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Siglo XVIII Siglo XX

Dos “jovenes de 50 anos”

Carlos IV de Espaia (1798) Pierce Brosnan (2008)



Piramide de poblacion en la Unidon Europea (27 paises), ano 2025
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Union Europea (27 paises) Poblacion total y adultos mayores en 2000, 2008, 2025 y 2050
2000 2008 2025 2050

POBLACION TOTAL
Total 482.760.665 495.394.020 517.810.844 515.303.488
Hombres 235.080.335 241845 000 253 876528 253.363.762
Mujeres 247 680.330 253.545.020 263934316 261939726
Hombres % 48, 7% 48 8% 49,0% 49 7%
Muiers _ 51,3% 51.7% 51,0% 50, 8%
Total 100.946.181 111.490.629 146.798.439 181.420.615
Hombres 42 528.674 48113 311 65.744 892 83.196.635
Lniers 2 ] 5 R 21 [ / i
Hombres % 42 1% 43 7% A4 8%, 45 9%,
Mujeres % 57,9% 56,8% 55,2% 54 1%




scuando viviremos
hasta los 100 anos?

2030 = 85 afos varones
90 aflos mujeres

Ritmo de crecimiento = de 4 cada 20 anos mujeres
de 5 anos cada 20 anos varones

100 anos de vida = 2070 mujeres
2090 varones



CEREBRO: MOTOR NUESTRO CUERPO
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White Matter Valume

Clinica y Exp

28-year-old
male

Cerebrum White Matter Volume on Age
Cubic Regressicn without imeraction

Gray Matter Valume

male

Cearabrum Gray Matter Volume on Age
Limear Regression without inberaction




DE LOS MOVIMIENTOS ANORMALES = A LA DEMENCIA

DE LOS SINTOMAS MOTORES = A LOS COGNITIVOS

Trastornos del
Movimiento

Demencias
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Parkinsonismo y demencia:
el factor tiempo

Curso de la enfermedad

1 ano 1-2 afnos ~ 10 anos
=
Demencia Parkinsonismos Demencia Demencia

|

DLB PDD PD




Enfermedad de Parkinson
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Es una entidad clinica Parkinsonrs sease

Lancet 2009: 373: 2055-66

Andrew | Lees, John Hardy, Tamas Revesz
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Parkinson’s disease

Lancet 2009: 373: 2055-66

Andrew ] Lees, John Hardy, Tamas Revesz

Queen Square brain bank clinical diagnostic criteria

Step 1 Diagnosis of parkinsonian syndrome
|Eradikin25ia|{sinwness of initiation of voluntary movement
with progressive reduction in speed and amplitude or
repetitive actions)

And at least one of the following:
"« Muscular rigidity

« 4-6 Hz rest tremor

+ Postural instability hot caused by primary visual,

vestibular, cerebellar, or proprioceptive dysfunction




PACIENTE DE 64 ANOS




PACIENTE DE 44 ANOS
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Es una enfermedad sistémica

Healthy neurons

Genatic vulnarability pa Ca

N C "S-
Substantia nigra hyperachogenicity ,1(! nso n hr}_fcaf

Autonomnic dysfunction

Depression Death
Oifactory dysfunction Motor signs
REM sleep behavior disorder = non motor signs

Slight motor signs
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Maria-Trinidad Herrero Ezquerro. Facultad de Medicina. Universitat Jaume I. 2013
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Muerte neuronal dopaminérgica



Degeneracion de neuronas dopaminérgicas:
MASIVA pero HETEROGENEA

Distribution of dopaminergic neurons
in control and PD midbrain
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Maria-Trinidad Herrero Ezquerro. Facultad de Medicina. Universitat Jaume I. 2013



Sir William Richard Gowers
neurologist, researcher & artist

Prof. Gowers drew this illustration in 1886 as part of his documentation of Parkinson's Disease
The image appeared in his book, A Manual of diseases of the Nervous System, still used
today by medical professionals as a primary reference for this disease.
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SECTION EDITOR: DAVID E, PLEASURE, MD

