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Dr. Poduslo

Memory and Dementia

Announcement:  Staci Shulz lost her planner.  Please let her know if you find it.

A. SN:  The slides in class and the figure numbers below refer to Kandel. 

I. Learning 

A. Is a process by which knowledge about the world that we live in is acquired. Memory is storage of that process.

B. How do we study learning and memory?  We use model systems.  The marine snail Aplysia (Fig 65-1) is used as a model to study learning (has a simple learning system).  The animal can learn a number of different tasks.  The animal has a set of reflexes that allow it to withdraw its siphon, tail, or gill (covered by mantel). 
1. The snail exhibits three types of learning

a. Habituation

b. Sensitization

c. Classical conditioning

2. If the siphon is stimulated, sensory neurons in the siphon excite both interneurons and the motor neuron controlling gill. The synaptic potentials generated cause the motor neuron to discharge strongly, thereby withdrawing the gill. However, if this process is repeated several times, the response decreases (known as habituation). 

3. Showed a picture of habituated and non-habituated snail

C. Habituation 

1. Is a decrease in response to repeated stimuli.  Habituation can be short-term (lasting minutes) or long-term (lasting weeks). 

2. Example is of a person coming behind you and dropping a can causing you to jump/react.  If he/she continued doing that you would react less and less.  If it happened later in the week you would still not react because you have become habituated to the stimulus

3. The mechanism of habituation is a reduction in synaptic connections. The strength of the connections between the sensory neurons and interneurons and the motor neuron becomes weaker with repeated stimuli. This reduction in synaptic connections can persist and last several weeks. 

4. Reduction/weakening is due to a decrease in glutamate (released from presynaptic terminals of the sensory neurons

5. Reduction is synaptic connections represents the storage process for short-term memory

D. Sensitization is the opposite response 

1. There is an increase in response to an adverse stimulus. 

2. For example, if the animal is tapped on the tail, the animal will withdraw its tail. However, if the animal’s tail is pinched, the animals will respond more vigorously.  If the tail is then touched again, it will not be able to distinguish between touch and pinch and it will again respond more vigorously.  Therefore, there is no need for association between the two stimuli (touch or pinch).

3. Model of sensitization.  Touch the tail and we have sensory neurons interacting with facilitating interneurons.  These facilitating interneurons interact presynapticaly with the sensory neurons that will interact with the motor neurons in the gill.  Presynaptic facilitation will increase the magnitude of the response.  

B. Sensory neurons use glutamate for the neurotransmitter.  Facilitating interneurons use serotonin as their neurotransmitter. 

4. Mechanism of sensitization (Fig 65-3): 

a. Serotonin binds to its receptor, which interacts with a GTP-binding protein, which interacts with adenylate cyclase. 

b. This increases the cAMP in the cell.  cAMP activates protein kinases, which phosphorylates a number of things.  

c. During normal non-phosphorylated states, the K+ channel acts to repolarize the action potential.   

d. When it is phosphorylated, this causes a reduction of K+ current into the cell allowing more Ca++ to flow into the cell and allows more transmitter to be released (prolongation of the action potential).  

e. There is also an action on protein kinase C that interacts with another Ca++ channel and makes more transmitter available for release.  

f. The overall action of serotonin in general is enhanced neurotransmitter release.

5. In Aplysia, a single training trial can produce a short-term sensitization (lasting minutes).  In 4 training trials, the sensitization can last days and in repeated trials, it can last weeks due to increased synaptic strength by the enhanced release of neurotransmitter (NT).

6. Diagram showing the increase synaptic potential from a motor neuron in a controlled situation and one that has been sensitized 

E. Long-term memory 

1. Involves changes in synaptic strength. 

2. It involves enhanced NT release, probably serotonin and cAMP.

a. Short term sensitization model: 

C. Serotonin (5-HT) interacts with receptor (GTP binding protein).  

b. The GTP protein activates adenyl cyclase and increases cAMP.  

c. Protein kinases are involved and we see K+ channels close and Ca++ channels open and this leads to enhanced transmitter release 

3. Gets more complicated for long-term sensitization  (Fig 65-5), 

a. cAMP (due to 5-HT binding) activates other kinases including a MAP kinase is activated which translocates to the nucleus. 

b. In the nucleus there are two cAMP response element binding (CREB) proteins. 

i. CREB1A, which is an activator

ii. CREB2, which is a repressor 

c. MAP kinase phosphorylates and activates CREB1A.  

d. CREB1A binds to cAMP regulatory elements (CRE), which activate early genes.  Among them are:

i. Obiquitin hydrolase genes that interacts with the regulatory units of cAMP which allow cAMP to be around longer in the cell and continually activates MAP kinase 

ii. Another is CEBP protein.  CEBP binds to regulatory genes called CAAT elements that activate late genes, which encourage growth of new synaptic connections.

