Lecture 1

Why are we aging?
1. Birth rates are declining
2. Baby boomers are now reaching 65 years and older 
3. Life expectancy has increased

What is aging?
Aging is a complex biological process in which changes at molecular, cellular, and organ levels result in a progressive, inevitable, and inescapable decrease in the body’s ability to response appropriately to internal and/or external stressors

Three changes in the cardiovascular system with aging
1. Heart rate becomes slightly slower
2. Blood vessels and arteries become stiffer
3. Heart works harder to pump blood, leading to high blood pressure (hypertension)

Three changes in the physiology of the body with aging
1. Bones tend to shrink in size and density, leading to susceptibility to fracture
2. Muscles lose strength and flexibility
3. Trouble with balance and coordination

What are two premature aging syndromes?
1. Werner’s Syndrome
a. Mutation in the WRN gene that encodes for werner protein (helicase) (DNA replication and repair); osteoporosis and atherosclerosis
2. Hutchinson-Gilford Progeria
a. Mutation in the LMNA gene that encodes for lamin A, a structural protein for the nucleus (progerin proteins as a result) – leads to limitations in cell division; arteriosclerosis

What were the first and second genes identified that led to increase life span in c. elegans?
Age-1 and Daf-2 mutation

What is the process in which DAF-16 is involved in to enhance longevity?
Insulin molecules such as DAF-2(homologous to insulin) bind to an Insulin-growth factor receptor (ie. senses caloric intake in humans), which allows for the activation of AAP-1-AGE-1. This molecule in turn phosphorylates (adds phosphate groups) to PIP2. PIP2 after being phosphorylated activates AKT-1-AKT2 enzymes, which can then phosphorylate DAF-16 (ie. Orthologous to FOXO in humans). This addition of a phosphate group makes DAF-16 remain in the cytoplasm in an inactive form. Mutations that extend lifespan increase nuclear localization and activity of DAF-16, which would otherwise be done by dephosphorylating DAF-16 (i.e. removal of a phosphate group and thus, activation). When DAF-16 is activated and moved to the nucleus, transcription is increased and thus, defenses against stress are also increased (induction of the expression of genes that encode antioxidants).
Three ways to study aging
1. By looking at premature aging syndromes
2. Genetic studies in different species
a. Such as the Insulin/insulin-like growth factor pathway which is involved in nutritional sensing and metabolic regulation (reactive oxygen species versus cellular antioxidant system)
b. Inhibition of the insulin/IGF1 pathway allows FoxOs to positively regulate the expression of anti-aging genes and negatively regulate the expression of pro-aging genes (Activation of the receptor causes kinases to target FOXOs and block their transcriptional activity in the nucleus)
c. Mechanistic target of rapamycin (mTOR) functions as a master regulator of cellular growth and metabolism in response to nutritional and hormonal cues. It is an mTOR inhibitor and works as an immunosuppressant for transplants. Because the onset and progression of multiple disorders are modulated by m TOR signaling (cell growth, cell proliferation, protein synthesis), some disorders such as Alzheimer’s disease, cancer, kidney disease, heart disease and autoimmune disease are improved by rapamycins 
3. Single cell experiments

What is Hayflick limit?
Non-reproductive mammalian cells generally lose their ability to proliferate after a fixed number of doublings

What is senescence?
A permanent withdrawal from the cell-division cycle; a reduction of telomere length below a critical threshold can trigger senescence 

What determines the Hayflick limit?
Shortening of the ends of each chromosome – protective caps called telomeres. In addition to this, increased-levels of ambient oxygen also cause senescence. 

What happens with mitochondrial metabolism and oxidative stress?
When mitochondrial metabolism (fuelled by food and oxygen) increases, more reactive oxygen species are produced as a by-product. This increases the adverse effects on cells. However, constant introduction of nutrients and oxygen fuels metabolism in the mitochondria and thereby, generating more reactive oxygen species. These reactive oxygen species induce random damage in proteins and DNA. However, the cell compensates for these toxic factors by introducing anti-oxidants. Nevertheless, as the cell grows older, the less anti-oxidants that can be produced.

