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1. Introduccion a las enfermedades
neurodegenerativas

NEURODEGENERATIVE DISEASES CHARACTERIZED BY
FILAMENTOUS-LESIONS FORMED FROM AGGREGATED FEFTIDES /PROTEINS

DISEASE LESION/COMPONENTS LOCATION
Senile Plaques/fi-amyloid, NAC Extracellular

Alzheimer's Disease (AD)*

Meurofibrillary tangles/PHFt Intracytoplasmic
Amyotraphic Lateral Sclerosis (ALS) Spheroids/NF subunits Intracytoplasmic
Dementia with Lewy Bodies (DLB)* Lewy Bodies/NF subunits, a-synuclein Intracytoplasmic
Lewy Body Variant Alzheimers Senile Plaques/f-amyloid, NAC Extracellular
Disease (AD + DLB)" Neurofibrillary tangles/PHFz Intracytoplasmic

Lewy Bodies/NF subunits, a-synuclein Intracytoplasmic
Multiple System Atrophy (M5A)® Glial Cell Inclusions/u-synuclein Intracytoplasmic
MNeuronal intranuclear Inclusions/Expanded polyglutamine tracts Intranuclear
inclusion disease
Parkinson's Disease (PD)* Lewy Bodies/NF subunits, a-synuclein Intracytoplasmic
Prion diseases Amyloid plagues/Prion Extracellular
Tauopathies* Meurofibrillary tangles/AD-like P'I;CF'[ Intracytoplasmic

Inclusions/Expanded pﬂlyrglul:amine tracts -, Intranuclear

“Tri-nucleotide r:epeat diseases

Tri-nucleotide repeat diseases Inclusions/Expanded polyglutamine tracts Intranuelear

This table summarizes neurcdegenerative disorders characterized by filamentous brain lesions in the extraceMular Space
or within neurans or glia,

* AD ks a heterogeneous dementing disorder, and ene of several tauapathies. Other tauospathles are: progressive
supranuclear palsy, Pick's Disease, corticobasal degeneration, FTDP-17 and Guam amyotrophic lateral
sclergsis/parkingonism dementia complex,

# Synuclein are implicated in diverse disorders known as synucleinopathies and AD is one as well, (From Trofanowski 1Q,
Goedert M, Iwatsubo T, Lee VM-Y, (1998) Fatal Attraction: Abnormal protein aggregation and neuron death in Parkinson's
disease and Lewy bedy dementia. Celf Death Diff. 5:832-837.)
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1. Introduccion a las enfermedades
neurodegenerativas

Damagiog Processes
Lifetime Occurring Before Neurodegenerative
Influences Symptoms Appear Early Symptoms Diseases"
Tremor
. Memory loss
Am |
1::3 »:‘:;::es Executive function AD Agil;l) PD
Genes Other abnormal PEGUIBAIR PDD
Environment . protein deposits —» _ Movementproblems  __ =y
Systemic Reduced oxygen Gait and balance problems
factors flow to tissues Sleep-wake disorders FTLD
Toxic processes Hallucinations ALS
Delusions
Rigidity

*AD 2 Alzheimer's disedse, AD/PD = AD with parkinsonism, ALS = amyotrophic lateral sclarosis, DLB & dementia with Lawy bodies,
FTLD = frontotemporal 1obar degeneration, VaD = vascular dementia (includes multi-infarct dementia), PD = Parkinson's disedse,

PDD = Parkinson's disease with dementia
Adapted from an Emory Universaty illustration
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1. Introduccion a las enfermedades
neurodegenerativas
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Nutr; encjm dxidative stress Nutr endnica
PD'

(Loss of dopamine producing neurons:
Parkin, PINK1, LRRK2 and DJ-1)
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litochondrial dysfunction |

Front. Aging Neurosci., 21 July 2010

Curso Nutrigenomica y Avanzado }{I‘Si‘rﬁ‘étgﬁmca



1. Introduccion a las enfermedades
neurodegenerativas

Enfemerdad Casos / 100000 hab Poblacion afectada

Alzhbittetf othad E1 1Moo 1 1L 0.5 % INULT I\ p I T HIC G
demencias
Parkinson 315 0.34 % 23.8 M
Esclerosis Multiple 30 0.03 % 2.28 M

