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PART I



Development of the Central Nervous System

¨ an ongoing process, through adolescence and 
maybe even adult hood ?
¤ the nervous system is “plastic”

¨ Experience plays a key role

¨ Dire consequences when something goes wrong 
- “teratogens” 

- Drugs of abuse, industrial chemicals, caffeine?,
household chemicals



Stages of Development

Phase Approximate Age Highlight

Prenatal Conception - birth Rapid physical 
growth

Infancy Birth - 2 yrs Motor development
Childhood 2  - 12 yrs Abstract reasoning
Adolescence 13 - 20 yrs Identity creation, 

“Judgement”

Directly related to maturation of
the “Prefrontal Cortex”



a. Consists of 3 layers of 
cells: endoderm, 
mesoderm, and ectoderm.

Thickening of the 
ectoderm leads to the 
development of the 
neural plate 

b. The neural groove 
begins to develop at 20 
days.

At about 18 days after conception the embryo begins to implant 
in the uterine wall. 



Neural Groove

Neural Tube

Brain

Spinal Chord



c. At 22 days the neural 
groove closes along the 
length of the embryo 
making the neural tube.

d. A few days later 4 
major divisions of the 
brain are observable –
the telencephalon, 
diencephalon, 
mesencephalon, and 
rhombencephalon.











7 Weeks

•Neurons forming rapidly
•1000’s per minute



7 Weeks
14 Weeks

Division of the halves of the brain visible



7 Weeks

14 Weeks
6 Months

•Nerve cell generation complete
•Cortex beginning to wrinkle

•Myelinization



9 Months



Before Birth

•Tremendous development occurs in utero. Nutrition, 
maternal emotions, etc. all affect brain development.
•There is no significant growth in the number of brain 
cells (neurons) following birth.
•What does grow after birth are the connections (synapses) 
between neurons.



Development of the Cortex

¨2 types of cells:
¨Neurons
¨Glial cells



Development of the Cortex

¨2 types of cells:
¨Neurons
¨Glial cells



Development of the Cortex

¨2 types of cells:
¨Neurons
¨Glial cells

Dendrite



Development of the Cortex

¨2 types of cells:
¨Neurons
¨Glial cells

Dendrite

Cell body



Development of the Cortex

¨2 types of cells:
¨Neurons
¨Glial cells

Dendrite

Cell body

Axon



Development of the Cortex

¨2 types of cells:
¨Neurons
¨Glial cells

Dendrite

Cell body

Axon

Synapse



Development of the Cortex

¨2 types of cells:
¨Neurons
¨Glial cells

Dendrite

Cell body

Axon

Synapse

Transmit information through the brain



Development of the Cortex

¨2 types of cells:
¨Neurons
¨Glial cells

Outnumber neurons 10:1
Nourish, repair, & mylenate neurons

Crucial for development



Each cell can form up to 15,000 
connections.

After birth - development is refinement of neuronal connections, 
maturity of the neurons, and increasing complexity of dendrite 
interconnections.



Development of the Brain

¨ Some theorists refer to the idea of the selection 
process of neural connections as neural Darwinism.

¨ In this competition amongst synaptic connections, we 
initially form more connections than we need.

¨ The most successful axon connections and 
combinations survive while the others fail to sustain 
active synapses.



Human 
Brain 

at Birth
6 Years 

Old
14 Years 

Old



Development of the Prefrontal Cortex

¨ Believed to underlie age-related changes in 
cognitive function, judgement, decision-making

¨ No single theory explains the function of this 
area

¨ Prefrontal cortex plays a role in working 
memory, planning and carrying out sequences 
of actions, and inhibiting inappropriate 
responses



Where is your Prefrontal Cortex ?

The last part of
your brain to 
fully develop



Neuroplasticity in Adults ?

Originally believed that no new neurons were 
formed after early development. But…

1. Stem cells are undifferentiated cells found in the 
interior of the brain that generate “daughter 
cells” which can transform into glia or neurons.

2. New olfactory receptors also continually 
replace dying ones. Neuronal growth also seen 
in the hippocampus (memory?)



Effects of Experience on the Reorganization 
of the Adult Cortex

¨ Skill training leads to reorganization of motor 
cortex

¨ Adult musicians who play instruments have an 
enlarged representation of the hand in 
somatosensory cortex

¨ Reorganization is synaptogenesis or pruning of
unused synapses…



Development of the Brain

¨ Extensive practice of a skill changes the brain in a 
way that improves the ability for that skill.

