Vessels and Skin Histology
· Vessels include a vascular wall (endothelial and smooth muscle cells), within which liquid and formed cellular elements of the blood carry out their actions (ex:  platelets form clots over denuded vessel surfaces and release chemicals that affect vascular and circulating cells).  Cells of the vascular wall can be active players in blood vessel caliber, flow, etc.  
· The vessel wall includes endothelial and smooth muscle cells.  They participate in processes like detecting shear forces of blood passing through the vessel, the cyclic stress of pulsatile flow, participate in inflammation and coagulation, and they initiate angiogenesis into areas of wound healing or tumor formation.  

· The layers of blood vessel walls (outside in):  tunica externa (adventitia – collagen, fat, fibroblasts and vaso vasorum in large vessels), external elastic lamina (only in muscular arteries - elastin), tunica media (smooth muscle), internal elastic lamina (elastin), tunica intima (endothelial cells, pericytes).  The endothelial cells lining the inner vessel form an anticoagulant surface that interacts in many ways with bloodstream cells.  

· Artery:  Has intima, 3-4+ media, 1-2+ adventitia.

· Vein:  Has intima, 1+ media, 3-4+ adventitia.

· Capillary:  Has intima (w/ pericytes), no media, no adventitia.

· Lymphatic:  Has intima, no media, 1+ adventitia.

· Heart:  Has endocardium, myocardium and epicardium.  

· Muscular artery:  More numerous than elastic arteries.  To identify a vessel, it’s always good to find the lumen (often with a clot) and proceed outward.  In an artery, you first see the intima with a single layer of endothelial cells that have prominent nuclei.  Next, you see a very thick tunica media with many layers of smooth muscle cells.  Next, you see the adventitia.  An elastic tissue stain highlights in the internal and external elastic laminae.  On scanning EM, the adventitia (tunica externa) looks like a wispy mesh of fibers.  
· In elastic artery (very large arteries), you see layers of smooth muscle cells with multiple elastic laminae in between them.  The one closest to the lumen is the internal and the one farthest from the lumen is the external elastic laminae.  In an H&E stain, the elastic laminae look like many wavy, pale lines.  This elasticity allows these arteries to respond to the pulsatile changes in flow and pressure between diastole and systole.  With age, the elastic elements deteriorate and the arteries become stiffer.  This changes blood flow patterns and can affect hypertension and downstream organs.  Looking at elastic laminae in scanning EM, you can see multiple holes in the layer as well as the elastic fibers.  Fibers are woven into a loose mesh, conferring additional elasticity.  These are closer to the heart and have greater diameter than muscular arteries.  Azan stain makes these elastic fibers appear blue.  The smooth muscle cells make the collagen and elastin there.  These large vessels need their own arterial supply, so they have vaso vasorum in the adventitia.  
· Atherosclerosis is a progressive accumulation of inflammatory cells, smooth muscle cells, lipid and CT at the tunica intima.  Atheromas are thickenings that often occur at bends in aortic walls, and narrows lumens to eventually reduce/block bloodflow.
· The aortic semilunar valve has 3 cusps.  They have collagen and elastic fibers.  Near the heart, its base has a thick collagenous ring.  The aorta and pulmonary artery are two good examples of elastic arteries. 

· From the common carotid to the internal carotid, you see transition from elastic artery to muscular artery (more simple elastic parts and more muscular structures).  Farther away from the heart, you get more characteristics of muscular vs. elastic arteries.  

· Autonomic ganglia are present near the common carotid.

· The next smaller caliber parts of arterial circulation are arterioles.  They are shorter (only a few millimeters).  They may be in open or closed configurations, due to contraction of tunica media smooth muscle.  Lumen can be completely obliterated.  Arterioles have an endothelial cell layer and basal lamina, beyond which is a single coat of smooth muscle cells, and finally an adventitia.  Endothelial and smooth muscle cells directly communicate via gap junctions (myoepithelial junction).  So, endothelial cells contribute to controlling muscle tone.  

· Actin and myosin drive the often tonic contraction of arterioles.  Rho kinase and Myosin Light Chain Kinase phosphorylate the myosin light chain to increase contraction.  This process is regulated in part by endothelial cell products.  They include endothelin (causes vasoconstriction and proliferation of smooth muscle, so inhibitors may be used for pulmonary hypertension where controlling smooth muscle contraction is essential), nitric oxide (causes vasodilation and anti-proliferation), and prostacyclin (produces vasodilation and is anti-proliferative).  Either of the last two may directly be inhaled and used to treat acute pulmonary hypertension.  

