Renal function
1. What are podocytes?
Highly differentiated glomerular/epithelial cells that float above the glomerular basement membrane with foot processes that mesh together to prevent proteins like albumin from entering urine. 

2. Describe the osmotic environment in the different parts of the loop of Henle and explain what it means?
a. Isotonic entering the loop of Henle (concentration of ions in the cortex is equal to that inside the loop of Henle). 
b. The descending loop of Henle is permeable to water but the environment outside it (the medulla) is highly concentrated in ions. Therefore water leaves the loop of Henle into the medulla and the urine because more concentrated at the bottom. It is hypertonic now. 
c. The ascending loop of Henle is impermeable to water (very rare in cells) but permeable to Na+ and Cl-. Water can’t leave the tubule and there’s already less to begin with but solutes are forced out so that the medulla stays concentrated. Because of this by the time the urine reaches the distal tubule it is hypotonic again. 

3. What 3 characteristics of molecules passing through allow the glomerulus to act as a molecular sieve?Use albumin as an example, 
1. Size. Bigger proteins don’t fit. Albumin is too big. 
2. Charge. The glomerular basement membrane is negatively charged which means that negative proteins such as albumin are repelled. 
3. Shape. Rodlike proteins fit through on occasion unlike globular proteins. 

4. What are the functions of the kidney?
1. Regulates electrolyte balance in the blood by filtration, secretion, reabsorption
2. Produces bicarbonate ions which are an essential part of pH homeostasis.
3. Produces  erythropoietin (production of red blood cells) 
4. activates vitamin-D (calcium metabolism) 
5.  produces renin in the afferent arteriole which affects water retention/homeostasis 


5. What are the 4 characteristics that are needed in a substance used to measure GFR? Compare creatinine to inulin using these characteristics
a. Must be freely filtered 
b.  Must not be reabsorbed into the blood or secreted into the tubule
c. Must not be synthesized or catabolized by the kidney 
d. 4. Must not alter GFR itself. 
Unlike inulin, creatinine is not the perfect measurement for GFR because it is secreted in small quantities by the proximal tubules. Although it does slightly overestimate GFR it is less invasive and less expensive than inulin because the body’s skeletal muscles already produce it. (Doesn’t need to be infused).

6. What can be expected in urine if there is a loss of the negative charge of the glomerular basement membrane?
Massive proteinuria, albumin isn’t repelled and manages to get into the filtrate.

7. What are the differences between chronic renal failure and acute renal failure concerning creatinine measurements?
a. Chronic renal failure is reflected accurately by plasma creatinine because If GFR decreases then excretion is less than production so plasma [Cr] increases. However over time a new steady-state is reached excretion = production and plasma [Cr] is now increased and can be used to measure. 
b. In acute renal failure the GFR suddenly drops and plasma creatinine continues to increase. A steady state is never reached and production never=secretion. The higher plasma creatinine will always underestimate GFR.   

8. Which of the following is correct? 
a. Selective reabsorption occurs in the glomerulus 
b. Glomerular capillary hydrostatic pressure is lowest at the renal artery 
c. Nephrin mutations (a transmembrane protein in the slit diaphragm) can lead to renal failure
d. High glomerular hydrostatic pressure is not a problem

9. Jacob has his plasma creatinine measured and it was 0.2 mmol/L. He had 4.8 mmol/L in his urine, and his urine flow is 2.0 mL/min. What is his GFR and what can we say about his kidneys?
Calculation result: 47.0 mL/min which is very BAD! It should be around 100 (I think Désilets told you to remember 125 which is fine too) which means he probably has some sort of kidney disease. 

10. What are the complications of renal failure? Which ones are only seen in chronic renal failure? Know why and how they happen.
a. Hyperkalemia
b. Edema (Pulmonary and Systemic)
c. Hypertension
d. Metabolic Acidosis
e. Uremia in Acute Renal Failure and end-stage Chronic Renal Failure
f. Anemia (only in chronic)
g. Bone Disease (only in chronic)
h. Failure to concentrate or dilute urine (only in chronic)

Diabetes
1. What is the difference between anabolism and catabolism and what hormones affect these processes in the body?
a.  Anabolism is the building up of larger molecules (stores) from smaller ones. The main hormone that drives this process is insulin. 
b. Catabolism is the making of smaller molecules from larger molecules (breaking down storage for energy). Glucagon (antagonist of insulin) leads this process. 

