing cell;
• Langerhans cell – found in the mid-dermis – an important immunologically competent cell;
• Merkel cell – in the basal layer – member of the amine precursor uptake and decarboxylation (APUD) - tactile receptor cells 





The keratinocyte
• 90% of epidermal cells are keratinocytes
• In normal skin, keratinocyte division takes place only in the basallayer
• After cell division, one daughter keratinocyte remains in the basallayer and the other moves upwards through the epidermis.
• The keratinocyte is committed to terminal differentiation anddeath.
• Within the prickle cell layer, highly specialized cellular bridges,called desmosomes connect the keratinocytes to each other.
• There are no desmosomes between keratinocytes andmelanocytes, or Langerhans cells, or Merkel cells.
• There are hemidesmosomes between the basal layerkeratinocytes and the underlying basement membrane.
• In the granular layer, the living keratinocytes are involved in acomplex series of biochemical changes during which the cellnuclei disintegrate, forming the keratohyaline granules seen inthe cytoplasm.
• The outermost layer is the non-nucleate, DEAD, stratum corneum,or cornified layer.



Epidermis Development and Maturation
• Development and maturation of normal healthyepidermis in this pattern is called ortokeratosis, andproduced an outer layer of non-nucleated, dead, flatkeratinocytes.
• In some diseases the maturation pattern is different,and there is no granular layer, but an outer layer ofnucleated squamous cells - that pattern isparakeratosis (psoriasis).
• The transit time – turnover – for keratinocyte in thebasal layer of normal skin to reach the outer surfaceis around 28-30 days (in psoriasis - 8-10 days).



The Epidermis Strength
• The strength of the epidermis depends on thecohesion of the keratinocytes.
• They produce a structural protein, alpha-keratin,which aggregates to form tonofilaments.
• These tonofilaments are continuous with thedesmosomes and are easily seen in the electronmicroscope as large cytoplasmic bundles.
• Another communication channel betweenkeratinocytes is a gap junction, tiny channels, whichconnect the cytoplasm of neighboring cells to eachother.





Barrier function



Keratin synthesis abnormalities
• Normally, the basal layer of the epidermissynthesizes keratin 5 and 14
• Genetic disturbances in the genes coding forthese keratin causes the disease epidermolysisbullosa simplex
• While the suprabasal keratinocytes synthesizekeratin 1 and 10, and abnormalities give riseto bullous ichthyosiform erythroderma orepidermolytic hyperkeratosis.



ICAM; HLA-antigens
• Cell adhesion molecules – ICAM – isexpressed on the surface of keratinocytes andforms one half of a ‘lock and key’ arrangementbetween these keratinocytes andlymphocytes.
• In the normal epidermis, the only cells thatnormally express the MHC class 2 antigensHLA-DR, -DP, and – DQ are the Langerganscells.



The melanocyte
• The melanocyte has multiple dendrites and thesedentritic processes stretch between adjacentkeratinocytes.
• On facial skin there may be as many as onemelanocyte for every five basal layer keratinocytes,but in the lower back skin this ratio is usually closerto one in 20.
• Numbers of melanocytes are the same in equivalentbody sites in white and black skin, but the rate ofproduction of pigment and its distribution isdifferent.



Melanin synthesis
• Melanocytes synthesize the pigment melanin.
• Melanin granules are seen on ultrastructuralexamination as small, black, electron-dense,intracytoplasmic structures – the melanosomes.
• Tirosyne The pigment is formed from DOPA onpremelanosomes and this biochemical reaction iscatalyzed by the presence in the melanocyte of theenzyme dopa-oxidase and tyrosinase, which are notpresent in surrounding keratinocytes or other non-melanocytic cells.







Other epidermal cells 
• The Langerhans cells are immunologicallycompetent and may act as antigen presentcells. L.C. in normal skin is the only cell toexpress MNS class 2 antigens and carryreceptors for complement.
• The Merkel cells– their exact normal functionis not known but is thought to be related tocutaneous sensation.





LC antigen presentation 



The basement membrane
• The basement membrane divides theepidermis from the dermis, and is a complexmulti-layered structure.
• Hemidesmosomes attach the basal layerkeratinocytes to the lamina lucida (lamininhere) area.
• Below this level is the sub-basal dense platethrough which anchoring filaments (type 7collagen here) connect the lamina lucida tothe lamina densa (type 4 collagen here).



Basement membrane



The dermisThe dermis is organized into two distinctareas:
• the papillary dermis – superficial zonebeneath the epidermis with thin, delicatecolagen fibers and is highly vascularized;
• the reticular dermis: composes the bulk of thedermis, is less vascular and demonstratesthick, well-organized collagen bundles









Dermis CellsThere are three main cell types in the dermis:
• the fibroblast – responsible for makingcollagen, elastin and proteoglycans;
• the macrophage – acts as a general scavenger;
• the mast cell – an important cell in type 1immunological reactions and interactions withthe eosinophil
• the lymphocyte, polymorph, eosinophill cell –occasionally



Components of the dermis
• Collagen fibers (90%) for resiliency
• Elastic fibers (10%) for elasticity
• Ground substance - proteoglycans (primarily hyaluronic acid) to maintain water within the dermis and compose amorphous ground substance around collagen and elastic fibers.



