Renal Histology
· Urinary system consists of kidneys, ureters, bladder and urethra.  Kidneys are paired, bean shaped and located in the lumbar region just outside the dorsal peritoneum (together weigh about 300g).   Blood enters by the renal arteries off of the abdominal aorta.  Kidneys receive about 1300 ml blood/min (1/4-1/5 of CO).

· Kidneys maintain the body’s homeostasis and allow us to live on land (by conserving water and salt, excreting concentrated waste, and regulating tissue fluid).  They maintain constant volume, ionic composition, and pH of the blood.  Blood pH is usually 7.4, but urine may vary from 4.6 to 8.0.  They are the chief excretory organs for soluble waste products of metabolism like urea.  They also eliminated ingested drugs, pesticides and food additives.

· In cross section, the kidney has an outer cortex and inner medulla (10-18 pyramidal/cone structures).  Each pyramid is a kidney lobe.  The functional unit of a kidney is the nephron, consisting of a dilated renal corpuscle connected to a long tubule.  It includes the proximal convoluted tubule, thick descending limb, thin limbs, thick ascending limb of Henle’s loop, distal convoluted tubule, and collecting tubules/ducts.  

· The nephron arises in the cortex, loops into the medulla, returns to the cortex, then drains into collecting ducts that descend into the medulla.  The medulla has a gradient of hypertonicity (increase in saltiness as you descend).  This allows you to produce concentrated urine.  

· At the papillary region, medullary collecting ducts pierce the tips of the renal pyramids emptying urine into the calyces.  Calyces drain into the renal pelvis (dilated upper portion of ureter).  Ureters then conduct urine to the bladder.  
· Oversimplified view of the process:  Each minute, 125 ml of ultrafiltrate is formed, but only 1 ml of urine is excreted.  In the proximal tubule, 80% of water and salt are reabsorbed.  Thin limbs of loop of Henle don’t have ion pumps, but differ in their permeabilities.  Thick limbs actively pump NaCl into the surrounding interstitium.  Water cannot follow, as tubules are water impermeable.  Now, fluid in the tubule becomes hypotonic.  In the collecting ducts, ADH causes aquaporin channels to surface  and make the walls water permable.  Water then leaves the ducts and concentrates the urine.  

· Slides of the renal cortex show tufts of capillaries, which are one component of the renal corpuscle (in addition to bowman’s capsule).  Each kidney has about 1 million of these.  They form filtrate of almost everything except cells and large protein in the blood.  Blood is spread over a great surface area to create the ultra-filtrate.  The filtrate is later modified by absorption and secretion.

· Glomerulus:  capillaries are lined with a fenestrated epithelium (muscle/CT capillaries are continuous, and liver/spleen capillaries are discontinuous/sinusoidal).  Fenestrations increase permeability, which is desirable for filtration.  A parietal layer of simple squamous epithelium lines Bowman’s capsule.  These cells are continuous with the visceral layer of cells on top of the glomerular capillaries.  These visceral cells are podocytes, greatly modified to give strength to capillary walls among other important functions.  Podocytes have pedicels (processes) that interdigitate with each other.  They represent some complex and spectacular epithelial-epithelial interactions.  
· Podocytes sit atop the glomerular basement membrane.  Pedicels form a layer on the golmerular basement membrane.  A glycoprotein, podocalyxin, coats the podocyte surface and contributes to the negative charge of the visceral surface.  

· Mesangial cells are another type of cell, found between capillary tufts of the glomerulus.  Mesangial cells are modified pericytes (flat cells occasionally found embracing capillary endothelial cells).  Mesangial cells can contract and relax to modify glomerular filtration, they help in the production and breakdown of the basement membrane, unclog the membrane of unfiltered particles, and proliferate or remodel the basement membrane in response to injury.  Mesangial cells surround themselves with a glycoprotein that stains magenta in PAS.  

