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Neurodegenerativeliseases

Neurodegenerativaliseaseccurwhen nerve cellsin the brain
or peripheral nervous system lose function over time and

ultimately die.

Although treatments may help relieve some of the physicalor
mental symptomsassociatedwith neurodegenerativediseases,
there is currently no way to slow diseaseprogressionand no

knowncures
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NeurodegenerativeliseasefRiskfactors

Age M
Gender v M
Familyhistory
Environmentalfactors:

Pesticids, fungicides, and insecticides
Metals (e.g., arseni¢ead, manganese)
Chemicals used in industry or consumer products (e.g., polychlorinated
biphenyls (PCBSs)

Air pollution

Biological factors (e.g., endotoxins produced by bacteria)

Dietary and lifestyle factors (e.g., caffeine, tobacco smoke, dietary
antioxidants)

Headinjury
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Al zhel meADs d

A The most common form olementia, affectingt00 000Polish
peopleover the age of 65, as well as thousands under the age «
65 who have earbpnsetAD

A Women account for almost twthirds ofpatientswith AD

A ADis diagnosed by ruling out other conditions with similar
symptoms, which allows for a diagnosis with up to 95 percent
accuracy.

A Unlike other forms of dementilADd o es not af f e
motor function until late stages of the disease.
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Alzheimer's Symptoms
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Alzheimer's disease

Progressive neurodegenerative disease that occurs when nerve cells in
the brain die. The disease often results in the following behaviors:

A Impaired memory, thinking, and behavior

Confusion

Restlessness

Personality and behavior changes

Impaired judgment

Impaired communication

Inability to follow directions

Language deterioration

Impaired thought processes that involve visual and spatial awarenes:
Emotional apathy
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ADFacts

A An estimatecdhalf of million Polesage 65 and older are living
with Alzheimer's dementia in 2026ver 1 millionin 2050
Eighty percent are age 75 or older.

A One in 10 people age 65 has Alzheimer's dementia.
A Almost twothirds of patientswith Alzheimer's are women.

A Older AfricarAmericans are about twice as likely to have
Alzheimer's or other dementias as older whites.

A Hispanics are about one and chalf times as likely to have
Alzheimer's or other dementias as older whites



Alzheimer's disease diagnosis

Brains affected by Alzheimer's disease often show presence of the

following:
A Fiber tangles within nerve cells (neurofibrillary tangles)

A Clusters of degenerating nerve endings(ritic plagues)
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serotonin,and somatostatins observed
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Healthy brain size
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‘with Alzheimer’s Dying neuron
disease




Healthy Brain

r's Disease

Mild

Alzhei




Alzheimer's Diseas‘e
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Healthy Alzheimer’s
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ALHZHEIMERS
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THE ALZHEIMER’S TIMELINE

sl ok ol

Early brain Subtle decline Memory changes, Inability to Loss of ability to
changes in thinking confusion bathe, dress or communicate and
eat without help recognize loved ones

Diagnosis
Interview with patient
CTscanor MR
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Alzheimer’s
disease is the

6th leading cause of death || I| I| SENIORS
in the United States and

dies with Alzheimer's or
KILLS MORE PEOPLE ALMOST TWO THIRDS ther d ¢
THAN BREAST CANCER of Americans with Alzheimer’s SECONDS another aementa.
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SR develops the disease.
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DEATHS INCREASED BY 98998 45% \ 90%

o m of people with of people with the
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By 205_0' these,f costs disease or their types of CANCER
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' NO PREVENTION
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Of America’s top 10 causes of death, p—
Alzheimer’s disease is the only one
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250,000

CHILDREN & YOUNG ADULTS

between ages 8 and 18 provide help to someone with Alzheimer’s disease or another dementia
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ALZHEIMER'’S DISEASE

%PE Al z h e disease ' s
treatment

A Ephexin5 protein appearsin greater amountsin the brains of people
with Al z h e digease Blogkingthis protein in mice seemsto prevent
the developmentof memoryloss
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A holinesteraseinhibitors are prescribedfor mild AD, as they help to
reduce some symptoms and control some behavioral symptoms
Razadyn®(galantaming, E x e | (rovast®yming, andA r | c (domepe&xil)
block the breakdown of acetylcholine,a brain chemicalbelievedto be
Important for memoryandthinking.



