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      Aging of Skin      ▪ EFFECTS OF AGING  In both developed and developing nations, the number and proportion of older people areincreasing. Thirty-one percent of the U.S. population is expected to be 55 years of age or olderby the year 2030.1 This demographic shift compels health care providers and governmentofficials to confront the pathophysiology of aging and associated health issues.  Aging is a process of progressive decreases in the maximal functioning and reserve capacity ofall organs in the body, including the skin. This naturally occurring functional decline in the skin isoften compounded and accelerated by chronic environmental insults, such as ultraviolet (UV)irradiation.  Aging occurs at the cellular level and reflects both a genetic program and cumulativeenvironmentally imposed damage. Mammalian cells can undergo only a limited number of celldivisions and then arrest irreversibly2-4 in a state known as replicative senescence, after whichthey are refractory to mitogenic stimuli. This fact has led to the perception that aging evolved inmulticellular organisms as a cancer prevention mechanism because it prevents the unlimitedand possibly unregulated growth of cells whose DNA has been progressively damaged overtheir life span. Of note, in general the more proficient the DNA repair mechanisms of theorganism, the longer its life span. Furthermore, there is an inverse correlation between theorganism's life span and metabolic rate consistent with the understood role of cumulativeoxidative DNA damage, due to aerobic metabolism, in the aging process.    ▪ AGING MECHANISMS  Telomeres and Aging  Telomeres, the terminal portions of eukaryotic chromosomes, consist of up to many hundreds oftandem short sequence repeats (TTAGGG in all mammals). During mitosis of somatic cells,DNA polymerase cannot replicate the final base pairs of each chromosome, resulting inprogressive shortening with each round of cell division. A special reverse transcriptase,telomerase, can replicate these chromosomal ends, but, with the exception of stem cells andgermline cells, the enzyme is normally expressed at extremely low levels, insufficient tomaintain telomere length. Human telomeres shorten more than 30 percent during adulthoodeven in relatively quiescent skin fibroblasts, and telomeres of patients with premature agingsyndromes, such as Werner syndrome progeria,and dyskeratosis congenita, are shorter thanthose of age-matched controls. Critically short telomeres signal for proliferative senescence orapoptosis, depending on cell type, and appear to compromise DNA stability and transcription ofsubtelomeric genes,12 presumably contributing to the aged phenotype. Thus, telomeres appearto serve as a biologic clock that determines proliferative life span of the cell.                                  DNA Damage and Aging  In humans, the only genes implicated in the rate of aging are those in which mutations areresponsible for premature aging syndromes. For example, Cockayne syndrome patients displaymutations in DNA helicases, enzymes that participate in the repair of DNA damageataxiatelangiectasia is caused by a mutation in the ATM gene, encoding a kinase that senses DNAdamage; and Werner syndrome is caused by mutation in a protein with DNA helicase andexonuclease domains.Progeria, a disease that leads to death from atherosclerotic heart diseaseoften in the first decade of life, is caused by mutations in lamin A, a protein important inmaintaining chromatin organization in the nucleus for transcriptional control and for DNAdamage repair.17,18 These human premature aging diseases suggest that decreased DNArepair capacity is associated with accelerated aging and that cumulative DNA damage plays amajor role in the aging process. Still, the role of these genes in normal aging is not established,as patients with so-called premature aging syndromes display some manifestations of aging atan accelerated rate but lack other features of normal aging and have characteristic findings thatdiffer greatly from those of normal aging.  Aging and the Immune System  The immune system has two major roles: defense against external insults and internalimmunologic surveillance. The function of antigen-presenting cells, antigen-specific B and Tcells, and lymphocyte cytokine secretion declines with age. Conversely, the level ofpro-inflammatory cytokines increases with age. These changes have been attributed tooxidative stress and contribute to the increased incidence of infections and malignancies in theelderly.  ▪ SKIN AGING  Cutaneous aging includes two distinct phenomena: Intrinsic aging is a universal, presumablyinevitable change attributable to the passage of time alone; photoaging is the superposition onintrinsic aging of changes attributable to chronic sun exposure, which are neither universal norinevitable. The former is   manifested primarily by physiologic alterations with subtle but undoubtedly importantconsequences for both healthy and diseased skin. The latter has major morphologic as well asphysiologic manifestations and corresponds more closely to the popular notion of old skin.             Histologic Features of Aging Human Skin      EPIDERMIS  DERMIS  APPENDAGES      Flattened dermal-epidermal junction  Atrophy (loss of dermal volume)  Depigmented hairLoss of hair      Variable/decreased thickness  Fewer fibroblasts  Conversion of terminal to vellus hair      Variable cell size and shape  Fewer mast cells  Abnormal nail plates      Occasional nuclear atypia  Fewer blood vessels  Fewer glands      Fewer melanocytes  Shortened capillary loops         Fewer Langerhans cells  Abnormal nerve endings                       Intrinsic Skin Aging  The skin changes that occur with aging (Table 108-1) lead to a gradual physiologic decline(Table 108-2).21 Major age-related changes in the skin's appearance include dryness(roughness), wrinkling, laxity, and a variety of benign neoplasms. Aged skin is inelastic andrecovers more slowly after injury.  MECHANISMS OF INTRINSIC SKIN AGING  A major aging theory suggests that cumulative damage to biomolecules, including DNA as aresult of continuous generation of free radicals, results in increased cellular vulnerability andeventually terminates in senescence or apoptosis. The skin, like other bodily systems, iscontinuously exposed to reactive oxygen species (ROS) generated during aerobic metabolism .Although the skin contains a network of antioxidant enzymes (superoxide dismutases, catalaseand glutathione peroxidase) and nonenzymatic anti-oxidant molecules (vitamin E, coenzymeQ10, ascorbate, and carotenoids), this system is less than completely effective and tends todeteriorate with aging.             Functions of Human Skin That Decline with Age      Barrier function      Cell replacement      Chemical clearance      DNA repair      Epidermal hydration      Immune responsiveness      Mechanical protection      Sebum production      Sensory perception      Sweat production      Thermoregulation      Vitamin D production      Wound healing                    Oxidative stress upregulates the level of stress regulatory proteins, one of which is nuclearfactor κB, a transcription factor that induces the expression of pro-inflammatory cytokines likeinterleukin (IL)-1 and IL-6, vascular endothelial growth factor (VEGF), and tumor necrosis factor(TNF)-α. These proteins are involved in immunoregulation and cell survival  stimulate theexpression of matrix-degrading metalloproteins,25 and are believed to play a central role in theaging process.  Oxidative damage also affects telomeres. A recent hypothesis suggests a common cellularsignaling pathway activated by DNA damage and involving the terminal portion of thetelomeres. The terminal portion of the 3′ telomeric strand extends beyond the complementary 5′strand (Fig. 108-1B), leaving a single stranded G-rich overhang. It is suggested that during bothtelomere shortening and repair of telomere damage, such as that encountered by oxidativestress, the normal loop structure at the end of telomeres is disrupted, exposing the 3′ overhangthat under baseline conditions is “buried” in the loop structure. Exposure of the TTAGGGtandem repeat sequence then appears to activate p53 and to stimulate p53-dependentresponses known to include proliferative senescence and apoptosis. Thus, the intrinsiccomponent of skin aging involves progressive oxidative stress and telomere signaling astelomeres shorten during serial cell division and in response to oxidative DNA damage.  EPIDERMIS  The most striking and consistent histologic change is flattening of the dermal-epidermal junctionwith effacement of both the dermal papillae and epidermal rete pegs. This results in aconsiderably smaller surface between the epidermis and dermis and presumably lesscommunication and nutrient transfer. Dermal-epidermal separation has been demonstrated tooccur more readily in old skin, undoubtedly explaining the propensity of the elderly to torn skinand superficial abrasions after minor trauma.  