4. CREB proteins are important in memory formation 

a. They are also involved in the conversion of short-term memory to long-term memory. 

b. CREB activation may be the rate-limiting step (switch protein) in this process.  

5. Histogram showing growth or reduction of synaptic connections 

a. In long-term sensitization there is an increase in synaptic growth 

b. In long-term habituation there is a decrease in synaptic growth.

F. Habituation and sensitization are forms of learning called non-associative learning. Non-associative learning involves repeated exposure to a single stimulus.

G. Another type of learning is called associative learning. 

1. In associative learning there is a relationship between one stimulus and another, It is also known as classical conditioning.    (Remember Pavlov’s dog that would salivate at a ringing bell)

2. There is an association between two paired stimulus, a conditional (bell) and unconditioned stimulus (food)

D. Classical conditioning (Fig 65-7) can be demonstrated in Aplysia: a weak touch to the mantle (conditioned stimulus) followed by a blow to the tail (unconditioned stimulus).  This results in a vigorous withdrawal of the gill (conditioned response).  Mechanism: The sensory neurons of the tail interact with facilitating interneurons, which interact with the presynaptic sensory neuron in the mantle (leads to enhanced withdrawal of the gill).   

3. Model of conditioning:

a. When there is a conditioned stimulus followed by an unconditioned stimulus, the Ca++ channels open.

b. Ca++ goes in and binds calmodulin. 

c. This activates adenyl cyclase and increases cAMP

d. (Fig 65-8).

II. Memory

E. Memory types are based on the type of knowledge.

1. Reflexive memory is memory that accumulates slowly through repetition (multiplication tables). 

2. Declarative memory takes into account past memory.  It involves processing of information accumulated over time to reconstruct past events. There is considerable overlap between the two.

F. Kandel has cited four general principles governing the neural basis of memory.

1. Memory has stages and is constantly changing.

2. Long-term memory may be represented by physical changes in the brain (EX: growth in synaptic connection). 

3. These physical changes are not limited to certain area of the brain, but are found all over the brain.

G. Reflexive and declarative memory probably involve different circuits so are probably stored in different parts of the brain 

H. Fig 64-1 (drawn below): This is a commonly used model of memory storage. Input of information into the brain is into a short-term memory store, which is limited to about a dozen items that can last for only a few minutes.  Then there is a system that is capable of processing information into a long-term memory store, which is very stable.  We then need a system that will search and read out information that you need.  


 






I. In the hippocampus, there is a form of learning called long-term potentiation (LTP). 

1. LTP is the result of a brief, high-frequency train of stimuli.  It can last a long time (for days and weeks in an animal). 

2. LTP results from the activation of a certain number of fibers, and results from cooperative and associative interactions (Fig 65-11). 

3. LTP requires depolarization of the post-synaptic cell, along with activity in the pre-synaptic cell.

a.  CA3 region of hippocampus releasing glutamate that is reacting with CA1 target cells.

b. During normal transmission the glutamate interacts with a NMDA and a non-NMDA receptor but more so with the non-NMDA since the NMDA is blocked.  Na+ and K+ will flow through.  

c. When there is a high frequency train of stimuli the post-synaptic cell is depolarized and the NMDA receptor is opens.

d. Na+ and K+ will flow through in addition to Ca++.  This will increase Ca++ in the cell that binds to a calcium-calmodulin kinase 

e. Calcium-calmodulin kinase reacts with a second messenger that travels back to the pre-synaptic cell and causes more NT release. The second messenger is probably nitric oxide. 

4. Therefore, the trigger for LTP is increased calcium concentration in the post-synaptic cell.  The maintenance of LTP is the prolonged NT release from the pre-synaptic cell.  