2. Which of the following is false about type 2 diabetes?
a.  Can be caused by smoking 
b. Can be caused by childhood obesity 
c. C-peptide is always absent in the serum 
d. Characterized by high fasting glucose

3. Name 6 factors that affect insulin secretion. How do they affect it and give an example. 
1. Nutrients and metabolites including glucose/free fatty acids/ketone bodies/amino acids increase insulin secretion. 
2. Islet hormones/peptides can have both effects. Insulin decreases the amount of insulin released (negative feedback). Glucagon increases insulin. Somatostastin (secreted by type D pancreatic cells) decreases insulin secretion. 
3. Enteroinsular hormones (secreted from the gut) such Glucagon-like peptide 1 (GLP-1) and Gastric inhibitory Peptide (GIP) increase insulin secretion 
4. Other hormones like adrenaline decrease insulin release 
5. The sympathetic nervous system decreases insulin secretion using noradrenaline as a neurotransmitter.
6. Parasympathetic increases insulin secretion using acetylcholine. 

4. Describe the acute complication of type 1 diabetes (sometimes type 2) known as ketoacidosis and how it is treated (not covered in the English class due to lack of time but might still be on the exam).
a. The breakdown of fatty-acids is needed to generate acetyl-CoA. 
b. Acetyl-CoA is used instead of glucose for energy and enters directly into the Krebs’ cycle. Byproducts of this breakdown are ketone bodies. They float in the blood and lower it’s pH by a lot (acidic). Treatment includes fluids/potassium/insulin/bicarbonate.
5. Describe normal insulin secretion in a non-diabetic
a. Preproinsulin is transcribed from mRNA and then becomes proinsulin.
b. It is packed into a secretory granule in the Golgi apparatus. 
c. Proteases such as convertases cleave the proinsulin into insulin and C-peptide.  
d. It is then secreted into the blood stream after the secretory granule fuses to the cell membrane due to various factors.

6. Describe the primary structure of insulin and how it is stored. How do different forms of insulin affect diabetic patients?
a. 2 chains. The alpha has 21 amino acids. The beta has 30 amino acids. There are 2 disulphide bridges.
b. Pork and beef insulin is very similar to our own but can become linked to antibodies which make it last longer in the blood. 
c. In dilute solution insulin is a single molecule. In a concentrated solution it forms a hexamer with 2 zinc ions which is good for storing in the body and in concentrated insulin pump systems but takes longer to act in a diabetic patient because it needs to be broken down to be effective.  

7. What problem in the carbohydrate metabolism of muscle has been suspected as a potential cause of type 2 diabetes?
Changes in the enzyme “glycogen synthase” in muscle tissue. When insulin is secreted muscles absorb the glucose from the blood and store it as glycogen. If this enzyme works less effectively or not at all then glycogen stores are not being synthesized and hyperglycemia occurs.

8. What’s one hypothesis that considers how obesity can cause type 2 diabetes?
a. Obese people have more Free Fatty Acids (FFA) which generate insulin resistance. 
b. They stimulate insulin secretion. 
c. Beta cells compensate for insulin resistance and make more insulin. 
d. Genetically predisoposed obese people may have an impaired insulin secretion response to FFA. That and compensation eventually leads to beta cell failure. This leads to inadequate insulin levels and hyperglycemia. Beta cell failure becomes even worse (vicious cycle).

9. What is the main treatment plan for type 1 diabetes (4 things)? 
1. Insulin replacement therapy 
2. Glucose monitoring 
3. Diet and exercise 
4. Education/Stress management

10. Describe how the normal phases of insulin during the postprandial state should look and how they look in a type 2 diabetic patient.
a. Ingested glucose is the primary stimulus for insulin secretion. Normally there are 2 phases: the first phase spikes and then drops down and then in the second phase insulin goes up again for a longer period of time. 
b. In type 2 diabetes the 1st phase is lost (we don’t know why). Even though there is a lot of insulin being secreted the effectiveness of insulin is greatly decreased.
Acid Base and Potassium Regulation
1. What is normal arterial pH?
a. 7.40

2. The bicarbonate concentration is how many times higher than that of carbonic acid?
a. Ratio = 20:1 (so 20 times)

3. How bad does renal failure have to be before it affects the pH of the blood?
a. 70% of nephrons have to be destroyed/lost before we see a change in pH.