There is an age-associated epidermal thinning of 10 percent to 50 percent between the ages of30 and 80 years. Variability in epidermal thickness and individual keratinocyte size increases,including those of the basal layer. Evidence suggests that epidermal keratinocytes senesce,and senescent cells are more resistant to apoptosis. Such keratinocytes are therefore morelikely to accumulate mutations, increasing their risk for malignant transformation. Studies alsoshow loss of epidermal stem cell population in aged skin as determined by the loss of cellsexpressing CD71 (transferrin receptor) and α6 integrin, accepted markers for keratinocyte stemcells. 37 At the electron microscopic level,sun-protected old skin is characterized by some widening of inter-keratinocyte spaces, byreduplication of the lamina densa and anchoring fibril complex in the basement membranezone, and by loss of the numerous microvillous projections of basal cell cytoplasm into thedermis. 36  Average thickness and degree of compaction of the stratum corneum appear constant withincreasing age, although individual corneocytes become larger. The skin surface pattern, apatchwork of fine lines possibly determined by papillary dermal architecture, reveals slightage-associated loss of regularity. Age effects on percutaneous absorption depend in part ondrug structure, with hydrophilic substances such as hydrocortisone and benzoic acid being lesswell absorbed through the skin of old versus young individuals but with hydrophobic substancessuch as testosterone and estradiol being equally well absorbed. Of perhaps greater clinicalimportance, aging markedly delays the recovery of barrier function in damaged stratumcorneum, apparently because of slow replacement of neutral lipids, leading to decreasedamount of lipids in the newly formed lamellar bodies.39 Lipid synthesis and activities of enzymesrequired to generate stratum corneum lipids decrease with age possibly because of aberrationsin elements that regulate enzyme transcription, or abnormal autocrine/paracrine signaling.            generated during aerobic metabolism activate the transcription factor nuclear factor κB (NF-κB) that induces the expression of the pro-inflammatory cytokines, vascular endothelial growth factor (VEGF), and tumor necrosis factor (TNF)-α. ROS also lead to the formation of carbonyl groups (C=O) in proteins, leading to the accumulation of damaged proteins. Ultraviolet (UV) irradiation directly activates cell surface receptors (indicated by symbols on the cell membrane), initiating intracellular signaling that eventually activates the nuclear transcription complex AP-1. AP-1 increases transcription of matrix metalloproteinases (MMPs) and decreases expression of the procollagen I and III genes and transforming growth factor (TGF)-β receptors, with a final consequence of reduced dermal matrix formation. UV also activates the NF-κB transcription factor that induces the expression of multiple proteins and aggravates the degradation of dermal matrix by increasing MMP levels. Matrix degradation is further exacerbated by MMP-8 (collagenase) of neutrophil origin, following neutrophil infiltration into UV-irradiated skin. Mitochondria display large DNA deletions and compromised function. Damaged proteins containing carbonyl groups accumulate in the upper portions of the dermis. [From Halachmi S, Yaar M, Gilchrest BA: Advances in skin aging/photoaging: Theoretic and practical implications (Part I). Ann Dermatol Venereol 132:362, 2005, with permission.] B. Telomeres normally exist in a loop configuration, held in place by the final 150 to 200 bases (TTAGGG repeats) on the 3′ strand that forms a single-stranded overhang. When the loop is disrupted when telomeres become critically short (e.g., after repeated cell divisions or when telomeres are damaged as a result of UV irradiation or oxidative damage), the overhang becomes exposed, activating the tumor suppressor protein p53 to induce proliferative senescence or apoptosis, depending on the cell type. IL = interleukin. (From Yaar M: Clinical and histological features of intrinsic versus extrinsic skin aging, in Skin Aging, Springer, 2006, p 9, with permission.)          In the elderly, the skin often appears dry and flaky, especially over the lower extremities, anarea in which a remarkable age-associated decrease in the content of epidermal filaggrin hasbeen reported.41 Filaggrin, required for binding of keratin filaments into macrofibrils, is alsodecreased in the skin of patients with ichthyosis vulgaris, and its lack has been postulated tocause the increased scaliness in both conditions. 