<Return to Notebook Table of Contents>


<Return to Dermatology Table of Contents>

The Structure of the Skin and Relation to Other Systems


Dermatological complaints account for approximately 7% of all outpatient visits and 5-30% of all diagnoses made by family practice doctors (highest in pediatrics). Two-thirds of dermatological complaints are seen by primary care physicians see without further examination by specialists.  Although there are thousands of skin disorders, only a small number account for most patients. However, a PCP must have a skilled approach to diagnosis as well as an understanding of pathophysiology (tolle causam). 

STRUCTURE   


The skin weighs approximately 4 kg (2 lbs), covers an area of approximately 2 m2 (10 ft2) and is comprised of two major structures:  the dermis and epidermis.


The dermis is 1-4 mm thickness and is comprised of a variety of structures within a lattice of collagen (tensile strength) and elastic fibers (compliance).  Collagen consists of protein fibers lying in a matrix of ground substance.  The ground substance is comprised of proteoglycans and glycosaminoglycans that fill space between collagen fibers and facilitates the movement of fluids, molecules and inflammatory cells. Subcutaneous fat lies between the dermis and the underlying fascia and functions to insulate the body from cold, cushioning deep tissues and serving as a reserve source of calories and lipid soluble substances.


The dermis also contains the dermatomal nerve supply with considerable overlap between segments to detect touch, temperature and pain.  Free nerve endings are complicated corpuscular structures that are widespread and the most important sensory receptors. 


Blood Vessels are present in the dermis in two, horizontal, interconnected plexuses, one deep and the other superficial.  These plexuses function to supply nutrition through diffusion from capillary beds of the dermis to the epidermis and regulate temperature:  heat is lost by increased flow to the superficial plexus or conserved by shunting to the deep plexus.


Other cells include melanocytes, dendritic, pigment-producing (melanin – derived from tyrosine) cells in the basal layer that protect the skin from U/V radiation. The dendrites extend into the S. spinosum to transfer pigment granules/ (melanosomes). Sunlight stimulates these cells to increase dendrite dispersion and melanin production. Melanin is synthesized by tyrosine and vitamin C is the cofactor for tyrosine hydroxylase.  All races have a similar number of melanocytes but darker-skinned individuals have a greater number and larger granules with greater dispersion in the skin. 


The dermal-epidermal junction is comprised of a basement membrane that contains the basal lamina, which is comprised of type IV collagen from epidermal cells.  The lamina lucida contains anchoring filaments that connect basal cells to basal lamina.  Anchoring fibrils comprised of type IV collagen completes connection to the dermis. The basal lamina is susceptible to digestion by enzymes produced by malignant melanoma.  


The epidermis is < 1 mm in thickness and is comprised of four layers.  From the innermost layer the order is the basal cell layer, stratum spinosum, stratum granulosum, and stratum corneum (“Basic, Spiny, Granular Corn”). It takes about 2 weeks for cells to migrate from the basal layer to the top of the granular cell layer and an additional 2 weeks to cross the stratum corneum and shed off the surface.


The basal cell layer is comprised of undifferentiated, proliferating cells which migrate upward and differentiate without further cell division in normal skin.
The stratum spinosum is comprised of moderately differentiated cells.  These cells are primarily composed of keratinocytes, which produce keratin, a fibrous protein. In this layer are “spines”, intercellular bridges of keratin called desmosomes, which hold the cells. 


The stratum granulosum contains highly differentiation cells that acquire additional protein, polysaccharides, glycoproteins and lipids. These substances extrude into the extra-cellular space and ultimately help to form the “cement” that holds this layer together. These cells also contain enzymes that lead to destruction of the intracellular organelles including the nuclei. Thus, stratum granulosum cells destroy themselves to create an adhesive impermeable layer.  


The stratum corneum is comprised of large, flat, polyhedral, dead, plate-like envelopes filled with keratin stacked in vertical layers:  15-25 layers on most body surfaces but up to 100 layers on palms and soles. These cells are held together by a lipid-rich cement to provide a semi-impenetrable layer that constitutes the major physical barrier of the skin.



Langerhans cells are bone marrow derived, immunologic cells identical to tissue macrophages which present antigen to lymphocytes.


Skin appendages are epidermally derived structures with the exception for nails, which are located in the dermis.  There are two types of sweat glands:  eccrine and apocrine. The sweat gland apparatus is similar to the nephron in the kidney where the glandular excretion is followed by ductal reabsorption just as the glomerular filtrate is subject to reabsorption prior to secretion.  Glandular excretion of heavy metals is an important mode of removal of these elements from the body.  Eccrine sweat glands regulate body temperature by excreting sweat (up to 10 L/day), which cools the body surface by evaporation. Apocrine sweat glands are indirectly responsible for body odor as surface skin bacteria metabolize excreted apocrine sweat. The apocrine glands are located mainly in the axillary and anogential areas.


Another set of glands in the skin are sebaceous glands, androgen dependent glands that produce sebum, which is primarily comprised of triglycerides and may serve as a skin moisturizer.  Sebum is found on hair follicles, most prominently on the scalp, face and upper trunk; and on mucous membranes. Sebaceous glands require:  EFA, selenium, zinc, B 6, biotin.