How can we decrease oxidative stress?
Oxidative stress can be reduced by caloric restriction, and relying on non-mitochondrial pathways for energy production. However, with non-mitochondrial pathways, there is less energy production (ATP), but fewer reactive oxygen species, which may perhaps lead to lifespan extension. In addition to this, induction of mutations that activate DAF-16 (FOXO) that induce the expression of genes that encode antioxidants, is also a way to reduce oxidative stress. The idea is to have lower oxidant production and increase the removal of free radicals. 
How much do genes account for when determining longevity?
25 percent! The other factors are lifestyle choices (smoking, food intake, activity level) and environmental factors (toxins and chemicals)

What are some changes in the brain with healthy aging?
1. There is approximately 10% of neuronal loss by the age of 90, while there is no large-scale addition of new neurons in the mature human brain (though some addition of new neurons in some brain regions, but their function is unknown)
2. There is approximately 15% of brain shrinkage (changes in the hippocampus as a result of aging is correlated with those seen in Alzheimer’s patients)
3. There is loss of dendritic processes, dendritic spines, as well as demyelination and astrogliosis (increase number of astrocytes seen in 50% of individuals by the 8th decade)
4. Basal ganglia become bright with age due to iron accumulation (correlated to Parkinson’s disease)
5. Grey matter and white matter volume decrease (white matter lesions in over 90% of individuals above the age of 65 years)
6. Ventricles increase in size (as with the subarachnoid space) 
7. Dural thickening (outer membrane layer that envelops the brain and the spinal cord)
8. About 20% to 40% of cognitively normal individuals in their eighth to ninth decades have at least intermediate levels of Ab on autopsy examination
9. As the neuron ages it looses the capacity to extrude calcium from the cell
10. NMDA receptors decrease and there is a decrease in calcium buffering or delayed removal

What is astrogliosis?
It is an increase number of astrocytes (occurs because a lot of dead neutrons around)

What is the subarachnoid space?
The space around the outside of the brain

What are the ventricles?
Hollow spaces filled with cerebrospinal fluid

What are two reasons behind the cognitive decline that comes as a result of aging?
1. Loss of cells within the medial temporal lobe (limbic system and hippocampus)
2. Loss of NMDA receptors, which are important in long term potentiation (influx of Calcium) so we can form memories and we can learn

What is the percentage of people over the age 85 that have either cognitive impairment or dementia?
50 percent, but take into consideration that dementia can be due to neurodegenerative and non-neurodegenerative mechanisms
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What is a neurodegenerative disease?
It is a condition that affects brain function. Neurodegenerative diseases result from deterioration of neurons. They’re divided into two groups: conditions that cause problems with movements and conditions affecting memory/related to dementia. Examples are Alzheimer’s, Parkinson’s, Huntington’s, Prion disease, Multiple Sclerosis, and ALS

What are four methods of diagnosing a neurodegenerative disease?
1. Identification of biological markers
2. Behavioral/neurological tests
3. PET scans (radio-actively label fluo-dopamine to see if there is any loss of dopamine in basal ganglia; can also do b-amyloid plaques; also target microglial cells)
4. MRI (much later on the disease)

What was the first compound ever created to follow the progression of Alzheimer’s disease?
C-PIB was the first compound, but it was too expensive to make and so other compounds followed (such as Florbetaben, Florbetapir, and Flutemetamol)

What are the neurotransmitters responsible in Alzheimer’s disease and Huntington’s disease?
For Alzheimer’s, it is cholinergic and glutamatergic neurons; Huntington’s disease it is GABA 

What are five common features in Neurodegeneration?
1. Increased cell death
2. Protein misfolding and aggregation in the intracellular or extracellular matrix
3. Mitochondrial dysfunction, increased oxidative stress and production of ROS
4. Excitotoxicity (excessive stimulation of neurotransmitters)
5. Inflammation 

