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Resumen

Introduccidon: La enfermedad periodontal afecta a un alto porcentaje de la poblacién,
perjudicando la calidad de vida de los pacientes. En las ultimas décadas se ha investigado
mucho sobre la odontologia regenerativa, en particular modo sobre las células madre
presentes en nuestro cuerpo. Las MSCs parecen tener poderes proliferativos increibles
siendo capaces de dar vida a nuevos linajes de células mas especializadas para formar
nuevos tejidos. Muchos estudios han investigado sobre nuevos protocolos basados en

células madre para la regeneracion de los tejidos periodontales destruidos.

Objetivos: El objetivo principal del estudio ha sido establecer la eficacia de los tratamientos

periodontales basados en células madre.

Materiales y métodos: Para la busqueda bibliografica se han utilizado Pubmed, Medline,
Cochrane y la base de datos de la biblioteca CRAI de la Universidad Europea. Incluyendo
articulos de revisiones bibliograficas y ensayos clinicos desde el 2006 hasta el 2020. Se ha
llevado a cabo un estudio comparativo de las experiencias de los odontélogos en Espaiia,
Inglaterra, Francia y Italia. Para esto se ha disefiado un breve cuestionario en Ingles, Espafiol

y Italiano.

Discusion: Las nueva clasificaciéon de la periodontitis ha aportado mayor claridad para su
diagnostico. Se han analizado todas las propiedades de las células madre de origen dental y
no dental y los tejidos de donde se obtienen. Se ha llevado a cabo una revision de ensayos
clinicos que han reportado resultados significativos en tratamientos de regeneracion

periodontal en modelos animales y en humanos.



Conclusiones: Los resultados de los estudios en las terapias de regeneracidén han sido muy
positivos, sin embargo, falta investigacion para tener protocolos mas seguros y predecibles

para poder ser aplicados en la practica clinica.

Palabras claves: regeneraciéon periodontal, células madre, ingenieria tisular, enfermedad

periodontal, regeneracion dsea, células mesénquimales.

Abstract

Introduction: Periodontal disease affects a high percentage of the population, damaging the
quality of life of patients. In the last decades, much research has been done on regenerative
dentistry, in particular on the stem cells present in our body. MSCs appear to have incredible
proliferative powers, being able to give life to new, more specialized cell lines to form new
tissues. Many studies have investigated new stem cell-based protocols for the regeneration of

destroyed periodontal tissues.

Objectives: The main objective of the study has been to establish the efficacy of stem cell-

based periodontal treatments.

Materials and methods: Pubmed, Medline, Cochrane and the database of the CRAI library of
the Universidad Europea were used for the bibliographic search. Including articles from
bibliographic reviews and clinical trials from 2006 to 2020. A comparative study of the
experiences of dentists in Spain, England, France and Italy has been carried out. For this, a

short questionnaire has been designed in English, Spanish and Italian.



Discussion: The new classification of periodontitis has provided greater clarity for its
diagnosis. All the properties of stem cells of dental and non-dental origin and the tissues from
which they are obtained have been analyzed. A review of clinical trials has been carried out
that have reported significant results in periodontal regeneration treatments in animal

models and in humans.

Conclusions: The results of the studies on regeneration therapies have been very positive,
however, research is lacking to have safer and more predictable protocols to be applied in

clinical practice.

Key words: periodontal regeneration, stem cells, tissue engineering, periodontal disease,

bone regeneration, mesenchymal cells.
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1. INTRODUCCION

La enfermedad periodontal, es una patologia cronica inflamatoria, de origen multifactorial.
M) Est4 caracterizada por una progresiva destruccién del periodonto, conjunto de tejidos
altamente especializados que soportan y rodean el diente. Estos tejidos son: ligamento
periodontal, encia, hueso alveolar propio y cemento?. La patogenia de esta enfermedad
comprende un conjunto de factores que interactuan entre si, como la capacidad intrinseca
del huésped de responder a la colonizacidon microbiana de la insercidn periodontal (una de
las bacterias mas estudiadas involucrada en el desarrollo de la periodontitis es la
Porphyromona Gingivalis), y factores modificables como habitos de higiene oral, técnicas de

()4 |a evidencia cientifica ademas ha encontrado

cepillado, algunos alimentos y tabaquismo
una correlacion entre la enfermedad crénica periodontal y enfermedades sistémicas como
patologias pulmonares, cardiovasculares y diabetes @ Por eso, es muy importante que los
pacientes se motiven a tener un estilo de vida saludable bajo varios aspectos, con el apoyo
del personal sanitario y de las terapias en el gabinete dental'”.Tanto la gingivitis como la
periodontitis son enfermedades que afligen a un alto porcentaje de la poblacién y
comprometen, de forma importante, la calidad de vida de los pacientes. El objetivo ultimo
de los tratamientos periodontales es intentar restaurar la funcionalidad y la arquitectura de
todos los componentes del periodonto que se han destruido durante los procesos

(3)

patolodgicos™. Los tratamientos periodontales convencionales consisten en rellenar los

defectos y remplazar los tejidos dentales destruidos con materiales naturales y sintéticos, no

obstante, estos enfoques terapéuticos no garantizan una verdadera regeneracion de la

(5)(6)

funcién y una arquitectura fisiolégica de los tejidos En los ultimos afios se han



desarrollado muchos estudios sobre la ingenieria de los tejidos y la medicina regenerativa
gue han abierto un camino para nuevos enfoques terapéuticos en este campom. El objetivo
de la ingenieria tisular es el de conseguir regeneracion tisular mediante la combinacién de
biomateriales y mediatores bioldgicos y asi obtener tejidos vivos restaurando los que se han

perdido(s)(s)

. Las células mesénquimales se estan revelando como elementos biolégicos muy
eficaces en el proceso de regeneracion tisular y hablando de ingenieria tisular, se consideran
la clave en las terapias de regeneracién periodontal por su versatilidad en los procesos de
diferenciacién, teniendo la capacidad de modular la inflamacidn, caracteristica tipica de la

periodontitis<5)(6).

En este trabajo se analizara la efectividad de distintos tratamientos
basados en células madre y utilizados en la enfermedad periodontal. A través el estudio de
ensayos clinicos y de meta-analisis se describira la situacion actual y las posibles perspectivas
futuras respecto a las nuevas técnicas basadas en el empleo de células madre y se intentara
establecer su eficacia. Con ello, se pretende elaborar una guia para todo profesional que
guiera tener mas informacion sobre este tema, proporcionando datos sobre las nuevas
técnicas diagnosticas de la enfermedad periodontal, describiendo las estructuras
periodontales en su forma de salud y en su estado patolégico y analizando todas las

caracteristicas de las células madre que se utilizan en las nuevas terapias y sus efectos sobre

los tejidos a regenerar.



1.1 Periodonto

El conocimiento del origen de los tejidos involucrados en las estructuras dentales y como se
relacionan entre si es fundamental para entender su funcionamiento tanto en su estado de
salud cuanto en su estado patoldgico. Es necesario, para poder desarrollar estrategias
terapéuticas efectivas, sobre todo en los casos en los que nos encontramos frente a la
perdida de la funcionalidad™. El periodonto esta constituido por ligamento periodontal,

encia, cemento y hueso alveolar propio. (Figura 1)

1.1.1 Ligamento periodontal:

El ligamento periodontal (LPD) se considera un tejido conectivo fibroso altamente
especializado. Se situa en el llamado espacio periodontal, entre el cemento che cubre la raiz
del diente y la lamina compacta periodontal del hueso alveolar propio. Este tejido esta
formado por células, fibras, sustancia fundamental amorfa, vasos y nervios. Entre otros tipos
de células (formadoras, resortivas y defensivas) en la regién del LPD podemos encontrar dos
tipos de células madre: epiteliales y mesénquimales. Las células madre epiteliales (ESCs) se
encuentran en las proximidades del dpice del diente y las células mesénquimales (MSCs) las
encontramos en la zona perivascular. El LPD tiene la capacidad de actuar como un receptor
sensorial, dando informaciones sobre la posicion de la mandibula durante la masticacion y

funcionar como reservorio para la homeostasis tisular, para la reparacién y la regeneracion

(@)(7)

1.1.2 Encia:
La encia se compone de un nucleo central de tejido conectivo, cubierto por varias capas de

epitelio. Se mantiene fuertemente unida al hueso alveolar y se une al diente gracias a grupos



de fibras; colagenas (mds numerosas e importantes), elasticas y reticulares. Los primeros dos
grupos de fibras mencionados refuerzan la unién dentogingival. Dicha unidn tiene la funcion
de unir la encia al diente y estd formada por tres componentes funcionales: surco o
hendidura gingival, epitelio del surco y epitelio de unién (figura 1). El epitelio de unién forma
un collar en la porcién cervical del diente, alrededor de la corona clinica y tiene una
fundamental importancia bioldgica a la hora de sellar los tejidos periodontales del medio
oral y de mantener su integridad(‘”. Su aspecto es triangular, teniendo su base al fondo del
surco o hendidura gingival y su vértice en la unidon cemento adamantina (LAC). El tejido
conectivo subyacente al epitelio de union tiene caracteristicas diferentes con respecto al
tejido conectivo que soporta el epitelio del surco. Presenta una alta vascularizacién y un alto
numero de células inflamatorias (polimorfonucleares, linfocitos T y leucocitos) que migran a
través del epitelio de union hasta la hendidura gingival, extravasando, en ocasiones, en el
fluido oral (Figura 2). Esta diferencia tiene un papel muy importante a la hora de entender la
progresion de la enfermedad periodontal y los diferentes intentos de regeneracién

periodontal”®

1.1.3 Cemento:

El cemento es un tejido conectivo duro especializado avascular que cubre la raiz del diente y
permite el anclaje de las fibras del ligamento periodontal. Se extiende desde la porcién
cervical del diente, en la unién con el esmalte (LAC) hasta el épicem. Hay dos variedades de
cemento, celular y acelular. El primer mencionado, empieza su formacion antes que el
diente erupcione hasta que entre en contacto con el antagonista. Se llama cemento acelular
o primario y se encuentra desde el tercio cervical hasta los dos tercios de la raiz, se forma

predominantemente for fibras altamente mineralizadas. El cemento secundario o celular, se



encuentra en el tercio apical y en las zonas interradiculares. Inicia a formarse cuando el
diente entra en oclusidn y continla depositandose durante toda la vida, siendo un tejido de

®)

reparacion para defectos de resorcion y fracturas radiculares™. Es un mecanismo de

compensacion por el desgaste del diente por atricion durante toda la vida. El cemento

celular presenta numerosos tipos de células, como los cementoblastos®”.

1.1.4 Hueso Alveolar:

El hueso alveolar, es la parte del hueso de los maxilares y de la mandibula que contiene los
alveolos. Presenta una estructura histoldgica igual a la del tejido 6seo. Consiste en una
vertiente correspondiente a la cara libre, constituida por tejido éseo compacto y revestida
por periostio, se denomina cortical compacta o periostica. Una vertiente alveolar,
denominada cortical o compacta periodontica también formada por tejido dseo duro. Esta
vertiente esta intimamente relacionada con el LPD. Entre estas dos vertientes encontramos
tejido dseo esponjoso o medular, en el cual encontramos embebidas las fibras de Sharpey
gue conectan el diente al hueso alveolar. A nivel de las crestas alveolares las dos vertientes
se unen y es este punto no hay hueso esponjoso(g). La presencia del hueso alveolar, que
rodea el diente por toda su circunferencia, hace que este sea anatdmicamente y
funcionalmente separado del LPD. La organizacién de los procesos alveolares es un ejemplo

muy importante de la relacidn entre estructura y funcidn en el complejo periodontal “



Surco o hendidura
gingival
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Cemento «——————

—— Encia adherida
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Figural

Corte sagital en sentido antero-posterior. Histologia del periodonto(‘” (Imagen elaborada por el autora partir
de los datos proporcionados por Nanci et al.)

Esmalte

Dentina

Figura 2

Desmosomas en la union entre epitelio de unién y el tejido conectivo subyacente con presencias de células
inflamatorias. Hemidesmosomas en la unién entre epitelio de unién y esmalte/cemento. Presencias de
numerosos desmosomas en la union entre epitelio del surco y tejido conectivo subyacente, donde no hay
presencia de células inflamatorias'” (Imagen elaborada por el autor a partir de datos proporcionados por
Nanci et al.)