5. Prolonged LTP will increase cAMP in the cell and will cause the CREB proteins scenario (see I.E.4)

6. Synthesis of new proteins in LTP will increase NT release sites on the pre-synaptic cell and increase NT receptors in the post-synaptic cells

7. LTP then requires cooperativity (several axons activated at same time) and associativity (pre and post-synaptic cells interact)

8. It is thought that LTP is important for spatial memory in the hippocampus.  It has also been found in areas of the cortex

9. Transgenic mice in which cAMP dependent kinase has been blocked show normal learning and short-term memory but they can’t convert it to long-term memory.

10. Long-term depression occurs when the synapses are stimulated at low rates for long periods.  

a. Works through NMDA receptor but only low concentrations of Ca++ are found

b. So low Ca++ concentrations will cause long-term depression.

c. High concentrations of Ca++ will produce LTP

11. Question:  Is the physiology of cells changing? Answer:  The change is that there are more receptors and more sites for release of NT.  The synapses are being modified, not increasing in number.  

12. Question:  What is LTP?  Long-term potentiation not the same as long-term memory

J. Working memory system

1. Short-term memory is part of the working memory system. 

2. This working memory system stores and processes information for planning and reasoning and requires cooperation from different areas of the brain. 

3. There appear to be separate circuits for spatial, object, and verbal working memories.  The pre-frontal cortex is involved in working memory.  The pre-frontal cortex will take everything that you are doing (listening to music, watching TV, talking on the phone and reading this scribe) and move what is important or relevant into long-term memory.

K. Learning in general produces functional and structural changes in cells. 

1. Somatotopical maps vary from person to person and are dependent on the learning experiences of the individual and on the strength of the synaptic connections.   

2. Synapses are constantly being modified

3. Structural changes are involved in learning and memory

4. During development synapse formation is under genetic control, cell-cell interactions, environment plays a role and it all helps to fine tune synapses.  As person matures, experience helps modify or regulate effectiveness in the synapses 

5. Some changes can be due to gene expression, especially for long-term changes

L. Class questions

1. Where does calcinurin play into it? Answer:  I don’t know

2. Inaudible information about calcinurin from class member but Dr. Poduslo states that Kandel doesn’t mention it but she will look into it

III. Aging 

A. Many behavioral and functional changes occur with aging, but these usually do not affect the quality of life. 

1. Change in motor coordination (falling is more common)

2. Sleep patterns

3. Slight changes in mental function

4. Muscle weakness and skeletal changes

5. Slight decrease in brain weight

6. Continual loss of neurons

7. Reduction of neurotransmitter synthetic enzymes

8. Reduction in receptor density

9. However a decline in mental function is NOT a normal part of aging.

B. Research that studied mice of various ages (in a maze), found that LTP is reduced in older mice, causing them to make more errors in spatial memory and they couldn’t find the escape tunnel. 

1. Gave mice two drugs 

a. Agonists to dopamine D1 and D5 receptors (found in the hippocampus)  

b. cAMP phosphodiesterase inhibitors 

2. They found that they could change the reduction in LTP back to normal and thus reduced the errors in the maze and the mice found the exit.  

3. Researchers were able to reverse this change due to aging by use of these drugs

IV. Dementia (severe memory problems)

A. Is a progressive decline in intellectual function that leads to a complete deterioration of a person’s occupational and personal function 

B. There is a progressive loss in cognitive function so there is a loss in the ability to function in society and loss of being able to perform activities of daily living 

C. Is a complex of symptoms that can occur at any age, but is typically more prevalent in advanced age. 

D. Early in disease, only one part of brain may be affected and therefore it is difficult to diagnose what is happening in the patient.  A patient may come in and complain of an inability to find the right word so it has to do with the left temporal area of the brain.  Over time you will see that the problem in the patient is more diffuse. 

E. The last stage of dementia results in the loss of all cognitive function.  Loss in the ability to speak and get dressed will occur but generally vision, hearing, and motor activity are fine (so they have no clue how to get dressed).  They may not recognize his family and eventually will not be functional in society.  A fully demented person must be cared for like a child.

F. Many things cause dementia. 

1. Alzheimer’s disease is the most prevalent cause of dementia (50-60% of all cases).  

2. The second most-frequent cause of dementia is cardiovascular disease (multiple infarct dementia constitutes 20% of all cases). 