¨ For example, MRI studies reveal following:
¤ the temporal lobe of professional musicians in the right 

hemisphere is 30% larger than non-musicians.
¤ thicker gray matter  in the part of the brain responsible 

for hand control and vision of professional keyboard 
players



PART II









Relatively few people die of old age.





Definition of Normal Biological Aging

“the decline and deterioration of functional capability at the cellular, 
tissue, organ, and systems level”

AGING leads to:

1. Loss of ability to maintain homeostasis
2. Decreased ability to adapt to internal and external stress
3. Damage to body systems

Loss of functional properties and decrease in ability to adapt to 
stress results in increased vulnerability to disease and mortality



1. Loss of ability to maintain homeostasis



Homeostasis

Important functions that must be maintained by body
(amongst others)

1. blood sugar levels (glucose)

2. water content (dehydration)

3. pH (gas exchange of CO2 and O2)

4. body heat (body temperature)

5. nutrient levels



Examples of Homeostasis:
• Conditions in the body change from time/time
• Every time we alter body conditions, we alter homeostasis

Running or walking:

•body temp (increases)

• water loss from cells and tissues (dehydration)

Raises heart rate

Utilizes blood glucose

Lower internal body temp. (sweating)

Increased hydration (thirst)

Slow heart rate

glucose levels restored (appetite, glycogen)



2. Decreased ability to adapt to internal and external stress



Physical Decline with Aging



3. Damage to body systems



Damage to body systems

1. Muscle deterioration and damage
2. Damage to skeletal system (e.g., osteoporosis)
3. Damage to internal organs
4. Damage to nervous system



But why do we age?

1. Error Theories
2. Programmed Theories



Error Theories

1. Wear and tear theory
2. Rate of living (cells burn out more quickly the more 

work they do)
3. Cross linking theories (cross linked proteins 

damage organs)
4. Free radical theories (atoms with unpaired 

electrons)(do damage to what they encounter)
5. DNA Damage theories



Programmed Theories

1. Programmed Longevity (its in the genetic code)
2. Endocrine Theory (its in the hormones)
3. Immunological Theory (our immune system is 

programmed to shut down)



The simple truth is scientists are still not 
sure why we age



Age-related changes in the nervous system









DECREASED CEREBRAL METABOLISM

Alzheimer's Normal



Neuronal Degeneration

Normal Alzheimer’s



Brain Weight and Aging



Nerve cells diminish with age

~ 10000 are lost per day

(you start with about 86 billion, so about
23500 years to get to zero)

WHY?- lost neurons are not replaced

- nervous tissue is gradually reduced



But why?

Theories on neuronal death have changed

a lot over the past decade. Now, it is 

believed that most neuronal death is due

to non age related factors:

1. damage from external causes

2. neurodegenerative disease



Alzheimer’s Healthy Senior



However,

Maybe the neurons themselves do change. For example, there may be 
a loss of myelin which results in a reduction in neural function.



But 
“It is suggested that such degenerative changes lead to 
cognitive decline because they cause changes in 
conduction velocity, resulting in a disruption of the normal 
timing in neuronal circuits. Yet as degeneration occurs, 
other changes, such as the formation of redundant myelin 
and increasing thickness suggest of sheaths, suggest 
some myelin formation is continuing during aging.”



Loss of neurons + loss of myelin = 
decreased brain mass

Note – loss is not uniform across the 
brain



§ The Aging Brain

§ The Adapting Brain
§ As the brain ages, it adapts in several ways:

§ Neurogenesis: the generation of new brain cells

§ Dendritic growth can occur in human adults

§ Older brains rewire to compensate for losses

§ Hemispheric lateralization can decrease; may improve cognitive functioning

The Course of Physical Development in Late 
Adulthood



So, assuming your brain is healthy…



Biological Myths of Aging

Memory declines drastically with age for all people.

IQ declines drastically with age in all people.

Learning becomes more difficult as we get older.

There is nothing you can do counter these aging deficits.