· Neuronal input also contributes to smooth muscle cell activity.  Some arterioles get lots of neuronal input.  Catecholamine (symp vasoconstriction) and cholinergic synapses (psymp vasodilation).
· Capillaries include a monolayer of endothelial cells.  RBCs often can only go through single file.  Capillaries may have pericytes (contractile cells) that can decrease lumen size and regulate flow on the outside surface.  

· There are three specific types of capillaries:

· Continuous:  found in muscle and CT.  A variant is seen in the brain.  Tight junctions are maintained between endothelial cells; they appear as zonula occludens (dark regions) that include ZO1 protein.  This type of thing contributes to the blood-brain barrier. 

· Fenestrated:  serve filtration functions.  Found in the glomerulus.  Fenestrations have very thin basal lamina separating the lumen from the outside of the vessel.  Plasma and blood filtrate can get out there.  Caveolae are transport vesicles with different functions.

· Discontinuous:  found in the bone marrow.  Megakaryocytes with long projections go through the openings and enter the capillary lumen.  These bud off platelets.  

· Post-capillary venules leak fluid and WBCs.  Endothelial cell junctions are fairly loose here.  Emigration of WBCs is called diapedesis, and WBC escape from the circulation away from the lumen.  This process involves specific cell adhesion molecules:

· Rolling is low affinity binding, mediated by selectins.  

· Next, higher affinity sticking occurs and is mediated by integrins on the WBC.

· Crossing the endothelial barrier requires “unzipping” of endothelial cell junctions by proteases and adhesion molecules like PCAM.
· The end result is WBC invasion of tissues.

· Small veins have very little tunica media (little smooth muscle).  The walls in general are much thinner.  

· Large veins, like the jugular, may have walls with invaginations.  The adventitia layer is much more prominent that the muscular media layer.  The IVC smooth muscle is organized into longitudinal bundles, having few elastic fibers. 
· Within vessels, endothelial cells carry out various functions.  They respond to flow patterns and shear force; they have projections that serve as mechanoreceptors, as well as providing more SA for interaction with platelets, WBC and other lumenal contacts.  Endothelial cells can have tight cell-cell juctions.  They may also have active transport systems, especially in capillaries and post-capillary venules.  

· Caveolae are invaginations that communicate with the lumenal surface.  They may bud into the cell and bring external elements into the cell in cavicles (like vesicles).  They form a large network of calveolae (called caveosomes, near the MTOC) after transport along microtubules.  This vesicle system can help transport stuff.  

· Weibel-Palade Bodies are structures that contain von Willebrand factor.  It’s made and stored in endothelial cells and released when platelet activation is required.  In the ICU, you can administer desmopressin to stimulate von Willebrand factor release and favor activation of platelets (hemostasis).  Weibel-Palade Bodies can be very prominent in cells, but supplies can be exhausted by repeated desmopressin administration.

· Platelet aggregation and activation is one part of the coagulation process.  Endothelial cells may contrict to induce hemostasis.  Finally, a coagulation cascade occurs on the endothelial cell surface.  All together, platelets interact with fibrin (resulting from coagulation cascade) and form a hemostatic plug to prevent loss of blood from a vessel.
· The coagulation cascade:  Thrombin (from prothrombin)serves to cleave fibrinogen to make fibrin (the endpoint of the cascade, which participate with platelets form a clot).  Coagulation has positive and negative consequences:  It may stop bleeding with trauma or devices put inside people.  Coagulation is also important for wound healing.  But, you can get disseminated intravascular coagulation, pulmonary microthrombi, can lead to tissue hypoxia and vital tissue death, and can lead to loss of life, limb or grafts/shunts.
· Lymphatics:  a mechanism by which fluid is returned to the heart, notably via the thoracic duct.  A typical lymphatic has an intima (monolayer of epithelium) and a little adventitia.  Lymphatics are open ended, directly connecting the interstitium to its lumen.  They are vital to the circulation.  Infants with pulmonary lymphagictasia? have an improperly formed lymphatic system and results in fluid buildup that impairs pulmonary function, and can even be fatal.  Walls of smallest lymphatics are composed of a single layer of epitheial cells.  Some lymphatics may have more layers and possibly some smooth muscle.  Lymphatics have valves to keep stuff moving in 1 direction.
· The wall of the heart has layers analogous to the tunica interna, media and externa.  The heart’s inner surface is endocardium, lined with endothelial cells that are a bit more complex than the tunica intimia.  This endocardium includes smooth muscle elements and matrix/elastic stuff.  The myocardium has septate between bundles of cardiac myocytes.  The epicardium also has some blood vessel elements (vaso vasorum), with quite a bit of CT (fibrous/adipose), and autonomic nervous tissue.