i’f‘“‘““ﬁ“ﬁ Al zhei mer ' s
treatment

FOR A CURE

A Na me n chen@ntirfe, an Nmethyl Daspartate (NMDA) antagonist, is
prescribed to treat moderatetoseve®®D. T hi s drug’ s ma
maintain daily functions a little long€ability to use the bathroom
Independently for several more monthg'he FDA has also approved
Aricept ®, the NamzariBion @ mgatmbdh nadmnman
and Aricept®

A Common behavioral symptoms of Al z
Includesleeplessnessyandering,agitation, anxiety, aggression,
restlessness, and depressi@ieep aidsAnti-anxietydrugs(to treat
agitation), Anticonvulsantgsevere aggressignpAntipsychoticgparanoia,
hallucinationsagitation, and aggression
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HOW IT AFFECTS YOUR BRAIN?
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Dementia.
How to reduce the risk?

o

Look after  Be physically  Follow a Challenge Enjoy social
your heart active healthy diet  your brain activity
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HIT THE BOOKS BUTT OUT
Farmal education will Smoking increases risk of
help reduce risk of cognitive decline. Quitting
BREAK cognitive decline and smoking can reduce risk
A SWEAT dementia. Teke aclass 10 levels comparable FOLLOW
Engage in regular at a local college, to those who have
cardiovascular exercise community center not smoked. ) YOUR HEAFT
that elevates heart rate and o aling. Hisk factors for card iovascu l_ar
increases blood flow:. Studies have disease and stroke — obesity, high
found that physical activity reduces hlnul_j pressure and diabetes -
risk of cognitive decline. negatively impact your
Grewing midsace cognitive health.
STUMP indicates that people can HEADS UP!
YOURSELF reduce their risk of cognitive Brain injury can raise risk of

Challenge your mind.
Build a piece of furniture.

decline by adopting key lifestyle
habits. When possible, combine

cognitive decline and dementia.
\Wear a seat belt and use a

helmet when playing contact
Eﬁ?h%?dn;ss o girailegy, these habits to achieve sports or riding a bike.
' maximum benefit for the
BUDDY UP brain and body. FUEL
Staying socially engaged may UP RIGHT
support brain health. Find ways to Eat a balanced diet that is higher
be part of your local community ~ TAKE CARE  CATCH in vegetables and fruit to help
or share activities with OF YOUR SOME 7ZZ2'S reduce the risk of
friends and family. MENTAL HEALTH  Not getting enough cognitive decline.
Some studies link sleep may result in
depression with cognitive  Problems with memory
decling, so seek treatment  and thinking.
if you have depression,
anxiety or stress.
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Par ki1 dissasaD s

Healthy Parkinson’s Disease Parkinson’s Disease
before symptoms after symptoms

PDprogresses slowly as small clusters of neurons in the midbl
die. The gradual loss of these neurons reduces levels of a
chemical, called dopamine, which is responsible for transmittir
messages to the parts of the brain that coordinate muscle
movement.



Parkinsons Disease

Non-Parkinson's
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Common symptoms include tremors or shaking in hands, arms,
legs, jaw and face; rigidity or stiffness of the limbs and trunk;
bradykinesia, or slowness of movement; and difficulties with
balance, speech and coordination.

Symptoms oPDbegin gradually and typically worsen over
time.



Par ki diseasanéchanism
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Typical appearance of Parkinson’s disease

Stooped posture

Masked facial
expression

Rigidity
Forward tilt
of trunk

Flexed elbows

& wrists Reduced arm

swinging

Slightly flexed
hips & knees

Trembling of—-,y
extremities

Shuffling, short-

stepped gait



Parkinson’s disease
non-motor disorders caused by Parkinson's disease

forced closure of the eyelids

depression,
(blepharospasm)

sleep disorders,
weight loss,

constipation,
micturition disorders,

orthostatic hypotension sexual problems,

increased sweating

difficulty speaking,
excessive salivation,
difficulty in swallowing,
respiratory problems,

bowing of the shoulders,
swelling of the feet,



Symptoms of Parkinson’s Disease

Central

» Depression
» Anxiety

» Decline in

ventilatory control

Muscular (/
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» Aches
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Constipation

\.\

intellectual functioning
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Lungs
» Upper airway G D
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Eyes