· Filtration barrier:  Afferent arterioles bring blood in, efferent out.  The hydrostatic pressure of glomerular capillaries is higher than for most other capillaries.  This enhances filtration.  Principal filtration barrier is the basement membrane, made both by podocytes and capillary endothelial cells.  Basement membrane is the thickest in the body (320-340nm), and has three layers (central electron dense layer –lamina densa – and two less dense layers – lamina rara).  The membrane acts like a size and charge barrier.  It is negatively charged, so keeps negative stuff in blood. 

· Substances filtered must pass through three structures:  The fenestrations of the endothelium, the glomerular basement membrane, and the slits between pedicels of podocytes.  

· Glomerular diseases are among the chief kidney pathologies.  Chronic glomerular nephritis is one of the most common causes of kidney failure.  Different parts of the glomerulus may show damage.  
· Immune glomerulonephritis – thickening of basement membrane.  Attributed to immunologic origin, involving antibody formation.  May be result of infection or autoimmunity.  Complexes may be desposited on basement membrane, causing damage.  Also, circulating molecules may interact with the filtration barrier to create novel antigens and induce antibody formation.  

· Membranoproliferative glomerulonephritis – thickening of basement membrane and mesangial cell proliferation.

· Minimal change glomerular disease – irregular podocyte foot processes, or lack thereof.  Most commonly seen in children, characterized by lots of proteinuria.  

Renal II

· The renal corpuscle has a vascular pole (arterioles) and a urinary pole (PCT originates).  Bowman’s capsule opens in the to the PCT.  PCT is the longest tubule in the cortex and most frequently seen.  It has a wide lumen with cuboidal epithelium having a prominent brush border.  In PAS, apical regions appear magenta due to glycoproteins of brush border.  
· PCT reduces volume of filtrate.  The apical microvilli increase SA.  80% of water and salt, 100% of glucose and AAs are absorbed, and some acids/bases are secreted.  In salt reabsorption, Na enters the cell via channels/cotransporters/exchangers, and it is pumped out of the basal/lateral borders.  To provide energy for this, PCT cells have abundant mitochondria (arranged parallel to the long axis of the cell).  Endocytosis and lysosomal digestion take care of bigger proteins/particles that leak through the filtration barrier (VERY efficient, so that normal urine has very little protein).  PCT cells interdigitate a lot, so much so that they obscure the cells’ lateral borders.

· Henle’s loop:  U shaped structure with a thick descending, thin descending, thin ascending, and thick ascending limbs.  Thick descending limb is much like PCT, whereas thick ascending is much like DCT.  Thin limbs are lined with squamous epithelium.  Thick limbs are cuboidal.  The function of the loop of henle varies depending on the location of the nephron.  Cortical nephrons have short loops, those near the corticomedullary junction have longer loops.  All nephrons filter, absorb and secrete, but corticomedullary ones (less numerous) also establish and maintain the medulla’s gradient.  
· Very important for maintaining the salt gradient is the thick ascending limb that actively pumps out NaCl.  Cells have lots of mito along the long axis for this, like PCT, except here there is no brush border (rather small stubby microvilli).  As the thick ascending limb returns to the cortex, it contacts the vascular pole of the renal corpuscle, forming the macula densa.  

· The macula densa:  Where thee DCT contacts the glomerulus.  The cells in the DCT wall are narrow and columnar with nuclei close together.  Macula densa cells sense the ionic content and water volume of the tubular fluid.  Then, they influence the GFR, blood pressure (via stimulating renin secretion) and can cause vasodilation by NO synthesis.  Macula desna cells are near the afferent arteriole.

· DCT:  continuation of the thick ascending limb in the cortex.  Lined by cuboidal epithelium.  Cells here are responsive to aldosterone, resulting in ion exchance.  Na is absorbed and K excreted.   Helps maintain acid and base balance by secreting hydrogen and ammonium ions.  DCT cells have lots of mito parallel to the long axis of the cell (typical of a salt pumping cell), and lack a brush border.  