Senses Decline with Aging



Changes in Cognitive Function



Intelligence and Aging
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Conversely, some elderly people with MCI remain at a 
stable plateau for decades (Figure 59–7). There is cur-
rently intense interest in learning how to distinguish 
individuals who will progress to more severe difficul-
ties from those who will age relatively normally.

More troubling are the age-related or senile demen-
tias. Senile dementia is a clinical syndrome in the eld-
erly that involves progressive impairment of memory 
as well as cognitive faculties such as language, problem 
solving, judgment, calculation, or attention. Dementia 
syndromes are associated with a variety of diseases. 
The most common, Alzheimer disease, is discussed 
in detail below. The second most common cause of 
dementia in the elderly is cerebrovascular disease, par-
ticularly strokes that lead to focal ischemia and conse-
quent infarction in the brain.

Large lesions in the cortex are often associated with 
language disturbances (aphasia), hemipareses, or neglect 
syndromes, depending on which portions of the brain 
are compromised. Small infarctions in white matter or 
deeper structures of the brain, termed lacunes, also occur 
as a consequence of hypertension. In small numbers 
they may be asymptomatic, or they may contribute to 
the normal cognitive decline of aging or underlie certain 
cases of mild cognitive impairment that do not progress 
to Alzheimer disease. As vascular lesions increase in 
number and size, however, their impact becomes height-
ened; eventually they can lead to dementia.

Numerous other conditions that can lead to demen-
tia include Parkinson disease, alcoholism, drug intoxi-
cations, infections such as AIDS and syphilis, brain 
tumors, vitamin deficiencies (notably lack of vitamin 
B12), thyroid disease, and a variety of other metabolic 
disorders. In some patients schizophrenia or depres-
sion may mimic a dementia syndrome. Emil Kraepelin 
chose the term “dementia praecox” to highlight the 

cognitive deficit in a disease that affects young peo-
ple, a disease we now call schizophrenia. Although 
the clinical features of these dementias may resemble 
those of Alzheimer disease or cerebrovascular disease 
in some respects, the symptoms and tempo of demen-
tia may vary, depending on the nature and site of the 
neurological abnormality. Because some dementias can 
be treated, it is important for the physician to probe the 
differential diagnoses of dementia with clinical history, 
examinations, and laboratory studies.

Alzheimer Disease Is the Most Common  
Senile Dementia

In 1901 Alois Alzheimer examined a middle-aged 
woman who had developed memory deficits and 
progressive loss of cognitive abilities. One of the first 
noticeable symptoms of this woman’s illness was 
unprovoked suspicion of her husband’s behavior. Her 
memory became increasingly impaired. She could no 
longer orient herself, even in her own home, and she 
hid objects in her apartment. At times she believed that 
people intended to murder her.

She was institutionalized in a psychiatric hos-
pital and died less than five years after the onset of  
illness. Alzheimer performed an autopsy that disclosed 
specific alterations in the cerebral cortex, described 
below. The constellation of behavioral symptoms and 
physical alterations was subsequently given the name 
Alzheimer disease (AD).

The first case of the disease caught Alzheimer’s 
attention because it occurred in middle age, but in gen-
eral the disease afflicts the elderly. Most patients with AD 
exhibit the first clinical signs during their seventh decade. 
Early onset cases are often familial, and mutations have 

Cognitive
level

Age

30 40 50 60 70 80 90

Normal
memory loss

Mild
cognitive
impairment

Dementia

Figure 59–7 Cognitive performance can vary 
widely with age. Normal age-related memory 
loss does not impair cognitive abilities. Mild 
cognitive impairment is accompanied by a 
gradual and modest loss of cognitive abilities. 
Dementia is accompanied by a severe and 
accelerating loss of cognitive performance. The 
distinction between mild cognitive impairment 
and dementia becomes apparent only after the 
initial decline in cognitive performance. (From 
the National Institute on Aging: http://www.
nia.nih.gov/alzheimers/publication/part-2-what-
happens-brain-ad/changing-brain-ad)



Recall and 
Recognition 
in Adulthood

•Recognition
•stable

•Recall
•declines



Memory Decline with Aging
Age-Related Deficits:

•long-term memory
•physical-motor tasks
•free recall learning

•requiring conscious recollection and effort

No Age-Related Deficits:
•short-term memory
•non physical-motor tasks 
•recognition learning

•easily organized task structures or cues
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Effects of Age and Skill in Typing
Timothy A. Salthouse