» Forced closure
of the eyelids
(blepharospasm)

Mouth

» Difficulty speaking

» Excessive salivation

» Difficulty in swallowing
» A Soft or low voice

‘L Skin
—~ »Increased
sweating

» Tremor and Slowness

» Impaired balance

» Small Handwriting

» Sleepiness

» Trouble Moving or Walking
» Masked Face



History of Parkinson's disease

« 1817: description of symptoms by James

Parkinson

1862: Coined the name “Parkinson’s Disease” by

Jean-Martin Charcot

1919: Degeneration of substantia nigra

1968: L-dopa was introduced

1979: MPTP was found to cause Parkinsonism

1997: PARK1 gene mutation was discovered
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Novel therapeutic strategies for Parkinson’s disease

Lewy body —- o

Possible targets for PD drug development

a-synuciein fibels

a Targeting extracellular a-synuclein — with
antibodies that would prevent cell-to-cell
transmission of a-synuclein

g Targeting multimerization of a-synuclein — drugs
that would prevent the a-synuclein combining to
form fibrils

e Targeting intracellular a-synuclein — to restore
proper a-synuclein handling inside the neuron,
drugs might enhance signalling or breakdown
processes within the cell

Targeting neuroinflammation -~ the immune
system is key in PD, so drugs that modulate
immune action may be useful in the treatment
of PD

6 Gene therapy — new treatment modalities could
make manipulation of the genome a possibility

Others - including antioxidants, enzyme inhibitors,

and metal-chelators




Aggregated
extracellular
a-synuclein Synaptic loss

and pathogenic

spread

Prasinezumab preferentially
binds to aggregated
a-synuclein to reduce
pathogenic spread and
decrease synuclein
pathology™”

*Proposed mechanism of action

Prothena’s investigational therapy prasinezumab is designed to slow or reduce the neurodegenera-
tion associated with alpha-synuclein misfolding and/or its transmission, a process highly implicated in

Parkinson disease pathology.



Stemcellstreatment

Striatum

Substantia
nigra

Blastocyst
(100-200 cells) Inner cell
5D mass
\-—-'
' J
_ : Cells dissociate I
Pluripotent em.bryomc stem cells Different growth /]
; (aboutd days factors added B |
‘ .: zl in culture) NS maor?:w \
\* \ S = S '
" ) \ o g
L ' "
{ §s

islet cells

‘5.“ Pancreatic
‘ o’
.'-\ & -

Authentic DA neurons



Deep brain stimulation (DBS)

The DBS system is used to help control fremors and chronic
movement disorders, like Parkinson's disease. Tiny electrodes are
connected via a subcutaneous wire to a neurostimulator implanted
under the skin near the clavicle.

DBS lead

Thin, insulated, coiled
wires, each ending in a
finy electrode that
delivers stimulation to
the targeted area

a

.(:; ( f.-'\' ) \.:'-
N
Y

Extension

An insulated wire that
connects the lead to
the neurostimulator.

- -
/

~alr
~

Nevrostimulator

A pacemaker-like
device that contains a
battery and circuitry to
generate electrical
signals that are
delivered by the leads
to the targeted
structures deep within
the brain.

The clinician can
program and adjust
the settings of the

neurostimulator

externally via a
hand-held device.
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Hunt | ndgdasgHD s

Hunti ngton’s disease (HD) 1 s
the progressive breakdown of nerve cells in the brain.

| t deteriorates a person’s pfl
during their prime working years and has no cure.

Normal brain Huntington's disease

Ventricle

Atrophy of cerebral
nerve tissue and
basal ganglia

HD is known as the guintessential family disease because every
child of a parent with HD has a 50/50 chance of inheriting the

faulty gene.



Hunt | ndgdasgHD s

The symptoms of HD are descri
Al z h e +amualtaniesuslybetween the ages of 30 to 50, and

worsen over a 10 to 2gear period
Pat i succunibsto pneumonia, heart failure or other complications.