Preclinical Biomarkers of Parkinson Disease

Yuncheng Wu, MD, FhD; Weidong Le, MD, PhD; Joseph Jankovic, MD

Preclinical PD Clinical PD

Prenatal stage | Presymplomatic stage Premotor stage Possible PD Confirmed PD

Genetic and/or ﬂrologmalprocesa Olfactory dysfunction, sleep disturbances, | Partial motor symptoms | Classic motor symptoms
environmental mood changes, dysautonomia

factor Early neuroclegenéTatNe g -___,.._----—-""”
B and compensatory Otfier ionmotor symptoms: A

changes apathy, fa@ueMﬁF”""- =

= == disErimination, restless legs

Abnormal imaging and possible
blood and CSF markers

Dopaminergic neurons

Time

+ Dopaminergic neurons === Clinical rating
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Maria-Trinidad Herrero Ezquerro. Facultad de Medicina. Universidad de Murcia.



CUERPOS DE LEWY

a-sinucleina
Sinfilina-1
(Wakabayashi et al, 2002)
Ubicuitina
TAU no fosforilada
a y B-cristalina

ay B-tubulina
i
e
. \
A ‘ -
- 2 "

Maria-Trinidad Herrero Ezquerro. Facultad de Medicina. Universidad de Murcia.



Progresion de la muerte neuronal

Progression of PD-related intraneuronal pathology

MUERTE NEURONAL

(Braak et al, 2003)

Estereotipada

Temporo-espacial

PD-stages
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Ageing, neurodegeneration and Parkinson’s
disease JOHN V. HINDLE Age and Ageing 2010; 39: 156—16|

Key points

The mechanisms of ageing and neurndegeneraﬁnn are
inter-related.

Ageing 1s the single most significant factor influencing

the clinical presentation, course and progression of PD.

Age-related changes 1n cellular function and a reducec
compensatory capacity predispose to the pathogenesis
of PD.

The formation of Lewy bodies may represent a marker
of protective mechanisms against age-related degener-
ation of the nervous system.

PD is one of the best examples of an age-related disease.




Gillerto Levy, MD, MS

The Relationship of Parkinson Disease With Aging

Arch Neurol. 2007;64(9):1242-1246

Age, y

Al PD Aging
SNc (DA) SNec (DA)-
LC (NA) LC (NA)-
RN (5-HT) RN (5-HT)-
PPN (ACh){ PPN (ACh)-
NBM (ACh) NBM (ACh)-
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Age, y Age, y
PD-+aging (additive) @ PD-+aging (interaction)
SNc (DA) SNc (DA)
LC (NA) LC (NA){
RN (5-HT)- RN (5-HT){
PPN (ACh) PPN (ACh){
NBM (ACh)- NBM (ACh)
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Maria-Trinidad Herrero Ezquerro. Facultad de Medicina. Universidad de Murcia.




Acta Neuropathol (2008) 115:409-415
The progression of pathology in longitudinally followed patients
with Parkinson’s disease

Gilenda Halliday - Mariese Hely - Wavne Reid
Juhn Morris

Caose details for patients at dilferent times during the Sydney Multicenter Study of PD
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The proaression of pathology in Parkinson’s disease

Glenda Margaret Halliday and Heather McCann
Ann. N.Y. Acad. Sci. ISSN 0077-8923

PDD

DLB

preclinical

age (years)] 55 60 65 70 75 80



The proaression of pathology in Parkinson’s disease
Glenda Margaret Halliday and Heather McCann
Ann. N.Y. Acad. Sci. ISSN 0077-8923

bodies. PDD phenotype: an older-onset group with shorter disease durations and dementia by midstage disease have
greater amounts of cortical Lewy bodies early in their disease and some coexisting Alzheimer’s disease pathology
appearing with the onset of dementia. DLB phenotype: a dominant dementia syndrome with severe cortical Lewy

body loads often with coexisting Alzheimer’s disease pathology, which must occur early in the disease process due to
their short disease durations and early onset of dementia.

for more autopsy studies assessing closely followed
cases over defined epochs is vital to elucidating the

true progression of pathology in PD and any con-

tributing factors such as age, disease duration, and
coexisting illnesses.

