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Life expectancy is rising and with it third-age 
diseases are becoming an alarming problem



Neurodegeneration – the modern epidemic

Normal brainDegenerated brain



Decreased brain metabolism (FDG 
uptake) prior to neuronal loss
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Clinical 
features

Disease

10%120,000Memory loss plusAlzheimer’s 
disease

5-35%25,000 *Motor disturbances
plus

Parkinson’s 
disease

5-37%20,000 ?Cognitive 
disturbances + 
parkinsonism

Lewy Body 
Disease

2%2,000Motor + autonomic 
disturbances

Multi-System
Disease

20%ALS- 700
FTD - ???

Motor weakness + 
behavioral and 
cognitive decline

ALS-FTD

100%300Motor problems + 
behavioral and 
cognitive changes

Huntington’s 
disease



Estimate of the number of old people with substantial 
cognitive decline, or who are suffering from dementia, in 
the community and in institutions in Israel (in thousands)

21 % of all old 
people

19.5% of all old 
people
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Proteinopathies

• Alzheimer’s Disease - tau

• Parkinson’s disease - Synuclein

• ALS – TDP-43

• Huntington’s - Huntingtine

• Creutzfeldt–Jakob - PrP



The protein (Synuclein) changes its structure
and becomes toxic to the brain

The protein in its unfolded form

The protein in its 
normal 3D form

The protein in its abnormal 
3D form = Toxic to the Cell



Mis-folded protein leads to aggregation



Aggregation of synuclein oligomers initially at the 
synapses and later throughout the neuron in 

Parkinson’s Disease

Protein aggregation 
leading to 

cell 



Different pathological forms of synuclein

Lashuel et al, Nature Rev. Neurosc. 2013



Mechanism of α-synuclein aggregation and 
propagation



Trans-cellular propagation of the toxic protein



Spreading of the neurodegenerative process 
in Alzheimer’s Disease

32y



Pathogenic protein seeding in Alzheimer’s disease

b-amyloid

Neurofibrilary tangles



The spreading of Synuclein aggregates in the brain of Parkinson’s 
Disease patient
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The spreading of Synuclein aggregates in the brain of 
Parkinson’s Disease patient

124 3

1

5-6

Pre-diagnosis phase

Parkinson’s Disease diagnosis

Functional deterioration



Progression of neurodegeneration



Protein aggregates in AD brain



Natural History of Neurodegeneration

No complaints or 
symptoms

prodromal 
signs Disease

Function

Years

Disease 
Diagnosis

0-10-25 +15



Exceptionally rapid neuronal loss, even 
before appearance of symptoms

Foster et al,

Rate of loss of brain cells

Symptoms and Patient Complaints

Healthy Alzheimer’s
Disease

Memory 
Disorder



Cook & Booke, 2003

Basal daily function

Functional reserve

Best performance
Performance at the extremes

Functional reserve:
A measure we need but we do not  have

The solution:
Sensitive biological markers





Biological markers of disease 
state 

No complaints or symptoms Prodromal signs Disease

Function

Years

Insensitive to disease stateModerate predictor of disease state
Sensitive predictor of disease state

Disease 
Diagnosis



Continuous, home based monitoring



The significance of biomarkers

• Collecting bio-markers of health and disease is 
relatively easy with current and future 
technology

• The challenge:
– Understanding the significance of those bio-

markers at the spectrum of the disease’s natural 
history, progression and response to intervention

– Using the bio-markers at the level of the individual



Neurodegeneration – a multifactorial process

Genetics
Epigenetics

Environment Lifestyle
Head injuriesExposure to pesticides

Age

Education

Co-morbidities:
Atherosclerosis

Diabetes
Obesity

Depression
Sleep disturb.



Causal
Moderate Risk

Minor Risk

Mutations in 70 genes have been associated 
with Parkinson

Protective changes



Environmental and behavioral risk and 
protective factors for PD

• Increasing the risk
– Pesticides

– Metals

– Industrial solvents

– Head injury

– Vibration ?

– Obesity

– Depression

• Decreasing the risk
– Cigarette smoking
– Caffeine
– Estrogen?
– Anti-inflammatory 

medications
– Exercise
– Urate enriched diet
– Mediterranean diet
– Longer use of oral 

contraceptives 



Factors contributing to the development 
of neurodegenerative diseases

Genetics and aging

Environment and lifestyle

Life style



Genetic and environmental modifiers

• Genetics & epigenetic features that can:
– Increase or decrease the risk for disease to appear
– Effect time of symptoms onset
– Influence disease phenotypic characteristics

• Environmental and life style features that can:
– Increase or decrease the risk for disease to appear
– Effect time of symptoms onset
– Influence disease phenotypic characteristics



Contributing factors to the clinical syndrome

genetic

environment+life
style+education
comorbidities

Aging

Individual contribution 

Motor\
cognitive\
emotional 
reserves



Cook & Booke, 2003

Basal daily function

Functional reserve

Best performance
Performance at the extremes

Motor, cognitive or emotional reserves influence 
the clinical syndrome



Intensive physical activity as disease modifying 
therapy

Prescription
5/7/2017

Name: Israel Israeli
Age: 45

Medication: Aerobic 
physical 
activity

Dosage: 5 times a week – 60 
minutes (200-300 minutes a week)

Notes: 50% aerobic activity, 25% 
resistance, 25% flexibility

Dr. Nir Giladi, License No. 
12345



LRRK2 G2019S and 7 mutations in the GBA gene are 
present in 8.7% of Ashkenazi Jews in Israel



The Israeli story with Parkinson’s disease:

Increased prevalence – 2% at 60 y.o.