Andrus Gerontology Center, University of Southern California and University of Missouri

What are the factors responsible for skilled typing performance, and do they change
with the age of the typist? These questions were addressed in two studies by examining
time and accuracy of keystrokes in a variety of typinglike activities among typists
ranging in speed from 17 to 104 net words per minute and ranging in age from
19 to 72 years old. Typing skill was related to (a) the temporal consistency of
making the same keystroke, (b) the efficiency of overlapping successive keystrokes,
(c) the speed of alternate-hand tapping, and (d) the number of characters of to-
be-typed text required to maintain a normal rate of typing. Older typists were
slower in tapping rate and in choice reaction time but were not slower in speed of
typing, apparently because they were more sensitive to characters farther in advance
of the currently typed character than young typists.

Although there has been considerable re-
search on typing processes, only a small frac-
tion has addressed the question of what skilled
typists are doing that less skilled ones are not.
The present article focuses on determinants
of typing skill by examining correlates of typ-
ing proficiency in typists whose net rates (sub-
tracting five characters for each error) ranged
from 17 to 104 words per minute (wpm). Vari-
ables included in the analysis were selected on
the basis of results from earlier studies inves-
tigating basic typing phenomena.

Skill Effects
One of the most dramatic findings from

previous research is that the speed of typing
is markedly slowed by reducing the number
of, characters visible in the to-be-typed ma-

The first study was conducted while the author was a
Fellow of the Andrew Norman Institute for Advanced
Study, Andrus Gerontology Center, University of Southern
California. The second study was supported by a grant
from the Research Council of the Graduate School, Uni-
versity of Missouri—Columbia. Preparation of the article
was supported by National Institute of Aging Research
Career Development Award 1 K04 AG00146-01A1 to the
author.

I gratefully acknowledge the valuable comments on an
earlier draft of this article by Don Gentner, and I wish to
thank the typists who kindly donated their time to par-
ticipate in this project.

Requests for reprints should be sent to Timothy A.
Salthouse, Department of Psychology, University of Mis-
souri, Columbia, Missouri 6S211.

terial. Coover (1923) was apparently the first
to report this effect, and it has subsequently
been confirmed by Hershman and Hillix
(1965), Shaffer (1973, 1976), Shaffer and
French (1971), and Shaffer and Hardwick
(1970). Shaffer's (1976) results with a single
skilled typist are typical. The median interkey
interval was 101 ms (approximately 118 gross
wpm) for typing with unlimited preview and
for typing with 8 characters visible to the right
of the to-be-typed character, but was 446 ms
(approximately 27 gross wpm) with only 1
character visible prior to each keystroke.
Clearly, proficient typing is dependent on the
ability to view characters in advance of the
one currently being,typed. Butsch (1932) and
Fuller (1943) reached this same conclusion in
an analysis of eye movements recorded while
subjects were typing. Butsch (1932) also dem-
onstrated that the span between the character
being typed and the character currently being
fixated was positively related to typing skill.
On the average, typists performing at a rate
of 40 wpm had an eye-hand span of 3.96
characters, while 70-wpm typists had an eye-
hand span of 5.93 characters. Across 19 typists
with typing speeds from 35 to 100 wpm, the
correlation between eye-hand span and typing
rate was +.68.

The preceding results, particularly those of
Butsch (1932), suggest that one determinant
of skilled typing is the ability to process char-
acters in advance of the character whose key
is currently being pressed. I examined this
possibility by manipulating the number of
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ure 2 illustrates comparable data from Study
2. Two important points highlight major goals
of the present research. The first is the dramatic
difference in speed between the typing and
choice RT tasks, which ostensibly should in-
volve very similar processes. One goal of the
current research is to explain the discrepancy
between the temporal performance of these
two types of tasks. The second point is that
choice RT increases with increased age,
whereas typing time remains stable. Linear
regression parameters (in ms) were as follows:
Study 1, choice RT = 483.3 + 2.02 years, r =
.460; Study 2, choice RT = 393.4 + 3.74 years,
r = .617; and Study 1, typing time = 187.8 -
0.17 years, r = -.057; Study 2, typing time =
161.0 + 0.25 years, r = .069. Typing perfor-
mance, therefore, appears to be maintained
across the adult life span in these individuals,
whereas "typical" age-related declines are ex-
hibited in choice RT and rate of alternate-
hand tapping (i.e., Study 1, tapping time =

91.6 + 0.82 years, r '= .398; Study 2, tapping
time = 67.8 + 1.34 years, r =. .520). Explaining
how stability in the molar performance is
achieved despite age-related declines in the
hypothetical molecular components is the sec-
ond major goal of the present work.