Chorea

Involuntary
Balance | Movements
77Problems | »
- - | Multi-tasking |
, Creativity ———)
. Restiess
Slow Eye | Fidgets
Movements |
| Organizing
ot el
| Prioritizing
Slowness of .
| Movement Normal AQvanced HD | Fie Molor
Trouble ocD | Tasks
| Depression, Amisty | e | R —

Over t 1 me, HD affects t he

nd



Hu nt | ndgdasettiDhereditary

)

Allele D d Allele
D D D ) (d d()D (d(d
Genotypes "o vV w LR
DD Dd and dD dd
Homozygous Heterozygous Homozygous
Phenotypes | Affected | | Unaffected |
Dominant Recessive

Everyone has the gene that causes HD, but only those that
Inherit the expansion of the gene will develop HD and perhaps
pass it on to each of their children. Every person who inherits
the expanded HD gene will eventually develop the disease.



Hunt | ndggdasgHiDmechanism

Neurodegenerativalisorder caused by an expansion of a repeating CAG triplet s
in the huntingtin gene on chromosome 4, which results in a protein with an
abnormally longpolyglutaminesequence. The HD gene was identified in 1993.

Non-mutated Non-mutated Healthy neuron
huntingtin gene huntingtin protein

35 or less
CAG repeats
\
Increased no.
of CAG repeats
ﬁ

Mutated Mutated Neuron
huntingtin gene huntingtin protein degeneration

The normal function of huntingtin is not known, but the expangetyglutamine
sequence in the huntingtin protein is toxic to brain cells. Atrophy is most markec
the corpus striatum of the basal ganglia, including the caudate and putamen.

In later phases of the disease, other regions of the brain are also affected.
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SpinocerebellaataxiaSCA

Group of hereditary ataxiashat are characterized bgegenerativechanges in the
part of the brain related to the movement control (cerebellum), and in the spinal

cord.
There are many different types of SCA, and theyclassified according to
the mutated (altered)generesponsible for the specific type of SCA.

The types are described using "SCA" followed by a number, according to their o
of identification: SCA1 through SCA40

SCA imheritedin anautosomal dominanmanner.
Healthy Cerebellar Damage




SpinocerebellaataxiaSCA

The signs and symptoms may vary by type but are similar, and may inclt
an uncoordinated walk (gait), poor haieye coordination, and abnormal
speech (dysarthria).

Problems with coordination and balance (ataxia)

Uncoordinated walk — e
Poor handeye coordination
Abnormal speech (dysarthria)
Involuntary eye movement . N L S~
Vision problems
Difficulty processing, learning, and remembering information

People affected by one of these types of SCA usually require a wheelch:
10-15 years after the onset of symptoms.

Many will eventually need assistance to perform daily tasks

To o To To Po Do Do
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Priondisease

Prion diseases occur when normal prion protein, found on the
surface of many cells, becomes abnormal and clump in the brair
causing brain damage.

This abnormal accumulation of protein in the brain can cause
memory impairment, personality changes, and difficulties with
movement

Normal prion Diseased prion

y

"~ Amino acids
in alpha helix

Amino acids
in beta helix

Amino acids
in sheet form



'How Creutzfeldt-Jakob disease works

CAUSE - CONSEQUENCES
Creutzfeldt-Jakob disease is caused . Those affected lose the ability to think
by abnormal proteins called prions - and to move properly and suffer from
that are not killed by standard - memory loss. It is always fatal, BRAIN SHRINKS
methods for sterilizing surgical - usually within one year of onset of
equipment. - illness.

NORMAL DISEASE-

HUMAN CAUSING

PROTEIN PRION
As prions build up in cells, the
brain slowly shrinks and the
tissue fills with holes until it
resembles a sponge.

SPONGE-LIKE LESION
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Priondiseases

Sporadic CJbon the other hand, develops suddenly without any known risk
factors. Most cases of CJD are sporadic and tend to strike people around ag
60. Acquired CJD is caused by exposure to infected tissue during a medical
procedure, such as a cornea transplant. Symptoms of CJD quickly lead to
severe disability and death. In most cases, death occurs within a year.

VariantCJBT hi s 1 s an i nfectious type o
cow disease.” Eating diseased meat
meat may cause normal human prion protein to develop abnormally. This ty
of the disease usually affects younger people.

Variably proteaseensitiveprionopathy(VPSPr- extremely rarelt is more
likely to strike people around age 70 who have a family history of dementia.

GerstmannS t r a tSeheimkedrsease (GSSpccurs at an earlier age,
typically around age 40.

