
AGING AND NEURODEGENERATION



Senile Dementias that affect the elderly….

A senile dementia must show at least two 
abnormalities:

1- memory loss in an otherwise alert 
individual, and

2- impairments in at least one other area 
of cognition (such as language, problem 
solving, judgment, calculation, attention 

etc)

Senile Dementia/Alzheimer type, cerebrovascular disease, Lewy body dementia, 
Parkinson disease, frontotemporal dementia with parkinsonism, alcoholism, drug 
intoxications, infections such as AIDS and syphilis, brain tumor and vitamin 
deficiencies ……..

……… are just a few causes of dementia in patients……



1907 – Alois Alzheimer

First described a case of dementia now known as 
Alzheimer’s Disease, or AD.

A middle-aged woman had developed memory 
deficits and progressive loss of cognitive abilities…

One of the first symptoms of this woman was 
unprovoked suspicion of her husband’s behavior; her 
memory became progressively worse;  she failed to 
orient herself; and she became paranoid.



Alzheimer’s disease progression

Alzheimer's disease is the most common cause of dementia, which is the loss of intellectual and social 
abilities severe enough to interfere with daily functioning. Dementia occurs in people with Alzheimer's 
disease because healthy brain tissue degenerates, causing a steady decline in memory and mental 
abilities.

Although there's no cure for Alzheimer's disease, researchers have made progress. Treatments are 
available that help improve the quality of life for people with Alzheimer's. Also, more drugs are being 
studied, and scientists have discovered several genes associated with Alzheimer's, which may lead to 
new treatments to block progression of this complex disease.



One of the hallmarks of Alzheimer's disease is the accumulation of amyloid plaques between nerve cells 
(neurons) in the brain. 

Amyloid is a general term for protein fragments that the body produces normally. 

Beta-amyloid is a fragment of a protein that is snipped from another protein called amyloid precursor protein 
(APP). In a healthy brain, these protein fragments would be broken down and eliminated. In Alzheimer's 
disease, the fragments accumulate to form hard, insoluble plaques.





Amyloid is the histological name for fibrillar peptides arranged as beta-pleated sheets…

The principal constituent of amyloid is a 4 kDa peptide called A amyloid, which is cleaved from a 
larger amyloid precursor protein, APP.

APP belongs to a family with APLP1 and APLP2, amyloid precursor-like proteins…It resides on 
chromsome 21q, and the gene product is present in the dendrites, cell bodies, and axons of neurons.  
However the functions of neuronal APP are not yet entirely clear.

APP is synthesized in the Rough ER, glycosylated in the Golgi, and delivered to the cell surfaceas an 
integral membrane protein.

A4 is a 40-43 amino acid peptide derived by 
proteolytic cleavage of the amyloid precursor 
protein (APP), a Type I integral membrane 
protein. 

Cleavage of APP at the N-terminus of the bA4 
peptide by -secretase and at the C-terminus by 
-secretases constitutes the amyloidogenic 
pathway for processing of APP 



Cleavage of APP by both b-secretase and a-secretase are enzymatic 
reactions that occur normally in people. According to the amyloid 
hypothesis, Alzheimer's results from the body producing amyloid beta 
peptides faster than it can clear them. 

The peptides that appear to be the most damaging in the body are 42 
amino acids in length, while the ones that are most prevalent are 40 
residues long. As plaques develop, other healthy non-amyloid proteins 
may become caught up in them as well. 



These plaques first derange and eventually destroy functioning of neurons in the brain. Accumulation of 
amyloid plaques tends to be the heaviest in the hippocampus, the region of the brain responsible for 
storage of most kinds of memory, which at least partially explains the memory loss characteristic of 
Alzheimer's. 



Soluble A

Healthy neuron and target…
Soluble A in proximity to terminals….

Fibrillary A

APP-
containing 

neurite

Astrocyte

Deposition of amyloid…..

The enlarged axon terminal retracts from its target;
Soluble A1-40 as well as fibrillary A1-42 and 
A1-43 are also present…



Formation of senile plaques….

Mature senile plaques appear when fibrillar amyloid 
appears and accummulates….

Swollen axon terminals accummulate altered 
organelles…

Astrocytes and microglia are activated….