3. Excessive use of drugs (elderly go to different doctors and they will prescribe things not knowing what they are on )

4. Head trauma

5. Toxins

6. Neuro-degenerative diseases like Parkinson’s 

7. AIDS

8. B12 deficiency and thyroid deficiency

9. Chronic inflammatory diseases like multiple sclerosis and SLE (lupus)

G. The American Psychiatric Association’s definition of dementia:

1. “a loss of intellectual abilities of significant severity to interfere with social or occupational function.”

2. It involves severe memory impairment and at least one of the following: 

a. Impaired judgment

b. Impairment of abstract thinking (can’t interpret proverbs, can’t find difference or similarities between related words, can’t define words)

c. Disturbance of higher cortical function (aphasia, can’t identify objects, personality).  

3. However, the state of consciousness is not clouded (i.e., the person is not in a coma). 

H. Cognitive signs

1. Forgets names, appointments
2. Repeats himself

3. Can’t find right words 

4. Loses train of thought

5. Loses important objects (not just losing keys but forgetting what it is for) 

I. Functional signs

1. Poor job performance

2. Inability to manage household 

3. Inability manage check book

4. Inability to deal with friend socially 

V. Alzheimer’s Disease (AD) 

A. Is characterized by a profound loss of short-term memory in the early stages (can’t remember what they had for lunch or if they ate lunch)  

B. In the initial stages, the person just seems forgetful, but as the disease progresses, other symptoms begin to appear. 

1. May have trouble with language

2. May not be able to pay bills

3. May not be able to make change (for a dollar) correctly

4. Gets lost in familiar settings (forgets where his house is on the block)

C. A person’s personality may change as the disease progresses; 

1. Depression or withdrawn

2. Sudden outbursts of anger or become agitated

3. They start to wander or are constantly searching for something

4. This occurs more frequently at night, a phenomenon known as sundowning. 

D. A patient may begin experiencing hallucinations and paranoia. 

E. Symptoms parallel the parts of the brain that are affected. 

F. During the end stages of the disease, the patient loses the ability to walk, becomes bedridden and incontinent.  The total course of the disease lasting 10-15 years.

G. Symptoms are subtle and taken individually in the early stages they may not be meaningful but collectively the symptoms affect the persons ability to function in society. 

H. AD is difficult to diagnose initially.  

1. Many mental status tests that have been designed to identify the process in the brain that are affected. Tests may focus on 

a. Orientation 

b. Concentration 

c. Mental control 

d. Recent-remote memory

2. It is mostly by ruling out other dementia causing diseases 

3. The only way to accurately diagnose AD is by autopsy.   (This was stated again at the start of the second hour.)

4. Progressive memory loss over a 6 month to 1 year period

5. Normal blood work (excludes other causes)

6. Brain scan should show no evidence of infarct or tumor.

Break between hours

I. Dr. Alzheimer first described his patient with the disease in 1906.  He was a demented 56 year old patient.

J. Typical neural pathological features (at autopsy)

1. Cortical atrophy

2. Loss of neurons

3. Granulovacuolar degeneration (see 13 below)

4. Senile plaques (see 11 below)

5. Neurofibrillary Tangles (see 12 below)

K. Senile plaques

1. Structure larger than a neuron and contain neuronal and glial processes

2. Usually has a central amyloid core

3. Certain areas of the brain are preferentially affected by plaque formation, such as the limbic system and the cortex

4. There is somewhat of a correlation between the number of plaques and the degree of cognitive impairment

5. The neurites or the neuronal processes found in the plaques are not associated with only one transmitter system but are associated with many systems

L. Neurofibrillary tangle

1. Abnormal filament accumulations found in the cytoplasm. 

2. Bundles of twisted fibrils that are called paired helical filaments

3. Found in pyramidal cells of the cortex and in hippocampus

M. The limbic system is extensively involved in Alzheimer’s pathology but there are also other areas such as partial and frontal cortex that are involved

N. Alzheimer’s is intimately involved with certain cell bodies and are eventually lost during the disease process.

1. Nucleus basalis of Meynert – provides cholinergic input to the cortex and limbic system (the diagonal band of Broca and the medial septal nuclei also do this)

2. Locus ceruleus – provides adrenergic input

3. Dorsal raphe – provides serotonergic input

O. During normal aging, a person will develop a low number of plaques and tangles in the brain but in the disease there will be a large number of these.  Pathologist must correlate the age of the person and  the number of plaques in the brain.