Hair consists of a keratin matrix pigmented by melanin and functions as a protective and decorative material located all over the body except palms and soles. Two types of hair: vellus, which is short, fine and light colored and terminal, which is thicker, longer and darker.  Some terminal hair is hormonally influenced (i.e. scalp, beard, pubic and axillary). Hair cycles through growth (anagen) and resting (telogen) phases. At any time, 80-90% of scalp hair is in anagen leaving 10-20% in telogen to account for 50-100 hairs shed from the scalp each day. Hair is housed in hair follicles, which can be brought into a vertical position (piloerection) in an attempt to conserve heat or as a reaction to fear. 


Nails are made of keratin produced in a matrix, which grows at approximately 0.1 mm/day (1 cm every 100 days). Each nail is comprised of four epithelial zones: 

1) Proximal nail fold or cuticle which protects the matrix

2) Matrix, which produces the nail plate/nail often visible as the white lunula

3) Nail bed, which adheres to the nail. Pink in color due to the vascularity of the dermis in the nail bed

4) Hyponychium underlying the free distal edge of the nail plate and forms a cuticle to seal the nail to the distal nail bed.


The skin has numerous functions, primarily structure and protection.  The epidermis acts as a barrier to physical invasion (Stratum corneum), against light (Melanocytes) and infection (Langerhans cells).

Pathophysiology of Skin Disease


HERINGS LAW:  Healing proceeds from

a. internal to external

b. above to below

c. More vital to less vital organs

d. In the reverse order of the appearance of symptoms

Skin and the Immune System:


The skin participates in the immune system through the skin associated lymphatic system (SALT) consisting of Langerhans cells, keratinocytes, mast cells and skin-targeting lymphocytes (Th1 and Th2).  Immune reactions in the skin can be any of the four types of hypersensitivity reactions:

· Type I Immediate (IgE and histamine): urticaria, anaphylaxis

· Type II Cytotoxic (IgG, IgM): Bullous pemphigoid

· Type III Immune Complex (IgG, IgM): vasculitis

· Type IV Cell-Mediated (T-lymphocytes, lymphokines): allergic contact dermatitis


Other immune reactions in the skin are regulated by complement, serum proteins activated by antibody-antigen reaction (classic pathway) or by contact with a variety of substances (lipopolysaccharides).  Deficiencies of complement are rare. Examples of complement activity include discoid lupus lesions, angioedema, abscesses and purpuric pustules.


HLA antigens, glycoproteins and polypeptides present on the cell surface, are responsible for tissue compatibility. Some diseases are associated with increase or decrease of HLA antigens. Various theories have been proposed to explain the association of HLA complex and disease:

· Foreign antigen cross-reaction with host

· HLA complex acts as a cell-surface receptor

· HLA complex involved only by being in the region of a specific immune response

Skin disease associated with (HLA Antigens) include dermatitis herpetiformis (HLA-B8), Reiter’s syndrome (HLA-B27), psoriasis (HLA-B13, HLA-B17), Behcet’s disease (HLA-B51) and pemphigus (HLA-A10)


Immunodeficiency can also play a role in skin pathology.  Primary and acquired immunodeficiency may present with abscesses, Candidiasis, Kaposi’s sarcoma, viral and fungal infections, seborrheic dermatitis, or oral hairy leukoplakia


Infection of the skin is the process of microorganisms overcoming the normal barriers, namely the physical, microbial and immunologic barriers.  The physical barrier is created primarily by the stratum corneum, a dry impermeable surface that can be disrupted by increased hydration or trauma.  The immunologic barrier is comprised of the Immunologic: SALT (see above).


Microbial flora also exist normally on the skin and can function as a barrier by displacement of pathogenic organisms.  Three main classes include of normal skin flora include:



1.
Aerobic cocci which thrive in flexural folds, most commonly Staphylococcus epidermidis
2. Anaerobic diptherioids which inhabit sebaceous glands and follicles, most commonly Propionibacterium acnes
3. Yeast found in skin rich in sebaceous glands such as Pityrosporum orbiculare

Pathogenic organisms include bacteria, spirochetes, viruses, and fungi.  The most common examples of pathogenic bacteria include Staphylococcus aureus, which may colonize and enter the skin through trauma (impetigo) or through hair follicles (folliculitis or furuncle). The immune reaction against Staph produces pus.  An another pathogenic skin bacterium is group A beta-hemolytic streptococci (Streptococcus pyogenes).  Strep does not colonize skin but may enter via trauma where it can produce proteolytic enzymes that can cause inflammation such as cellulitis.


Other bacterial infections include Spirochetal or Mycobacterial.  Spirochetes evolve through several clinical stages, most common examples include Lyme disease and Syphilis.  Mycobacterial infections are chronic and characterized by granuloma formation, such as 

Mycobacterium marinum from direct contact with infected water and Mycobacterium lepreae.