Microglial cell



Neurofibrillary tangles consist of insoluble twisted fibers that are found inside of the brain's cells. 

They primarily consist of a protein called tau, a microtubule-associated protein. 

The microtubule helps transport nutrients and other important substances from one part of the nerve 
cell to another... 

In Alzheimer's disease the tau protein is abnormal and the microtubule structures collapse.

NEUROFIBRILLARY TANGLES



This comparison of a normal cell (lower) and AD-
affected cell shows the telltale microscopic signs of 
the disease - neuritic plaques, neurofibrillary tangles 
and deformed boutons which block normal synaptic 
function. 

Levels of acetylcholine are also lower in AD 
patients. The protein ApoE4 has been shown to 
have a decreased protective effect in AD's 
subversion from normal aging processes.

Schematic neuron diagram. The CFS-tau and 
CFS-A Beta42 biomarkers are found in 
neurofibrillary tangles and senile plaques, 
respectively. 

A Beta42 = beta-amyloid protein ending at amino 
acid 42; s-APP = soluble-amyloid precursor 
protein (Alpha and Beta represent different 
secretases cleaving APP into s-APP); P-tau = 
hyperphosphorylated tau (Drawing by K Blennow 
affiliation). 



There is an overall shrinkage of brain tissue as Alzheimer's disease progresses. In addition, the 
ventricles, or chambers within the brain that contain cerebrospinal fluid, are noticeably enlarged. 

In the early stages of Alzheimer's disease, short-term memory begins to decline when the cells in the 
hippocampus, which is part of the limbic system, degenerate. The ability to perform routine tasks also 
declines. 

As Alzheimer's disease spreads through the cerebral cortex (the outer layer of the brain), judgment 
declines, emotional outbursts may occur and language is impaired. Progression of the disease leads 
to the death of more nerve cells and subsequent behavior changes, such as wandering and agitation. 
The ability to recognize faces and to communicate is completely lost in the final stages. 

Patients lose bowel and bladder control, and eventually need constant care. This stage of complete 
dependency may last for years before the patient dies. 

The average length of time from diagnosis to death is 4 to 8 years, although it can take 20 years or 
more for the disease to run its course.





Parkinson’s disease (PD) is a slowly progressive, chronic neurological condition that affects a small area 
of the brain, the midbrain. 

Degeneration of cells in this region of the brain results in a reduction of the chemical dopamine. 

A decrease in dopamine produces signs of Parkinson's disease that may include a resting tremor of one 
or both hands, slowness of body movement, rigidity of limbs, and gait or balance problems. 

Parkinson’s Disease



Dopaminergic pathways of the human brain in normal condition (left) and Parkinson's disease (right). 
Red Arrows indicate suppression of the target, blue arrows indicate stimulation of target structure.

The lack of dopamine results in increased inhibition of the ventral lateral nucleus of the thalamus, which 
sends excitatory projections to the motor cortex, thus leading to hypokinesia. 

http://upload.wikimedia.org/wikipedia/commons/9/94/DA-loops_in_PD.jpg


The mechanism by which the brain cells in Parkinson's are lost may consist of an abnormal 
accumulation of the protein alpha-synuclein bound to ubiquitin in the damaged cells. 

The alpha-synuclein-ubiquitin complex cannot be directed to the proteosome. This protein 
accumulation forms proteinaceous cytoplasmic inclusions called Lewy bodies. 

Latest research on pathogenesis of disease has shown that the death of dopaminergic neurons by 
alpha-synuclein is due to a defect in the machinery that transports proteins between two major 
cellular organelles — the endoplasmic reticulum (ER) and the Golgi apparatus. 



Genetic forms that have been identified include:

PARK1, caused by mutations in the SNCA gene, which codes for the protein alpha-synuclein. 
PARK1 causes autosomal dominant Parkinson disease. 

PARK2, caused by mutations in protein parkin. Parkin mutations may be one of the most common 
known genetic causes of early-onset Parkinson disease. In one study, of patients with onset of 
Parkinson disease prior to age 40 (10% of all PD patients), 18% had parkin mutations, with 5% 
homozygous mutations. Patients with an autosomal recessive family history of parkinsonism are 
much more likely to carry parkin mutations if age at onset is less than 20 (80% vs. 28% with onset 
over age 40). 

http://en.wikipedia.org/wiki/Autosomal_recessive


Amyotrophic Lateral Sclerosis (ALS)
aka. Lou Gehrig’s Disease

Lou Gehrig died in 1936 after playing baseball for the New York Yankees 
and (until recently) holding the record for consecutive games played….