1.2 Enfermedad periodontal

La periodontitis es una enfermedad cronica multifactorial y inflamatoria, asociada a una
biopelicula de placa disbiotica y caracterizada por una progresiva perdida de los tejidos de
soporte de los dientes. La inflamacion, tipica de la periodontitis lleva a una perdida de
insercion y la formacién del biofilm bacteriano lleva a una inflamacién gingival(l). La

enfermedad periodontal se caracteriza por tres factores principales:

1. Pérdida de los tejidos de soporte, que se manifiesta con la pérdida de insercion
epitelial y con pérdida de hueso visible radiograficamente.
2. Presencia de bolsas periodontales.

3. Sangrado gingival.

Segun la evidencia cientifica existen numerosos factores que influyen en la enfermedad
periodontal, como el tabaco y la genética, y que existen también numerosas respuestas
inmunoinflamatorias. Esto, hace que cada paciente desarrolle un tipo de respuesta diferente

@ va que el cuidado propio de los pacientes en

concorde a sus caracteristicas y a sus habitos
el control de la placa es la base del tratamiento periodontal y los tiempos de los
tratamientos periodontales generalmente son largos, la comunicacion con el paciente es una
de las claves para tener éxito en estos tratamientos'?. El desequilibrio entre las especies
bacterianas orales patdgenas y las beneficiosas se ha demostrado ser un factor de inicio en
la enfermedad periodontal. Normalmente esta disbiosis esta influenciada por una mala
higiene por parte del paciente, que favorece el acumulo de bacterias como Agregatibacter

actinomycetemcomitans y especialmente de bacterias del complejo rojo: Porphyromona

gingivalis, Tannerella forsythia y Treponema denticola®"®). Las bacterias son esenciales para



el desarrollo de la enfermedad, el hecho que progrese en formas distintas en diferentes
individuos sugiere una etiologia multifactorial de la periodontitisw. Cuando la integridad del
epitelio de unién esta comprometida, las bacterias patégenas pueden acceder a las
estructuras periodontales subyacentes. La presencia de estas bacterias activa la respuesta
inflamatoria directa e indirecta, activando la respuesta inmune del huésped. Esta
inflamacién localizada, hace que se provoque una desintegracion del tejido conectivo
subyacente al epitelio de unién. El primer cambio visible durante el inicio del proceso
patoldgico es la migracion del epitelio de unidn a lo largo de la superficie radicular, creando
lo que se conoce clinicamente como bolsa periodontal (Figura 3). Esta falta de sellado y el
aumento de superficie expuesta del diente permite el deposito de una mayor cantidad de

placa y bacterias, causando una mayor inflamacion”#%,

Figura 3

Diente sano vs diente con periodontitis: presencia de calculo, perdida de insercion y perdida
. . 7,4,10
de hueso alveolar. (Imagen elaborada por el autor a partir de las referencias )



1.2.1 Clasificacion de la Enfermedad Periodontal

Las clasificacidn cldsica de la enfermedad periodontal, publicada en 1999, ha proporcionado
un marco de referencia y se ha utilizado ampliamente tanto en la practica clinica cuanto en
la investigacidn cientifica. Sin embargo este sistema, sufre de defectos, de superposiciones y
de falta de una clara diferenciacién pato-biolégica de las categorl'as(l). Esto lleva a una
dificultad de diagnostico. La Nueva Clasificacion sacada por el World Workshop on
Periodontal and Peri-implant Disease and Conditions (“the World Workshop”) en 2017,

revisionando la evidencia cientifica ha sacado 4 conclusiones®):

1. No existe ninguna evidencia de una fisiopatologia especifica que permita diferenciar los
casos de periodontitis “agresiva” o “crénica” y proporcione una guida para diferentes
tipos de tratamientos.

2. Hay poca evidencia que demuestre que la periodontitis agresiva y la crénica sean
diferentes enfermedades. Hay evidencia de que mdltiples factores, y la interaccién
entre ellos, influencie los resultados clinicamente visibles a nivel individual.

3. Basandonos en la poblacién, la media que presenta una progresién de periodontitis,
observando todas las poblaciones mundiales, es muy consistente. Hay evidencia de que
segmentos especificos de la poblacion exhiben diferentes niveles de progresion de la
enfermedad.

4. Un sistema de clasificacion basado solo en la severidad de la enfermedad toma el riesgo
de no tener en cuenta factores importantes en la enfermedad individual, incluyendo la
complejidad (que tiene influencia en el enfoque terapéutico) y los factores de riesgo

(que influencian los resultados de la enfermedad).



Gracias a estas conclusiones y después de un largo debate, se ha creado un sistema
multidimensional, basado en estadios y en grados para poder clasificar la enfermedad segun

caracteristicas individuales especificas(lz).

Los estadios describen la severidad de la
enfermedad y la complejidad del manejo terapéuticos y los grados describen los niveles de
progresion, las caracteristicas bioldgicas y la evaluacion de los factores de riesgos(l) (tablas.
1-2). Las formas de la enfermedad que antes se conocian como “crénica” y “agresiva” ahora

se describen bajo una misma categoria: “periodontitis”. Se han identificado tres formas de

periodontitis segun la fisiopatologl'a(l):

* Periodontitis necrosante
* Periodontitis como manifestacion directa de enfermedades sistémicas
* Periodontitis, que debe ser caracterizada adicionalmente aplicando un abordaje de

clasificacién mediante estadios y grados'**.

Se ha aceptado definir la periodontitis como una patologia que presenta una destruccion de
los tejidos periodontales debida a la presencia de inflamacidn. Se ha establecido, como valor
maximo, una perdida de insercién clinica interproximal (CAL) de 22 mm o >3 mm en dos o

mas dientes no adyacentes(lz)

. Cuando se presenta una perdida de insercion, se deberia
indagar sobre su origen y evaluar la presencia de factores locales como pueden ser: lesiones

endo-periodontales, fracturas radiculares verticales, caries, octavos impactados @,
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ESTADIO | ESTADIO Il ESTADIO Il ESTADIO IV
CAL
mterde.n.tal 1-2 mm 3-4 mm >5mm > 5mm
en el sitio
de mayor
pérdida
Se extiend
Pérdida . Tercio € extien e. Se extiende hasta
G dad i Tercio coronal hasta la tercio . .
raveda osea o coronal ) . la tercio medio o
e e (<15 %) medio o apical ) ,
radiografica (15%-33%) ) apical de la raiz
de la raiz
> 5 elementos
<4d
eIemenios perdidos debido a
Pérdida NO NO . periodontitis
dentaria perdidos
debido a
periodontitis
Profundidad de
sondaje = 6mm
Necesidad de
Profundidad rehabllltauo'n
. completa debido
de sondaje 2 . .
a: disfunciones
6mm . .
masticatorias,
Profundidad Profundld.ad Pérdida dsea trauma OCI[.JsaI
. de sondaje . secundario
de sondaje ) vertical > .
Complejidad Local max. <4 mm | o ssmm 3mm Jui@vllE R HRE
T > 2), defecto
Pérdid i tante de |
Pérdida dsea e,r 1aa Lesidn de furca 'mpor anle €
X Osea cresta Osea,
horizontal . grado Il o Il . .
horizontal migracion
Moderado d'enta.rla !
abanicamiento de
defecto de la .
los dientes y
cresta
colapso de la
mordida, 10
parejas de
dientes en
oclusidn.
Tabla 1

Tabla elaborada a partir de la informacién de las referencias 11'12; valoracién de la enfermedad periodontal en
estadios (I,11,111,1V), segun criterios de gravedad y complejidad.
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Grado A Grado B
Evidencia R?< o evaluacién No hay e\{ldenCIa <de 2rmm de
. periodontal en los 5 de perdida de .y
directa o . . . pérdida
afios previos hueso o insercion
Pérdida 6sea <0,25 mm 0,25-1 mm
La
Bajos niveles de destruccion
Evidencia J—— destruccion y es
Indirecta P grandes depdsitos | proporcional
de biofilm a los niveles
de biofilm
. <de 10
Paciente no . .
Tabaco cigarrillos al
Factores que fumador ,
. dia
influyen
Diabetes Paciente normal | HbAlc<de 7
con o sin diabetes | con diabetes
Tabla 2

Tabla elaborada a partir de la informacion de las referencias **"*; valoracién de la enfermedad periodontal por
grados (A,B,C) segun criterios de evidencia directa y indirecta y segln factores que pueden influir.
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Figura 4

Representacion fotografica de los estadios de la enfermedad periodonta

13

|(1)

ESTADIO I:
PERIODONTITIS
INICIAL

ESTADIO li:
PERIODONTITIS
MODERADA

ESTADIO Iii:
PERIODONTITIS SEVERA
CON POTENCIAL
RIESGO DE PERDIDA
DENTARIA ADICIONAL

ESTADIO IV:
PERIODONTITIS
AVANZADA CON PERDIDAS
DENTARIAS EXTENSAS Y
POTENCIAL RIESGO DE
PERDIDA DE DENTICION




GRADO A: GRADO B: GRADO C:

GRADO DE GRADO DE PROGRESION GRADO DE PROGRESION
PROGRESION LENTO MODERADO RAPIDO

Figura 5

Imagenes fotograficas y radiograficas de los grados de la periodontitis W
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2. OBJETIVOS

Para la realizacidn de este trabajo se han planteado 1 objetivo principal y 3 secundarios;

Objetivo principal:

1. Analizar la efectividad de distintos tratamientos basados en células madre, para obtener
una idea mas clara sobre implantacion, éxito y posibilidades de estas nuevas terapias.

Esta andlisis se obtendra gracias a la comparacién de estudios clinicos.

Objetivos secundarios:

2. Describir las células madre, los tejidos de obtencidn de estas ultimas para aplicarlas en

las terapias de regeneracion periodontal.

3. A través los resultados reportados en los cuestionarios, reflejar sobre los actuales

conocimientos y opiniones de los odontdlogos.

4. Discutir las posibles aplicaciones futuras de las terapias regenerativas basadas en células

madre.

15



3. MATERIALES Y METODOS

Para la busqueda de los articulos cientificos se han utilizado como base de datos: Pubmed,
Medline y Cochrane. Se han utilizado palabras clave como: regeneracion periodontal, células
madre, ingenieria tisular, enfermedad periodontal, regeneracion dsea, células
mesénquimales. Los libros y las revistas se han obtenido gracias a la base de datos digital en
la Biblioteca CRAI Dulce Chacén de la Universidad Europea. Se han utilizado criterios de
inclusién y exclusion por afio de publicacion y relevancia cientifica. Se han incluidos aquellos
articulos que se han considerado de mayor relevancia en forma de revisiones bibliograficas y
sobre todo de ensayos clinicos y de estudios de meta-analisis de revistas de impacto. Se han
incluido estudios en un rango de publicacién desde el afio 2006 hasta 2020, excluyendo
articulos anteriores. Se han excluidos estudios en idiomas diferentes de Inglés y Espafiol.
Para la realizacion del trabajo se han seleccionado 48 articulos. Las imagenes de produccién
propia se han obtenido utilizando el programa de disefio grafico Biorender obtenido gracias
a Biorender.com. Se ha llevado a cabo un estudio comparativo de las opiniones vy
experiencias de los odontdlogos sobre el uso de tratamientos basados en células madre.
Para ello se ha disefiado un cuestionario corto que se incluye como anexos 1,2,3. El
cuestionario incluye un consentimiento informado preliminar y se ha realizado en tres
idiomas (Inglés, Espafiol e Italiano) para que pueda ser leido, comprendido y llevado a cabo
por profesionales de distintos paises. La informacion de campo ha sido recogida en formato
presencial y en formato online. Para los resultados de las encuestas, los graficos se han

obtenido gracias al programa de recoleccion de los datos Google Forms.
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4. RESULTADOS:

@ Acepto las condiciones

Figura 6

El 100% de los odontélogos han aceptado las condiciones del consentimiento informado.

® 20-25
15,8% ® 25-30

® 30-40

® 40-50

@ Mas de 50

Figura 7

El diagrama de sectores representa la edad de los encuestados. Se recogieron un total de 76 respuestas.
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@ Si, me interesa el tema y me mantengo
informado

@ Si, conozco el tema el lineas generales

@ No, nunca me he informado pero el
tema me interesa y lo haré en un futuro

@ No, no me interesa

Figura 8

El diagrama de sectores representa los conocimientos de los encuestados inherentes a los tratamientos sobre
células madre. Se recogieron un total de 76 respuestas. El 35,5% ha respuesto “no, nunca me he informado

pero el tema me interesa y lo haré en futuro”.