Preview
Data from the different preview conditions

were analyzed in terms of the percentage of
errors and the three quartile measures. The
median interkey intervals from the fastest and
slowest typists in Study 1 are illustrated in
Figure 3. Both sets of data are typical in that
each subject performed at a rate similar to
that of normal typing with previews of more
than seven characters, but typing rate was
much slower with smaller previews.

The eye-hand span in Study 1 was defined
as the smallest window at which the first quar-
tile was greater than the second quartile of

700-
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400-

300-

200-

100-

Cholce Reaction Time

Typing

20 30 40
Chronological Age

50 60 70

Figure 1. Median interkey interval in milliseconds for the normal typing and choice reaction time tasks as
a function of typist age in Study 1. (Each point represents a single typist, and the solid lines illustrate the
regression equations relating interkey interval to age.)



Reducing Cognitive Decline



Reducing Cognitive Decline

1. Live in Favorable Environmental Circumstances
above-average education
high complexity occupations
above-average income
maintaining intact families





Reducing Cognitive Decline

2. Be involved in activities typical of complex and intellectually
stimulating environments

extensive reading
travel
attending cultural events
continuing education activities
participation in clubs and professional associations



Reducing Cognitive Decline

3. Be married to a spouse with high cognitive status



A few more things…











Conclusions

•All things being equal, assuming you are healthy, your brain is 
fine

•IQ does not show a drastic decline with age.

•Only certain types of memory show declines with aging.

•The ability to learn does not deviate much as we get older.

•There is plenty you can do counter aging deficits.

•Exercise regularly
•Eat properly
•Engage in learning activities
•Stop smoking
•Stay in touch with friends, families, communities



PART III



Dementia





What is Dementia?

Ø Dementia is characterised by a decline of information processing 
abilities accompanied by changes in personality and behaviour

Ø Dementia is an umbrella term for progressive disorder of cognition



Dementia has to be distinguished from 
delirium which is an acute disturbance of 
cerebral function with impaired conscious 
level, hallucinations and autonomic 
overactivity as a consequence of toxic, 
metabolic or infective conditions.

Depression can mimic the initial phases of 
dementia and it is termed 
’pseudodementia’ (which is amenable to 
antidepressant medication).



Dementia may occur at any age but is more common in 
the elderly, accounting for 40% of long-term psychiatric
in-patients over the age of 65 years.

The prevalence in persons aged between 50 and 70 years
is about 1% and in those approaching 90 years reaches
50%.

An annual incidence rate is 190/100 000 persons.



Mild cognitive impairment (MCI)
• MCI is a relatively recent term, used to describe 

people who have some problems with their memory
but do not actually have dementia.

• Some people (80%?) will be in the early stages of 
Alzheimer’s disease or another dementia. Others, 
however, will have MCI as a result of stress, 
anxiety, depression, physical illness or just an ‘off 
day’. 

• It is estimated that 15% of the population may be 
experiencing MCI.

• Currently extensive research on MCI is ongoing.
• At the moment there is not enough evidence to 

recommend any specific treatments.





RISK FACTORS FOR 
DEMENTIA

• Age

• Family history

• Head injury

• Fewer years of education



Statistics 

Ø 564,000 people in Canada currently with dementia

Ø 25,000 new cases diagnosed each year





Cognitive Symptoms: Changes in Memory

Ø Memory is the process of taking in, storing and retrieving information
Ø Unable to recall day/ date/ names/ faces 
Ø Repeating questions/ conversations
Ø Getting lost
Ø Losing things



Cognitive Symptoms: Changes in 
Perception

Ø Perception is the process of making sense of information you see (external) 
and information from your body (internal)

Ø Unable to recognise objects 
Ø Unable to judge the position/ location of people/ objects.
Ø Ignoring one side of the world (including oneself, environment)



Cognitive Symptoms: Changes in Executive 
Functioning

Ø Executive functioning involves the processing of information in 
order to plan, sequence, make decisions, prioritize, problem-
solve and self-monitor

Ø Difficulties with initiating tasks
Ø Getting stuck on tasks/ repeating actions
Ø Not thinking through the consequences of actions.