He had a familial variety on chromosome 21 and codes for copper/zinc 
superoxide dismutase (SOD).

ALS is characterized by weakness and thinning of the skeletal muscles of 
the body. Muscle changes occur because of the loss of supportive motor 
neurons (nerve cells) in the brain and spinal cord. When the motor 
neurons gets sick and die, the muscles are no longer nourished, and 
weakness and muscle wasting (thinning) occur.



Approximately 5-10% of all cases of ALS are hereditary or familial in origin. A diagnosis of familial ALS 
is most often given when there has been another case of ALS in the family usually in one of the parents 
and the diagnosis of ALS, in that family member, was confirmed. 

In the 90’s, different mutations of the Copper Zinc Superoxide Dismutase (SOD1) gene were identified 
by ALS researchers in the United States on the long arm of chromosome 21. The SOD1 mutation can 
only explain 20% of all familial cases of ALS (familial ALS is only 2% of all cases of ALS).

Since that time, more than 90 different mutations have been found. There must be a number of 
different mutations that explain the other 80% of familial cases. Current research is underway to further 
investigate this gap. 



Multiple sclerosis affects neurons. Surrounding and protecting some of these neurons is a fatty 
layer known as the myelin sheath, which helps neurons carry electrical signals. MS causes gradual 
destruction of myelin (demyelination) and transection of neuron axons in patches throughout the 
brain and spinal cord. 

The name multiple sclerosis refers to the multiple scars (or scleroses) on the myelin sheaths. This 
scarring causes symptoms which vary widely depending upon which signals are interrupted.

The predominant theory today is that MS results from attacks by an individual's immune system on 
the nervous system and it is therefore usually categorized as an autoimmune disease. 

There is a minority view that MS is not an autoimmune disease, but rather a metabolically 
dependent neurodegenerative disease. Although much is known about how MS causes damage, its 
exact cause remains unknown.

MULTIPLE SCLEROSIS



The hereditary ataxias are a group of genetic disorders producing slowly progressive incoordination of 
gait and often associated with poor coordination of hands, speech, and eye movements. 

Ataxia may result from dysfunction of the cerebellum and its associated systems, lesions in the spinal 
cord, peripheral sensory loss, or any combination of these three conditions. 

In some families with SCA, there is an associated retinal or peripheral nerve degeneration that can lead 
to blindness or neuropathy which is the case in SCA7 and SCA4 respectively. 

SCA4 is distinct from other SCAs because the neuropathy is frequently the earliest sign of the disease 
and is always found in affected individuals. Patients with SCA 4 may not be able to sense their position 
when they have their eyes closed resulting in unsteadiness. Reflexes are absent in many patients and 
there is decreased sensation to touch.

The first ataxia gene was identified in 1993 for a dominantly inherited type. It was called 
“Spinocerebellar ataxia type 1" (SCA1). Subsequently, as additional dominant genes were found they 
were called SCA2, SCA3, etc. Usually, the "type" number of "SCA" refers to the order in which the gene 
was found. At this time, there are at least 28 different gene mutations which have been found (not all 
listed). 

SPINOCEREBELLAR ATAXIA



Ataxias with poly CAG expansions, along with several other neurodegenerative diseases 
resulting from a poly CAG expansion, are referred to as polyglutamine diseases: 



HUNTINGTON’S DISEASE

George Huntington, 1872

Huntington's disease (HD), also known as Huntington disease and previously as Huntington's 
chorea and chorea maior, is a rare inherited neurological disorder affecting up to 8 people per 
100,000. 

Huntington's disease is caused by a trinucleotide repeat expansion in the Huntingtin (Htt) gene and is 
one of several polyglutamine (or PolyQ) diseases. This expansion produces an altered form of the 
Htt protein, mutant Huntingtin (mHtt), which results in neuronal cell death in select areas of the brain 
and is a terminal illness.