What are the three major morphological types of cell death?
1. Apoptosis: programmed cell death; characterized by chromatin condensation, nuclear fragmentation, cytoplasmic blebbling (cytochrome C when it is released, it causes a cascade on cell death)  there is apoptotic bodies phagozytozed (no inflammation)
2. Necrotic cell death: characterized by cell and organelle swelling or rupture of cell membranes accompanied by spillage of intracellular contents. It is usually considered to be an accidental form of cell death and is commonly observed after trauma or infection. The cell bursts and everything inside is released. It is very common in stroke and very minimal in neurodegenerative diseases – though it has been observed
3. Autophagic cell death: process where cells break down out-dated and damaged cellular organelles and proteins to be replaced with new ones. It is a survival mechanism providing cells with energy and substrates for cellular processes in times of stress and starvation (it accompanies with either apoptosis or necrosis). The membrane engulfs the damaged cell or organelle and degrades it
What are amyloids?
Amyloid fibrils are filamentous, hydrophobic structures, width of approximately 10nm, and length between 0.1-10uM. These kind of fibrils are common to different neurodegenerative diseases

At which point does protein aggregation become toxic to the cell?
It becomes toxic when it has formed fibrils or protofibrils. However, inclusions or amyloid plaques (very end) are less toxic (but already too late)

What are the factors responsible for denaturing and misfolding (leading to protein aggregation)?
1. Mutations
2. Glucose levels
3. Oxidation (PD)
4. Changes in physiological pH
5. Binding to ions (metal chelation) (Prion and AD)
6. Concentrations of monomers (if low, the protein does not aggregate)
7. Inefficient protein degradation of b-sheet proteins/proteasome impairment
8. Specific protein cleavage (AD)

What are three possible ways in which the cell responses to protein misfolding?
1. Cells can refold the protein by using molecular chaperones
2. Proteins can form aggresomes where it can be degraded by macroautophagy
3. Proteins can be targeted by lysosomes or proteasomes for degradation

What are insoluble cytoplasmic inclusions composed of?
SOD1 protein (in ALS) and ubiquitin 

What is the process mitochondrium uses to produce ATP?
Oxidative phosphorylation

What are enzymes that neutralize or decrease redox reactions?
Oxidase, Dismutase, and Catalase

What are the two ways a mitochondrium can dysfunction?
Mitochondria can be damaged (the inside of the cell is not visible and the cell becomes shorter), and mitochondria can also be hypoxic (the cell becomes very small and shriveled) 

What are three antioxidant enzymes?
Superoxide Dismutase (SOD1,2,3) are enzymes that catalyze the dismutation of superoxide (O2-) into oxygen and hydrogen peroxide. SOD1 is localized in the cytosol and nucleus in the intermembrane space of the mitochondria, while SOD2 is essential for mitochondrial integrity and SOD3 has a low expression profile in the brain. In addition to this, catalase catalyzes the decomposition of hydrogen peroxide to water and oxygen

What are some antioxidant therapies?
Vitamin E, Coenzyme Q and flavonoids
What happens to the neurons when there is excitotoxicity?
Excitotoxicity is caused by excessive synaptic glutamate, which causes overactivation of NMDA and AMPA receptors resulting in neuronal death. Essentially, over activated postsynaptic receptors (due to an excessive synaptic glutamate), leads to increased intracellular calcium and catabolic enzymatic activity, all because AMPA and NMDA receptors are targeted by glutamate and calcium can come in. This excitotoxicity leads to mitochondrial depolarization, activation of caspase system and a production of ROS

What happens to the brain when there is inflammation?

Dying cells or aggregated proteins activate otherwise inactive microglia. As a consequence, microglia phagocytize these aggregated proteins and in the process, they secrete pro-inflammatory cytokines and ROS. However, these pro-inflammatory cytokines (if uncontrolled, which is the case with neurodegenerative diseases) cause the cells to die at faster rates. Essentially, the more microglia present in the cell, the more cells die. With an overflowing of cell death, the systemic immune system becomes essential to control local inflammation. In this case, blood-derived monocytes infiltrate the damaged endothelium and differentiate into macrophages, which engulf debris, secret growth factors and suppress microglial activation. However, this infiltration from the systemic immune system weakens the blood brain barrier. Though as a result, microglial overactivation decreases
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How much does the weight of the brain represent (in body mass perspective)?
The brain represents 2% of the body’s mass. It requires 15-20% of the total resting cardiac output to provide the necessary glucose and oxygen for its metabolism

What are the two major arteries that supply blood to the head?
The internal carotid artery (which splits into anterior and middle cerebral arteries), and the vertebral arteries (which supplies posteriorly – back of the head)