41 Barrier function also maybe affected by this structural change.  Epidermal turnover rate and thymidine-labeling index decrease approximately 30 percent to 50percent between the third and eighth decades, with a corresponding prolongation in stratumcorneum replacement rate. Linear growth rates also decrease for hair and nails. Epidermalrepair rate after wounding likewise declines with age.  A decrease in the number of enzymatically active melanocytes per unit surface area of the skin,approximately 10 percent to 20 percent of the remaining cell population each decade, has   been documented repeatedly, presumably reducing the body's protective barrier against UVradiation. The number of melanocytic nevi also decreases progressively with age, from a peakof 15 to 40 in the third and fourth decades to an average of four per person after age 50 years;such nevi are rarely observed in persons beyond age 80.  Between early and late adulthood there is a 20 percent to 50 percent reduction in the number ofmorphologically identifiable epidermal Langerhans cells, the skin's immune effector cellsresponsible for antigen presentation. The remaining cells display morphologic abnormalities,including less and shorter dendrites, and they display reduced antigen-presenting capacity.These changes, compounded by decreases in cytokine production by keratinocytes andlymphocytes and failure of migration through the lymphatic system, presumably contribute to theobserved age-associated decrease in cutaneous immune responsiveness.  An endocrine function of human epidermis that declines with age is vitamin D production.Vitamin D, by binding its nuclear receptor, induces the transcription of numerous genes. VitaminD deficiency leads to osteoporosis and recently has been implicated also in diabetes,hypertension, and prevalent tumors.45 Elderly individuals frequently have reduced serum levelsof vitamin D, leading to osteomalacia, the decreased mineralization of bone classicallyassociated with vitamin D deficiency. Although avoidance of dairy products (the principal dietarysource of vitamin D), insufficient sun exposure, and sunscreen use undoubtedly contribute tovitamin D deficiency in the elderly, the level of epidermal 7-dehydrocholesterol per unit skinsurface area also appears to decrease linearly by approximately 75 percent between early andlate adulthood, suggesting that lack of its immediate biosynthetic precursor also may limitvitamin D production. Together these observations argue for use of vitamin D dietarysupplements in the elderly.  With regard to susceptibility to oxidative damage, there is progressive accumulation of damagedcellular proteins and lipids with aging. Furthermore, antioxidant defense systems decline withage, and, in addition, there is a decrease in DNA damage repair capacity.36 These changes incombination increase cellular mutability or their tendency to become senescent, or both.  DERMIS  Loss of dermal thickness approaches 20 percent in elderly individuals, although insun-protected sites significant thinning occurs only after the eighth decade. Old skin is relativelyacellular and avascular, and there is age-related loss of normal elastic fibers and dermalcollagen.  Decreased inflammatory responses in the elderly are the result of decreased synthesis andsecretion of keratinocyte-derived cytokines and inflammatory mediators in addition to decreasedendothelial response. The dermal microvasculature in middle-aged or elderly subjects also mayshow mild vascular wall thickening, especially in the lower legs as a result of gravitationalforces; vascular wall thinning to less than one-half the normal young adult measurement,associated with absent or reduced perivascular veil cells, has been reported in skin of veryelderly subjects and probably contributes to vascular fragility. Loss of elastin contributes tovascular rigidity. Electron microscopic studies show focal degeneration of the elastic componentof dermal arterioles. The striking age-associated loss of vascular bed, especially of the verticalcapillary loops that occupy the dermal papillae in young skin, and increased distance from theepidermis of existing loops, is thought to underlie many of the physiologic alterations in old skin,including pallor, decreased skin temperature, and the approximately 60 percent reductions inbasal and peak induced cutaneous blood flow.  