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“Presente y futuro del tratamiento
de enfermedades
neurodegenerativas basado en las
células madre mesenquimales”

Dr. Francisco J. Vizoso
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ENFERMEDADES HUERFANAS

En torno al 40% de la poblacidon padecera en
algun momento de su vida una enfermedad
que va a implicar proceso inflamatorio o
autoinmune no controlable
satisfactoriamente con las terapias actuales y
la pérdida de tejido
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Ejemplos del impacto enfermedades en el mundo en

2020

* El numero de pacientes con diabetes se estima en 537 millones.

 Laincidencia global cancer se situa en torno a 19,3 millones con resultado de 10
millones de muertes.

* Elglaucoma, una enfermedad que causa ceguera irreversible, afecta a mas de 70
millones de personas.

* Elnumero de pacientes con osteo-artritis se estima en mas de 300 millones.

 Lademencia, incluyendo a la enfermedad de Alzheimer, afecta actualmente a 50
millones de personas en el mundo. Segun la Organizaciéon Muldial de la Salud, se espera
gue ese numero se cuadruplique en 2050.
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Capacidad regenerativa del
Alojote mejicano
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Figura 1: Numero y proporcién de
personas adultas mayores a nivel global
2015, 2030, 2050

Namero de personas
de 60+ afios

2,092m
Nimero de personas

de 60+ afos
O
Nimero de personas 1’4021“' 2 1 ' 5 /o

de 60+ afios 16 5 n/ de la poblacién
901m o 0 total mundial
0 de la poblacién
12.3 /ﬂ total mundial
de la poblacidn
total mundial

2030

2015 Fuente: UNDESA Division de la poblacidn, World population
prospects: the 2015 revision (“Perspectivas de la poblacidn
mundial: revigion de 20157), edicion de DVD, 2015
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Un mundo dependiente

% de poblacién anciana sobre la poblaciéon en edad de trabajar

(>65 ano; s o (15-64 anos)
- ‘33;_?" 3 -

o 2

B 25-30%

B 15-25%
~ 10-15% .
B 5-10% ""3 -
I <s%
1o
Paises mds envejecidos:
Japén @ 1 45%
Italia ﬁ 2 36%
Finlandia b 3 34%
Portugal - 4
Alemania = 5 32,7%
Bulgaria - 6
Suecia == 7 31.9%
Francia u 8 31.7%
Grecia % 9 31,2%
Dinamarca =.= 10 30,8%
Cartogrdfia:
Abel Gil Lobo (2018)
Fuente:

Banco Mundial (2017)
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Procesos asouados aI enveleumlento
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* Vulnerabilidad fisiologica.

* Incremento exponencial de enfermedades degenerativas cronicas
(Neurodegenerativas —Enfermedades de Alzheimer y Parkinson-,
Cardiovasculares —Infarto de miocardio, hipertension y arterioesclerosis-,
Diabetes, Cancer, Osteoporosis, Osteo-artritis).

* Mayor suceptibilidad a las infecciones graves.
* Polifarmacia (riesgo de interacciones y efectos adversos).

e Disminucion e la calidad de vida.
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www.diariomedico.com
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¢, Qué es una célula madre?

Que son las Células Madre?

Es una célula con:
» Capacidad de dividirse

= replicarse ella misma, 0...

indefinidamente. Una sola célula puede \

(Larga viabilidad en cultivo) u\t

» Capacidad de renovar su poblacion. < A N

» Capacidad de diferenciarse a ‘ﬁx

distintos tipos en lo morfoldgico y Oeeess e fyos
ulas

funcional.

Www.areaciencias.com
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TIPO DE CELULAS MADRE:
VENTAJAS Y LIMITACIONES

-EMBRIONARIAS
-TRANSFERENCIA CELULAR
-IPS

-DEL ADULTO
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Células madre embrionarias

Dia 0 Dia 3 Trompas Dia7 Previoa
Fecundacion Implantacién

Zigoto Morula Blastocisto
(6vulo fecundado) (varios Blastdmeros)  (masa celular interna)

Unica Célula Masa Masa Celular
Totipotente Celular Pluripotente

Totipotente
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Células madre embrionarias

Alta proliferacion
Pluripotentes
No-autdlogos
Tumorigénicas

Problemas éticos
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Células Madre obtenidas mediante la Técnica de
Transferencia Nuclear

*A un ovulo se le retira su ADN del
nucleo y se le incorpora el de una
célula adulta

*Se desarrolla un embridn

*En la fase de morula se obtienen
células madre que se pueden
diferenciar a diferentes tipos de
células
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Zhong Zhong y Hua Hua
Instituto de Neurociencia de la Acad
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Células iPS

Células adultas

(fibroblastos)
OCT4 OCT4
Introduccién de SOX2 SOX2
genes o factores KLF4 NANOG
transformantes

(c-Myc) Lin28

Reparacion génica
por recombinacion
’ homédloga

Células iPS

Diferenciacion

4
Transpl}‘

celular

Busqueda de medicamentos en
lineas celulares cultivadas o estudio
de lineas celulares patoldgicas.