Huntington's disease's most obvious symptoms are abnormal body movements called chorea and a 
lack of coordination, but it also affects a number of mental abilities and some aspects of personality. 
These physical symptoms commonly become noticeable in a person's forties, but can occur at any 
age. If the age of onset is below 20 years then it is known as Juvenile HD. There is currently no cure, 
but the symptoms are managed with medication and appropriate care.

http://en.wikipedia.org/wiki/Image:Georgehuntington.jpg


Huntington s chorea, is caused by degeneration of the caudate nucleus and putamen, especially of 
GABAergic and acetylcholinergic neurons.

Whereas Parkinson s Disease causes a poverty of movements, Huntington s chorea causes 
uncontrollable ones, especially jerky limb movements. 



(encodes Glutamine, Q – 
Hence poly-Q disease….)

The function of Huntingtin is unclear. It is essential for development and absence of huntingtin is lethal in 
mice. It has been experimentally demonstrated that Huntingtin acts as a transcription factor in upregulating 
the expression of Brain Derived Neurotrophic Factor (BDNF). In 

From various studies of the molecule, it has been found that Huntingtin is primarily associated with vesicles 
and microtubules. These appear to indicate a functional role in cytoskeletal anchoring or transport of 
mitochondria.

Huntingtin has also been found to interact with a number of proteins. One such protein is the Huntingtin 
Interacting Protein I (HIP-I/Hip-1).  Unfortunately the actions mediated via these interactions of huntingtin 
with the complementary interacting proteins is not fully understood.



Genes and Behaviour

























Psychological Disorders



Schizophrenia

psychiatric diagnosis that describes a mental disorder characterized by 
impairments in the perception or expression of reality and by significant 
social or occupational dysfunction. 

From the Greek, meaning Split Mind  - referring to the split from reality 

(does NOT refer to split personality, or multiple personality)

Likely to be several related disorders all-in-one….

Although scientifically challenging, mental illnesses are of great social 
importance…

Almost 10 % of people with schizophrenia commit suicide…



Positive Symptoms: additions to normal behavior
• delusions:  erroneous beliefs

– Persecutorial
– reference
– grandeur
– Identity

• hallucinations:  false sensory and perceptual experiences
• disorganized speech: 

– ”word salad”
• grossly disorganized behavior
• cognitive flooding:  the inability to screen out irrelevant internal and 

external stimuli

Negative Symptoms:  absence of normal behavior

  Mood Symptoms
– Blunted (flat) affect
Poverty of Speech





a. MRI studies reveal that many schizophrenics have a slightly smaller prefrontal 
cortex, temporal cortex, hippocampus, and amygdala than non-schizophrenic adults. 
They also have larger than normal ventricles.

b. The areas of the brain that most consistently show signs of abnormality in schizophrenics 
are the ones that mature the most slowly, such as the prefrontal cortex.

c. At a microscopic level people with schizophrenia have smaller than normal cell bodies 
and some of their neurons fail to arrange themselves in the neat orderly manner of 
normal brains.

d. People suffering from schizophrenia have slightly larger right hemispheres; while non-
schizophrenic adults tend to have larger left hemispheres. Schizophrenics also have 
lower than normal overall activity in the left hemisphere.



Possible Genetic Causes 

Substantial evidence suggests that the diagnosis of schizophrenia has a 
heritable component (some estimates are as high as 80%). 

Current research suggests that environmental factors play a significant role in 
the expression of any genetic disposition towards schizophrenia (i.e. if 
someone has the genes that increase risk, this will not automatically result in a 
diagnosis of schizophrenia later in life). 



There is currently a great deal of effort being put into molecular genetic studies 
of schizophrenia, which attempt to identify specific genes which may increase 
risk. Because of this, the genes that are thought to be most involved can change 
as new evidence is gathered. 

Recent research has suggested that genes known as dysbindin (DTNBP1) and 
neuregulin (NRG1), along with a number of other genes (such as COMT, RGS4, 
PPP3CC, ZDHHC8, DISC1, and AKT1) have some correlation with this disorder.