4. Bicarb concentration is at what level when the body is in alkalosis?¸
a. greater than 28mM.

5. Increase in pCO2 leads to what problem?
a. primary respiratory acidosis


6. What is the normal potassium range in the plasma?
a. 3.5-5.0mM

7. a) How long does renal compensation take? What does this mean? b) How does a decrease in pH affect ventilation rate? How fast is this compensation?
a. Renal compensation takes up to a week. Compensation means that the kidneys produce more bicarbonate in response to acidosis and less in response to alkalosis. It takes a week to reach optimal levels of bicarb though.
b. A decrease in pH stimulates ventilation (we breathe faster) in order to drop pCO2. Respiratory compensation is immediate.

8. Flattened t waves + u wave leads to risk of what? What causes it?
a. Leads to fatal arrhythmias and is caused by hypokalemia.

9. If the plasma pH is 7.55/ pCO2 is 47mmHg / HCO3- is 30mM what is the problem and its primary cause and the compensatory mechanism?
a. The person is in alkalosis based on their plasma pH level. This is supported by the bicarb concentration which is high indicating that there is too much bicarb production.
b. pCO2 is high indicating acidosis. Because it’s opposite from the plasma pH problem (alkalosis) we know it’s the compensatory mechanism. 
c. Therefore, the person has primary metabolic alkalosis (too much bicarb) and compensatory respiratory acidosis (the body is trying to lower the pH by breathing less and retaining more CO2 in the blood). 

10. Acid-Base-Potassium, 1000, What factors affect normal K+ distribution and what other factors may affect it. Explain each.
a.  Insulin stimulates uptake by the cells after extracellular fluid potassium levels have increased after a meal.
b. Exercise causes a loss of K+ into the extracellular fluid as muscle contracts.
c. Catecholamines such as adrenaline released by the sympathetic nervous system stimulate reuptake of K+ during exercise.
d.  Metabolic alkalosis stimulates K+ Uptake. As H+ leaves cells to lower pH of the extra cellular fluid, K+ enters cells. 
Gastro-intestinal pathophysiology
1. What are the 6 essential activities of the digestive process?
a.  Ingestion 
b. Propulsion 
c. Mechanical digestion 
d. Chemical digestion 
e. Absorption 
f. Defecation

2. What chemical digestive processes happen in the stomach? Which one is completely necessary for survival?
a. Protein digestion by pepsin (also rennin in small children digesting the milk protein casein)
b. Secretion of HCl by parietal cells
c. Secretion of intrinsic factor which is essential for life (absorbs vitamin B12 used in red blood cell production)

3.  What are mumps? Although mumps aren’t very dangerous they can lead to what problem in adults? 
a. A viral inflammation of the parotid glands. Painful opening mouth due to inflammation putting pressure on the temporo-mandibular joint. 
b. Risk of infertility and sterility problems in adult males.

4. What is achalasia? What is its cause?
a.  a rare disease affecting the neurons that control the musculature of the esophagus. 
b. causes reduced peristaltism and difficulty opening the GE sphincter. 
c. Believed to be caused by a deficiency in NO (nitrogen monoxide =nitric oxide) which is a neurotransmitter.

5. What is a hiatal hernia? 
a. It is associated with GERD (Gastroesophageal reflux disease). The top part of the stomach lodges itself occasionally in the esophageal hiatus above the diaphragm. The sphincter’s closing action is not reinforced by the diaphragm leading to reflux.
6. Why can H. pylori survive in the stomach?
a. It has the enzyme urease which can turn urea into NH3 and CO2 leading to a neutralized environment around each bacterium.

7. Where are peptic ulcers most commonly located? Why? What should be targeted in treating this most common type of ulcer?
a.  In the duodenum because it does not have natural protective defenses against acid like the stomach does. 
b. To treat you need to neutralize some of the pH with H2 blockers or PPIs (Proton pump inhibiters), slow down the emptying of the stomach, and use ulcer coating agents to help with healing.

8.  What are the 3 subtypes of large volume diarrhea? Explain each one
a. Osmotic: when a nonabsorbable substance in the lumen of the intestine draws water into lumen by osmosis (its presence changes the concentration gradient)
b. Secretory: often caused by bacterial endotoxins which cause massive secretion into lumen.  Ex: cholera is very deadly because of sudden low blood pressure due to dehydration.
c. Mixed (motility): where the rate of motility is increased and there’s not enough time to absorb the water.

9. What is celiac disease? How does one treat it? 
a. Gluten activates an immune reaction that destroys villous epithelium. Causes malabsorption of everything.  Treated by changing diet and removing all sources of gluten (most grains except for rice).