Kuru- caused by eating human brain tissue contaminated with infectious
prions.(seen in New Guinga

Fatal insomnia (FHrare hereditary disorder causing difficulty sleeping. There
IS also a sporadic form of the disease that is not inherited.

Scrapie infectssheepsandgoats



Priondisease

Symptoms of prion diseases include:

A Rapidly developing dementia

A Difficulty walking and changes in gait
A Hallucinations

A Muscle stiffness
A Confusion

A Fatigue

A Difficulty speaking

Brain shrinkage and
deterioration occurs rapidly

RN S e e g
§¥ Ay ‘::"‘Y“':‘Jf
=% Brain section showing
. spongiform pathology
% . characteristic of
Creutzfeldt-Jakob
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Motor neurondiseasg MND)
Amyotrophic lateral sclerosis (ALS)

The motor neuron diseases (MNDs) are a group of progressive
neurological disorders that destroy motor neurons, the cells that
control skeletal muscle activity such as walking, breathing, speak
and swallowing

A amyotrophic lateral sclerosis,
A progressive bulbar palsy,

A primary lateral sclerosis,

A progressive muscular atrophy, v
A spinal muscular atrophy,
AKennedy's dise
A postpolio syndrome.

Healthy motor
nerve cell stimulates
muscle to contract

Nervous
V) ¥ system

ALS kills motor |
nerve cell, causing

muscles to weatﬁen‘
/

) |/ /)|
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\
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Amyotrophic lateral sclerosis (ALS)

Motor neuronedisease, also known as amyotrophic lateral
sclerosis (ALS), occurs when specialist nerve cells in the brair
and spinal cord called motoreuronesstop working properly.

This leads to muscle weakness, often with visible wasting.




a‘myo-tro-phic lateral sclerosis | noun

ALS IS APROGRESSIVE
NEURODEGENERATIVE DISEASE
THAT AFFECTS NERVE CELLS IN
THE BRAIN AND SPINAL CORD.

ALS usually strikes people between the ages of
40 and 70, and approximately 20,000 people in the
U.S. have the disease at any given time.

Although there is not yet a cure or treatment that
halts ALS, scientists we fund through our global
research program have made significant progress in
understanding what causes ALS. But their work is
not done. Together, we work toward a cure.

FACTS ABOUT ALS
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Amyotrophic lateral sclerosis (ALS)

O

Early symptoms can include: 2

A weakness in ankle or legtrip, or 1ina 1t narder to climb stairs

A slurred speech, which may develop into difficulty swallowing
some foods

A a weak grip-drop things, or find it hard to open jars or do up
buttons

A muscle cramps and twitches

A weight loss-arms or leg muscles may have become thinner
over time

A difficulty stoppingoneself crying or laughing in inappropriate
situations




Amyotrophic lateral sclerosis (ALS)

Treatments:

A highlyspecialisectlinics, typically involving a specialist nurse
andoccupational therapyo help make everyday tasks easier

A physiotherapyand exercises to maintain strength and reduce stiffness
A advice from a speech and language therapist
A advice from a dietitian about diet and eating

A a medicine callediluzolethat can slightly slow down the progression
medicines to relieve muscle stiffness and help with saliva problems

A emotional support Prosapic
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Progressive bulbar palsy

The brain stem is the part of the brain needed for swallowing, speaking,
chewing, and other functions.

Signs and symptoms of progressive bulbar palsy include difficulty swalloy
weak jaw and facial muscles, progressive loss of speech, and weakening
the tongue.

Additional symptoms include less prominent weakness in the arms and le
and outbursts of laughing or crying (called emotional lability).

Flattening of the “wrinkle
i lines” on the forehead

@ g L Widening of the opening
! B between the eyelids
S ~ : Flattening of the
c\ . fold on the lip
N 2

Drooping of the corner
of the mouth

Progressive bulbar palsy is considered a variant form of amyotrophic late
sclerosis (ALSYlany people with progressive bulbar palsy later develop
ALS.




Spinalmuscularatrophy SMA

Spinal muscular atrophg a genetic disorder characterized by
weakness and wasting (atrophy) in muscles used for moveme
(skeletal muscles). It is caused by a loss of specialized nerve
called motor neurons that control muscle movement.
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Spinalmuscularatrophy SMA

WHEN TWO CARRIERS HAVE A CHILD...