EDAD, DURACION DE LA ENFERMEDAD

Y OTRAS ENFERMEDADES COEXISTENTES



doi:10.1093 /brainfawml42 Brain (2007), 130, 21232128

Patterns of levodopa response in Parkinsons disease:

a clinico-pathological study

P A. I(empster,l'2 D. R. Williams,"* M. Selikhova, ). Holton, T. Revesz' and A. ). Lees'
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Preclinical PD Clinical PD

E Prenatal stage | Presymptomatic stage Premotor stage Possible PD Confirmed PD
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Maria-Trinidad Herrero Ezquerro. Facultad de Medicina. Universitat Jaume I. 2013



Evidencia In vivo del aumento de microglia
(PET-Scan PK11195)

Microglial Activation and Dopamine
Terminal Loss in Early Parkinson’s Disease

‘:'.Hur_\rni Ouchi, \.{I]' PhD.! Ersuji Yoshi IL. a H—k Y h wto Sekine, MD, PhD,'*
Masami Futatsubashi, BA,? Toshihike Kanno, RT,'! Tomomi Ogusu, MA, * Tatsuo Torizuka, MD, PhD’

Ann Neurol 2005:57:168-175

Control

* Correlation negativa con la
Inervacion dopaminérgica
estriatal.

* Correlacidon positiva con los
sintomas motores contralaterales.




@NICE 75:rned HLA-DR susceptibilidad
genética en rastreo del genoma

nature Received 9 March; accepted 15 July; published onling 15 August 2010; doi:10.1038/ng.642

genetlcs

Common genetic variation in the HLA region is associated
with late-onset sporadic Parkinson’s disease

Taye H Hamza!, Cyrus P Zabetian?3, Albert Tenesa*, Alain Laederach?!, Jennifer Montimurro!, Dora Yearout!-3,
Denise M Kay!, Kimberly F Doheny?, Justin Paschall®, Elizabeth Pugh?, Victoria I Kusel!, Randall Collura?,
John Roberts?, Alida Griffith®, Ali Samii®, William K Scott?, John Nutt!?, Stewart A Factor!! & Haydeh Payami!

Genome wide associaton studies: genetic susceptibility factors

12

SNCA rs356220

9
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Figure 1 Genome-wide association Pvalues. The Manhattan plot shows the P values for association of
811,597 SNPs with Parkinson’s disease. SNPs that surpassed genome-wide significance (P< 5 x 10-8)
were on chromosomes 4 (SNCA region) and 6 (HLA-DRA). SNCA was known to be associated with Parkinson’s
disease; however, the association with HLA was not previously known. The other known Parkinson’s
disease—associated region is on chromosome 17 (MAPT region), which replicated at P=1.3 x 10-5.
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Raceived 9 March; accepted 15 July: published onlina 15 August 2010: doi:10.1038/ng.642

g‘agcilmetics
Common genetic variation in the HLA region is associated
with late-onset sporadic Parkinson’s disease

Taye H Hamza!, Cyrus P Zabetian®3, Albert Tenesa®, Alain Laederach!, Jennifer Montimurro!, Dora Yearout!-3,
Denise M Kay!, Kimberly F Doheny?, Justin Paschall®, Elizabeth Pugh?, Victoria I Kusel!, Randall Collura’,
John Roberts”, Alida Griffith8, Ali Samii>3, William K Scott®, John Nutt!?, Stewart A Factor!! & Haydeh Payami!

The brains of individuals with Parkinson’s disease show
upregulation of DR antigens and the presence of DR-positive
reactive microglia'2, and nonsteroidal anti-inflammatory drugs
reduce Parkinson’s disease risk*13, The genetic association

with HLA supports the involvement of the immune system in
Parkinson’s disease and offers new targets for drug development.
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McGeer et al., Neurology 1988

Maria-Trinidad Herrero Ezquerro. Facultad de Medicina. Universitat Jaume I. 2013
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Estudios post-mortem en pacientes con PD o con AD

presentaban astroglia activa
en las areas de mayor muerte neuronal

Forno et al., Prog Brain Res. 1992;
Yamaguchi et al., Acta Neuropathologica. 1987

Maria-Trinidad Herrero Ezquerro. Facultad de Medicina. Universitat Jaume I. 2013



TH: Dopaminergic neurons

Iba-1: Microglia
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Modelo de parkinsonismo cronico en monos

Sindrome Parkinsoniano + Muerte Neuronal

Control

Control

Parkinsonian
Parkinsonian
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La intoxicacion crdénica con MPTP induce una pérdida neuronal
dopaminérgica persistente y progresiva en la sustancia negra,

y de sus proyecciones al estriado
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Microgliay astroglia activas anos
despueées de la ultima dosis de
MPTP