Cause category 2005 2030

(%) (%)

Alzheimer and other dementias 0.73 0.81 0.92

Parkinson’s disease 0.18 0.20 023

Multiple sclerogis 0.03 0.03 0.02

Prince et al., 2013; Pringsheim et al., 2014; Trisolini et al., 2010, WHO, 2006
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1. Introduccion a las enfermedades

neurodegenerativas

e Sistema Nervioso
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1. Introduccion a las enfermedades
neurodegenerativas
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2. Bases moleculares de las enfermedades

neurodegenerativas

 Sistema Nervioso
— Divisidon anatdmica
 CENTRAL (encéfalo, cerebelo,

cerebro, tallo encefalico y
médula)

* PERIFERICO (nervios y
neuronas)
— Division funcional
« SOMATICO (acciones
voluntarias)
« AUTONOMO (acciones
involuntarias)
— “Histologia
* NEURONA (Recibir estimulos
y conducir impulsos nerviosos)

* GLIA (Soporte y protecciéon de
las neuronas)

Contact with
other cells AXOn

Cell body

\7 //\ Dendrites
) 1 (Contacted by
<X |\ 7~ other neurons)

AL /
’(’\‘.
A Neuron

(Sizes and Shapes Vary)

Neuroglia
Supporting Cell

Neural Tissue
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2. Bases moleculares de las enfermedades
neurodegenerativas

w Muerte neuronal; apoptosis y autofagia
\ = || W= A
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‘ Estrés oxidativo y alteraciones mitocondriales; proceso de envejecimiento

Neuroexcitotoxicidad; Receptores de glutamato y canales de Calcio.

‘ Neuroinflamacidn; papel de la glia.

Cltoqum as proinflamatorias y chemioquinas en el cerebro; rewptores Tall=like, activacion clasica
y a'ternatlva de la respuesta inflamatoria.

A 1 INJC
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|
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‘ Agregacidn y depdsito de proteinas
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2. Bases moleculares de las enfermedades
neurodegenerativas
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2. Bases moleculares de las enfermedades
neurodegenerativas
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Nature Reviews Neurology 10, 326—336 (2014)
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2. Bases moleculares de las enfermedades
neurodegenerativas

Presynaptic naurcn

- Glial call
lastrocyte)

Mature Reviews | Neuroscience

Nature Reviews Neuroscience 4, 672-684 (August 2003)
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2. Bases moleculares de las enfermedades
neurodegenerativas

| Tnggers -

¢ Infectious microbes
¢ Viral
* Bacterial
¢ Fungal and
protozoal
* Autoimmunity
* Toxins
¢ Environmental
* Disease proteins
and danger signals

ClassucLN L_l L I H

Neurogenic
States of enhanced
neuronal activity
* Noxious stimuli
¢ Psychological stresi
|

° Epnle tif’ieiz“{n e

|

Lp

l Actions

- J

Ouxcomes — |

Homeostatic ' ‘
« Release of gliotransmitters, neurotrophic
factors, cytokines

‘Adaptation. | |\ | HLCl

* Microbe elimination

—p | * Synaptic plasticity
* Vasodilation * Enhanced perfusion
* Phagocytosis * Neuroprotection, repair, regeneration
Maladaptive Dysfunction
¢ Release of pro-inflammatory factors —p | * Hyperexcitability and/or impaired ©
* Plasma extravasation inhibition 4\

* Reduced computational power

f pro-mﬂammatory factors

1S loss of function

ransmltters. neuropep ytid
olecilea ]\

neuroprotectms. resolvms. neumtmph.c' r L)

Resol tion
]m ofinflammatory.

riGendémica

Nature Reviews | Neuroscience

Nature Reviews Neuroscience 4, 672-684 (August 2003)
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2. Bases moleculares de las enfermedades
neurodegenerativas