Revista Clinica Espafiola

Volume 217, Issue 1, January—February 2017.

p30-4
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CELULAS MADRE MESENQUIMALES

e
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Células Mesenquimales
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Cortical bone
Spongy bone

Marrow

Wikimedia commons

Cord Stem Cells bar;k'fng



m jntegrando la

[aznemer)

nnovacion

Immunity Anti-microbial
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Mesenchymal Stem Cells in Homeostasis and
Systemic Diseases: Hypothesis, Evidences, and
Therapeutic Opportunities
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MSC totalmente funcionales

LESION

\ SENALES DE ALARMA
@ MSC

CELULAS SOMATICAS @

RESPUESTA ADECUADA PARA
RESTABLECER HOMEOSTASIA
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LESION

MSC Agotadas / En nimero reducido

\ SENALES DE ALARMA

CELULAS SOMATICAS

D

RESPUESTA INSUFICIENTE
PARA RESTABLECER
HOMEOSTASIA

MSC AGOTADAS
O
NUMERO REDUCIDO
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MSC Disfuncionales / Envejecidas

LESION

\ SENALES DE ALARMA

MSC DISFUNCIONALES
O
ENVEJECIDAS

CELULAS SOMATICAS
*
* u IX

RESPUESTA INADECUADA PARA
RESTABLECER HOMEOSTASIA
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Disfuncion de Células Madre Mesenquimales en
Enfermedades Sistémicas

* Lupus

 Diabetes

* Esclerosis Multiple

* Fibrosis Pulmonar Idiopatica
e Artritis Reumatoide
 Enfermedad de Parkinson

e Esclerosis Lateral Amiotrofica
* Psoriasis

e Sindromes Mielodisplasicos
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Ensayos clinicos fase lll con células madre
mesenquimales con resultados positivos

Enfermedad del injerto contra el huésped
Lupus

Infarto de miocardio

Cirrosis hepatica

Enfermedad de Crohn

Diabetes

Esclerosis multiple



m integrando la
&3 Innovacién

Células madre mesenquimales del cérvix uterino

Espéculo uterir

hUCESC: human Uterine Cervical Stem Cells
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TERAPIA CELULAR CON CELULAS MADRE
MESENQUIMALES

Células madre adultas

Hasta el momento se han identificado células madre

adultas en higado, médula osea, tejido muscular,
0jos, huesos, intestino, grasa y sistema nervioso.
CARTILAGE
2
A ; Se inyectan directamente
en la zona a tratar
: 3
MUSCLES L
P
Se extraen del propio paciente y se
aislan en el laboratorio.
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Dificultades de la terapia celular

* Método de aislamiento invasivo.

* Dificultad de cultivar y de crecer en cantidades
suficientes.

* Incompatibilidad inmunoldgica.

* Formacion de tumores.

* Formacion de émbolos.

* Posible transmision de infecciones.

* Entrada de las células senescencia durante los
cultivos.

* Evaluacion de seguridad, dosis y potencia?

(Vizoso y cols, Int J Mol Sci 2017; Vizoso y cols., Int J Mol Sci 2019)

Dificultad de lograr condiciones adecuadas de
almacenamiento.

Elevado coste econdmico.

Uso clinico poco practico.

Dificil disponibilidad de grandes cantidades para uso
inmediato.

Heteregoneidad de las células en relacion con el
donante y origen tisular.
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“No podemos
enganar a la
haturaleza, pero si
ponernos de
acuerdo con ella”

Albert Einstein
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EXOSOMAS DE CELULAS MADRE
MESENQUIMALES -

La barra de la escala es de 200 nm —

Kalluri R & LeBleu V.
Science367,eaau6977(2020).D0I:10.1126/science.aau6977 Trenmbtaibisne
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Produccion del medio condicionado de las hUCESCs
Céluwlng s (_hUQ‘E§C§)
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Medio de
cultivo R

“Medio condicionado”
(medio + productos secretados por
las hUCESCs)
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Mesenchymal Stem Cell Secretome: Toward Cell-Free
Therapeutic Strategies in Regenerative Medicine