@ Si
@® No

Figura 9
El diagrama de sectores representa el total de los encuestados que han participado en estudios sobre

células madre en el tratamiento de la enfermedad periodontal o que han aplicado este tratamiento en
pacientes. Se recogieron un total de 76 respuestas. El 9,3% ha respuesto afirmativamente.
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Para la publicacién de articulos
originales

Para la publicacién de
revisiones bibliograficas

7 (100%)

Para la publicacién de clinical cases/
case report

Para la publicacién de clinical
trial/ randomized clinical trial

Figura 11

El histograma representa la distribucién de los estudios cursados por los participantes. Se recogieron

un total de 7 respuestas.

Los resultados demuestran gue el potencial terapéutico del uso de
células madre en el tratamiento de la enfermedad es muy elevado

Los resultados demuestran que no hay beneficio en el uso de
células madre en el tratamiento de la enfermedad periodontal

@ Los resultados son positivos pero no ofrecen una ventaja muy
significativa respecto a otras terapias

® Los resultados demuestran que funcionan muy bien pero no en
todos los pacientes
@ Los resultados obtenidos no han sido suficientes para traer
conclusiones sobre los efectos del utilizo de células madre en la
enfermedad periodontal

Figura 10

El diagrama de sectores recoge la opinidn e impresiones de los participantes sobre los estudios cursados
o experiencias clinicas. Se obtuvieron un total de 36 respuestas. El 50% de los participantes opina que
“los resultados demuestran que el potencial terapéutico del uso de células madre en el tratamiento de la

enfermedad periodontal es muy elevado”
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@ Si, me parecen (tiles para nuevos
avances en la ingenieria tisular y
algunas terapias ya es posible aplicarlas
clinicamente

@ Si, son utiles pero falta desarrollarlos
muchisimo mas para poeder aplicarse a
la poblacion general gue lo necesite

@) No, pienso que los tratamientos clasicos
son suficientes en el tratamiento de la
enfermedad periodontal

Figura 12

Mas concretamente en este diagrama de sectores se muestra la distribucion de las opiniones sobre el
potencial terapéutico de las células madre y sobre su investigacién. Se han obtenido un total de 76
respuestas. El 61,8% opina “Si, me parecen muy utiles para nuevos avances en la ingenieria tisular y algunas

terapias ya es posible aplicarlas clinicamente”.
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5. DISCUSION

5.1 Tratamientos modernos y sus limitaciones
Regenerar los tejidos perdidos es de importancia principal no solo en procesos como la
periodontitis sino también en otros procesos que sufren pérdida de hueso como tumores,

(13)

fracturas y defectos &seos El objetivo ultimo de las terapias periodontales es la

regeneracidn del hueso alveolar, del cemento y del ligamento periodontal(14)

. Esta probado
cientificamente y ampliamente aceptado que el manejo de la enfermedad periodontal deba
empezar con un protocolo de control de la inflamacién, que es absolutamente indispensable
para reducir la carga bacteriana y para crear un medio apropiado para tratamientos
regenerativos. Normalmente el manejo de la inflamacién se controla con tratamientos de
raspado y alisado radicular, profilaxis, y un protocolo de higiene oral en casa estricto. Solo
cuando se obtiene un control optimo de la inflamacidon y un control periédico de la
periodontitis con indices de progresion, es posible plantear hacer tratamientos
regenerativos(ls). Aunque el periodonto exhibe cierta capacidad regenerativa intrinseca, no
se puede esperar una restitucion natural ad integrum sin la intervencion de terapias
regenerativas externas™®. El primer tratamiento periodontal de regeneracidn consiste en el
uso de biomateriales como injertos 6seos, materiales bioactivos y membranas para realizar
lo que se conoce como Regeneracién Osea Guiada, en Inglés Guided Bone Regeneration
(GBR). Dependiendo del origen, los injertos dseos pueden ser autdgenos, aldgenicos,
aloplaticos y xenogénicosm. El termino “materiales bioactivos” se utiliza para hablar de
sustancias que se utilizan para estimular el crecimiento del hueso. Estas sustancias

normalmente son los denominados “factores de crecimiento” (GFs), que estimulan y

reclutan células madre para lograr regeneracion. Las fuentes de factores de crecimientos
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mayormente utilizados para la ingenieria periodontal de los defectos éseos son: plasma rico
en plaquetas (PRP), proteinas derivadas de la matriz del esmalte (EMD), proteinas
morfogenéticas del hueso (BMPs)m. El PRP ha sido definido por primera vez en 2007 como
una preparacion de plaguetas presente en un volumen pequefio de plasma sanguineo
conteniente una gran cantidad de GFs. De hecho, en PRP hay 15 variedades de GFs, las
principales son: factor de crecimiento derivado de plaquetas (PDGF), factor de crecimiento
similar a la insulina (IGF) y factor de crecimiento transformante beta (TGF- B). Sin embargo,
la duda que rige si el PRP es clinicamente eficaz o no se ve agravada por el conocimiento
inadecuado sobre la biodisponibilidad de los GF derivados de PRP. Los beneficios que
conlleva la aplicacién del PRP en la regeneracién ésea implican su disponibilidad, facilidad de
aislamiento, buenas propiedades de manipulacion y almacenamiento y su aplicacién en el
campo de la ingenieria del tejido 6seo. Ademas el PRP es autdlogo, lo que elimina el riesgo
de enfermedad, transmision y rechazo inmunolégico(13). De hecho, el problema asociado con
estos tipos de terapias es cuando se utilizan biomateriales homo-heterélogos, pudiendo el
paciente presentar reacciones de rechazo. En un estudio publicado en 2018 por
Quintessence, se ha reportado que las complicaciones de los tejidos blandos después de la
regeneracién ésea guiada (GBR) ocurren en el 16,8% de los casos'™”). El tratamiento de los
tejidos blandos sigue siendo el factor clave para evitar complicaciones de los tejidos blandos
y, por tanto, para aumentar el éxito de la terapia regenerativa 6sea. Ademas la evidencia
cientifica demuestra que, los tratamientos convencionales de regeneracién periodontal
dependen mucho del numero de paredes 6éseas residuales, que proveen un soporte
mecanico para el material de substitucién ésea un adecuado aporte vascular'®®. por lo tanto,

la GBR se considera como tratamiento limitado y con relativa predictibilidad clinica (19)(14)(20)
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5.2 Células Madre y Enfermedad Periodontal

5.2.1 Células madre en el cuerpo humano

Las células madre estdn presentes naturalmente en el cuerpo humano, en diferentes
estadios de diferenciacién. Muy a menudo se describen en presencia de las zonas peri-
vasculares, esta localizacién anatémica permite a estas células su rapida movilizacidn al sitio
de la lesién ?Y. Se caracterizan por su habilidad de renovacién, junto con sus capacidades de
diferenciacién en multiples linajes, permitiendo una compleja regeneracion de los tejidos
gue lo necesiten. De hecho, se definen como clonogénicas, autorenovadoras y progenitoras,
pudiendo generar una o mads tipos de células. Sus funciones principales son el
mantenimiento de la homeostasis y la reparacidon de los tejidos dafados. Tienen varios
niveles de potencia; totipotentes, pluripotentes, multipotentes y unipotentes: las
totipotentes pueden originar cualquier célula de cualquier capa embrionaria, las
pluripotentes, cualquier célula de determinada capa embrionaria. Estos dos primeros grupos
pueden por tanto originar distintos tipos de tejidos. Las multipotentes pueden dar lugar a
cualquier célula de un solo tipo de tejido y por ultimo las unipotentes solo pueden
diferenciarse en un Unico tipo celular (Figura 13). Las células madre pluripotentes incluyen
las células madre embrionarias (ESCs) que derivan del estrato interno del blastocito en su
estadio de desarrollo y las células madre pluripotentes inducidas o reprogramadas (iPSCs).
Las iPSCs son células madre generadas artificialmente a partir de células que en principio no
eran pluripotenciales. El proceso requiere la alteracion de la exposicion de una serie de
genes, lo que les induce a regresar a un estadio anterior menos diferenciado, convirtiéndose
en células madre de linaje especifico para que se puedan, a su vez, convertir en células

diferenciadas de determinado tipo(zz). Las células madre adultas o post-natales (ASCs) se
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consideran multipotentes e incluyen linajes de células madre hematopoyéticas, células
madre epidérmicas, células madre limbares y células madre mesénquimales, entre las cuales
se encuentran las células madre adiposas, células madre hepaticas y células madre de los
tejidos orales (Figura 13). En efecto, los tejidos dentales y craneo faciales se conocen como

reservorios importantes de MSCs y los dentistas tienen un acceso relativamente facil a estos

(21)

4) CELULAS MADRES
UNIPOTENTES:

Se pueden especializar en
1 solo tipo de células

1) CELULAS MADRES \
TOTIPOTENTES ‘
Derivan del cigoto y pueden

generar celulas embrionarias y
no embrionarias.

Pueden generar tambien la
placenta

3) CELULAS MADRES

MULTIPOTENTES:
‘: c Tienen posibilidad de
i Globulos diferenciacion pero en
blancos Un drea més
restringida. De ellas se
originan tanto los
vasos sanguineos
como los precursores

Plaquetas
A& " de las células
sanguineas

/=
( } Células Globulos
: / totipotentes rojos

Células del
\\ueso
Células del
cerebro

2) CELULAS MADRES

PLURIPOTENTES: ‘
Pueden diferenciarse en todas  Células

las celulas del cuerpo humano  musculares
menos que en las celulas extra

embrionarias

Células de la sangre

Figura 13

Células madre; desde las totipotentes hasta las unipotentes. (Imagen de elaboracion del autor)
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Las MSCs son células multipotentes con alto potencial de diferenciacion clonogénica. Estan
presentes en el estroma adulto de la medula 6sea. Tienen forma de huso y son similares a
los fibroblastos. Ademas, las MSCs pueden diferenciarse en muchos tejidos de origen
mesénquimal como hueso, cartilago, tendones, tejido adiposo, musculos y estroma de la
medula. Las MSCs no solo estan presentes en el estroma de la medula dsea, sino también es

1?2 En las dos

posible obtenerlas del tejido adiposo y de la sangre del cordén umbilica
ultimas décadas la busqueda de células similares a MSCs en tejidos especificos ha llevado al
descubrimiento de variedades de células madre en casi todos los érganos y los tejidos de
nuestro cuerpo (Tabla 4) incluyendo el descubrimiento de MSCs en tejidos orales/dentales
(22)23) "En |os tejidos dentales se ha encontrado la presencia de numerosos tipos de células
madre y se estan estudiando sus potenciales y sus posibles aplicaciones en los tratamientos
periodontales(lg) (Tabla 3). Recientes investigaciones se han centrado en el estudio de las
células madre aplicadas en la ingenieria tisular para la regeneracion periodontale‘). Las MSCs
se consideran células muy adecuadas en el tratamiento periodontal, no solo por la capacidad
de regenerar diferentes tipos de tejidos sino también por su potencial paracrino. De hecho,
secretan importantes cantidades de factores de crecimiento, citoquinas anti-inflamatorias,
como el TGF-B (factor de crecimiento transformante) e interleucinas (IL)-10 que juegan un
papel muy importante en la inmunomodulacion sistémica y local™®. Se ha demostrado que
las MSCs, en trasplantes aldgenicos (o alostrasplante), en modelos porcinos con defectos

6seos, no inducen rechazo inmunolégicom). Las células madre mesénquimales utilizadas en

la regeneracién dental y periodontal son células madre dentales y no dentales (Tablas 3y 4).
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5.2.2 Células madre mesénquimales de origen dental

Recientes estudios han aislado MSCs desde varios tejidos dentales y orales. Se han aislado
células madre de dientes deciduos exfoliados (SHEDs), con potencial osteo/odontogenico,
condrogenico, adipogenico y neurogenico y se ha visto, ademas, que tienen una capacidad
proliferativa mayor de las células madre derivadas del la medula ésea (BMMSCs) y de las
células madre derivadas de la pulpa dental (DPSCs)(ZS). Las DPSCs fueron las primeras células
en ser aisladas de la pulpa de un adulto humano (Gronthos y cols. en el 2000). Estas células
demuestran un gran potencial de proliferacién y de auto-renovaciéon. En el mismo estudio,
las DPSCs asociadas a matrices de hidroxiapatita y fosfato tricalcico (HTA/TCP) han
producido una estructura muy similar a la dentina, con la pulpa dental en su interior y un
linaje de odontoblastos, después de haber sido trasplantadas en ratones inmunodeprimidos
(26)Las PDLSCs fueron descubiertas por primera vez en 2004 gracias a Gronthos, Miura y
cols. Los autores han demostrado que éstas células, in vitro, se pueden diferenciar en
osteoblastos, células adiposas y células formadoras de colageno®®. Las PDLSCs se han
empleado en estudios clinicos para observar la regeneracion periodontal. Un ensayo clinico
llevado a cabo por Akiyama y cols. en 2010 indica el potencial regenerativo de las PDLSCs en
3 pacientes con una enfermedad periodontal muy avanzada; 2 de estos pacientes han
recuperado el tejido periodontal sano con una regeneracion clinica razonable, la pérdida del
grado de profundidad de sondaje del tercer paciente se redujo significativamente y se
estabilizé la insercion periodontalm). La papila apical, solo se encuentra en dientes en
crecimiento, antes que se complete el desarrollo de la raiz. Esta contribuye, de manera

significativa, a la formacion del diente. Las células madre que derivan de la papila apical