Lewy neurite

Molecular

@f chaperones ‘
—_—

Native a-syn Misfolded ~ Oligomers Amyloid fibrils
(random coil) . .- proteins (B-pleated sheet)  (B-pleated sheet)
"""" “‘ ,0’
\4 vy
Phagosomes and lysosomes Proteasome
T
N
v . \
Autophagy Y

* Oxidative stress

* Protein sequestration

Oev e Disruption of axonal transport
* Synaptic dysfunction
¢ Inhibition of UPS

Peptides * Mitochondrial dysfunction

Nature Reviews | Neuroscience

Nature Reviews Neuroscience 14, 626—636 (2013)
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2. Bases moleculares de las enfermedades
neurodegenerativas
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Copyright © 2005 Nature Publishing Group
Nature Reviews | Molecular Cell Biology

Nature Reviews Molecular Cell Biology 6, 891-898 (November 2005)
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3. Nutrigendmica y alzheimer

RS B\ Alzheimer
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Seccién del  Seccién del cerebro
cerebro normal con Alzheimer

http://healthcare.utah.edu
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3. Nutrigenomica y alzheimer

_APOE, CLU, -
PICALM, CR1

B-secretasey ' Y y AB oligomer ——— Amyloids
s y-secretase l formation senile plaques
e —>
‘ ,‘ AICD
l:| LTP Synaptic loss and
impairment ™ neuronal death

Nature Genetics 41, 1047 - 1048 (2009)
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3. Nutrigenomica y alzheimer

MLl it 2

A study suggests that having a
greater purpose in life may help limit
the harmful effects of changes in the
brain associated with Alzheimer’s
disease.

Eating a rainbow of fruits and
vegetables has the potential to keep
your brain healthy and protect you
from heart disease and cancer.

With so many options, it's easy to
make leafy greens a more prominent
part of your plate — from side dishes
to entrees.

https://www.nia.nih.gov
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3. Nutrigendmica y alzheimer

* ADAS-cog: cognitive subscale of
the Alzheimer’s Disease
Assessment Scale

* |_CDR: Clinical Dementia Rating

ADAS-cog CDR sum-of boxes

154 54
104
8 8
8 5 8
U] U) 0‘ T T 1
@ @
(o) 0' T T 1 o
c c
@ @
@) @)
=51 [ o Placebo O Placebo
A DHA A DHA
-10- -54
Baseline 6 12 18 Baseline 6 12 18
Months Months
No..of patients
Placebo 164 147 139 127 164 148 137 127
DHA 238 P16 190 173 238 216 191 177

JAMA. 2010;304(17):1903-1911.
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3. Nutrigenomica y alzheimer

A | APOE e4—positive.patients
15+

n

v

o)

(@)

)

(O]

(@)

c

I

®)

51 [o Placebo
A
Ty DHA
Baseline 6 [ 18
Months
No. of patients

Placebo 95 89 84 78
DHA 137 126 115 106

Change Scores

51 [o Placebo
_1 O Sl

B |/ APOE e4-negative patients

A DHA
Baseline 6 12 18
Months
66 57 54 48
91 83 69 61

JAMA. 2010;304(17):1903-1911.
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3. Nutrigendmica y alzheimer

caprylic triglyceride

statins

DHA
Receptor binding Lipid binding
1 136 150 167 206 24|4 2?2 299
.-
Hinge
Helix 1 Helix 2 Helix 3 Helix 4

Isoform-specific Alleie L ILY
- _imuno acid difference frequen .
HE?T-'.._{_. 158 General ix,i_@- |

Apo-E2 Cys Cys 8.4 3.9

Apo-E3 Cys Arg 77.9 59.4

Apo-E4 Arg Arg 13.7 36.7

Nature Reviews Neurology 9, 106-118 (February 2013)
Instituto<z<
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4. Nutrigenomica y parkinson

EDS=excessive daytime sleepiness.
MCl=mild cognitive impairment.
RBD=REM'sleep behaviour disorder.