Vertebrate arteries branches into what artery?
Vertebrate arteries branch into the basilar artery, which then branches into the cerebellar and pontine arteries and the posterior cerebral artery
[image: ]

What is the circle of Willis?
It is the connection of anterior and posterior blood circulation by communicating arteries

What are the arteries that supply the basal ganglia and internal capsule?
The lenticulostriate arteries that are part of the middle cerebral artery 


What are watershed areas?
Watershed area is the area in between the two main arteries (the end arteries). If there is a stroke in the watershed areas, there would be no recovery. In fact, strokes can also occur with low systemic pressure (not enough blood going to these watershed areas)

What is the 3rd leading cause of death in Canada (after cancer and heart disease)?
Stroke!

What is a stroke?
It is a syndrome caused by disruption of blood flow to part of the brain. Stroke deprives neurons and other brain cells of glucose and oxygen, which leads to cell death (ie. disruption of blood flow). It can also result in impaired or lost function

What are five warning signs of stroke?
1. Weakness (sudden loss of strength or sudden numbness in the face, arm or leg, even if it’s temporary)
2. Trouble speaking (sudden difficulty speaking or understanding or sudden confusion, even if temporary)
3. Vision problems (sudden trouble with vision, even if temporary)
4. Headache (sudden severe and unusual headache)
5. Dizziness (sudden loss of balance, especially with any of the above signs) 

What are the two types of stroke?
1. Ischemic: interruption of blood flow
2. Hemorrhagic: rupture of blood vessel (15-20%)

What are the three types of ischemic stroke?
1. Cerebral Thrombosis: Blood clot that forms in the brain
2. Cerebral Embolism: Blood clot that forms in another area of the body and travels to the brain
3. Decreased Systemic Perfusion: Not enough blood being pumped into the brain 

What is the main cause of cerebral thrombosis (ischemic stroke)?
Atherosclerosis, which is a specific form of arteriosclerosis (hardening of the arteries) in which an artery wall thickens as a result of the accumulation of calcium and fatty materials such as cholesterol

What is the main cause of cerebral embolism (ischemic stroke)?
Most common source is from an abnormality with the heart (atrial fibrillation); Emboli lodge in the middle cerebral artery (80%)

What are the main causes of systemic hypoperfusion?
Due to heart failure from cardiac arrest; reduced cardiac output due to myocardial infarction; pulmonary embolism, or bleeding (accidents)  Often causes a “watershed stroke”


What are the two ischemic areas?
1. Core, where blood flow is below 10-25%, and the cells die by necrosis
2. Penumbra, where the blood flow is reduced to 25-50%, and the cells die by apoptosis

What happens when there is not enough oxygen reaching the brain (in terms of excitotoxicity and ionic imbalance)?
[bookmark: _GoBack]When there is a lack of oxygen, the neuron does not have the means to produce enough energy for its normal activities and therefore there is a reduced in ATP production. This reduction in ATP leads to the Sodium/Potassium pump not being able to function properly, since it needs ATP to work. In turn, sodium enters the cell and becomes depolarized. As a result, calcium also comes into the cells and because the pumps are no longer working, calcium stays inside the cell, causing excitatory neurotransmitter glutamate to be released. Glutamate in turn stimulates both the AMPA and NMDA receptors of the post-synaptic cell, which allows calcium to enter the postsynaptic cell, and the cycle continues. This over excitation of the cells causes an up-regulation of harmful chemicals and enzymes (proteases and phospholipases). This process is called excitotoxicity because this release of harmful chemicals and enzymes degrade membranes and proteins. As a result, membrane becomes more permeable and more harmful chemicals can flow into the cell. 

What is cerebral swelling?
Edema; Edema occurs due to leakage of large molecules from the blood vessels through the damage blood brain barrier, mostly due to reperfusion, which is blood being restored to that specific area

What are the consequences of middle cerebral artery occlusion? (HEMISENSORY, MOTOR)
1. Hemiplegia (loss of movement – trunk or arm)
2. Hemisensory loss
3. Spatial neglect 
4. Hemianopsia (decreased vision or blindness in half the visual field)
5. Global aphasia (if on left side)
6. Coma secondary to edema

What are the consequences of lenticulostriate strokes?
Because they are the end arteries for the middle cerebral artery, they have no collateral blood supply. Since they supply the basal ganglia and the internal capsule, it is a pure motor stroke