Francisco J. Vizoso 1,* Noemi Eiro !, Sandra Cid ?, Jose Schneider 2 and
Roman Perez-Fernandez 3*
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Received: 28 July 2017; Accepted: 22 August 2017; Published: 25 August 2017

Abstract: Earlier research primarily attributed the effects of mesenchymal stem cell (MSC) therapies to
their capacity for local engrafting and differentiating into multiple tissue types. However, recent studies
have revealed that implanted cells do not survive for long, and that the benefits of MSC therapy
could be due to the vast array of bioactive factors they produce, which play an important role in the
regulation of key biologic processes. Secretome derivatives, such as conditioned media or exosomes,
may present considerable advantages over cells for manufacturing, storage, handling, product shelf
life and their potential as a ready-to-go biologic product. Nevertheless, regulatory requirements for
manufacturing and quality control will be necessary to establish the safety and efficacy profile of
these products. Among MSCs, human uterine cervical stem cells (hUCESCs) may be a good candidate
for obtaining secretome-derived products. hUCESCs are obtained by Pap cervical smear, which is
a less invasive and painful method than those used for obtaining other MSCs (for example, from bone
marrow or adipose tissue). Moreover, due to easy isolation and a high proliferative rate, it is possible
to obtain large amounts of hUCESCs or secretome-derived products for research and clinical use.
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Evolucion del numero de estudios sobre el secretoma
de las células madre mesenquimales
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SOS: Necesidad de nuevos tratamientos

» Existe la necesidad de una alternativa terapéutica que cubra toda la
etiopatogenia.

» CM-hUCESC aporta al tratamiento del SOS:
* Efecto regenerativo.
* Efecto antiinflamatorio.
e Actividad antimicrobiana.

Inflamacion
; &2 Danortisular:

Homeostasis
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Identificacion de proteinas con actividad regenerativa presentes
en el medio condicionado de las hUCESCs
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Identificacion de moléculas de efecto antimicrobiano
en el medio condicionado de las hUCESCs
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HIDROGEL COMO VEHICULO INTELIGENTE PARA EL

SECRETOMA DE LAS hUCESCs
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Tailored Hydrogels as Delivery Platforms for Conditioned
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Abstract: Inflammatory bowel disease (IBD), including Crohn's disease (CD) and ulcerative colitis
(UCQ), is increasingly prevalent and current therapies are not completely effective. Mesenchymal stem
cells are emerging as a promising therapeutic option. Here, the effect of local hydrogel application
loaded with conditioned medium (CM) from human uterine cervical stem cells (WUCESC-CM) in
an experimental acute colitis mice model has been evaluated. Colitis induction was carried out in
C57BL/6 mice by dissolving dextran sulfate sodium (DSS) in drinking water for nine days. Ulcers
were treated by rectal administration of either mesalazine (as positive control) or a mucoadhesive and
thermosensitive hydrogel loaded with hUCESC-CM (H-hUCESC-CM). Body weight changes, colon
length, and histopathological analysis were evaluated. In addition, pro-inflammatory TNF-«, IL-6,
and [FN-y mRNA levels were measured by qPCR. Treatment with H-hUCESC-CM inhibited body
weight loss and colon shortening and induced a significant decrease in colon mucosa degeneration,
as well as TNF-a, IFN-y, and IL-6 mRNA levels. Results indicate that H-hUCESC-CM effectively
alleviated DSS5-induced colitis in mice, suggesting that H-hUCESC-CM may represent an attractive
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Potential therapeutic effect of the secretome from human
uterine cervical stem cells against both cancer and stromal cells
compared with adipose tissue stem cells
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Combinacion del MC-hUCESC con quimioterapia

Quimioterapia MC-hUCESC + Quimioterapia
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Propiedades del secretoma de las hUCESCs
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“Todo lo que
puedes
imaginar, la
naturaleza lo
ha creado ya”

Albert Einstein
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ot R e i P VESICULAS EXTRACELULARES
(MICROVESICULAS, EXOSOMAS Y CUERPOS APOPTOPSICOS)

Efectos paracrinos mediados por VE entre células madre y células del parénquima.