Spinal muscular atrophy (SMA) is an autosomal recessive
. ‘ neurodegenerative disedse. It is caused by mutations in the survival

motor neuron 1 (SMN1) gene. /
? w SMA type 0 /A

Prenatal SMA ..
THERE ARE THREE POSSIBILITIES SMA type 1
3 Werdnig-Hoffman disease
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Spinalmuscularatrophy SMA

There are many types gpinal muscular atrophthat are caused by changes
In the same genes

A type 0 is evident before birth and is the rarest and most severe form of
the condition. Affected infants move less in the womb, and as a result
they are often born with joint deformities (contractures).

A type | (also called Werdnigoffmann disease) is the most common form
of the condition. It is a severe form of the disorder with muscle weakne
evident at birth or within the first few months of life.

A type Il (also called Dubowitz disease) is characterized by muscle weal
that develops in children between ages 6 and 12 months. Children witl
this type can sit without support, although they may need help getting
a seated position.

A type Il (also calleBugelbergWelanderdisease) typically causes muscle
weakness after early childhood. Many affected individuals require
wheelchair assistance later in life. People vafhnal muscular
atrophytype Il typically have a normal life expectancy.

A Spinal muscular atrophtype IV is rare and often begins in early
adulthood.



Spinalmuscularatrophy SMA

Skeletal Muscle
* Humans
* Mice

Heart
* Humans (autopsies)
* Mice

Autonomic Nervous System

* Humans
* Mice

Vasculature
* Humans
* Mice

Spleen and lymphoid organs

* Humans (autopsies)
* Mice

SMA as a multi-organ disease

o

3
ye

Gastrointestinal tract
* Humans
* Mice

Liver
* Humans (autopsies)
* Mice

Pancreas
* Humans (autopsies)
* Mice

* Humans
* Mice

Kidneys
* Humans (autopsies)



Primary lateral sclerosis (PLS)

A PLS affects the upper motor neurons (also called corticosping
neurons) in the arms, legs, and face.

A It occurs when nerve cells in the motor regions of the cerebra
cortex.

A The disorder often affects the legs first, followed by the body,
trunk, arms and hands, and, finally the bulbar muscles (musc
that control speech, swallowing, and chewing)

A PLS is not fatal.
£ &

B
!




Primary lateral sclerosis (PLS)

Symptoms include weakness, muscle stiffness and spasticity,
clumsiness, slowing of movement, and problems with balance and
speech. PLS is more common in men than in women

Treatment for individuals with PLS is symptomatic. Muscle relaxants
such as baclofertiizaniding and the benzodiazepines may reduce
spasticity.

Other drugs may relieve pain and antidepressants can help treat
depression.

Physical therapy, occupational therapy, and rehabilitation may prevent
joint immobility and slow muscle weakness and atrophy.
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Multiple sclerosigvS

An unpredictable disease of the central nervous system, multiple
sclerosis (MS) can range from relatively benign to somewhat disabling

to devastating, as communication between the brain and other parts
of the body is disrupted.

Normal Multiple Sclerosis

Autoimmunedisease- one in which the body, through its immune
system, launches a defensive attack against its own tissues.

Nerve-insulating myelin that comes under assault.



Multiple sclerosidvS

Hrst symptoms of MS between the ages of 20 and 40

Initial symptom of MS is often blurred or double vision, Jgg@éen color
distortion, or even blindness in one eye

Most MS patients experience muscle weakness in their extremities and
dlﬁlculty with coordlnatlon and balance.

Central
» Fatigue
» Depression

Visual
» Nystagumus

§ v » Optic neuritis
@ > @ » Cognitive impairment » Diplopia
» Unstable mood
: Mouth
N » Difficulty swallowing food
\ . Throat : g » Sudden slurring
. Exposed » Dysphagia o=~ A
| » or stuttering in speech
| fiber
/ Schwann 1
| W cells / Muscular
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S . » Increased sensitivity System
to p;ln » Sudden change
Healthy neuron Nerve affected by MS > Tingling » in urinary
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Pins and Constipatio:
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MS is a disease with a natural tenaency 1o remit spontaneously, Tor wnic
there is no universally effective treatme(gteroids retrovirustherapy).

It's about 2 to 3 times more common in women than men.



Remembeto exerciseyour brain

Thankyou