PERO...
los monos estaban
tratados con levodopa

McGeer et al., Ann Neurol. 2003
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Monos parkinsonizados cronicamente

Microglia activa 1 ailo después de la ultima dosis de MPTP
y sin tratamiento con levodopa

T gk AL
ARy

Maria-Trinidad Herrero Ezquerro. Facultad de Medicina. Universitat Jaume |I. 2013
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Parkinsonismo cronico
en monos MPTP

A

Iba-1 HLADR

Control

3
LL
O
Activacion persiste afios B [1Control [ Asymptomatic [l Parkinsonian
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Maria-Trinidad Herrero Ezquerro. Facultad de Medicina. Universitat Jaume I. 2013
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Parkinsonismo cronico
en monos MPTP

Activacion persiste afos
después de la Gltima dosis de
MPTP

Aumenta el tamano
y el numero de ramificaciones

Q Primary Branches

[ ] Secondary Branches

Number of processes

Number of processes

16
14
12 |
10 |

Control

Asympt
Park




=\ °
[y of PR
BINICE 7. ned

cPorquéy como
continta activa la microglia?
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Las candidatas son
las CITOQUINAS

TNF-a e IFN-y

Serum levels of TNF-a & IFN-yincrease in PD patients
(Mogi et al., 1994, Mount et al., 2007)

IFN-y KO mice are protected against MPTP
(Mount et al., 2007)

TNF-o and TNF-oR KO mice are less sensitive to MPTP
(Ferger et al., 2004; McCoy et al., 2006; Sriram et al., 2006)
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TNF-ao aumentado en monos parkinsonianos

Control Asymptomatic Parkinsonian Clcu. Easymp. IlPark

D TNF-oo DAPI Iba-1 DAPI  MERGE

w
o

N
a1
*

N
o

IR
(63}

TNF-a Cells

(Density of cells by 100 mm?3)

=
o

o

O
15)

_ o~ o~ ~ ~ O 1
o N o o — —
e 8 b d e 2 <o
— N (92] < o © N~ X
8 8 8 8 8 8 8 &
z z z z 2z Z 5 Human
wn o » » ®» O TNFa

Z
e L | B
12 kDa=—
oo R > -/

TNF-o DAPI GFAP DAPI  MERGE




N CE “tormed

ncia Clinica y Experimental

IFN-y aumentado en monos parkinsonianos
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fca y Experimenta,

El receptor de IFN-yse expresa en microgliay astroglia

IFN-YR GFAP MERGE/DAPI
: -y ey T RS
%D,
)
=
Q DS g
@)
b
N
<
IFN-YR/DAPI Iba-1/DAPI
D TN
b
= |
=




/7N ° .
EINICE 7. med

El receptor de IFN-yse expresa en microgliay astroglia

Microglia

Astrocito



r@‘

NiCE d
% ne
Neurociencia Clinica y Experimental

La senal de IFN—y aumenta en los monos parkinsonianos
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¢,Cual es el papel de IFN-yy TNF-a
en la activacion glial?

Citation: Cell Death and Disase (@0111 2, wl4d; doiz 101038/ 08dis. 201 1.17
£ 2011 Macrllan Pubishers Limied Al ights esanaed 204 1- 4829711

WWW_Ratue. comycd dis

IFN-y signaling, with the synergistic contribution of
TNF-2, mediates cell specific microglial and astroglial
activation in experimental models of Parkinson’s
disease

C Barcia'®, CM Ros'?, V Annese'*, A Gomez'*, F Ros-Bernal'®, D Aguado-Yera'®, ME Martinez-Pagén', V de Pablos'®,
E Fernandez-Villalba"® and MT Herrero™'2
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Microalia

‘ ¢Cual es el papel de la microglia
.2 en la enfermedad de Parkinson?



Activacion especifica de microgll'a en ratones parkinsonizados
lba-1 MERGE

Iba-1 TH/Iba-1 DAPI/TH/Iba-

MPTP Control

MPTP




TH: Dopaminergic neurons
Iba-1: Microglia
DAPI: Nuclei




TH: Dopaminergic neurons

DAPI: Nuclei
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¢ Es que la microglia hace contactos
con las neuronas dopaminérgicas?

¢, Y aumentan despues del tratamiento con MPTP?