Cole Marzano, M
Thesis 2019, Florida State University
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Enfermedades neurodegenerativas en las que las células madre
mesenquimales han demostrado cierto grado de efectividad

 Enfermedad de Alzheimer
 Enfermedd de Parkinson

* Esclerosis lateral amiotroéfica
e Esclerosis multiple

* |ctus

* Dano cerebral traumatico

e Status epiléptico
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Mecanismos fisiopatologicos asociados a la
enfermedad de Alzheimer

(Xie D, Deng T, Zhai Z, Sun T, Xu Y. The cellular model for Alzheimer's disease research: PC12 cells. Front Mol Neurosci. 2023 Jan 4;15:1016559. doi:

10.3389/fnmol.2022.1016559. PMID: 36683856; PMCID: PMC9846650)
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Modelo Caracteristicas de Alzheimer
animal (antes del trasplante de MSC)
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Post transplante de MSC
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Ensayos clinicos actuales de Células madre y exosomas
(Jeyaraman y cols. Heliyon 2023)

Sl NCT Number Title Status Interventions Locations

No

1 NCT02833792 Allogeneic Human Mesenchymal Stem Cells for Alzheimer’s Disease Recruiting BM-MSCs USA

2 NCT04855955 Autologous Human Adipose-Derived Mesenchymal Stem Cells in Alzheimer’s Available AD-MSCs USA
Disease

3 NCT02600130 Allogeneic Human Mesenchymal Stem Cell Infusion Versus Placebo in Patients With Active, not BM-MSCs USA
Alzheimer’s Disease recruiting

4 NCT04040348 Alzheimer’s Disease Stem Cells Multiple Infusions Recruiting BM-MSCs USA

5 NCT02672306 Safety and Exploratory Efficacy Study of UCMSCs in Patients With Alzheimer’s Unknown status UC-MSCs China
Disease

6 NCT03724136 Alzheimer’s Autism and Cognitive Impairment Stem Cell Treatment Study Recruiting BM-MSCs UAE

7 NCT01547689 Safety and Efficiency of Umbilical cord-derived Mesenchymal Stem Cells(UC-MSC) Unknown status UC-MSCs China
in Patients With Alzheimer’s Disease

8 NCT01297218 The Safety and The Efficacy Evaluation of NEUROSTEM®-AD in Patients With Completed UC-MSCs Korea
Alzheimer’s Disease

9 NCT02054208 Safety and Exploratory Efficacy Study of NEUROSTEM® Versus Placebo in Patients Completed UC-MSCs Korea
With Alzheimer’s Disease

10 NCT04388982 the Safety and the Efficacy Evaluation of Allogenic Adipose MSC-Exos in Patients Recruiting MSC Exos China
With Alzheimer’s Disease

11 NCT04482413 Study to Evaluate the Safety and Efficacy of AstroStem in the Treatment of Not yet AD-MSCs USA
Alzheimer’s Disease recruiting

12 NCT03117738 A Study to Evaluate the Safety and Efficacy of AstroStem in the Treatment of Completed AD-MSCs USA
Alzheimer’s Disease

13 NCT04954534 Exploratory Efficacy Study of NEUROSTEM® in Subjects Who Control Group of Not yet UC-MSCs Korea
NEUROSTEM® recruiting

14 NCT03172117 Follow-up Study of Safety and Efficacy in Subjects Who Completed NEUROSTEM® Recruiting UC-MSCs Korea
Phase-I/Ila Clinical Trial.

15 NCT01696591 The Long-Term Safety and Efficacy Follow-Up Study of Subjects Who Completed the Unknown status AD-MSCs KOREA
Phase I Clinical Trial of NEUROSTEM®-AD

16 NCT03297177 Autologous Stem/Stromal Cells in Neurological Disorders and Disease Not yet ADMSCs USA

recruiting

17 NCT04684602 Mesenchymal Stem Cells for the Treatment of Various Chronic and Acute Recruiting ADMSCs USA
Conditions

18 NCTO00874783 Development of iPS From Donated Somatic Cells of Patients With Neurological Recruiting iPSCs Israel
Diseases

19 NCT04388982 The Safety and the Efficacy Evaluation of Allogenic Adipose MSC-Exos in Patients Recruiting ADSC-Exos China

With Alzheimer’s Disease
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Limitaciones del tratamiento de la Enfermedad de
Alzheimer con células madre mesenquimales (CMM)

 Las CMM in vitro muestran una capacidad
proliferativa reducida y una disminucion de su vida
media.

e Un limitado numero de CMM alcanzan las lesiones
cerebrales tras su inyeccion.