10. Compare Crohn disease with Ulcerative Colitis.
a.  In Crohn disease the inflammation of the bowel can be in both the small and the large instestine. Lumen narrowing is typical as well as a thickened bowel wall and skip lesions that go through the full thickness of the wall. 
b. Ulcerative colitis occurs only in the large intestine and the inflammation affects only the surface of the epithelium. Often the haustra that normally occur in the large intestine are absent.
Cancer
1. What is a mutation and where does it happen? How can base deamination lead to point mutations?
a. Mutation happens in DNA. One of the base pairs is changed (point mutation) and one is added (insertion) or removed (deletion). This changes the complementary base sequence in mRNA and causes an alteration of one amino-acid in a protein or a complete change in the amino acid sequence (frameshift) often ending in a shortened or not functional protein. 
b. Cytosine is sometimes deaminated to uracil which shouldn’t be in DNA. The cell can recognize the problem and fixes it or sometimes reads the uracil as a thymine. This leads to a false translation of proteins. 
c. 5-methylcytosine is deaminated into thymine which is a normal base in DNA so the cell transcribes it not realizing that it’s not supposed to be there. 

2. What did the neuroectodermal malignancy retinoblastoma help to discover? What is the difference between familial and sporadic retinoblastoma?
a. Helped discover cancer-related gene mutations related to the gene Rb. 
b. In familial the patient inherits a mutant Rb-allele. All the bodies cells are affected. A 2nd mutation occurring in the other allele may happen and often both their eyes (bilateral) will be affected. In sporadic the patient has two normal Rb-alleles in their cells. At some point something causes 1 allele to mutate which is rare. Then the next allele has to mutate (also rare). This causes unilateral retinoblastoma.

3. What do Rb and p53 and BRCA1/2 have in common? What are the 2 roles of p53? How prelavent are p53 mutations?
a. They are tumor suppressor genes that normally prevent the cell from proliferating or correct for mutations. If they are mutated the stopping of proliferation and the correction doesn’t happen. This leads to the creation of more mutant cells. 
b. p53 promotes the production of proteins that 1. induce cell death (apoptosis) 2. stop the cell cycle. (Before critical point R during G1). 
c. P53 mutations are found in many cancers. It is the most often mutated tumor-suppressor gene in all cancers.
4. What are oncogenes? How do they affect the cell? Give examples of specific ones.
a. They are genes that promote cellular processes necessary for cancer cell proliferation and survival. These include growth factors and proteins that help the growth factor receptors to function. 
b. Ex. HER2/neu and Ras. They also include proteins involved in “cell proliferation gene” transcription Ex: myc.


5. Why is Ras such an excellent oncogene?
a. When Ras is mutated the protein is always ON.
b. It causes:
i. cascade reactions the stop apoptosis
ii. stimulates cell growth and proliferation  
iii. stimulates transcription and protein synthesis
iv. stimulates cell movement/metastasis

6. What is the mechanism of metastasis?
a. Primary tumour formation with angiogenesis (formation of new blood cells that feed cancer cells and give them a chance to metastasize)
b. localized invasion
c. intravasation (interaction with lymph nodes/platelets and other blood components
d. transport through circulation
e. arrest in microvessel of various organs 
f. extravasation 
g. formation of micrometastasis
h. colonization/macrometastasis and angiogenesis (again).

7. What are carcinomas and name the types?
a. Cancers that start in epithelial cells
b. adenocarcinomas in secretory cells
c. squamous cell carcinomas in protective cell layers
d. other types such as small-cell lung carcinoma (neuronal type cells often affected by smoking).
8. What are sarcomas? Give 3 examples and explain what they affect
a.  Bone/connective cell tissue/muscle cancers. 
b. Ex: osteosarcoma = bone cancer, rhabdomyocarcoma=muscle cancer (very rare) and angiosarcoma=when endothelial cells in blood vessels become cancerous

9. What does TNM stand for and what is it used for?
a. T=extent of tumor (size)
b. N=extent of spread to lymph nodes
c. M= presence of metastasis
d. Used for measuring the degree of severity of cancer

10. Give an example of an indogenous (found in the body) mitogenic promoter (stimulates proliferation). What drug can treat against it?
a. Estrogen tells breast-epithelial cells to divide. If there is a mutation in breast cells and estrogen is released it will cause the mutation to proliferate. 
b. Tamoxifen blocks estrogen receptors.