Cognitive Symptoms: Changes in Language

Ø Language involves the process of understanding information 
which is being said by others (receptive language) and the 
process of expressing information (expressive language)

Ø Difficulties understanding (e.g. words, concepts, complex 
sentences)

Ø Difficulties finding the word
Ø Reduced vocabulary



Non cognitive symptoms of Dementia (BPSD)

• Delusions

• Hallucination

• Agitation / wandering 

• Depression / dysphoria

• Anxiety

• Euphoria/elation

• Apathy / Indifference

• Disinhibition

• Irritability / lability / aggression

• Aberrant motor behaviour

• Night-time behaviour

• Appetite / Eating change



Most common Types of Dementia

In order of prevalence

Ø Alzheimer's Disease (~ 60%)
Ø Vascular Dementia
Ø Lewy Body Dementia
Ø Frontotemporal 



Rarer forms of Dementia
Ø Pre-senile Dementia
Ø Picks Disease

Ø Korsakov Dementia*

Ø Pseudo-dementia*
Ø Endocrine related Dementia*

Ø Parkinson's Disease
Ø Huntington's chorea

Ø Posterior cortical atrophy

Ø Normal Pressure 
Hydrocephalus*

Ø Neurosyphilis*

Ø Creutzfeldt-Jakob Disease
Ø Aids-related Dementia

Ø Wernickes

Ø Pernicious anaemia*
Ø Subdural haematoma*

Ø Subcortical dementias
Ø Progressive supranuclear palsy

Ø Binswangers disease

Ø Semantic dementia
Ø Dementia Pugilistica

* Reversible



Alzheimer’s Disease



Alzheimer's disease
• The commonest cause of dementia.
• The disorder rarely occurs under the age

of 45 years.
• The incidence increases with age.
• The cause of AD is not known for sure
• Up to 30% of cases are familial (the loci 

were found on chromosome 21 and 19).
• Pathology – the presence of senile plaques and 

neurofibrillary tangles in the brain.
• Diagnosis of AD may be established during

life by early memory failure, slow
progression and exclusion of other causes.



Signs & Symptoms:

• Memory loss for recent events
• Progresses into dementia à almost total memory loss
• Inability to converse, loss of language ability
• Affective/personality disturbance (fatuous, hostile)
• Death from opportunistic infections, etc. 



The Progress of Alzheimer’s DiseaseThe Progress of Alzheimer’s Disease
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Alzheimer’s Disease Progresses Alzheimer’s Disease Progresses 
Through Distinct StagesThrough Distinct Stages

Mild Moderate Severe

Memory loss
Language

problems
Mood swings
Personality

changes
Diminished

judgment

Behavioral, personality
changes

Unable to learn/recall
new info

Long-term memory 
affected
Wandering, agitation,

aggression, confusion
Require assistance 
w/ADL

Gait, incontinence,
motor disturbances

Bedridden
Unable to perform 
ADL
Placement in 

long-term care
needed

Dementia/Alzheimer’s

Stage

Symptoms



Confirmation of Diagnosis:

• Neuronal (amyloid, b amyloid, Ab amyloid) plaques
• Neurofibrillary tangles
• Brain Atrophy



Alzheimer's disease
• CT scanning aids diagnosis by excluding 

multiple infarction or a mass lesion.
• MRI shows bilateral temporal lobe atrophy.
• SPECT usually shows temporoparietal 

hypoperfusion.



Stages of Alzheimer’s Disease 1

Mild

Primary early symptom is forgetfulness 
names/words 
addresses
shopping items

Main deficit is in recent memory

Intellectual deficits confirmed by neuropsychological testing

Some awareness of their symptoms, so the person may 
become anxious, depressed and may be in denial

No distinguishing features on physical examination



Stages of Alzheimer’s Disease 2

Moderate 

Significant memory loss – close family members /  well known routes/places

Personality and behavioural changes

Self-neglect

Disorientation in time and space

Inability to undertake simple tasks i.e. dressing

Reduced range of thinking 
(intellectual deficits)