4 Pre-motor/prodromal period Parkinson’s dlsulgugtistsllg |t‘[ II
Early Advanced/late
Complications
2
fg Fluctuations
= Motor
(o]
¢
g
Bradykinesia
Rigidity _ )
Tremor
EDS Pain Urinary symptoms B mOtaE
Hyposmia Fatigue Orthostatic hypot sion -
) Constiphsian {_J RED  Depression M emepen | ||| LO)
I T I L] 1
=20 =10 0 10 20
Time (years)

The Lancet, Vol. 386, No. 9996, p896—-912, 29 August 2015
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4. Nutrigenomica y parkinson

Parkinsons Disease

Non-Parkinson's

red nucleus

cerebral aqueduct

= Substantia Nigra
Parkinson's

uperior colliculus

en.wikipedia.org
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4. Nutrigenomica y parkinson

Environmental risk factors Genetic risk factors

Decreased risk (OR <1)
Tobacco smoking: Decreased risk (OR <1)
Coffee drinking SNCA GCH1
AID use | M
CAb o lckeriad Aﬁﬁl%&tﬂgémﬁ SCARB?

Wigle=iatelan) waedt |01 1C e

ACMSD- TMEM163

The Lancet, Vol. 386, No. 9996, p896—-912, 29 August 2015
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4. Nutrigendmica y parkinson

a-synuclein

= Localized to mitochondria under certain conditions
= InCreased reactive oxygen species

» Decreased complex | function

Mitochondrion .

S

PINK1 Q Electron transport chain

« Serine-threonine kinase = Acquired deletions impair function
» Protects against oxidative stress = Source of reactive oxygen species
» Mitochondrial fission '

(together with Parkin) .

" (v €D
= Oxidative stress sensor LRRK2

= Relocates to mitochondria when « Serine-threonine

oxidative stress increases | Kinase = 1/
» Interacts with Parkin
HTRA2 ' C Parkin
= Serine protease = Partial mitochondria localization
» Mitochondrial biogenesis and fission
(together with PINK1)

= E3 ligase in ubiquitin-proteasomal system
= Reduces oxidative stress

Nature Clinical Practice Neurology (2008) 4, 600-609
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4. Nutrigendmica y parkinson

MAOQ inhibitors

Deaminated
products

DA autoreceptor

DA agonists

COMT inhibitors
DAR  COMT \—

Hindawi, Vol. 2012 (2012)
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4. Nutrigendmica y parkinson

7- Dehydrocholesterol

Diet —————— Vtamln Dy

’(f | !W

I ‘W—— Solar UVB radiation

Vascular cells 25(0H)Dg Breast,
colon,
2 / prostate
cells
'"’-M\ ‘ ‘
muscie cell proliferation
Reduces Inflammation
Parathyroid
gland Inhibits clonal
/ (! LA t Doamndn
Loade| g
gel/ 1,25(0H),D, Macrophages
W Monocytes
Decreases PTH
synthesis and release
e -
Heart
" Increases microbicidal activity
f f: \ Induces differentiation
Q in immune cells
Red Blood
Decreases LVH. Cells
Bone
Intestine
! Pancreas
"i I ®
i 5 'g? ':9 > Improves hemotopoiesis
Increases bone - Increases insulin
Inaadam osteoclastic of calcium and

Vitamin D receptor polymorphisms and Parkinsen's disease in a Korean population: Revisited.
Kang SY, Park S, Oh E, Park J, Youn J, Kim JS, Kim JU, Jang W.
Meurosci Lett. 2016 Aug 15,628:230-5. doi: 10.1016/.neulet.2016.06.041. Epub 2016 Jun 21.

PMID: 27345382
Similar articles

Serum 25-hydroxyvitamin D concentrations in Mid-adulthood and Parkinson's disease risk
Shrestha 5, Lutsey PL, Alonso A, Huang X, Mosley TH Jr, Chen H.

Mov Disord. 2016 Jul;31(7):972-8. doi: 10.1002/mds.26573. Epub 2016 Apr 19.

PMID: 27090608

Similar articles

DNA variants in CACNA1C modify Parkinson disease risk only when vitamin D level is deficient.
Wang L, Maldonado L, Beecham GW, Martin ER, Evatt ML, Ritchie JC, Haines JL, Zabetian CP,
Payami H, Pericak-Vance MA, Vance JM, Scott WKL

Meurol Genet. 2016 Apr 12;,2(3)e72. doi: 10.1212/MNXG.0000000000000072. eCollection 2016 Jun.