· Cardiac myocytes have intercalated discs that connect sarcomeres within the myocardium and increase the likelihood of coordinated contraction.  Intercalated discs have actin filaments inserted, desmosomes and gap junctions.  They are communication mechanisms for coordinate myocardial contraction.  
· Cardiac muscle cells are larger than smooth muscles, branched, striated and connected by intercalated discs.  Central nuclei have a pale region around the nucleus where glycogen accumulated in the living cell.

· Transverse tubules in the cardiac muscle cell membranes enable changes in [Ca] to contact many cardiac muscle cells quickly and help coordinate contraction.

· Excitation/contraction coupling is regulated by tropomyosin/troponin.  Calcium interacts with troponin, which alters tropomyosin to allow myosin to interact with actin.  Troponin includes I, T and C.  Troponin C is an important measure of myocardial injury.  

· A purkinje fiber system propagates electrical impulses through the heart, to allow for coordinated contraction and efficient cardiac function.  Modified cardiac muscle cells (larger, paler) contribute to the conducting system.  These include the SA node, AV node and the bundle of His that project to Purkinje cells that rapidly conduct signals to the heart’s apex.  Purkinje fibers are larger/paler, and are near the endocardium.  
· Arteries have prominent internal and external elastic laminae, veins may or may not have them and if they are present they are much more subtle.  Arteries are thicker and rounder than veins.  
Skin:

· A large organ that makes up 15% of your mass.  Skin cancers are the most common cancers.  The two most common ones are not malignant, but other common ones are.  

· Its functions include physical protection, against dessication (tight junctions in uppermost granular layer and cornified layer), abrasion (dermal/epidermal junction; desmosomes in the epidermis), and chemicals (cornified epithelium in keratinocytes in the epidermis cornified layer).  It also mediates thermoregulation via endocrine sweat glands, blood supply, hair and fat in the hypodermis and dermis.  The skin is essential for sensory reception, with nerve endings for pressure, touch and pain throughout its three layers.  The skin protects you from light via pigments from melanocytes at the basal layer of the epidermis.  It functions for metabolism, specifically vitamin D synthesis in the epidermis.  It also functions for immunoprotection, with Langerhans cells in the epidermis 

· Skin is organized into three major layers:  epidermis (outermost, continuously renewing), dermis (with vasculature, nerves and CT for support), and the hypodermis (with fat, large vessels and appendages).  The boundary between the epidermis and dermis is much clearer than the boundary between the dermis and hypodermis.  
· Skin appendages include hair and sweat glands, both derived from epidermis.  Hair includes smooth muscle, sebaceous glands, and epidermal layers.  Sweat glands are present in the hypodermis and dermis, with the duct penetrating the epidermis.  

· In an H&E stain, the epidermis is a thick, dark staining layer.  The dermis stains less densely.  The hypodermis has lots of nerves, fat and secretory portions of sweat glands.  Thick skin (palm of hand and sole of foot) is characterized by a thick hypodermis and ruffled epidermal ridges and dermal papillae patterns at the epidermis/dermis border.  You see some epidermal ridges and dermal papillae in thin skin, but they are much less prominent.

· Layers of the epidermis:  All epidermal layers lack blood vessels, so nutrients must diffuse in through space between cells.  The layers here are well demarcated and reflect a differentiation pattern that begins at the Basal layer (aka the stratum germanativum, where proliferation occurs).  Next is the spinous layer (stratum spinosum), followed by a thin granular layer (stratum granulosum), and finally an acellular cornified layer (stratum corneum).  It takes about 30 days for a dividing cell at the basal layer to reach the cornified surface.  The epidermis has cornified stratified squamous epithelium.