What are the consequences of anterior cerebral artery occlusion? (BLADDER, WEAKNESS)
Loss of bladder control, contralateral hemiplegia (legs), motor and sensory aphasia (lack of speech or meaningless speech), contralateral weakness of leg, hip, foot and shoulder, sensory loss in foot

What are the consequences of posterior cerebral artery occlusion? (SENSORY)
Contralateral hemianopsia (visual field loss), larger infarcts involving the internal capsule and thalamus may cause hemisensory loss and hemiparesis due to disruption of the ascending and descending information passing through these structures



What are the two types of hemorrhagic stroke?
1. Intracerebral hemorrhage, where blood vessels in the brain burst and spill into the surrounding brain tissue damaging brain cells
2. Subarachnoid hemorrhage, where an artery on or near the surface of the brain bursts and spills into the space between the surface of the brain and the skull

What are two conditions that induce brain hemorrhages?
1. Hypertension (uncontrolled high blood pressure)
2. Aneurysms (weak spots in your blood vessel walls)

What are the signs of a hemorrhagic stroke versus an ischemic stroke?
While ischemic stroke victims have expressive aphasia, unilateral deficits in coordination and poor coordination, hemorrhagic stroke victims have airway compromise, complete unresponsiveness, complete aphasia (no language), and if they are responsive to some level, they are nauseous and vomiting 

What percentage of strokes can be prevented?
80%!

What is TIA?
TIA is transient ischemic attack, which is a warning sign of a future stroke (up to 40% of TIA patients will have a future stroke)  the same symptoms as with stroke, but they resolve within minutes or hours

What are the stroke recovery statistics?
1. 10% recover completely
2. 25% recover with minor impairments
3. 40% experience moderate to severe impairments 
4. 10% require care in a long-term care facility
5. 15% die shortly after
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What are four causes for vascular dementia that lead to large strokes?
1. High blood pressure
2. Heart problems
3. High cholesterol
4. Diabetes

What is a brief clinical look to differentiate between Dementia of Alzheimer’s Type and Vascular Dementia?
It is called Hachinski Ischemic Score, with more than 7 being vascular dementia 

What are the symptoms for vascular dementia?
1. Slowed thinking
2. Depression, irritability
3. Loss of social skills
4. Confusion
5. Memory loss
6. Dizziness
7. Muscle weakness
8. Reduced language ability

What is a lacuna?
A gap!

What is an infarction?
An obstruction of the blood supply to an organ or region of tissue

What are the eight different types of vascular dementia?
1. Mild vascular cognitive impairment: serious changes to the person, but not severe enough to interfere with daily life or independent function
2. Multi-infarct dementia: small strokes in the cortex; severe depression, epilepsy; may be temporary; cortical type of dementia!
3. Vascular dementia due to a strategic single infarct: focal and unique infarct that involves a critical site for cognitive functions
4. Vascular dementia due to hemorrhagic lesions
5. Subcortical vascular dementia: small vessel disease; low memory disturbance and slow psychomotor activity, as well as personality changes; urinary disturbance, difficulty swallowing
a. Binswanger disease: extensive white matter lesions (demyelination; loss of BBB integrity); loss of neural network connectivity (synapses)
b. Vascular dementia due to lacunar lesions: lacunar infarctions are noncortical caused by occlusion of a single penetrating branch of a large cerebral artery (after removal of necrotic brain cells, a lake or cavity or lacuna is left)
6. Mixed dementia (combination of Alzheimer’s disease and Vascular disease)
What are the risk factors for vascular dementia?
1. High blood pressure
2. Smoking
3. Diabetes
4. High cholesterol
5. History of mild warning strokes
6. Evidence of arterial disease elsewhere
7. Heart rhythm abnormalities
8. Lack of physical activity
9. Fatty diet
10. Gender (men instead of females in stroke)
11. Age (incidence increases with age, but usually between 60-75)

What is the survival rate for vascular dementia?
The five-year survival rate is 39% for patients with vascular dementia compared to 75% of age-matched controls. It is also associated with higher mortality rate than Alzheimer’s disease, presumably because of the coexistence of other atherosclerotic disease
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