Worldwide

In Ashkenazi Jews

LRRK2

GBA

LRRK2
GBA



Non carriers
65%

GBA mild
26%

GBA severe
6%

LRRK2
3%

Frequency of genetic mutations among Ashkenazi 
Jewish DLB patients

Non carriers
92%

GBA mild
5%

GBA severe LRRK2
2%

Frequency of mutations among healthy 
Ashkenazi Jewish population

Dementia with Lewy Bodies, the second most common 
neurodegenerative dementia among Ashkenazi Jews

Sheiner et al, JAMA Neurology 2016



GBA gene - mutations



Risk to develop PD 
according to 

mutation in the 
GBA gene

“Mild” mutations:
N370S
R496H

“Severe” mutations:
84GG
L444P
IVS2+1 
V394L 
RecTL 

“Mild” mutations

“Severe” mutations

OR- 3.01 (2.50-3.63, p<1x10-20)

OR- 14.59 (10.00-21.31, p<1x10-20)

Gan-Or et al.  2015



GBA mutations effect 
rate of Parkinson’s 
disease progression:

Earlier falls
Earlier cognitive 
decline
Earlier death

Jesus et al, PLOS one 2016
Liu et al, Ann Neurol 2017
Cilia et al, Ann Neurol 2016



BIN1 is a modifier  of age of onset 
among GBA mutation carriers

Gan Or et al, J Neurol  November 2015

BIN1 (Bridging Integrator 1) locus previously associated with Alzheimer disease 

is involved in synaptic vesicle endocytosis, interacts with transport & synaptic 

proteins (dynamin, clathrin)

Carrying the B1N1 rs13403026 minor allele among the GBA–PD (n=153), was 

associated with later age of onset:

Later age of motor symptoms onset by 12.4 years (p=0.0001)

GBA – mild mutation –later AAO of 10.5 years 

GBA – severe mutation – later AAO of 17 years 



GBA
CLK2SCAMP3C1orf2

MTX1P

GBAP

MTX1

THBS3

TRIM46

MUC1KRTCAP2



LRRK2-Leucine rich kinase 2



Age Specific Penetrance of the LRRK2 G2019S Mutation in the 
Michael J. Fox Ashkenazi Jewish (AJ) LRRK2 Consortium

Karen Marder MD MPH, Yuanjia Wang PhD, Roy Alcalay MD, MSc, Helen Mejia-Santana MS, Ming-Xin Tang PhD, Annie 
Lee MS, Deborah Raymond MS, Anat Mirelman PhD, Rachel Saunders-Pullman MD MPH, Lorraine Clark PhD, Laurie 

Ozelius PhD, Avi Orr Urtreger MD PhD, Nir Giladi MD, Susan Bressman MD for the LRRK2 Ashkenazi Jewish Consortium
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Age specific risk of PD among carriers of G2019S mutation in 
the LRRK2 gene, comparing non-Jews and Ashkenazi Jews

Mov Dis J 2017



Mov Dis 2017

Gender specific risk to develop PD till age 80 
among G2019S-LRRK2 mutation carriers



Specific SNPs variations and 
haplotype in the PARK16 locus 
are associated with significant 
reduced (1\10) risk to develop PD
among Ashkenazi Jews.



Orr-Urtreger et al. 



Modifier genes for risk or severity 
of Parkinson’s disease among AJ 

MTX1
BIN1

MAPT (TAU)
SEPT14
PARK16

Red – increased risk or severity
Blue – decreased risk or severity

Orr-Urtreger et al. 



Apolipoprotein E (ApoE)

N-terminal domain C-terminal domain

112 Arg (E4) / Cys (E3)

LDL receptor 
binding

Position

112 158

ApoE2       Cys      Cys
ApoE3       Cys      Arg

ApoE4       Arg      Arg

158



Adapted from Rebeck & Hyman (1999) in Alzheimer’s Disease (Terry et al eds.), p340.

26% 61%

The Genetics of ApoE4 and AD 

Corder et.al (1993)
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The pyramid of Parkinson’s disease
From population at risk to diagnosed disease

Population at risk\
Genetic & behavioral modifiers

Non-motor symptoms

Prodromal stage

Parkinson’s

Biological markers

25-100%

Modifiers 
effecting 
penetrance



All mutation carriers will develop the disease
100% penetrance

Population at risk
Genetic & behavioral modifiers

Non-specific symptoms

Prodromal stage

Huntington’s disease\ CJD

Biological markers

Modifiers effecting age of onset and the natural history





A Challenge:
When does a person convert from 

asymptomatic subject at risk to 
prodromal stage to a patient?

The role of motor-cognitive reserve



The goal - Prevention

Genetic changes
Subclinical functional decline

Unknown functional disturbances

Brain Function Decline

Prevention
Stop 
progression

Slowing down

SymptomaticDiagnosis



Novel therapeutic approaches for 
stopping neurodegeneration

• Vaccines

• Gene silencing\ RNA silencing

• Manipulating enzymatic activity

• Stem cell therapy – trophic factors



Nature 2016





Gene silencing – prevention of toxic protein production



Stem cells therapy in ALS



Patients and relatives are waiting…

Thank you!