Pathogenic viruses most commonly include Papova, Pox and Herpes viruses.  Papova (HPV) and Pox (molluscum contagiosum) directly inoculate the skin, inducing epidermal hyperplasia resulting in growths.  Herpes (HSV, HZV) directly inoculates the skin or respiratory tract (HZV).  Either path leads to development of skin vesicles and ulceration from lysis and death of cells.


Pathogenic fungi most commonly include dermatophytes or Candida spp.  Dermatophytes are filamentous fungi that possess enzymes to digest keratin. The immune response induced is predominantly cell mediated and presents as centrifugal spread as local immunity develops in the center.  In turn, Candidiasis occurs when the yeast forms are transformed into hyphae and pseudohyphae due to favorable conditions including moisture, steroids, immune suppression, pregnancy and antibiotics. Candida activate complement causing inflammation and pustule formation.  Deep Fungal Infections are uncommon but may infect the skin through direct inoculation (sporotrichosis) or hematogenous spread (cyptococcosis, histoplasmosis and coccidioidomycosis).  

Neoplasia 

The most common human malignancy is of the skin and melanoma is the fastest spreading cancer known.  Carcinogens (u/v radiation, X-irradiation, chemicals and viruses) have been implicated by altering DNA, RNA and other cellular proteins particularly in predisposed individuals. Oncogenes, produced by altered DNA can result in uncontrolled cellular growth. Altered tumor suppressor genes are unable to regulate malignant cellular growth.


Neoplasia manifests in a variety of primary morphologies from discolored macular lesions (early melanoma) to raised pearly lesions (squamous or basal cell carcinoma) or manifestations secondary to malignancy such as acanthosis nigricans.


Some infectious agents are associated with malignancy as well, such as HPV. EBV is associated with Burkett’s lymphoma.

Genetics:


Genetic dysfunction can result in skin pathology through enzyme deficiency (i.e. Oculocutaneous albinism), gene mutation (Neurofibromatosis type 1, von Recklinghausen disease is type 1 and 2) and chromosomal defects (trisomy 21).  Other genetic influences may be polygenic or multifactorial and are believed to contribute to a majority of skin diseases

Skin and the Endocrine System


Endocrine influences on the skin can result from hormonal deficiencies or excesses: 

· Glucocorticoid excess results in acne, hirsutism, atrophy and striae, purpura, moon facies, central obesity and buffalo hump.

· Glucocorticoid deficiency demonstrates hyperpigmentation in skin folds and intertriginous areas.

· Androgen excess can cause acne, seborrhea, hirsutism and alopecia.

· Growth hormone excess causes dermatomegaly and acanthosis nigricans located in axillae, body folds, neck

· Insulin resistance can also result in acanthosis nigricans and skin tags (more commonly in men).

· Norepinephrine excess results in profuse sweating.

· Hyperthyroidism causes warm, moist skin, pretibial myxedema (spongy, firm).

· Hypothyroidism also causes myxedema, but with dry, cool skin.

· PTH excess causes pruritis.

Nutritional Deficiencies and the Skin
The epidermis is rapidly dividing tissue and has a high nutritional demand. 

· Vit A deficiency can manifest with dry eyes, scaling of the skin and follicular hyperkeratosis, keratomalacia

· riboflavin:  angular cheilosis, glossitis, stomatitis

· Niacin deficiency can present as dermatitis in sun exposed areas, particularly the neck; cheilosis, glossitis, stomatitis

· Biotin:  dermatitis with desquamation, alopecia, seborrheic dermatitis in infants (cradle cap), glossitis

· Vitamin B 6:  cheilosis, glossitis, stomatitis

· Vitamin C:  impaired wound healing, perifollicular purpura, red, swollen, bleeding gums i.e. scurvy, follicular hyperkeratosis

· Zinc:  seborrheic-like rash, periorifacial and acral pustules and bullae, alopecia

· Amino acids:  glossitis, dermatitis with superficial epidermal necrosis

· EFAs:  scaling rash, alopecia, follicular hyperkeratosis dry skin, oily stool, white spots on the fingernails (zinc- possibly pancreatic exocrine insufficiency), decreased dark adaptation, callus on the feet or hands

The Mind and the Skin


Disruptions in psychological function can cause or result from skin disease. Psychodermatoses are divided into primary, secondary and mixed conditions. In primary conditions, emotions cause the skin lesions. Examples include neurotic excoriations, trichotillomania (pulling out of one’s hair), factitial dermatoses, delusions of parasites, self loathing, flushing.


In secondary conditions, skin disease causes emotional changes. For example, alopecia areata may result in changes in the patient’s self-image resulting in depression or anger. 


In mixed conditions, interplay of emotional and cutaneous disease. Examples include acne, psoriasis, atopic dermatitis and urticaria

References: 
Color Atlas and Synopsis of Clinical Dermatology, 4th ed., Fitzpatrick, TE et al., 2001 ISBN: 0-07-136038-7
Principles of Dermatology, 3rd ed., Lookingbill, DP and Marks, JG, 2000, ISBN 0-7216-7971-4
Skin Disease, Diagnosis and Treatment, Habif, TP, 2001, ISBN 0-8151-3762-1
Primary Care Dermatology, Arndt, KA et al., 1997, ISBN 0-7216-6096-7