P. Granulovacuolar degeneration in which the neurons appear to have a lot of holes in the cytoplasm of the cells.  Degeneration of neurons in the hippocampus of Alzheimer’s patients will disrupt the connections that the hippocampus has with other areas of the cortex.  This may start to contribute to the impaired memory function seen in Alzheimer’s patients.  

Q. Multiple transmitter systems are affected  

1. We don’t know if it is a primary or secondary cause of the disease

2. These disruptions are probably due to the loss of neurons

3. The reason why these neurons are dying is unclear.

R. 
Amyloid deposits 

1. One of the substances found in the plaques. 

2. Has been identified as a ( amyloid peptide (4 kDalton)

3. This peptide is produced from a larger precursor protein found in many tissues 

4. The gene is very large and has 18 exons, and the gene is found on chromosome 21 near the site of Down’s syndrome

5. The ( amyloid peptide is a very small part of the precursor protein.  It is actually made up of exon 16 and 17 of the gene.  It is partly in the membrane and outside the membrane.  It is cleaved by three secretases. 

a. ( secretase cleaves at the carboxyl terminus 

b. ( secretase cleaves at the amino terminus (produces peptide that is 42 or 40 amino acids)

c. ( secretase cleaves within the peptide (will not produce ( peptide)

6. Overproduction of ( peptide with 42 amino acids and they aggregate and form diffuse plaques, the 40 amino acid peptide aggregates with it and causes an inflammatory response.  This leads to cell death 

S. There is no question that there is a genetic component to Alzheimer’s disease

1. When the gene for this precursor protein was found to be on chromosome 21 there was a great deal of excitement because it was found in the area that is affected by Down’s syndrome.  

2. It is known that downs patients, if they live into their 30’s or 40's develop dementia. 

3. It was thought that if they found mutations in exons 16 and 17 on the precursor protein, especially in the ( amyloid peptide part, they may have found the cause of Alzheimer’s disease.

4. However, the mutation was found in only about 20 families around the world.  This says that most of the Alzheimer’s cases are not due to this mutation in exons 16 and 17. 


5. Other genes have been found that may cause the disease.   

T. Patients who develop the disease very early, developing clinical signs in their 40's, have been linked with mutations in the presenilin-1 gene

1. Found on chromosome 14 and is expressed in many tissues

2. It is a transmembrane protein. It spans the membrane 8 or 9 times.  

3. About 16 mutations have been found in about 100 families around the world that have early onset of the disease.

4. Mutations in this gene are thought to increase the aggregation of this ( amyloid peptide.

5. Story: In our DNA bank we had a patient that was a nurse who developed symptoms in her late 40's (died about 2 years ago in early 50’s).  She has a brother and sister are also affected.  Her father was affected and died in his early 50’s.  This family has a mutations in presenilin-1.  This mutation is autosomal dominate. The nurse has two daughters in their 20's and they both have this mutation.   

6. There is a lot of research being done on the presenilins today.    

U. Presenilin-2

1. Gene that is highly homologous to presenilin-1 and is found on Chromosome 1

2. The mutation has been found in two families to date.  A German family that migrated to the Volga River in Russia and then migrated around the world.  There is an Italian Family that has a mutation is presenilin-2 as well.  

V. The gene for the ( secretase has been cloned.  Data from last year suggests that the ( secretase may actually be presenilin-1

W. The only drug treatment so far for Alzheimer’s disease is Cognex or Aricept

1. These are cholinesterase inhibitors  [SN:  Neurons are lost in the Nucleus  basalis of Meynert which are cholinergic cells]

2. Helps 5-10% of the time and only slows the progression of the disease but do not stop it

3. Drug companies are targeting the secretases and the aggregation of peptide for drug actions to treat this disease

X. An area of chromosome 19 has been implicated in late onset Alzheimer’s disease

1. History:  There was a resident at Duke University who was in the lab who tried to find what would bind to the ( amyloid peptide.  Found that a polypoprotein E (ApoE) binds to the peptide and that antiserum to ApoE stained Alzheimer Plaques.    