* La exposicion de las CMM trasplantadas al ambiente
toxico tisular (estrés oxidativo e inflamatorio) de Ia
enfermedad degenerativa inhibe su reclutamiento e
induce su apoptosis.
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Efecto del secretoma de hUCESC sobre las PC12
diferenciadas a células neuriticas
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Efecto anti-inflamatorio del medio condicionado de hUCESC
sobre las PC12 diferenciadas a células neuriticas
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Efecto anti-estrés oxidativo del medio condicionado de hUCESC
sobre las PC12 diferenciadas a células neuriticas sometidas a
H202

700 1000
900
800
700
600
500
400

300
200
R P
0

600

500

400

300

200

100




m jntegrando la
s Innovacion

ldentificacidon de moléculas neurotréficas en el
medio condicionado de las hUCESCs
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Exosomas de hUCESCs
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Cargallipidica

MHC

50-1000 nm
(2%
Tetraspaninas th\‘ba o e
Receptor-ligando de membrana
Enfermedades neurodegenerativas
Exosomas

* Alzheimer * Epilepsia

* Parkinson * Esclerosis multiple

* ELA * Hipoxia - Isquemia

e Neuroinflamacion * Lesionestraumaticas
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Cell Death & Differentiation (2021) 28:203-218 Cell Death &
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Intranasal delivery of mesenchymal stem cell secretome repairs
the brain of Alzheimer’s mice
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Ensayos clinicos actuales de Células madre y exosomas
(Jeyaraman y cols. Heliyon 2023)
Sl NCT Number Title Status Interventions Locations
No
1 NCT02833792 Allogeneic Human Mesenchymal Stem Cells for Alzheimer’s Disease Recruiting BM-MSCs USA
2 NCT04855955 Autologous Human Adipose-Derived Mesenchymal Stem Cells in Alzheimer’s Available AD-MSCs USA
Disease
3 NCT02600130 Allogeneic Human Mesenchymal Stem Cell Infusion Versus Placebo in Patients With Active, not BM-MSCs USA
Alzheimer’s Disease recruiting
4 NCT04040348 Alzheimer’s Disease Stem Cells Multiple Infusions Recruiting BM-MSCs USA
5 NCT02672306 Safety and Exploratory Efficacy Study of UCMSCs in Patients With Alzheimer’s Unknown status UC-MSCs China
Disease
6 NCT03724136 Alzheimer’s Autism and Cognitive Impairment Stem Cell Treatment Study Recruiting BM-MSCs UAE
7 NCT01547689 Safety and Efficiency of Umbilical cord-derived Mesenchymal Stem Cells(UC-MSC) Unknown status UC-MSCs China
in Patients With Alzheimer’s Disease
8 NCT01297218 The Safety and The Efficacy Evaluation of NEUROSTEM®-AD in Patients With Completed UC-MSCs Korea
Alzheimer’s Disease
9 NCT02054208 Safety and Exploratory Efficacy Study of NEUROSTEM® Versus Placebo in Patients Completed UC-MSCs Korea
With Alzheimer’s Disease
10 NCT04388982 the Safety and the Efficacy Evaluation of Allogenic Adipose MSC-Exos in Patients Recruiting MSC Exos China
With Alzheimer’s Disease
11 NCT04482413 Study to Evaluate the Safety and Efficacy of AstroStem in the Treatment of Not yet AD-MSCs USA
Alzheimer’s Disease recruiting
12 NCT03117738 A Study to Evaluate the Safety and Efficacy of AstroStem in the Treatment of Completed AD-MSCs USA
Alzheimer’s Disease
13 NCT04954534 Exploratory Efficacy Study of NEUROSTEM® in Subjects Who Control Group of Not yet UC-MSCs Korea
NEUROSTEM® recruiting
14 NCT03172117 Follow-up Study of Safety and Efficacy in Subjects Who Completed NEUROSTEM® Recruiting UC-MSCs Korea
Phase-I/Ila Clinical Trial.
15 NCT01696591 The Long-Term Safety and Efficacy Follow-Up Study of Subjects Who Completed the Unknown status AD-MSCs KOREA
Phase I Clinical Trial of NEUROSTEM®-AD
16 NCT03297177 Autologous Stem/Stromal Cells in Neurological Disorders and Disease Not yet ADMSCs USA
recruiting
17 NCT04684602 Mesenchymal Stem Cells for the Treatment of Various Chronic and Acute Recruiting ADMSCs USA
Conditions
18 NCTO00874783 Development of iPS From Donated Somatic Cells of Patients With Neurological Recruiting iPSCs Israel
Diseases
19 NCT04388982 The Safety and the Efficacy Evaluation of Allogenic Adipose MSC-Exos in Patients Recruiting ADSC-Exos China

With Alzheimer’s Disease
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CELULAS MADRE MESENQUIMALES
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Sala blanca — estandarizacion de la produccion

58 ml

30 ml

18 ml
Validacion de las condiciones de produccion
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Entidades Financiadoras y/o Colaboradoras
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