(SCAPs) son células mesénquimales aisladas de la papila apical de dientes permanentes
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inmaduros'®®. Se ha evidenciado que las SCAPs tiene un nivel de proliferacidon adecuado a la
regeneracién dental basada en células. Las SCAPs, ademas, se consideran mds adecuadas
con respecto a las DPSCs, por tener una mayor capacidad proliferativa y un buen potencial
de mineralizacion. Las SCAPs parecen ser una fuente primaria de odontoblastos al formar la
dentina radicular, mientras las DPSCs son la fuente probable de reemplazo de odontoblastos
para formar dentina reparadora(ze). El foliculo dental es una capsula de tejido conectivo laxo
gue deriva del ecto-mesénquima y que envuelve el germen del diente en crecimiento. El
foliculo dental contiene células progenitoras que se pueden diferenciar en el células del
ligamento periodontal, odontoblastos y cementoblastos. Las células del foliculo dental
(DFSCs) son las células madre mas comunmente extraidas de los alveolos de los terceros
molares®®" Después de haber sido trasplantadas en ratas, las DFSCs se han diferenciado en
células del LPD, que secretando colageno han interactuado con la superficie del hueso
adyacente y con el cemento, generando después un tejido similar al LPD y al cemento®. Las
células mesénquimales gingivales (GMSCs) se admiten como muy utiles debido a su enorme
capacidad de regeneracién, en cicatrizacién, clonogenicidad, propiedades
inmunomoduladoras y propiedad de diferenciacién multipotente como las otras MsCs.
GMSCs se consideran una poblacidon de células facilmente accesibles ya que los tejidos
gingivales se pueden obtener desde procedimientos odontoldgicos generales y tratadas
como un desecho biomédico. De hecho el tejido gingival se puede obtener durante

exodoncias o durante cirugias periodontales(3°)(31).
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CELULAS MADRE DE ORIGEN DENTAL

ACRONIMO

TIPO DE CELULA
MADRE

FORMACION DE
TEJIDO “DE NOVO”

APLICACIONES EN LA
REGENERACION DE
DIENTE Y
PERIODONTO

DFSCs

DPSCs

PDLSCs

SCAPs

SHEDs

GMSCs

Tabla 3

Tabla elaborada a partir de datos recogidos en las referencias

Células madre del
foliculo dental (dental
Follicle Stem Cells)

Células madre de la
pulpa dental (dental
pulp stem cells)

Células madre del
ligamento periodontal
(periodontal ligament

stem cells)
Células madre de la
papila apical (stem
cells from apical
papilla)
Células madre de
dientes deciduos
exfoliados humanos
(stem cells from
human exfoliated
deciduous Teeth)
Células madre
derivadas del tejido
gingival (gingival
tissue derived stem
cells)
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Tejido similar al LPD y
tejido similar al
cemento

Tejido similar a pulpa
y dentina, tejido
similar al hueso,

cartilago, caracter
angiogenico, tejido
neuronal.

Tejido similar al
cemento y tejido
similar al LPD

Tejido similar a pulpa
y a dentina, caracter
angiogenico.

Tejido similar a pulpa
y dentina, tejido
similar al hueso,

caracter angiogenico,
tejido nervioso.

Tejido similar al LPD y
tejido similar al
cemento

(39)

Raiz del diente y
regeneracion del
tejido periodontal

Pulpa, dentina, raiz
del diente y
regeneracion
periodontal

Regeneracion
periodontal

Pulpa, dentina y raiz
del diente.

Pulpa, dentina, raiz
del diente,
regeneracion
periodontal.

Raiz del dientey
regeneracion del
tejido periodontal.



5.2.3 Células madre mesénquimales de origen no dental

Las células madre mayormente utilizadas para la regeneracion periodontal son las derivadas
de la medula 6sea (BMMSCs), las derivadas del tejido adiposo (ADSCs), las células
embrionarias (ESCs) y las células pluripotenciales inducidas (iPSCs). Las BMMSCs han sido las
primeras células mesénquimales en ser descubiertas y han presentado un potencial de
diferenciacion osteogénico, condrogénico, adipogénico y miogénico‘w). Para la regeneracién
periodontal y dental, como reportan los autores Ohazama, Modino, Miletich y Sharpe en un
estudio del 2004, las BMMSCs pueden regular la expresion de genes odontogénicos y
pueden asi contribuir con la regeneracion en sistemas mixtos con epitelio embrionico
oral®2 sjn embargo, el procedimiento de obtencidén de estas células es bastante invasivo,
acompafiado de morbilidad y de malestar post-quirurgico. Un criterio ideal de aplicacion de
células en medicina regenerativa incluye su facilidad de acceso y su asilamiento,
conduciendo a la menor morbilidad para el paciente. Las células derivadas del tejido adiposo
(ADSCs), son muy abundantes y se utilizan ampliamente en medicina regenerativa. En 2017
se ha publicado en el Stem Cells Traslational Medicine un estudio llevado a cabo en el
University Hospital of Toulouse por los autores Lemaitre y cols.®®. En este estudio se utilizan
las ADSCs trasplantadas para tratar defectos éseos en roedores. En general los resultados
conseguidos por los autores demuestran que las ADSCs pueden tener un papel muy
significativo en la regeneracién periodontal, no solo por inducir la regeneracion del cemento,
si no también, por primera vez, por inducir la organizacion de las fibras del LPD y del numero
de vasos sanguineos, asi como células progenitoras y linajes de marcadores de células
periodontales. Los autores concluyen que las ADSCs pueden ser un biomaterial de trasplante

optimo para terapias periodontales(lg)(33). En 2011 ya se habian hechos estudios sobre ADSCs
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y los autores Hung y cols. habian demostrado conseguir la regeneracién de dentina, LPD y
hueso alveolar, gracias al trasplante de ADSCs en los alveolos de conejos en laboratorio,
revelando también un mayor potencial de estas ultimas en comparacion con las células
madre derivadas de la pulpa dental (DPSCs)(34’. Las células madre embrionarias (ESCs), como
ya se ha mencionado antes, son pluripotenciales y pueden diferenciarse en células
odontogénicas y periodontogénicas en un medio cultivo o co-cultivadas con las células
madre derivadas del LPD (PDLSCs) o también con células del epitelio embrionario oral®. Las
células madre pluripotenciales inducidas (iPSCs) se descubrieron por primera vez en 2006
por parte de un estudio llevado a cabo por la Universidad de Kyoto. Durante este estudio se
demostrd la importancia y el poder clinico de estas células madre en la medicina
regenerativa(ss). Las iPSCs se pueden diferenciar en los tejidos de las tres capas germinales:
endodermo, mesodermo y ectodermo. Tienen, por lo tanto, la capacidad de regenerar los
tejidos dentales y pueden ser generadas a partir de la reprogramacién de células adultas
especializadas. Se pueden generar también de células de tejidos dentales, que se consideran
una fuente atractiva, debido a su accesibilidad y a su relativa simplicidad de consecucion (19)
(8] Asi mismo, para su utilizo en odontologia, es preferible obtener iPSCs a partir de tejidos
dentales. Las iPSCs se han generado con éxito a partir de células de la pulpa dental derivadas
de dientes deciduos exfoliados (SHEDs), células madre de la papila apical (SCAPs) y células
madre de la pulpa dental (DPSCs) (Yan et al. 2010) (7). células madre inmaduras de la pulpa
dental humana (Beltrao-Braga y cols. ;Yan y cols. y Dambrot y cols.)®”®®¥39): cglylas de Ia
pulpa dentaria de dientes deciduos perdidos naturalmente (Dambrot et aI.)(39); tejido

gingival (Egusa et al.; Wada et aI.)(31)(4°); y células madre PDL (PDLSCs) (Wada et al. 2011) (40)

Durante una comparacion realizada por Yan et al. en 2010 identificaron que la eficiencia de
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reprogramacion parecia ser mayor en los tejidos de origen dental que de las células de

fibroblastos humanos ®” (Figura 14) .

Fibroblastos gingivales
(Egusa y cols. 2010;Wada y cols.

2011) Pulpa dental
(Yany cols., 2010; Beltrao-Braga y
INMADURO MADURO .- cols., 2011; Dambrot y cols., 2013)
Otros tejidos de derivacion . :
dental:
-Mucosa oral (Miyoshiy
cols., 2010)

-Dientes temporales
exfoliados (Yany
cols.,2010)

-Celulas mesénquimales
de terceros molares (Oda y

cols.,2010; Tamaoki y Ligamento
cols.,2010) v periodontal
(Waday cols.,2011)
Papila apical

(Yany cols.,2010)

Figura 14

Tejidos dentales desde donde se han obtenido iPSCs. Imagen elaborada por el autor a partir de datos recogidos
por las referencias 7)
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CELULAS MADRE DE ORIGEN NO DENTAL

ACRONIMO

BMMSCs

ADSCs

iPSCs

ESCs

Tabla 4

Tabla de elaboracién propia a partir de datos recogidos en la referencia

TIPO DE CELULA
MADRE

Células madre
derivadas de la
medula ésea (bone
marrow
mesenchymal stem
cells)

Células madre
derivadas del tejido
adiposo (adipose-
derived stem cells)

Células madre
pluripotenciales
inducidas (induced
pluripotent stem
cells)

Células madre
embrionarias
(embryonic stem
cells)

32

FORMACION DE
TEJIDO “DE NOVO”

Tejido similar al

hueso, cartilago,
musculo, tejido

neuronal, tejido
dentario.

Tejido similar al
hueso, caracter
angiogenico,
cartilago, tejido
neuronal.

Tejido similar al
hueso, tejido
miocardico, caracter
angiogenico.

Tejido similar al
hueso, cartilago,
tejido miocardico,
caracter
angiogenico.

(19)

APLICACIONES EN
LA REGENERACION
DE DIENTE Y
PERIODONTO

Regeneracion de
tejido periodontal y
del diente entero

Regeneracion
periodontal

Regeneracion
periodontal y del
diente entero

Regeneracion
periodontal y del
diente entero.



5.2.4 Aplicaciones de células madre como tratamiento de la enfermedad periodontal

En 2016 se llevd a cabo el primer ensayo clinico (Katagiri y cols.) en humanos que demuestra
el éxito de una regeneracion alveolar a través el uso de BMMSCs. Para el estudio se han
seleccionaron 8 pacientes a los cuales se les habia indicado la necesidad de aumento dseo,
incluyendo elevacion de seno maxilar y regeneracion ésea guiada y preservacién alveolar.
Estos pacientes, sufriendo de una importante atrofia dsea, tenian problemas de retencion de
las proétesis removibles y la colocacion de implantes se consideréd como posible solucidn. Los
criterios de aplicacidon para estos procedimientos fueron presencia de menos de 5 mm de
hueso residual desde el piso del seno maxilar hasta la cresta alveolar en los casos de
elevacién del seno y menos de 10 mm de hueso residual en los casos de GBR. Las células
BMMSCs utilizadas fueron preparadas desde medios acondicionados a partir de medula ésea
humana comercialmente disponible (Lonza inc. Walkersville, MD, USA). Todos los pacientes
pasaron por un estricto control oral y un examen general. Durante la cirugia, las BMMSCs
fueron disueltas en 5 ml de solucién salina y como mediador utilizaron beta-fosfato-
tricalcico. En los casos de defectos mas pequefios de preservacién alveolar como biomaterial
utilizaron esponjas de Atelo-colageno (un colageno que puede ser implantado en pacientes
de forma segura ya que es modificado para ser inmunogénico) y beta-fosfato tricalcico (B-
TCP) (Figura 15). El estudio consiguio evaluar la fiabilidad clinica y la eficacia de las BMMSCs
en ensayos clinicos humanos para la regeneracion 6sea. El todos los casos llevados a cabo no
se encontraron hinchazones anormales o cicatrizacion tardias. El beta fosfato tricalcico se ha
utilizado mucho tanto en lesiones ortopédicas cuanto el lesiones maxilofaciales y ha
demostrado siempre optimas caracteristicas osteoconductoras; sin embargo, es un material

gue se reabsorbe en un largo periodo de tiempo. En este estudio se demostré que el beta
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fosfato tricalcico en combinacion con BMMSCs promueve su reabsorcion temprana y la
substitucion por hueso nuevo comparado con el beta fosfato tricalcico sin células
mesénquimales. Sin embargo, siendo el grupo de pacientes un grupo pequeno, no se pudo
mostrar y discutir en profundidad sobre los efectos radiograficos e histolédgicos. Los autores
reportan en las conclusiones que se ha comenzado un ensayo clinico de la siguiente fase del
estudio para evaluar la eficacia de BMMSCs en la regeneracién ésea alveolar en un grupo
con un mayor numero de pacientes @1 En 2018 el Journal of International Medical Research
ha reportado un exitoso caso clinico de injerto alégenico con células mesénquimales
derivadas de la pulpa dental (DPSCs) en un paciente con enfermedad periodontal (Beatriz

Hernandez-Monjaraz et al.)