· The basal layer of the epidermis is a proliferative layer, just above the dermal/epidermal junction.  Not all cells are stem cells.  Some cells have hemidesmosomes that provide mechanical strength, and others also express specific keratins.  Different problems with keratins can give different diseases.  Basal cells are columnar with tall nuclei, they are sitting on a basement membrane, and they show hemidesmosomes.  Once out of this layer, they no longer divide.  There may be melanocytes here.  
· The spinous layer of the epidermis is fairly thick.  It is no longer proliferative.  The predominant function is providing adhesion and strength.  Spiny cells have processes that anchor together with multiple desmosomes between cells.  They are firmly attached, but still progress up toward the surface.  The desmosomes are dynamic, breaking and reforming.  This layer also makes proteins used later to form the cornified envelope.  Filaments in the desmosomes (keratin filaments, aka tonofilaments) course in and out of the desmosome.  Langerhans cells may be found here.
· Next is the granular layer.  They are simplified here.  The nucleus is broken down, keratohyalin granules and lamellar granules form, more cornified envelope precursors are made, and epidermal transglutaminase is made.  As granule cells simplify like this, they may no longer stain well and may produce a stratum lucidum.  Mechanisms for all of this are debated.  It’s left anucleate without organelles, basically just a stack of strong, cross-linked proteins covered in lipids, to provide mechanical strength to the epidermis.  Cross-linking of cytoplasmic proteins to the cell membrane occurs to strengthen it and produce the keratinized envelope.  Keratohyalin granules aren’t membrane bound, but with calcium stimulation will lead to cross-linking.  Other granules may be membrane bound (Lamellar bodies) contain phospholipids and glycosaminoglycans.  Lamellar granules fuse with the plasma membrane and exocytose its contents to the outside to help protect from chemicals and toxic reagents.  In the granule layer, some people think apoptosis is initiated.  
· The cornified layer of the epidermis is the most superficial.  It is basically just a stack of cornified plasma membranes layered with phospholipids, glycolipids and glycosaminoglycans.  Remnants of desmosomes are still present attaching cells, though they begin to decompose.  There are no organelles in cells here.  

· In addition to these cells which originated from the basement membrane there, there are also Langerhan’s cells (immunoprotective), melanocytes (produce pigment), Merkel cells (touch receptors and similar cells that uptake amino precursors).  

· Melanocytes provide photoprotection from UV rays.  They have projections of cytoplasm that embrance keratinocytes in the spiny and basal layer, like an octopus; they are in the basal layer.  These cells are derived from the neural crest.  They produce melanin from tyrosine and package it into secretory granules called melanosomes.  But, they don’t retain melanosomes in the cytoplasm, so they stain lightly.  Melanocytes donate the melanin granules to neighboring keratinocytes, providing pigments that protect the DNA in those cells (particularly in basal, proliferative cells).  Different races have different organizations of the same number of melanocytes and melanosomes.  With UV radiation, more melanin synthesis is induced for increased photoprotection (ex: being in the sun produces more freckles).  Melanoma is one of the most deadly cancers.  It represent 4% of skin cancers.  Basal and squamous cell carcinomas are more common and less deadly.  Most of these cancers are caused by UV radiation.
· Langerhan’s cells provide immunoprotection from invaders through the skin.  The only way to see them is to stain with antibodies specific for them.  They have irregular morphologies, and they’re found in the spinous layer of the epidermis.  They have a bi-lobed or irregularly shaped nucleus.  They also have Burbek bodies (granules) whose functions are presently unknown.  Langerhan’s cells are antigen presenting cells and represent the first line of defense in the skin.  They’ll internalize stuff, process it, and present it on MHC.  They can also migrate out of skin.  

· Merkel cells are touch receptors in the basal layer.  They have small desmosomes attaching them to neighboring cells.  They are usually associated with an underlying nerve and synapse.

· The epidermal/dermal junction:  It’s an important site of attachment between the basal layer of the epidermis and the dermis underneath.  It can be important in disease.  Many adhesion molecules and cytoplamsic plaques, distinct from desmosomes, (though they still have tonofilaments) that connect to extracellular molecules like fibronectin/integrins in the dermis, as well as elastin and collagen contribute to the joining.

· Keratin (intermediate) filaments course throughout the keratinocytes.  If one molecule (K14) is deleted, keratinocytes had disorganized keratin filaments that clumped together.  Newborn -/- mice have skin that has pulled away from the underlying dermis.  So K14 is important for attaching basal cell keratinocytes to the underlying dermis.  If absent, you get blistering and disease.  
· Pemphigus vulgaris is an auto-immune blistering skin disease.  Antibodies in the pemphigus vulgaris patients bind to keratinocytes.  The antibodies can bind to glycoproteins that help with adhesion in desmosomes and disrupt them.  Leads to blistering, fluid accumulation, etc.  