VEGF of epidermal origin appears to play a major role in maintaining dermal vasculature,inducing the expression of anti-apoptotic proteins in endothelial cells, and decreased VEGFlevel in aged skin probably contributes to endothelial cells apoptosis. Also, recent evidencesuggests that there is an age-associated decline of both angiogenic and anti-angiogenic factors,disrupting cutaneous angiogenic homeostasis.54 Decreased endothelial cell permeabilityresponse and decreased capacity to induce white cell adhesion55contribute to the compromised immune response. When exposed to intense heat or cold, agingvessels demonstrate reduced ability to constrict, dilate, or shunt. Compromisedthermoregulation, which predisposes the elderly to sometimes fatal heat stroke or hypothermia,may be due in part to reduced vasoactivity of dermal arterioles and, in the latter instance, to lossof subcutaneous fat as well. Reduction in the vascular network surrounding hair bulbs andeccrine, apocrine, and sebaceous glands may contribute to their gradual atrophy and fibrosiswith age.  Age-associated decreases in wheal resorption and dermal clearance of transepidermallyabsorbed materials have been reported, probably due to alterations in both the vascular bedand the extracellular matrix. Conversely, the time required for development of a tense blisterafter topical ammonium hydroxide application is nearly twice as long in older individuals,suggesting a decreased transudation rate with age in injured skin. Impaired transfer of cells aswell as solutes between the extravascular and intravascular dermal compartments is suggestedby several studies; multiple factors undoubtedly contribute.  With aging there is a decrease in the density and lumen size of lymphatic vessels accompaniedby increased rigidity and decrements in lymphatic drainage, affected no doubt by decreasedsurrounding elastic fibers. Biochemical changes in collagen, elastin, and dermal groundsubstance lead to increased skin rigidity primarily due to modifications in collagen. Collagencontent per unit area of skin surface decreases approximately 1 percent per year throughoutadult life, and the remaining collagen fibrils appear disorganized, more compact, and granular,and they display increased collagen cross-links. The latter is the result of decreased collagen Iand III synthesis; decrements in enzymatic processing of collagen as well as nonenzymaticglycosylation, a process that leads to molecular damage of proteins with a long half-life such ascollagen36; and increased collagenase levels. Such changes almost certainly contribute toimpaired wound healing in the elderly.  Beginning in early adulthood, elastic fibers decrease in number and diameter; by old age, theyoften appear fragmented, with small cysts and lacunae, especially in the dermal-epidermaljunction most likely due to enzymatic degradation of elastin. Elastic fibers also show progressivecross-linkage and calcification with age. At the biochemical level, there is an age-associateddecrease in numerous elastic fiber components, including elastin, fibrillin, and fibulin-2. Withaging, the level of fibulin-5, an extracellular matrix protein that functions as a scaffold for elasticfibers, appears to decrease before other changes are observed, suggesting that loss of fibulin-5is a marker for skin aging.  The ground substance mucopolysaccharides, glycosaminoglycans (GAGs), and proteoglycansare decreased relative   to dry weight or collagen content of the skin, especially hyaluronic acid, possibly due todecreased hyaluronan secretion or due to decreased hyaluronic acid extractability. Aging alsoaffects GAG composition and binding to elastin, impeding the drainage of molecules intolymphatic vessels.52 These changes may adversely influence skin turgor becauseproteoglycans bind 1000 times their own weight in water and also impact collagen fiberdeposition, orientation, and size. 65  Changes with age in the mechanical properties of the skin during adulthood include progressiveloss of elastic recovery, consistent with gradual destruction of the dermal elastic network, andmarked prolongation of the time required for excised skin to return to its original thickness. Invivo ultrasound studies also show age-associated differences in water distribution in the dermis,66no doubt affecting dermal pliability, resilience, and elasticity. Overall, a picture emerges of agingdermis as an increasingly rigid, inelastic, and unresponsive tissue that is less capable ofundergoing modifications in response to injury or stress.  