[FIC REPORTS | 2:809 | DOI: 10.1038/5rep00809

ROCK/Cdc42-mediated microglial
motility and gliapse formation lead to
. phagocylosis of degenerating
«. dopaminergic neurons in vivo

Wriie

£ Corked Bordic' Y, Corman b Roa' !, Volentn Bear’ L, Morks Angeies Corville-dde Sourege',
Frorcace RovBernal ', Aorom Gomat ', Jow Enncue Yuile' -, Camen Marka Compuiiong’, Vicenls da
Frolla | Feilors Ferrondes Villabe & Moo Trrsdod Hesrerm' !
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S| =»24 h después de la intoxicacion con MPTP
Aumentan los contactos entre las neuronas y la microglia
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2 Y en el parkinsonismo cronico?

SCIENTIFIC REPORTS | 2: 809 | DOI: 10.1038/5rep00809

@ ROCK/Cdc42-mediated microglial
motility and gliapse formation lead to

SURECT AREAS

. phagocylosis of degenerating
s dOpAMInergic neurons in vivo

i
FARKRIRONS DAL Coarles Borcia'*, Carmen Meria Rea' !, Valenting Assne’ 2, Matie Angeler Cornille-de Souvage' 2,
Fronciice RovBermal*, Aorom Gamar', o Ennique Yuiss' £, Carmen Moria Computong!, Vicenis da
Poldo' 7, fmilene Fernondes-vilkdbs ™' & Mario Tresdod Hesmer '/
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GLIAPSIS: contactos microglia-neurona

Gliapse 1




GLIAPSIS: contactos microglia-neurona
preceden a la muerte neuronal y fagocitosis
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¢, Se polariza la microglia?

¢,Por que?



Después de la intoxicacion con MPTP
se produce fagocitosis
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Después de la intoxicacion con MPTP
se produce fagocitosis

TH/ [DAPI
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Para fagocitar neuronas,

la microglia debe polarizarse

RhO Kinase

—

.Y si blogueamos la polarizacion?
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Gliapse 1

Gliapse 2

oo

Gliapse 3
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5 12:809 | DOI: 10.1038/srep00809

@ ROCK/Cdc42-mediated microglial
motility and gliapse formation lead to
phagocytosis of degenerating
dopaminergic neurons in vivo

Cisrken Bareia' 4, Camen Maria Ko’ |, Videnting &eeme 2, Merti Angeim Corsilieda Sourrm
Fronccs oy -Bernal ¥, Aarora Gedmaz , Jows Envcue Tusse' £, Carmen Moria Compuzons’, Vicerin da
okl *, fmilore Formordes Vil © & Marin Trimided Hermers

SURECT AREAS

ROCK media:

Gliapse1 CJ

1. la motilidad de la Microglia
2. la formacion de Gliapsis
3. la fagocitosis
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Saline %

MPTP
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Efecto de un inhibidor
de ROCK

Tratar con Fasudil
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Fasudil (HA-1077 / inhibidor de ROCK)
disminuye el nimero de GLIAPSIS
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Fasudil (HA-1077 / inhibidor de ROCK) previene
la muerte de neuronas dopaminérgicas tras intoxicacion con MPTP
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Maria-Trinidad Herrero Ezquerro. Facultad de Medicina. Universitat Jaume I. 2013
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1. La microglia se polariza hacia las neuronas dopaminérgicas tras el
tratamiento con MPTP por un mecanismo dependiente de ROCK.

1. Tras el tratamiento con MPTP la polarizacion microglial aumenta la
formacion de contactos glia-neurona (gliapsis) que preceden a la
muerte neuronal dopaminérgica.

1. Las neuronas dopaminérgicas danadas son fagocitadas por células
microgliales.

1. El tratamiento con Fasudil inhibe la polarizacion y la muerte
dopaminérgica.

1. Esta estrategia podria ser beneficiosa para mantener las neuronas
dopaminérgicas en la enfermedad de Parkinson y prevenir efectos
deletéreos asociados a envejecimiento cerebral fisiologico.
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Nunca olvidamos que nosotros trabajamos por los pacientes,
para mejorar su calidad de vida

La esperanza tiene formas redondeadas
Tremendos laberintos entre nueve letras
Un sinfin de contrariedades

Y vueltas al punto placentero

Jose Maria Delgado Garcia
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