Other dermal components
• Vasculature - the blood supply to both epidermis and dermisis through a very rich anastomosing superficial and deepplexus of small blood vessels.
• Lymphatics - in normal skin the lymphatic drainage system isnot visible, but this is also a profuse network, running fromthe reticular dermis to the local lymph nodes.
• Nerves – both free nerve endings and specialized receptorswill be seen in the dermis. These nerve endings are importantfor the sense of touch, heat, cold, pain, itch mecanical stimuli.Striking specialized corpuscular receptors, the Pacinian’s andMeissner’s, serve as mechanoreceptors for pressure andvibration.
• Smooth and striated muscle in small quantities



Dermis



The subcutaneous fat -hypodermis
• The subcutis, or subcutaneous fat, isarranged into distinct fat lobules whichare divided by fibrous septae composedprimarily of collagen.
• Blood vessels, nerves and lymphatics arealso found in the fibrous septae.





The skin appendages
• The pilosebaceous unit
• The eccrine sweat glands
• The nails. The pilosebaceous unit includes the:
• hair follicle
• sebaceous gland
• erector pili muscle
• apocrine gland in some sites, for example axilla.



The hair follicle
• Is the result of interaction between downgrowth of fetalectoderm, which will form the hair shaft, and thevascular hair bulb papilla, which is derived from fetalmesoderm.
• The hair shaft itself is a complex multilayered structureswith an outer cortex and an inner medulla.
• There are three recognizable types of hair:
� the coarse terminal hairs of the scalp
� the androgen-dependent terminal hair on the male chin,in the axilla, and the pubic region
� and a fine growth vellous hair on all body sites.
• Three hair phases: anagen, catagen and telogen. At anytime 80 per cent of scalp hair is growing in anagen, andthe remaining 20 per cent either resting – in catagen – orbeing shed – in telogen.







The sebaceous glands
• Are clusters of cells with a small dark nucleus and afoamy cytoplasm.
• They cluster around the hair shafts and theirsecretion is formed by total destruction of the cells, amechanism called holocrine secretion.
• This secretion drains into the hair follicle and isdischarged on the surface through the hair follicleopening.
• Sebaceous glands are seen in large numbers on theface, chest, and upper back.







The apocrine sweat glands
• Are found predominantly in the axilla, with a fewseen also in the skin of the groin.
• They have a secretory component seen in the deeperdermis. The secretory section has a very wide lumen,and the cells lining this lumen will be seen to becomposed of columnar epithelium which appears toform glandular secretion by a ‘nipping off’ of thetops of the cells, a process known as decapitation(holo-merocrine) secretion.
• The excretory channels of the apocrine glands mostcommonly drain into the canal of the hair shaft andsebum passes from here out on to the surface of theepidermis.





The eccrine sweat glands
• Are seen at all body sites (excepting lips,nailbeds and glans penis) and are anatomicallyindependent from the other appendages.
• Their secretory components are much smallerthan those of the apocrine gland, with asmaller lumen. The excretory duct of thesegland winds upward in a spiral patternthrough the dermis and epidermis to thesurface; type of secretion – merocrine withoutcell destruction.





The nails
• Are very highly modified skin appendages.
• The nail itself, or nail plate, grows out from the nailmatrix and rests on the underlying nail bed.
• The pale halo at the proximal end of the nail is calledthe lunula, and around the edge of this there is aprotective rim of cuticle.
• Nails may become involved in a number of skindiseases, such as psoriasis and fungal infection.
• The average time for a fingernail to grow outcompletely from base to outer edge is approximately6 months, and for toenails the time is 6-18 monthsor even longer.



Nail anatomy





The skin functionsTwo main functions of epidermis:
• keratin-genesis
• Melanin-genesis  Other three important functions of epidermis:
• barrier function (toxins, UV, etc.)
• prevention of desiccation
• immune surveillance (Langerhans cells) 







The skin functionsTwo main functions of dermis:
• Temperature regulation through control of cutaneousblood flow and sweating, achieved by dermal vesselsand eccrine sweat glands
• Mechanical protection of underlying structures,achieved primarily by the collagen and hyaluronicacid.Three main functions of subcutis:
• Caloric reserve
• Heat insulator
• Shock absorber  





• Basal cell replication rate: once every 200-400 hours.
• Trans-epidermal cycle time: about 28 days.
• Growth rate for scalp hair: 0.4 mm/24 h.
• Normal hair fall (scalp): 50-100/24 h.
• Fingernail growth: 0.1 mm/24 h (toenail is less).
• Skin blood flow is controlled by shunting arterio-

venous anastomoses.
• Minimum insensitive perspiration: 0.5 1/24 h.

Skin physiology



Skin biochemistry
•Keratins are made up of polypeptide helical coils linked by
covalent bonds. They form the horny layer, nails and hair.
•Melanin is a complex polymer synthesized from tyrosine.
There are eu- and phaeo-types; melanins absorb free radicals
and energy including UV.
•Collagen is a polypeptide polymer which comprises 75% of
the dry weight of the dermis. It is synthesized by fibroblasts.
•GAG makes up the ground substance of skin. They provide
viscosity and hydration, andean exist as high MW polymers.
•Vitamin D: cutaneous UV activation produces the active form
vitamin D3 from the inactive 7-dehydrocholesterol via the
precursor previtamin D3.
•Androgen receptors in hair/sebaceous glands make these
structures sensitive to the androgen surge of puberty.