Language problems start

Disinhibition



Stages of Alzheimer’s Disease 3

Severe

Dysphasia with disordered and fragmented speech

Aggression, restlessness and wandering

Hallucinations and delusions

Incontinence

Immobility, rigidity and recurrent falls

General physical deterioration









Neuronal Plaques  in Alzheimer’s Disease



Neurofibrillary Tangles in Alzheimer’s Disease



Plaques and neurofibrillary tangles





Alzheimer’s Disease, Type 1:

•Several mutations in APP gene on chromosome 21

•Most common = Val717Iso

•Produce abnormal beta amyloid fragment

•15%-20% of early onset, familial AD

•Autosomal dominant



Alzheimer’s Disease, Type 2: 

• Epsilon 4 (e4, AKA E4) allele of the Apolipoprotein E
(ApoE) gene on chromosome 19 confers risk

• Epsilon 2 (e2, AKA E2) allele of the Apolipoprotein E gene
on chromosome 19 confers protection

• Mechanism unclear; ApoE is a very low density lipoprotein
that transports cholesterol

• Most cases are late onset, familial

• Susceptibility Locus



Alzheimer’s Disease, Type 3:

•Mutations (> 130) in the presenilin1 gene on chromosome 
14

•Most mutations lead to amino acid substitution

•Overproduction of the beta amyloid fragment

•30% - 70% of early onset, familial AD

•Autosomal dominant



Alzheimer’s Disease, Type 4:

• Mutations in the presenilin2 gene on chromosome 1

• 2 alleles: Asn141Iso and Met239Val

• Overproduction of the beta amyloid fragment

• < 5% of early onset, familial AD (only a few
families world wide)

• Autosomal dominant



What causes AD?



Two Major Hypotheses for AD:
b amyloid protein (BAP) v. tau

1. BAPtists: The accumulation of a fragment of the amyloid 
precursor protein or APP (the amyloid beta 42 residue fragment or
Ab-42) leads to the formation of plaques that someone kill 
neurons.

2. TAUists: Abnormal phosphorylation of tau proteins makes them 
“sticky,” leading to the break up of microtubules. The resulting
loss of axonal transport causes cell death. 



Amyloid Hypothesis
(it’s the plaques)

1. The amyloid precursor protein (APP) is broken down by a series of 
secretases (see next two slides).

2. During this process, a nonsoluble fragment of the APP protein (called Ab-
42) accumulates and is deposited outside the cell.

3. The nonsoluble or “sticky” nature of Ab-42 helps other protein fragments
(including apoE) to gather into plaques.

4. Somehow the plaques (or possible the migration of Ab-42 outside the
cell) cause neuronal death.

5. May be due to PSEN1 & PSEN2 genes



Amyloid precursor protein (APP) is membrane protein that sits in the membrane and extends outward. It is though to
be important for neuronal growth, survival, and repair.



Enzymes cut the APP into fragments, the most important of which for AD is called b-amyloid (beta-amyloid) or
Ab. 



Beta-amyloid is “sticky” so the fragments cling together along with other material outside of the cell, forming the
plaques seen in the AD brain.



Tau Hypothesis
(it’s the tangles)

1. Ordinarily, the t (tau) protein is a microtubule-associated protein that
acts as a three-dimensional “railroad tie” for the microtubule. The 
microtubule is responsible for axonal transport.

2. Accumulation of phosphate on the tau proteins cause “paired helical
filaments” or PHFs (like two ropes twisted around each other) that 
accumulate and lead to the neurofibrillary tangles (NFT). PHFs are the
main component in NFTs.

3. Impaired axonal transport is the probable cause of cell death.

4. Focus on MAPT gene (microtubule-associated protein tau)

5. Not as supported as the other hypothesis



Microtubules are like railroad tracks that transport nutrition and other molecules.  Tau-proteins act as 
“ties” that stabilize the structure of the microtubules.  In AD, tau proteins become tangled, unstabilizing 
the structure of the microtubule. Loss of axonal transport results in cell death.



Current theory: Multifactorial, involving
several pathways.

• Protein accumulation: à plaques & tangles

• Inflammation: Unregulated activation of glia

• Lipid distribution: Lipid membrane site of APP 
cleavage.



Current gene candidates for AD: 

• Changes too rapidly to keep track of.

• Go to http://Alzgene.org for latest list

http://alzgene.org/
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