· The dermis stains lighter than the epidermis.  But, some areas of the dermis (the papillary dermis) near the epidermal ridges have more cells, have a specific type of collagen, whereas the deeper, reticular dermis has collagen type 1, lots of collagen bundles, and fewer cells.  The dermis has a blood supply, and has lots of CT.  It provides nutrition and nervous receptors.  The patterns of epidermal ridges and dermal papillae produce fingerprints.  Dermal papillae often have capillaries and Meissner’s corpuscles (with transversely arranged cells).   
· The vasculature of the skin is in great excess of the nutritional needs of cells.  That is because it plays an important role in thermoregulation.  There are large arteries and veins in the deep fascia of the hypodermis (subcutaneous layer).  The hypodermis is mostly fat cells, not really found elsewhere, and some sweat glands.  The arteries in the hypodermis (plexus I) branch and form a second plexus (plexus II).  Branches off of this have A-V anastomoses.  If closed, blood goes to capillaries of plexus III in the dermal papillae.  If the A-V shunt is open, it goes back deep before reaching the surface.

· Sensory receptors in the skin:  Afferent nerve fibers are encased in protective layers.  

· Meissner’s corpuscles are in the dermis just underneath the epidermis.  They have afferent nerve fibers within protective CT of Schwann cells.  They are fine touch receptors.  

· Merkel cells are also touch receptors.

· Paccinian corpuscles are activated by deep pressure.  They are located in the hypodermis and look like an onion with many layers.

· Appendages derived from the epidermis include hair (pilosebaceous units) and glands.  

· Pilo-sebaceous unit = hair follicle and bulb, sebaceous gland (produces sebum) and arector pili muscle (smooth muscle on the same side as the sebaceous gland).  Arector pili muscles cause hairs to stand up (goosebumps), and can provide thermal protection by trapping warm air near that region of skin.  Hair begins developing in the fetus from the epidermis.  Mesenchymal cells are stimulated to differentiate downward.  They dip into the dermis, though stay part of the epidermis.  Eventually, you get melanocytes for melanin derived pigments for hair color.  You also get sheaths around the hair follicle.  Hair follicles are usually empty profiles, with some arector pili muscle and sebaceous glands that look foamy nearby.  Important to be able to recognize.  Sebaceous glands secrete by holocrine secretion, in which the whole granule and cell empty into the hair shaft.  The sebum is the substrate for bacteria that cause acne.  These bacteria make acid and inflame the area.  Hair doesn’t grow continuously.  Depending on where the hair is on the body, it can grow for as much as 2-3 years.  At that point, the follicle begins to involute and undergoes apoptosis.  But it never totally disappears until old age or baldness sets in.  After involution, the hair will again receive signals and dermal papillae will activate basal cells above them to stimulate another round of hair growth.  The length and density of hair are genetically determined. 

· The hair papilla is dermal in nature, and contains an epidermal/dermal boundary.  There are lots of melanocytes here, though they become less numerous with age and also the ones present produce less pigment.

· Hair follicles are in the dermis or hypodermis.

· Sweat glands (merocrine sweat glands) are separate from the hair follicles.  But, it is an epidermal differentiation.  A gland is a tube that’s open at one end with walls of epithelial cells joined together by tight adhering junctions and desmosomes.  Like most glands, the secretory portion makes the primary product, and the duct conducts and may modify the product along the way.  Sweat glands may be located in the hypodermis (identifiable by fat cells).  The secretory and duct portions both have lumens.  But, the secretory portion is more irregular in profile and has a variety of cells (including myoepithelial cells with small nuclei and contractile function that propel the primary sweat – lipoprotein, mucus, water, salt).  The duct cells has 2 layers of suboidal cells that conduct the primary sweat, and if the flow is slow enough, reabsorb Na so that the sweat is more hypotonic and K enriched.  People with cystic fibrosis have a different sweat composition.  Sweat glands originate in the hypodermis/dermis, but the duct can be seen through the epidermal ridge out to the surface of the skin.  
· Dermis = fibroelastic tissue.  Hypodermis = primarily adipose tissue.

· Sweat glands have a layer of secretory cells supported by a layer of myoepithelial cells.  

· The lip has a muco-cutaneous junction.  The oral (non cornified) skin is continuous with the outer lip skin (cornified).  The outer lip skin wall also includes hair, sebaceous and sweat structures.  The lip salivary glands are accessory salivary glands, and they have small ducts that open to the surface.

· The recto-anal junction is another muco-cutaneous junction.  The internal anal sphincter is smooth muscle, while the external sphincter is skeletal.  Simple columnar (rectum) transitions to non-cornified transitional epithelium, to cornified epithelium of the skin.  On te skin side, we find hair, sebaceous and sweat glands.  