Figura 15

Preparacién de BMMSCs para la implantacion con diferentes mediadores. A: BMMSCs liofilizadas y
disueltas en solucion salina durante la cirugia. B: BMMSCs mezcladas con beta-fosfato tricalcico. C:
esponja de Atelo-colageno en una solucién de BMMSCs“!
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Las DPSCs fueron separadas desde la pulpa cameral de un diente de un donador de 7 afios
de edad. Las células fueron procesadas via enzimatica y centrifugadas. Como biomaterial
mediador se empled una esponja de coldgeno-polivinilpirrolidona liofilizada (PVP) y las
DPSCs fueron diluidas en 250 ul de solucién salina tamponada con fosfato. El acceso se
consiguié tramite una cirugia a colgajo en la zona de los premolares en el tercer cuadrante
(34-35). Durante el follow up en 3 y 6 meses el paciente no mostrd ningun signo de rechazoy
se verificd una disminucion en la movilidad de los dientes, disminucién de las bolsas
periodontales y de los defectos éseos. Se observd, ademas, un aumento en la densidad
mineral del hueso en la zona del injerto. Los autores concluyeron que los resultados de este
caso clinico sugieren que los tratamientos con DPSCs promueven la regeneracidon
periodontal, aunque mas investigaciones futuras deben incluir ensayos clinicos aleatorizados

para verificar los resultados “? (Figuras 16-17).

Figura 16

Cone-beam TAC del area del injerto (34-35); area inicial del defecto (18,30 mm2) (a); (b) defecto reducido a los
tres meses a 5,73 mm2 (b); defecto reducido a los seis meses después a 4,58 mm2 (c)(“)
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Figura 17

Defecto éseo circunferencial mesial durante la cirugia periodontal (a); elevacidn de colgajo y colocacién de la
esponja de coldgeno (b); colocacién de DPSCs (c); y colocacion de una membrana no reabsorbible (d)(42)

En 2018 en Journal of Clinical Periodontology se publica un ensayo clinico de la Universidad
de Turin (F.Ferrarotti y cols). El objetivo del estudio fue de evaluar las DPSCs autologas
trasplantadas en defectos 6seos con una esponja de colageno en forma de concha y
comprobar la eficacia clinica mejorando los parametros clinicos y radiograficos de los
defectos. Para el estudio seleccionaron 29 pacientes con periodontitis crénica diagnosticada
gue requerian la extraccion de 1 diente vital. La muestra de pacientes fue dividida, al azar,
en dos grupos; un grupo de control (15 pacientes) y un grupo de test (14 pacientes). Los dos
grupos fueron sometidos a una cirugia minimamente invasiva, para extraer el diente y para
exponer el defecto dseo. Los dientes extraidos fueron procesados para poder aislar las
DPSCs. La pulpa dental de los dientes se separd mecanicamente para obtener microinjertos

enriquecidos en DPSCs. El grupo de test recibid una esponja de colageno con microinjertos
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(Figura 18), mientras el grupo de control recibi6 una esponja de colageno sin los
microinjertos (Figura 19). Durante los controles los pacientes que recibieron los
microinjertos de DPSCs mostraron una significativa reduccion de la profundidad de sondaje
(4,9 mm vs 3,4 mm), también se pudo registrar una mejoria en la perdida de insercién (4,5 vs
2,9) y un relleno del defecto dseo (3,9 vs 1,6), con respecto al grupo de controles que
recibieron la esponja de coldgeno sin células. El estudio anade un valor importante a la
literatura ya existente sobre el tema de las ingenieria tisular y medicina regenerativa. Se ha
demostrado que la implantacion de células madre autologas provenientes de la pulpa (a
través de una cirugia minimamente invasiva), en este caso, de un diente vital extraido,
mejoran la potencialidad intrinseca de regeneracién del defecto periodontal. Sin embargo,
segun los autores el ensayo ha tenido dos limitaciones; la magnitud de la muestra no fué lo
suficientemente grande y los datos se han obtenido desde una Unica institucién y en
segundo lugar no se pudo establecer si ha habido regeneracién periodontal, no pudiéndose

hacer examenes histoldgicos por razones éticas'®®.

37



Figura 18

Secuencia clinica de cirugia minimamente invasiva en el grupo de pacientes que ha recibido DPSCs y la esponja
de colageno. Radiografia preoperatoria del defecto dseo en distal del primer molar maxilar (a), defecto
elevacion del colgajo y sondaje del defecto éseo (b), visidn del defecto dseo antes de la elevacidn de la papila
interdental (c), disociacion de la pulpa para la obtencién de DPSCs (d), colocacidon del material de relleno
(DPSCs y colageno) (e), sutura (f), aspecto clinico y radiografico 12 meses después de la cirugia (g y h)(43)

Figura 17

Secuencia clinica del grupo de control. Radiografia preoperatoria y sondaje del defecto éseo visible en la
porcidn distal del primer premolar mandibular (a y b). Elevacion del colgajo y desbridamiento del defecto (c).
Sutura (d). Aspecto clinico y radiografico 12 meses después de la intervencion (e y f) “3)
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Un estudio muy interesante de los autores Jeong-Ho Yun et al. sobre la combinacién de PRP
y BMMSCs ha sido publicado en 2014. El propdsito de este estudio fue determinar la
capacidad de formacidon désea de las células madre mesénquimales derivadas de la médula
6sea humana (BMMSC) y el plasma rico en plaquetas (PRP) cuando se aplica por separado o
junto al defecto intradseo alrededor de los implantes dentales con hidroxiapatita porosa
(HA). Se generaron defectos intradseos estandarizados de tres paredes (4 x 4 x 4 mm) en
mesial de cada sitio de implante dental en cuatro perros mestizos. A continuacion, los
defectos se rellenaron con los siguientes materiales: HA + BMMSC (grupo HS), HA + PRP
(grupo HP), HA + BMMSC + PRP (grupo HSP) y HA solo (grupo HA). El nivel de densidad dsea
y osteointegracién (contacto hueso-implante [BIC]) en los defectos éseos alrededor de los
implantes se evalué mediante analisis histologico e histométrico a las 6 y 12 semanas
después de la colocacién de los implantes. Grupos HA, HS, HP y HSP en general mostraron un
aumento en la densidad dsea y BIC entre las 6 y 12 semanas, excepto BIC en el grupo HS.
Aunque no se encontraron diferencias estadisticamente significativas entre los grupos HA,
HS, HP y HSP (p> 0.05), el nivel mas alto de densidad dsea y BIC se observo en el grupo HSP
después del periodo de curacidon de 12 semanas. Ademas, el nivel de maduracidn dsea fue
mayor en el grupo HSP que en los otros grupos segun se determind histolégicamente. Los
hallazgos de este estudio preliminar sugieren que las BMMSC y PRP combinados con el HA
pueden proporcionar efectos terapéuticos adicionales sobre la regeneracién 6sea y mejorar
la osteointegracién en los defectos dseos alrededor de los implantes dentales. Los presentes
hallazgos sugieren que las BMMSC y el PRP tienen un efecto positivo sobre la regeneracién
Osea para la osteointegracidén de implantes dentales en un modelo de defecto intradseo de

tres paredes como material de injerto éseo. Sin embargo, se requieren mas estudios para
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dilucidar qué elementos de BMMSC y PRP contribuyen a la formacidon de una calidad de

hueso aun mejor de la observada en el grupo HSP (Figuras 20-21) “a),

Figura 18

Fotografias clinicas del procedimiento quirdrgico. 12 semanas después de la extraccion de los cuatro

premolares y primeros molares mandibulares, generacion de un defecto intradseo de tres paredes (tamafio 4 x
. ape . .7 .o .7 . 44

4 x 4 mm) en el lado mesial del orificio de perforacidn preparado para la fijacion del implante “4)

Figura 19

Fotografias clinicas del procedimiento quirdrgico. Después de colocar cuatro implantes dentales a cada lado de
7 . .. , . 44
la mandibula, se rellenaron materiales de injerto en el area del defecto éseo (44)
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Muestra Tratamiento Resultados Referencias
BMMSCs se han utilizado
Pacientes diagnosticados con de forma segura y con
necesidad de aumento éseo pocos signos inflamatorios.
antes de la colocacién de Han demostrado gran
8 implantes dentales fueron potencial osteogénico. 41
tratados con B-TCP o una Primer estudio clinico en
esponja de atelocolageno con | humanos de regeneracion
BMMSCs. del hueso alveolar
utilizando BMMSCs
DPSCs de un diente temporal
. P Alos 3y 6 meses:
de un donante de 7 afios ,se L,
rocesaron por via enzimatica disminucion de la
pse centrifuparon lueeo movilidad dentaria, de
y & y g profundidad de bolsas
1 colocadas en una esponja de ) , 42
, , periodontales y del area
colageno en el area del ]
. S del defecto éseo. Aumento
premolar inferior izquierdo de . .
. o de la densidad mineral
un paciente de 61 afios con i
. Osea
enfermedad periodontal
La pulpa dental del diente
extraido ha sido disociada
mecanicamente para obtener | La aplicaciéon de DPSC ha
microinjertos ricos en DPSC mejorado
autologas. Los sitios de prueba | significativamente los
29 (n=15) se llenaron con pardmetros clinicos de la 43
microinjertos sembrados regeneracion periodontal
sobre una esponja de un afio después del
colageno, mientras que los tratamiento.
sitios de control (n = 14) solo
con esponja de coldgeno.
BMMSC +PRP+ HA pueden
Defectos 6seos (en perros) proporcionar efectos
rellenados con: HA + BMMSC | terapéuticos adicionales
a (grupo HS), HA + PRP (grupo sobre la regeneracion dsea a4
HP), HA + BMMSC + PRP y mejorar la
(grupo HSP) y HA solo (grupo | osteointegracion en los
HA) defectos dseos alrededor
de los implantes dentales
Tabla 5

Aplicaciones de células madre en la enfermedad periodontal.
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5.2.5 Opiniones y experiencias de los odontdlogos sobre la efectividad de las células madre
como tratamiento de la enfermedad periodontal ¢ Qué dice la experiencia?

Con la realizacion de la encuesta se han obtenido 76 respuestas. El 100% de los odontélogos
que han respondido al cuestionario ha leido y aceptado las condiciones contenidas en el
consentimiento informado (Figura 6). La mayoria de los odontdlogos que han participado a
la encuesta tiene una edad comprendida entre los 30-40 afios de edad, el 31,6%. El 21,5%
tiene mas de 50 afios, el 17,1% entre 25-30 afios, el 15,8% entre 40-50 afios y el 14,5% entre
20-25 afios (Figura 7). A la pregunta “Conoce/se ha informado sobre estudios basados en la
aplicacion de células madre en el tratamiento de la enfermedad periodontal?” (Figura 8) el
35,5% (27 respuestas) ha contestado “No, nunca me he informado pero el tema me interesa
y lo haré en un futuro”. El 32,9% (25 respuestas) ha contestado “Si, me interesa el tema y me
mantengo informado”. El 31,6% (24 respuestas) ha contestado “Si, conozco el tema el lineas
generales”. La respuesta “No, no me interesa” a tenido 0 contestaciones. A la pregunta “Ha
participado en estudios sobre el uso de células madre en el tratamiento de la enfermedad
periodontal o ha aplicado tratamientos de este tipo en algun paciente?” el 90,8% (68
respuestas) ha respuesto negativamente y solo un 9,3% (7 respuestas) afirmativamente
(Figura 9). De los 7 que han participado en estudios sobre las células madre, el 100% ha
participado en la publicacion de revisiones bibliograficas (systematic, narrative, meta-
analysis reviews), el 14,3% (1 respuesta) también en la publicacién articulos originales, el
14,3%(1 respuesta) en la publicacion de clinical cases/ case report y el 25% (2 respuestas) en
la publicacién de clinical trial/ randomized clinica trial (Figura 10). En la pregunta “Que
resultados se han reportado en los estudios o que opinion le merecen estos tratamientos?