SUBCUTANEOUS TISSUE, MUSCLES, AND BONE  Like other striated muscles, facial muscles show accumulation of the “age pigment” lipofuscin, amarker of cellular damage. Compounded by diminished neuromuscular control, thisdeterioration contributes to wrinkle formation.67 In addition, subcutaneous fat is depleted fromdistinct facial regions, including the forehead, preorbital, buccal, temporal, and perioral regions.In contrast, there is a prominent increase in fatty tissue in other areas, including the submentalregions, the jowls, the nasolabial folds, and the lateral malar areas. In contrast to the young facein which fat is diffusely dispersed, fat in the aged face, subject to the force of gravity, contributesto sagging and drooping of the skin.  Finally, like other parts of the skeleton, facial bones display reduced mass with age. Boneresorption affects particularly the mandible, maxilla, and frontal bones. Bone loss in these areasenhances facial skin droopiness and contributes to the obliteration of the demarcation betweenthe contour of the jaw and the neck that is so distinct in young adults.  HAIR  By the end of the fifth decade, approximately one-half the population has at least 50 percentgray (white) scalp hair, and virtually everyone has some degree of graying due to progressiveand eventually total loss of melanocytes from the hair bulb.70 Loss of melanocytes is believed tooccur more rapidly in hair than in skin because the cells proliferate and manufacture melanin atmaximal rates during the anagen phase of the hair cycle, whereas epidermal melanocytes arecomparatively inactive throughout their life span. More specifically, hair graying reflects loss ofthe melanocyte stem cell population in hair follicle bulge due, at least in part, to compromisedinteraction between two transcription factors, microphthalmia-associated transcription factor(Mitf) and Pax3.  Scalp hair may gray more rapidly than other body hair because its anagen to telogen ratio (seeChap. 84) is considerably greater than that of other body hair. Advancing age is alsoaccompanied by a modest decrease in number of hair follicles, due in part to atrophy andfibrosis. In addition, with aging there is an increase in the proportion of telogen hair follicles.Remaining hairs may be smaller in diameter and grow more slowly. One hypothesis suggeststhat melanocyte loss and lack of melanosomal transfer may increase oxidative stress level inhighly metabolic hair follicle keratinocytes, affecting their function and viability.72  The process termed balding results primarily from the androgen-dependent conversion of therelatively dark, thick, terminal scalp hairs to lightly pigmented short, fine, villous hairs similar tothose on the ventral forearm. Women are affected less often and far less severely than men.However, in post-menopausal women, hair loss is also the result of decreased estrogen levelsand estrogenandrogen ratio.73,74 Besides hair loss, almost 50 percent of women older than age60 years display mild facial hirsutism, presumably attributable to the same hormonal changesas scalp hair loss. In susceptible women, testosterone and/or progestin derivatives that arepresent in some hormone replacement regimens may exacerbate these changes.  CUTANEOUS GLANDS AND NERVES  Eccrine glands decrease by approximately 15 percent in average number during adulthood inmost body sites. Spontaneous sweating is further reduced by more than 70 percent in healthyolder subjects as compared with younger controls, attributable primarily to a decreased outputper gland, predisposing the elderly to heat stroke. Apocrine gland size and function alsodecrease with aging. Sebaceous gland size and number appear not to change with age, butthere is an exponential decrease in sebum production in both men and women most likely dueto a decrease in production of gonadal or adrenal androgens.  Pacinian and Meissner's corpuscles, the cutaneous end organs responsible for pressureperception and light touch, progressively decrease to approximately one-third their initialaverage density between the second and ninth decades of life and display greater size variationand structural irregularities.    Decreased sensory perception in old skin encompasses optimal stimulus for light touch,vibratory sensation, and corneal sensation; ability to discriminate two points; and spatial acuity.Cutaneous pain threshold increases up to 20 percent with advancing adult age, andcompromised arteriolar constriction on changing position from supine to standing is reflective ofdecreased responsiveness of the sympathetic nervous system.  
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