PMID: 27123490  Free PMC Article

Similar articles

Vitamin D=sub=3</sub> transactivates the zinc and manganese transporter SLC30A10 via the
Vitamin D receptor.
Claro da Silva T, Hiller C, Gai Z, Kullak-Ublick GA.

J Steroid Biochem Mal Biol. 2016 Apr 20. pii: S0960-0760(16)30102-9. doi: 10.1016/.jsbmb.2016.04.006. [Epub
ahead of prin]

PMID: 27107558  Free Article
Similar articles

Motor neuron-like NSC-34 cells as a new model for the study of vitamin D metabolism in the brain.
Almokhtar M, Wikvall K. Ubhayasekera SJ. Bergquist J. Norlin M.
J Steroid Biochem Mol Biol. 2016 Apr;158:178-88. doi: 10.1016/.j5bmb.2015.12.010. Epub 2015 Dec 15.

PMID: 26704532
Similar articles

Nutrition and Inflammation in ©lder Individuals: Focus on Vitamin D. n-3 Polyunsaturated Fatty Acids
and Whey Profeins.

Ticinesi A, Meschi T, Lauretani F, Felis G, Franchi F, Pedrolli C, Barichella M, Benati G, Di Nuzzo S,
Ceda GP, Magagio M.

Mutrients. 2016 Mar 29;8(4):186. doi: 10.3390/nu8040186. Review.

PMID: 27043616  Free PMC Article

American Journal of Physiology - Renal Physiology Dec 2009, 297 (6) F1502-F1509
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5. Nutrigendmica y esclerosis multiple

Vaina de mielina

.
T ol
ar -

% -.H' -

Main symptoms of

Multlple scler03|s

Central: ——:—-:—-r—-—k-r—:—-:ﬂ———vQ—' '

- Fatlgueﬁ Visual: >

- Cognmve 11 Hystqgmui )
impaiment - Optic helilritis‘

- Depression - Diplopia

- Anxiety

- Unstable mood

Speech:
- Dysarthria
Throat
- Dysphagia
Musculoskeletal:—
- Weakness
- Spasms
- Ataxia

Sensation:
-Pan
- Hypoesthesnas
- Paaesthesuas

Bowel =
Incomlnence
- Dlarrhea. or E
constlpatlon 1

Urinary:
- Incontinence
- Frequency or

retertion
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5. Nutrigendmica y esclerosis multiple
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Nature Genetics 47, 1107-1113 (2015)
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5. Nutrigendmica y esclerosis multiple

0 000 @

WHO Atlas: Multiple Sclerosis Resources in the World 2008
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5. Nutrigendémica y esclerosis multiple

o)
oy

p=0.004 p=0.015

15+ < 151
® =
2 X’
5 5

2 104 & 104
g
: g
L] x

3 54 3 59
E
© |

< o 2 o

Before Treatment After Treatment Before Treatment After Treatment
Total MS patients
Int Immunopharmacol. 2015 Sep;28(1):414-9
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5. Nutrigendmica y esclerosis multiple

Bone marrow Gut Elsewhere in body
Thymus (e.g. Brain)

|(Dietary or bacteria-derived fatty acids)|

MCFAs and LCFAs
(p38 MAPK)

Naive
CD4+ Th1 (IFN-Y)

T cell ' ‘ Th1

( _)( TM7(L-17A)  —4> > ‘ Treg
g \ i ( Th17

‘ Treg (IL-10) Promotion of inflammation

Naive Exacerbation of autoimmunity
CD4+ —

T cell SCFAs
lipin2-JIP2

Nae ‘ Th1 (IFNY)
T cell | t -
( Th17 (IL-17A) —_)‘E_ 155 >
i G i

3
N, [ v
~ Treg (IL-10) Suppression of inflammation

Amelioration of autoimmunity

= -

Immunity. 2015 Oct 20;43(4):817-29 y Nat Rev Immunol. 2015 Dec;15(12):726-7

Curso Nutrigenomica y Avanzado IGSE}E%S%%E