· Collecting ducts:  Collecting tubules continuous with the DCT, and empty into cortical collecting ducts.  Cells here are columnar with distinct lateral cell boundaries.  They have no brush borders and sparse mitochondria.  When several of these ducts run together and drain toward the medulla, they form medullary rays.  Larger ducts in the medulla are called ducts of Bellini.  Epithelium in collecting ducts includes principal cells (have ADH receptors, which respond by bringing aquaporin to the cell surface) and intercalated cells (secrete or resorb protons as needed).  
· Diseases of kidney tubules and interstitium:

· 2 major causes of damage are bacterial infection (pyelonephritis) or injury due to toxic drugs or metabolic disorders (intersitital nephritis).  Ibuprofen and NSAIDS can cause kidney damage.

· JGA contains a group of structures at the vascular pole of the glomerulus.  It’s important for BP control.  It includes juxtaglomerular cells, macula densa, and extragolmerular mesengial cells (Lacis cells).  JG cells are in the wall of the afferent arteriole.  They are modified smooth muscle, and store renin in cytoplasmic granules.  With decreased BP, they release renin.  JG cells are adjacent to macula densa cells, and communicate with them by gap junctions.  Macula densa cells are in the DCT wall (more numerous and columnar), where it contacts its mother glomerulus.  Macula densa cells are in close proximity to afferent arteriole, and communicate with its JG cells.  Macula densa cells sense osmolarity and volume changes of tubular fluid, and can influence GFR and renin secretion.  Macula densa cells themselves make NO, and can cause vasodilation.  Lacis cells (aka extraglomerular mesengial cells) are outside the glomerulus, near the macula densa.  They play a role in BP control, though it’s not well understood.

· BP control by the JGA:  Response to a drop in blood pressure -  Decreased BP in the afferent arteriole stimulates JG cells there to secrete renin.  Renin converts angiotensinogen in the blood to angiotensin I (inactive).  This goes to the lungs’ endothelium, where ACE converts it to angiotensin II (very active octapeptide).  Angiotensin II raises BP by stimulating pituitary to release ADH (increasing water reabsorption from collecting ducts and blood volume and BP).  Angiotensin II also constricts arteriole walls to increase BP.  Angiotensin II stimulates secretion of aldosterone from the adrenal glands, which stimulates resorption of Na and Cl in the DCT, leading to an increase in blood volume and pressure.  
· Blood circulation in the kidney:  Blood picks up stuff reabsorbed by the nephron.  Renal artery enters the hilus of the kidney and branches into interlobar arteries in between pyramids.  These branch in to arcuate arteries forming arches at the corticomedullary junction.  These give off interlobular arteries, which branch into afferent arterioles and lead to efferent arterioles.  Efferent arterioles branch differently depending on if they are cortical or juxtamedullary.  Cortical nephrons have efferent arterioles that go to a peritubular capillary network around the PCT and DCT.  Juxtamedullary nephrons have efferent arterioles that descend into the medulla as vasa recta, then loop back towards cortex.  These descending and ascending vasa recta are closely associated, and function as a counter-current exchange for diffusible substances in the plasma of the medulla.  The vasa recta lose water and gain salt as they descend, but then gain back the water and lose the salt as they ascend.  So, the looped structure prevents them from disturbing the medulla’s gradient.  Veins parallel arteries, and they leave as the renal vein.
· Urinary passages:  Calyces to renal pelvis to ureters to bladder.  All are lined with transitional epithelium (stratified with large, ovoid surface cells).  Stones can occur anywhere here.  Ureters muscular tubes that use peristalsis.  Beneath epithelium is lamina propria of CT, surrounded by inner longitudinal and outer circular muscle.  Valves at site of entry to bladder prevent backflow.  Surface cells of bladder maintain the impermeability to urine.  Bladder epithelium varies in # of layers depending on fullness of bladder.  Beneath the epithelium is a muscular tunica of several layers of obliquely oriented smooth muscle.
STILL NEED SLIDES