(segun su experiencia clinica o segun sus conocimientos del tema)” se han obtenido en total
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36 respuestas; el 50% (18 respuestas) ha contestado “Los resultados demuestran que el
potencial terapéutico del uso de células madre en el tratamiento de la enfermedad es muy
elevado” el 25% (9 respuestas) han contestado “Los resultados demuestran que funcionan
muy bien pero no en todos los pacientes”, el 19,4 (7 respuestas) han contestado “Los
resultados demuestran que no hay beneficio en el uso de células madre en el tratamiento de
la enfermedad periodontal”. El 2,8% (1 respuesta) “Los resultados obtenidos no han sido
suficientes para traer conclusiones sobre los efectos del utilizo de células madre en la
enfermedad periodontal” y el restante 2,8% (1 respuesta) ha contestado “Los resultados son
positivos pero no ofrecen una ventaja muy significativa respecto a otras terapias” (Figura
11). En la ultima pregunta “Segun sus experiencias sobre los tratamientos cldsicos de la
enfermedad periodontal y segtn los actuales conocimientos sobre el potencial terapéutico de
las células madre, considera util la investigacion sobre el uso de estas ultimas en el mundo de
la Periodoncia?” (Figura 12) el 61,8% (47 respuestas) ha contestado “Si, me parecen utiles
para nuevos avances en la ingenieria tisular y algunas terapias ya es posible aplicarlas
clinicamente” y la restante parte, el 38,2% (29 respuestas) ha contestado “Si, son utiles pero
falta desarrollarlos muchisimo mas para poder aplicarse a la poblacion general que lo
necesite”, la respuesta “No, pienso que los tratamientos cldsicos son suficientes en el
tratamiento de la enfermedad periodontal” ha tenido 0 contestaciones. La opinién de los
odontdlogos que han contestado a los cuestionarios ha sido muy importante a la hora de
recoger datos sobre la opinidn actual de las terapias basadas en células madre. Segun la
mayoria, el 61,8%, ya es posible aplicar algunas terapias basadas en células madre
clinicamente aunque el dato recogido por el 38,2% es al mismo tiempo, muy relevante. Esta

encuesta, aunque puede dar una idea general, sin embargo, presenta unos limites dado el
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numero total de odontélogos que han participado, de base no muy elevado y siendo muy
bajo el porcentaje que ha realizado estudios experimentales y que puede entonces tener

una idea mas clara sobre posibles resultados.

5.2.6 Perspectivas futuras de las células madre en odontologia regenerativa

La regeneracidn de un diente vital entero es el objetivo ultimo de la odontologia y la linea de
investigacion que en el futuro permita el remplazo de un diente que se ha perdido. Existen
dos diferentes enfoques para crear un bio-diente: solo con células o células y mediador
bioldgico. El proceso de regeneracién basado solo en células comienza con la obtencién del
germen del diente utilizando células mesénquimales y epiteliales (derivadas del embrién y
de iPSCs). Estas células pueden derivan de tejidos dentales y no dentales®. Oshima y cols.
han describido un protocolo para la regeneracion de un diente tridimensional bio-
ingenierizado, en ratas, a través el uso de células epiteliales y mesénquimales derivadas del
germen dental. El diente ha sido generado de forma ectdpica, conteniendo LPD y hueso
alveolar. El diente ha sido trasplantado en la mandibula mediante un injerto dseo. El diente
bio-ingenierizado ha conseguido realizar las normales funciones fisiolégicas normales
incluyendo las funciones masticatorias y de propioceptiva. El experimento ha sido

conseguido en ratas (Figura 22)*°.
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Transplante (Dia 0) Diente natural

Figura 20

Evolucién del bio-diente ingenierizado por Oshima y cols “s)

Varios estudios proponen protocolos de creacion de modelos de bio-raices en animales,
como el de Sonoyama y cols. en mini cerdos. Para el caso, se han utilizado células madre
SCAPs y PDLSCs y los resultados han traido a conclusiones positivas en cuanto aplicaciones
clinicas predecibles(“). También un estudio realizado por Wei y cols. ha traido a resultados
muy similares, sin embargo con células madre diferentes (células madre dentales
alégenicas)®”). Gault et al. En 2010 han evaluado la hipétesis de sembrar un implante en
titanio con PDLSCs, creando asi un bio-implante y llamandolo “ligaplant”. A través la
implantacion de este implante sembrado con células madre en un alveolo post extractivo se
ha visto, en el follow up, la regeneracién de tejido 6seo nuevo y de LPD. En esta
investigacion se ha demostrado el potencial de la aplicacién de un implante bio-osteo
integrado (integrado al hueso a través del ligamento), y las ventajas sobre la
osteointegracion de los implantes. A pesar de esto, en la superficie del implante de titanio

no hay cemento, lo que impide una fijacidn de las fibras colagenas que no pueden estar
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como en una raiz de un diente natural. Se concluye, entonces, que el “ligaplant” no puede

funcionar completamente como un verdadero diente!*®

. Para llegar a resultados aceptables
para que sean aplicados se necesita mucha investigacién todavia y para que pueda ser

regenerado un diente entero o pueda ser substituido por los bio-implantes habra que

resolver las siguientes cuestiones:

Cual combinacidn celular es mas conveniente para ser aplicadas en humanos?

* Conocer las posibles interacciones entre las células.

* Determinar la predictibilidad de la forma del nuevo diente.

* Definir la tumorigenicidad y la immunogenicidad de las células, ya que las capas
celulares se obtienen de células embrionarias y de iPSCs (y los genes alterados en su

obtencidn son factores de transcripcidén potencialmente relacionados con tumores) @)

6. CONCLUSIONES
1. El uso de las células madre en las terapias periodontales ha llegado a resultados

impresionantes. En los casos de implantaciones de células madre de natura autégena,
el paciente es tanto el donador como el receptor, eliminando asi el riesgo de rechazo
inmunoldgico, una ventaja enorme. Las futuras investigaciones basadas en MSCs
como enfoques terapéuticos para la regeneracion de los tejidos periodontales debera
considerar los siguientes problemas:

. La supervivencia de las células y la expresion de las capacidades de proliferacion.

*  Tratamientos pre-cultivados y terapias combinadas con mediadores bioldgicos.

d Controlo sobre posibles migraciones, falta de diferenciacién y tumorigenicidad.

. Interaccidn entre huésped y MSC trasplantadas.
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* El procedimiento de obtencién de algunas células (como las BMMSCs) conlleva un

cierto grado de morbilidad que puede generar molestias para los pacientes.

En los ultimos 20 afios se ha investigado mucho sobre las diferentes células madre,
sobre sus distintas origenes y sobre sus diferentes capacidades de regeneracion. Se ha
investigado en modelos animales, en laboratorios y en humanos. Gracias a estas
investigaciones se ha podido demonstrar que las células madre son un componente
fundamental para la ingenieria tisular, gracias a sus propiedades regenerativas y

inmunomoduladoras.

Los resultados procedentes de los cuestionarios refieren un dato importante sobre la
opinidn actual de los odontdlogos que han contestado a la encuesta. Algunas terapias
es posible aplicarlas clinicamente aunque merece la pena investigar mas para poder

encontrar protocolos mas seguros para poderlos aplicar a una poblacién mayor.

Los nuevos tratamientos traen a resultados evidentes y optimistas, sin embargo, falta
aclarar algunos conceptos y para hacerlo falta investigar mas. Las nuevas tecnologias y
entusiasmantes avances en materia cientifica estdn abriendo el camino para que la
ingenieria tisular llegue a lograr la regeneracion completa de los d&rganos,

estructuralmente y funcionalmente.
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7. RESPONSABILIDAD

Este trabajo trata acerca de nuevas terapias para el tratamiento de la enfermedad
periodontal. Como se ha intentado explicar, es una patologia que afecta a un porcentaje
muy alto de la poblacidon mundial y que por eso afecta, de forma importante, a la calidad de
vida de los pacientes. Trabajando e investigando mas sobre nuevas y mejores terapias para
tratar esta patologia también se contribuye sobre una responsabilidad social muy

importante, mejorar la calidad de vida de los pacientes.
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Curso Académico 2020/2021

Universidad Europea de Madrid m
Grado en Odontologia l I

APLICACION DE CELULAS MADRE EN EL TRATAMIENTO DE LA
ENFERMEDAD PERIODONTAL: SITUACION ACTUAL Y
PERSPECTIVAS DEL FUTURO

CONSENTIMIENTO INFORMADO

En aras a dar cumplimiento al Reglamento (UE) 2016/679 del Parlamento Europeo y del Consejo, de 27 de abril de
2016, relativo a la proteccidn de las personas fisicas en lo que respecta al tratamiento de datos personales y a la libre
tirculacién de estos datos, y siguiendo las Recomendaciones e Instrucciones emitidas por la Agencia Espafiols de
Proteccidn de Datos (A.E.P.D.), SEINFORMA:

*  Los datos de cardcter personal solicitados y facilitados por usted, formara parte de los datos
utilizadeos en un trabajo de fin de grade, con finalidad formativa y de investigacion.

*  Solo serdn solicitados aquellos datos estrictamente necesarios para el objetivo antes indicado.

*  Todos los datos recogidos cuentan con el compromiso de confidencialidad, con las medidas de
seguridad establecidas legalmente, y bajo ningin concepto serdn cedidos o tratados por terceras
personas, fisicas o juridicas, sin el previo consentimiento del profesional participante en la
encuesta.

*  Entodo momento tiene la posibilidad de ejercer los derechos de acceso, rectificacién, cancelacion
y oposicién, indicindole por escrito a la Universidad Europea de Madrid con domicilio en Calle

Tajo, s/n, 28670. Villaviciosa de Odén, Madrid.

¢ Agradecer la participacion en este estudio que podré servir para ampliar los conocimiento es un
drea de gran importancia como las terapias odontolégicas en desarrollo.

Nombre y apellidos:

En ,de__ de20
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APLICACION DE LAS CELULAS MADRE EN EL TRATAMIENTO DE LA ENFERMEDAD
PERIODONTAL

Trabajo de fin de grado

1. Edad:

* Entre 20y 25 afios
* Entre 25y 30 afios
* Entre 30y 40 afios
* Entre 40y 50 afios
* Mas de 50 afios

2. Conoce/se ha informado sobre estudios basados en |a aplicacion de células madre en el tratamiento
de la enfermedad periodontal?

* Si, meinteresa el tema y me mantengo informado

* Si, conozco el tema en lineas generales

* No, nunca me he informado pero el tema me interesa y lo haré en un futuro
* No, no me interesa.

3. Ha participado en estudios sobre el uso de células madre en el tratamiento de la enfermedad
periodontal o ha aplicado tratamientos de este tipo en algln paciente?

* Si
* No

4. Siha respuesto afirmativamente a la pregunta anterior, en que tipo de estudio ha participado?
(es posible elegir mas de una respuesta)

* Para la publicacién de articulos originales

* Para la publicacién de revisiones bibliogréaficas (systematic, narrative, meta-analysis reviews)
* Para la publicacién de clinical cases/case report

* Para la publicacién de clinical trial/ randomized clinical trial

5. Que resultados se hanreportado en los estudios o que opinidn le merecen estos tratamientos?
(segdn su experiencia clinica o segun sus conocimientos del tema)

* Los resultados demuestran que el potencial terapéutico del uso de células madre enel tratamiento
de la enfermedad periodontal es muy elevado

* Los resultados son positivos pero no ofrecen una ventaja muy significativa respecto otras terapias

* Los resultados demuestran que funcionan muy bien pero no en todos los pacientes

* Los resultados demuestran que no hay beneficio en el utilizo de células madre en el tratamiento de
la enfermedad periodontal

* Los resultados obtenidos no han sido suficientes para traer conclusiones sobre los efectos de la
aplicacion de células madre en la enfermedad periodontal
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6. Segun sus experiencias sobre los tratamientos cldsicos de la enfermedad periodontal y
segun los actuales conocimientos sobre el potencial terapéutico de las células madre, considera atil
la investigacion sobre el uso de estas ultimas en el mundo de la Periodoncia?