2. ApoE is a serum glycoprotein involved in cholesterol transport.  

3. It has three forms which differ in two amino acids.  These are E2, E3, and E4.  Most people have the E3 form.  In Alzheimer’s patients about 40% have ApoE4 

4. It has been determined that E4 is just a risk factor for the disease

Y. Our lab is actively involved is in studying the genetics of late onset Alzheimer’s disease 

1. We have a DNA bank for Alzheimer’s families. There are 2200 families enrolled with over 10,000 family members.  We enroll anyone with memory problems because the diagnosis is difficult 

2. We have confirmed the cause of Alzheimer’s in about 500 patients so far

3. We have identified another gene downstream from ApoE, ApoC1 and one form of this is also found in about 40% of our patients 

4. ApoC1a and ApoE4 are in linkage disequalibrium but we think that this is telling us that there is another gene very near by that may be the cause for Alzheimer’s

1. Frontotemporal Dementias (FTD)

1. A group of non-Alzheimer’s dementias that have recently been re-recognized

2. There are about 6 or 7 disorders that fall into this group, such as supranuclear palsy, dementia with Lewy bodies, and even frontotemporal dementia itself.

3. These diseases are very difficult to diagnosis.

2. It is thought that maybe 5-10% of Alzheimer’s patients are actually suffering from frontotemporal dementia.

3. The most common feature is that the patient doesn’t present with memory problems but with finding the right word and behavioral problems.  

4. At autopsy the brain show frontal atrophy, but they don’t have plaques or tangles

5. These diseases have been linked to markers on chromosome 17, especially in tau.  The tau protein is abnormally phosphorylated and is part of the neurofibrillary tangles found in the brain.

6. In the DNA bank we had an unusual family presented to us.  The patient was presented to us with classical signs of Alzheimer’s at 65.  He had progressive loss of memory, normal blood work and a CT scan that showed atrophy of the cortical regions.  As the disease progressed the patient developed Parkinson's-like symptoms such slowness of movement and difficulty getting out of chairs.  At age 78 the patient died. At autopsy the brain had plaques but no tangles.  Patient was from a large family.  He had 10-11 siblings, several of which were also affected.  There was not linkage with markers on Chromosome 17.  However there was linkage with markers on chromosome 3.   We are postulating that this patient did have Alzheimer’s disease, it was a milder form of Alzheimer’s (with plaques only), and that there is a gene is located on chromosome 3

7. In the DNA bank we have 13 very large, extended families with late-onset Alzheimer’s (after age 65).   Other than the patient, two to three siblings and parents were affected.  We suspected that the families would be linked to one chromosome.  However we have found something different.  Some families are linked to markers on chromosome 19, some on chromosome 12 and another on chromosome 3.  This tells us that Alzheimer’s is a very heterogeneous disease.  There will be multiple gene involvement with multiple clinical symptoms (behavioral problems, Parkinson’s-like problems).  We will have to correlate early clincal findings, genetic findings and autopsy results to determine which drugs will be beneficial to various patients.    

8. Why is this disease so important?

9. There are 4 million people right now in the United States with Alzheimer’s disease.  (This figure is from 10 years ago)

10. The cost of care is over 6 billion dollars per year

11. If a person lives to be 65 he/she has about a 5% chance of developing Alzheimer’s

12. If he/she lives to be 85 he/she has a 50% chance.

13. Imagine the cost with the Baby Boomers

14. The disease is difficult to diagnosis

F. Currently there is no good treatment.

G. Question:  In the case discussed above with the misdiagnosed person, what difference would that have made?  Is there a difference in treatment?  Answer:  Not right now.

H. Will these treatments help come up with better ways to diagnose patients?  Answer:  Absolutely.  If you know what gene is mutated, SNPs (single nucleotide polymorphisms) can be designed to be around that area of the gene.  In the future once the gene has been identified, a patients blood sample can be hybridized with SNPs.  It is sent off to be analyzed, and then a reading will tell which SNPs are important.  It will tell you which gene is mutated and which drugs will be beneficial.

VI. Dr. Poduslo then showed a CNN special on Alzheimer’s called “The Long Goodbye”.  It showed the more personal side to Alzheimer’s in how it effects the patient and their families.
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