In 2007, British researches have identified seven different genetic variations that 
are associated with schizophrenia and which all lie within or very near a gene 
FXYD6.   This gene, which lies on the long arm of chromosome 11, plays an 
important role in regulating Na/K homeostasis…



Perinatal brain development as a causative agent

It is thought that causal factors can initially come together in early 
neurodevelopment, including during pregnancy, to increase the risk of later 
developing schizophrenia. 

One curious finding is that people diagnosed with schizophrenia are more likely 
to have been born in winter or spring (at least in the northern hemisphere). 
However, the effect is not large. 

Some researchers postulate that the correlation is due to viral infections during 
the third trimester (4–6 months) of pregnancy. 

Women who were pregnant during the Dutch famine of 1944, where many people 
were close to starvation, had a higher chance of having a child who would later 
develop schizophrenia. 



Cerebral Cortex, Jan. 2004, 14:91-96.



Antipsychothic Drugs effective in the treatment of schizophrenia

In 1950s – chlorpromazine was found to have a calming effect on patients….
an anti-histaminic

these drugs (phenothiazines) were shown later to abolish delusions, hallucinations and 
some types of disordered thinking….

BUT….  Side-effects:

these drugs often produce a syndrome resembling parkinsonism – indicating a mimicry 
of dopamine deficiency…

later on shown that these drugs block dopamine receptors….

EXCESS DOPAMINE TRANSMISSION A POSSIBLE CAUSE FOR SCHIZOPHRENIA???



CONNECTOMICS



Connectomics is the production and study of connectomes:

comprehensive maps of connections within an organism's nervous system, 
typically its brain or eye. 

Because these structures are extremely complex, methods within this field 
use a high-throughput application of neural imaging 
and histological techniques in order to increase the speed, efficiency, and 
resolution of maps of the multitude of neural connections in a nervous 
system. 

While the principal focus of such a project is the brain, any neural 
connections could theoretically be mapped by connectomics, including, for 
example, neuromuscular junctions.



379 neurons of the fly medulla

TEM reconstruction

https://openwiki.janelia.org/wiki/display/flyem/Medulla+TEM+Reconstruction 



Brainbow technology ...

“To trace the longer pathways that interconnect different brain regions, CBS labs 
developed a genetic method to label each individual nerve cell a different color to 
identify and track axons and dendrites over long distances. With light microscopy, 
scientists image the branching patterns and connections of all the axons within a region 
of the nervous system in transgenic mice that express a number of different fluorescent 
proteins in individual neurons. The idea here is to color-code the individual “wires” and 
“nodes.” ”

By randomly expressing different ratios of red, green, and blue derivatives of green 
fluorescent protein in individual neurons, it is possible to flag each neuron with a 
distinctive color. 

http://cbs.fas.harvard.edu/science/connectome-project/brainbow



http://www.nature.com/nature/journal/v450/n7166/fig_tab/nature06293_F1.html

Brainbow-1: stochastic recombination using incompatible lox variants



http://www.nature.com/nature/journal/v450/n7166/full/nature06293.html

“In Brainbow transgenes, 
Cre/lox recombination is used to create a 
stochastic choice of expression between 
three or more fluorescent proteins (XFPs). ,

Integration of tandem Brainbow copies in 
transgenic mice yielded combinatorial XFP 
expression, and thus many colours, thereby 
providing a way to distinguish adjacent 
neurons and visualize other cellular 
interactions. 

As a demonstration, we reconstructed 
hundreds of neighbouring axons and 
multiple synaptic contacts in one small 
volume of a cerebellar lobe exhibiting 
approximately 90 colours. The expression 
in some lines also allowed us to map glial 
territories and follow glial cells and neurons 
over time in vivo. The ability of the 
Brainbow system to label uniquely many 
individual cells within a population may 
facilitate the analysis of neuronal circuitry 
on a large scale.”



Much like pixels make many different colors possible on your screen, the different random 
combinations of green, red, cyan and orange fluorescent proteins make it possible to color 
individual neurons in nearly 100 different hues. You never know from the beginning which 
color every individual neuron is going to get, but with a choice of nearly 100 different 
possibilities chances are you're going to observe every individual neuron glow in a 
different hue, making it possible to chart complex neuronal pathways





Are brain disorders in fact wiring / connectomics disorders ???

http://www.youtube.com/watch?v=F37kuXObIBU 
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