* Si, me parecen Utiles para nuevos avances en la ingenieria tisular y algunas terapias ya es posible
aplicarlas clinicamente

* Son Gtiles pero falta desarrollarlos muchisimo mas para poder aplicarse a lapoblacién

* general gue lo necesite

* No, pienso que los tratamientos cldsicos son suficientes en el tratamiento de la enfermedad
periodontal.
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APPLICATION OF STEM CELLS IN PERIODONTAL DESEASE: STATE
OF THE ART AND FUTURE PROSPECTIVE

INFORMATIVE CONSENT

In order to comply with Regulation (EU) 2016/679 of the European Parliament and of the Council, of April 27, 2016,
regarding the protection of natural persons with regard to the processing of personal data and the free circulation of
these data, and following the Recommendations and Instructions issued by the Spanish Agency for Data Protection
{AEPD), IT IS INFORMED:

* The personal data requested and provided by the user will be part of the data used in the dissertation work for
research and information purposes.

* Only the data strictly necessary for the above objectives will be requested.

« All data collected has a commitment to confidentiality, with the security measures required by law, and in no case
are they transferred or processed by third parties, physical or legal, without the prior consent of the user participating
in the questionnaire.

* At any time has the opportunity to exercise their rights of access, rectification, cancellation and opposition noted in
writing at the European University of Madrid with address: Calle Tajo, s / n, 28670. Villaviciosa de Odén, Madrid.

* We thank you for participating in this study, which may serve to expand knowledge in an area of great importance
such as new dental therapies.

Name and surname:

Place of 20

FIRM:
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APPLICACION OF STEM CELLS IN PERIODONTAL DESEASE: STATE OF ART AND FUTURE
PROSPECTIVE

Dissertation

1. Age
* 20-25
* 25-30
* 30-40
* 40-50

* More than 50

2. Do you know or have you ever read studies about application of stem cells in periodontal
disease?

* Yes, | know the subject and | keep myself informed

*  Yes, | know the subject but in general terms

* No, | don't know the subject but I'm interested and I'll study about it
* No, I'm not interested

3. Have you ever taken part in studies on the application of stem cells in periodontal disease?
* Yes
* No

4. If the answer to the previous question is yes, what kind of study did you participate in? {you
can choose more than one option)
* For publishing original articles
* For the publication of reviews (systematic, narrative, metanalisis)
* For the publication of clinical cases / case reports
* For the publication of clinical trials / randomized clinical trials

5. What were the results reported in the studies or what opinion do these treatments deserve?
(According to your clinical experience or according to your knowledge on the subject)

* The results demonstrate a high therapeutic potential deriving from the use of stem cells in
the treatment of periodontal disease

* The results are positive but do not offer a significant advantage over other therapies.

* The results demonstrate its effectiveness but not in all patients

* The results show that there are no benefits in the use of stem cells in the treatment of
periodontal disease

* The results are not sufficient to establish the effect of using stem cells in the treatment of
periodontal disease
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6. According to your experiences regarding the classic treatment of periodontal disease and
regarding the current knowledge of the therapeutic potential of stem cells, do you
consider the research on the use of stem cells useful in the field of Periodontology?

* Yes, | find it useful for new advances in the field of tissue engineering and some therapies
are already applicable

* Yes, | find it very useful but there is still a lot of research to apply these treatments to the
population that needs it

* No, classical treatment are sufficient in the treatment of periodontal disease
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APPLICAZIONE DELLE CELLULE STAMINALI NEL TRATTAMENTO
DELLA MALATTIA PARODONTALE: SITUAZIONE ATTUALE E
PROSPETTIVE FUTURE

CONSENSO INFORMATO

Al fine di ottemperare al Regolamento (UE) 2016/679 del Parlamento Europeo e del Consiglio, del 27 aprile 2016,
relativo alla protezione delle persone fisiche con riguardo al trattamento dei dati personali e alla libera circolazione
degli stessi dati, e seguendo le Raccomandazioni e le Istruzioni emanate dall'Agenzia Spagnola per la Protezione dei
Dati (A.E.P.D.), SI INFORMA:

* | dati personali richiesti e forniti dall'utente faranno parte dei dati utilizzati nella tesi di laurea con finalitd diricerca
e diinformazione.

* Verranno richiesti solo i dati strettamente necessari per gli obbiettivi sopra indicati.

* Tutti i dati raccolti hanno l'impegno diriservatezza, con le misure di sicurezza previste dalla legge, e in nessun caso
vengono trasferiti o trattati da terzi, fisici o legali, senza il previo consenso dell’utente che partecipa al questionario.

* In qualsiasi momento ha la possibilitd di esercitare i diritti di accesso, rettifica, cancellazione e opposizione,
indicandolo per iscritto all'Universitd Europea di Madrid con indirizzo:
Calle Tajo, s / n, 2B670. Villaviciosa de Odén, Madrid.

* Siringrazia per |a partecipazione a guesto studio, che potrd servire per ampliare le conoscenze in un'area digrande
importanza come le nuove terapie odontoiatriche,

Nome e Cognome:

I ,il__del20

FIRMA:
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Tesidi Laurea

Eta

20-25
25-30
30-40
40-50
Oltre 50

Conosce/ha letto studi sull'applicazione delle cellule staminali nel trattamento della
malattia parodontale?

Si, conosco I'argomento e mi mantengo aggiornato

Si, conosco 'argomento ma in linee generali

No, non sono informato ma l'argomento mi interessa e miinformerd in futuro
No, non miinteressa

Ha preso parte in studi sull’applicazione delle cellule staminali nel trattamento della
malattia parodontale o ha mai applicato questi trattamenti su pazienti?

Si
No

In caso dirisposta affermativa alla precedente domanda, in che tipo di studio ha
partecipato? (& possibile scegliere piu di una opzione)

Per la pubblicazione di articoli originali

Per la pubblicazione di review ( systematic, narrative, metanalisis)
Per la pubblicazione di clinical cases/case report

Per la pubblicazione di clinical trial/ randomized clinical trial

Quali sono stati i risultati riportati negli studi o che opinione meritano questi
trattamenti?(secondo la sua esperienza clinica o secondo le sue conoscenze in materia)

| risultati dimostrano un alto potenziale terapeutico derivante dall’utilizzo delle cellule
staminali nel trattamento della malattia parodontale

I risultati sono positivi ma non offrono un vantaggio significativo rispetto ad altre terapie.
| risultati ne dimostrano I'efficacia ma non in tutti i pazienti

I risultati dimostrano che non esistono benefici nell'utilizzo delle cellule staminali nel
trattamento della malattia parodontale

I risultati non sono sufficienti a stabilire I'effetto dellutilizzo delle cellule staminali nel
trattamento della malattia parodontale
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Secondo le sue esperienze riguardo i trattamenti classici della malattia parodontale e
riguardo le attuali conoscenze del potenziale terapeutico delle cellule staminali,
considera utile la ricerca sull'utilizzo di quest'ultime nel campo della Parodontologia?

Si, la trovo utile per i nuovi avanzi nel campo dell’ingegneria tissutale e alcune terapie sono
gia applicabili

Si, la trovo molto utile ma manca ancora molta ricerca per poter applicare questi
trattamenti alla popolazione che lo necessita

No, i trattamenti classici sono sufficienti nel trattamento della malattia parodontale.
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Stem cells, tissue engineering and periodontal regeneration
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ABSTRACT

The aim of this review is to discuss the clinical unlity of stem cells in periodontal regencration by reviewing relevane lit-
erature that assesses the periodontal-regenerative potential of stem cells. We consider and describe the main stem cell
populations that have been utilized with regard o periodontal regeneranon, including bone marrow-derived mesenchy-
mal stem cells and the main dental-derived mesenchymal stem cell populations: periodontal ligament stem cells, dental
pulp stem cells, stem cells from human exfoliated deciduous teeth, stem cells from apical papilla and dental follicle pre-
cursor cells, Research into the use of stem cells for tissue regeneration has the potential to significantly influence peri-
odontal treatment strategies in the future.

Keywords: Penodontium, repair, bone grafts, bnoactive materials, scaffolds.

Abbreviations and acromyms: ADSC = adipase-derived stromal cell; BMP = bane morphogenetic protein; BMSC = bone marrow stro-
mal stem cell; CFU-F = colony-forming unit fibroblast; DPSC = dental pulp stem cell; EMD = enamel matrix derivanve; GFP = green
fluorescent progein: 1GF-1 » insulin-like growth factoe-1: iPS » induced pluripotent stem; ISCT » International Society for Cellular Ther-
apy; MSC = mesenchymal stem cell; PDGF = plateket-derived growth factor; PDL = periodontal ligament; PDLSC = penodonral liga-
ment stem cell; PRP « platelet-rich plasma; SCAP « stem cell from apacal papilla; SHED « stem cell from exfoliated deciduous teeth.

INTRODUCTION

Periodontal disease is a chronic inflammartory condi-
tion of the periodontium thar is characterized by irre-
versible destruction of the tooth attachment and its
surrounding bone. The disease state, if left untreated,
can lead to progressive loss of gingival tissue, peri-
odontal ligament and supporting alveolar bone, ulti-
mately resulting in an aesthetically and functionally
compromised dentition, including premature tooth
loss.” The pathogenesis of periodontal disease involves
a complex interaction between the host’s immune
response to microbial colomzation of the periodontal
attachment, and modifying host factors, including
tobacco smoking® and genetic susceptibility.” Perio-
dontal disease has also been linked to many underly-
ing  systemic  disorders  such  as  diabetes,*
cardiovascular disease’ and rheumatoid arthritis.® Pro-
gressive periodontitis 18 seen in most adult human
populations, with a prevalence of either moderate or
severe periodontal disease in the Australian popula-
tion estimated at 22.9%.7 The consequences of
untreated periodontal disease have broad ranging
implications on an individual’s quality of life, and
thus impact upon the health system and carry a heavy
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economic cost. The ultimarte goal of periodontal ther-
apy relies on the achievement of complete restoration
of all components of the periodontium to their origi-
nal architecture and function. This entails reconstruc-
tion of gingival connective tissue, cementum, alveolar
bone and periodontal ligament (PDL). In addition,
formartion of Sharpey’s fibres, or the portion of the
PDL embedded in both newly formed cementum and
alveolar bone, is essennial to restore appropriate con-
nections between the tooth and its supporting tissues.”
Current conventional techniques for the treatment of
periodontal disease show a limited potential for com-
plete periodontal regeneration. An improved under-
standing of penodontal biology coupled with current
advances in the development of scaffolding matrices
has introduced novel treatments that use cell and gene
therapy to enhance periodontal tissue reconstruction
and its biomechanical integration.

The periodontium

The periodontium is a complex organ consisting of
two soft connective tissues (gingival and periodontal
ligament) and two hard connective tissues (cementum
and alveolar bone).”
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Structure of periodontal tissues
in health and disease*

ANTONIO NANCI & DIeTER D. BOSSHARDT

The periodontium, defined as those tissues support-
ing and investing the tooth, comprises root cemen-
tum, periodontal ligament, bone lining the tooth
socket (alveolar bone), and that part of the gingiva
facing the tooth (dentogingival junction), The wide-
spread occurrence of periodontal diseases and the
realization that lost tissues can be repaired and,
perhaps, regenerated has generated considerable
interest in the factors and cells regulating their for-
mation and maintenance, It is important o under-
stand that each of the periodontal components has
its very specialized structure and that these structural
characteristics  directly  define function, Indeed,
proper functioning of the periodontium is only
achieved through structural integrity and interaction
between its components,

In recent years, a number of detailed descriptions
of the structural and compositional features of
periodontal tissues have been published (3, 5-7,9, 15,
17, 46, 50, 56, 58, 61); we refer the reader to these
for a comprehensive description of the develop-
ment, formation, and structure of periodontal tssues,
The present review will focus on structure-function
relationships pertinent to understanding periodontal
tissue breakdown and the repair/regeneration of
alfected structures,

Healthy periodontal tissues

Dentogingival junction

The dentogingival junction (gingiva facing the tooth)
is an adaptation of the oral mucosa that comprises
epithelial and connective tissue components, The
epithelium is divided into three functional com-
partments - gingival, swlewlar, and  junctional

*Pants of this anticle are adapted from Reference 50

epithelium - and the connective tissue into super-
fidkal and deep compartments, The junctional epi-
thelium plays a crucial role since it essentially seals
off periodontal tssues from the oral environment,
Its integrity is thus essential for maintining a
healthy periodontium, Periodontal disease sets in
when the structure of the junctional epithelium
starts to fail, an excellent example of how structure
determines function,

The junctional epithelium

The junctional epithelium arises from the reduced
enamel epithelium as the tooth erupts into the oral
cavity, It forms a collar around the cervical portion of
the twoth that follows the cementoenamel junction
(Fig. 1). The free surface of this collar constitutes the
floor of the gingival sulcus, Basically, the junctional
epithelium is a nondifferentiated, stratified squa-
mous epithelium with a very high rate of cell turn-
over, It is thickest near the bottom of the gingival
sulcus and tapers to a thickness of a few cells as it
descends apically along the woth surface, This epi-
thelium is made up of flattened cells oriented paral-
lel to the woth that derive from a layer of cuboidal
basal cells sitwated away from the tooth surface that
rest on a basement membrane, Suprabasal cells have
a  similar  ultrastructure and, quite  remarkably,
maintain the ability to undergo cell division, The cell
layer facing the tooth provides the actual attachment
of the gingiva to the tooth surface by means of a
structural complex called the epithelial attachment,
This complex consists of a basal lamina-like structure
that is adherent to the tooth surface and to which the
superficial cell layer is attached by hemidesmosomes,
The basal lamina-like structure is a specialized
extracellular  matrix in which typical basement
membrane constituents have not been immuno-
detected in any significant quantity but which is
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Therapeutic potential of dental stem cells

Elna Paul Chalisserry'?, Seung Yun Nam'23,
Sang Hyug Park'** and Sukumaran Anil*

Abstract

Stem cell biology has become an important fidd in regenerative medicine and tssue engineering therapy since the
discovery and characterzaton of mesenchymal stem cells. Stem cell populations have also been isolated from human
dental ussues, including dental pulp stem cells, stem cells from human exfoliated deciduous teeth, stem cells from apical
papilla, dental follicle progenitor cells, and periodontal kigamentstem cells. Dental stem cells are relatvely easily obtainable
and exhib it high plasticity and multpotental capabilities. The dental stem cells representa gold standard for neural-crest-
derived bone reconstruction in humans and can be used for the repair of body defects in low-risk autologous therapeutic
strategies. The bioengineering technologies developed for tooth regeneraton will make substantial contributions to
understand the developmental process and will encourage future organ replacement by regenerative therapies in a wide
variety of organs such as the liver, kidney, and heart. The concept of devel oping tooth banking and preservaton of dental
stem cells s promising. Further research in the area has the potenual to herald a new dawn in effecuve treatment of
notoriously difficult diseases which could prove highly beneficial to mankind in the long run.

Keywords
Dental stem cell, stem cell therapy, differentiation, regeneration, tussue engineering, tooth banking
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Introduction

The tooth is composed of distinet tissues including the
outer mineralized enamel layer; the adjacem mineralized
dentin layer; the dental pulp comtaining blood vessels,
nerves, and mesenchymal tissue; and root structures com-
posed of dentin, cementum, and periodontal ligament
(PDL), which secure teeth to the underlying alveolar bone.
Dentin comtains characteristic and distinctive tubules,
produced by neural crest derived dental mesenchymal
stem cells called odontoblasts, which persist in mature
teeth and exhibit limited regenerative capacities 1o form
reparative dentin in response 1o injury or discase. The den-
tal pulp is composed of dental mesenchymal cells, nerves,
and blood vessels that thread through the root canal. Teeth
develop through continuous and reciprocal interactions
between cranial newral crest-derived mesenchymal stem
cells (MSCs) and oral-derived epithelial stem cells during
carly embryogenesis.'#

Stem cells can be isolated from several oral tissues
such as craniofacial bone, dental pulp, PDL, demal folli-
cle, tooth germ, apical papilla, oral mucosa, gingival, and
periosteum.’ The dental stem cells (DSCs) are post-natal

stem cell populations that have MSC-like qualities, includ-
ing the capacity for self-renewal and multilineage differen-
tiation potential. These cells are derived from the neural
crest, and thus have a different origin from bone-mamow-
derived mesenchymal stem cells (BMMSCs), which are
derived from mesoderm. * Among oral tissue-derived stem
cells, human demtal pulp stem cells (hDPSCs) have been
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Abstract: Periodontitis is a chronic disease that begins with a period of inflammation of the supporting
tissues of the teeth table and then progresses, destroying the tissues until loss of the teeth occurs.
The restoration of the damaged dental support apparatus is an extremely complex process due to
the regeneration of the cementum, the periodontal ligament, and the alveolar bone. Conventional
treatment relies on synthetic materials that fill defects and replace lost dental tissue, but these
approaches are not substitutes for a real regeneration of tissue. To address this, there are several
approaches to tissue engineering for regenerative dentistry, among them, the use of stem cells.
Mesenchymal stem cells (MSC) can be obtained from various sources of adult tissues, such as bone
marrow, adipose tissue, skin, and tissues of the orofacial area. MSC of dental origin, such as those
found in the bone marrow, have immunosuppressive and immunotolerant properties, multipotency,
high proliferation rates, and the capacity for tissue repair. However, they are poorly used as sources of
tissue for therapeutic purposes. Their accessibility makes them an attractive source of mesenchymal
stem cells, so this review describes the field of dental stem cell research and proposes a potential
mechanism involved in pericdontal tissue regeneration induced by dental MSC,

Keywords: DPSC; biological mechanism; periodontal treatment

1. Introduction

Periodontitis is a chronic inflammatory disease of the supportive tissues of the teeth. This disease is
caused by specific microorganisms or groups of specific microorganisms, which result in a pathological
disinsertion of the collagen fibres of the cementum; progressive destruction of the periodontal ligament
and alveolar bone with increased probing depth formation, recession, or both; and apical migration of
the union epithelium [1].

When these conditions last over time, they cause the tissue to continue to be destroyved until the
tooth is lost due to lack of support. This not only has repercussions at the local level that affect the
chewing, phonation, and aesthetics of the patient but it is also related to other pathologies that affect
quality of life [2].

Although the disease can be treated successfully in its early stages, unfortunately, it is diagnosed
when it affects the periodontal ligament, which causes most patients to seek dental care when the

e, | Mol, Sci. 2018, 19, M4 doi: 10,33/ ijms 19040944 www.mdpicom/journal /ijms
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Section 11

Consensus Report
Periodontal Diseases: Pathogenesis and
Microbial Factors

The section members read the two review
papers on pathogenesis and microblal fac-
tors. The section members found it necessary
to include older references in the pathogen-
esds section. The section members, by con-
sensus, consider the statements to
be supported by the evidence included In the
two reviews and the references lsted below.

PATHOGENESIS

PGE,. TNFa, and IL-6. These cytokines me-
diate the secretion of matrix metalloprotel
nases (MMP). The most documented bacterial
substance initiating these reactions Is Npo-
polysaccharide (LPS) (see reference 1).

2. What are the important protective
mechanisms in periodontal dis-
cases?

Protective mechanisms are thought to fall
into three categories (see reference 2):
1. Mechanical/physical mechanisms such
as the epithelial barrier and the flushing
action of gingival crevicular fluld flow;

73

3. What are the important genetic fac-
tors and what is the state-of-the-art
relative to assossing these genetic
factors in periodontal discases?

For the carly-onset forms of perfodontitis,
there Is good evidence from segregation anal-
ysis for involvement of a major gene effect.
There Is some evidence assoclating HLA spec-
ificities with carly-onset The
relative risk of discase assoctated with the
presence of these however, Is
low to discases such as ankylosing

and celiac discase. There is no ev-
idence to date linking early onset periodon-
ttls in diverse populations to any gene or
marker loci.

In adult onset periodontitis, twin studies
suggest that a significant portion of the pop-
ulation vartance for measures of discase Is
attributable to genetic factors. To date there
s no evidence for a major gene effect on adult
onset perfodontitis, nor has the discase been
linked to any gene locl.

There are significant racial differences in
both the prevalence of early-onset forms of
periodontitis and associated host factors, It is
currently unclear whether these differences
are due to genctic or environmental factors.

Genetic studies In periodontology are com-
plicated by the difficulty of defining specific
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ABSTRACT: Our understanding of the pathogenesis in human period ontal diseases is limited by the lack of specific and sen-
sitive tools or models to study the complex microbial challenges and their interactions with the host's immune system. Recent
advances in cellular and maolecular biology research have demonstrated the importance of the acquired immune system not
anly in fighting the virulent periodontal pathogens but also in protecting the host from developing further devastating condi-
tions in periodontal infections. The use of genetic knockout and immunodeficient mouse strains has shown that the acquired
immune response—in particular, CD4* Tcells—plays a pivotal role in contralling the ongoing infection, the immune /inflam-
matary resp and the subsequent host's tissue destruction. In particular, studies of the pathogen-specific CD4 * T<cell-medi-
ated immunity have clarified the rokes of: (i) the relative diverse immune repertoire involved in periodontal pathogenesis, (ii)
the contribution of pathogen-assaciated Th1-Th2 cytokine expressions in periodontal disease progression, and (iii) micro-
organism-triggered periodontal CDI* Tcellmediated osteoclastogenic factor, RANK-L', which is linked to the induction of
alveolar bone destruction # sifi. The present review will focus on some recent advances in the acquired immune responses
involving Bcells, CD8* Tcells, and CD4* Tcells in the context of periodontal disease progression. New approaches will further
facilitate our understanding of their underlying molecular mechanisms that may lead to the development of new treatment
maodalities for periodontal diseases and their associated complications.

Abbreviations used in the paper are as follows: Antibody, Ab; antigen, Ag; antigen-presenting cells, APC; Actinobacillus
actinom yeetemcomitans, A. actinamycetemcomitans or Az; 3,-microglobulin, B,m; cytotoxic CD8* ofd T-lymphocytes, CTL; den-
dritic cells, DC; delayed -ty pe hy persensitivity, DTH; immunoglobulin, Ig; Fe receptor, Fe-R; interferan-y, IFN-y; receptor acti-
vator of NF-kB ligand, RANK-L; molecular weight, MW, Porphyromomes gingiovalis, P gingioalss or Pg; localized juvenike peri-
odontitis, LJP; lipopolysaccharide, LPS; mouse mammalian tumor virus, MMTV; non-obese diabetic and severe combined
immunodeficency mice, NOD/SCID mice; osteaclast, OC; T-helper cells, Th; superantigen, SAg; transfoarming growth factor-
B, TGF-Ji; secretary-IgA, s-IgA; T-cell receptor, TCR; T cytotaxic-1 cells, Tel; and T cytotoxic-2 cells, Te2

Key words. Human periodontitis, acquired immunity, CD4* T-cell immune repertaire, type-1 s type-2 cytokines, osteoclasto-

genesis, RANK-L.

(1) Introduction

periodontium that anchors the teeth to the jaws consists

of the gingiva, periodontal ligament, cementum, and alve-
olar bone. It is normally in a balanced state with the perio-
dontal microbiota in the dental plaque (biofilm). Human
periodontal diseases (ic., gingivitis, periodontitis) result from
heterogeneous etiologies induding complex biofilm in the
subgingival microenvironment, socal and behavior modula-
tions, and genetic or epigenetic traits of the host, each of which
is influenced and/or modulated by the host's immune and
inflammatory responses. As a result of the maturation and
changes in the biofilm, mainly an increase in facultative anaer-
obic, Gram-negative micro-organisms (Socransky ef al, 1998),
early vascular changes occur in the periodontium, with exu-
dation and migration of phagocytic cells, including neu-
trophils and monocytes/ macrophages, into the junctional
epithelium and gingival sulcus, resulting in initial gingival
inflammation. These changes are accompanied by increases in
the size of the connective tissue infiltrated by leukocytes, loss
of perivascular collagen fibers, and proliferation of junctional
epithelium. During the early stage, the inflammatory infiltrate
is mostly T-cells, whereas in the established lesions, Bells
become the most common inflaimmatory cells (Page and
Schroeder, 1976). These changes signify a local alteration of

immunaregulatory events in the host. The resulting cellular
and fluid exudates cause further breakdown of the adjacent
connective tissue and epithelium, followed by proliferation,
apical migration, and lateral extension of the junctional epithe-
lium. All of these alterations contribute to periodontal pocket
formation. The pathogenic species present in the subgingival
biofilm release an array of virulence factors that can evade
anti-bacterial host defense mechanisms and then cause dam-
age to the host tissue via immune/inflammatory interactions,
which typically consist of neutrophils, monocytes/macro-
phages, dendritic cells (DCs), T-cells, and predominantly 1gG-
producing plasma cells. As the disease proceeds to more
advanced stages, tissue destruction involves significant alveo-
lar bane resarption and continuing loss of the collagen needed
for tissue attachment. Widespread manifestations of inflamma-
tory and pathological responses associated with periods of qui-
escence and active exacerbation become evident (Nabers ef ol ,
1988; P, anou ef al., 1989; Beck, 1996). Further study and
understanding of the underlying pathological mechanisms
await mare sensitive measurement or methods that differenti-
ate between active and quiescent disease stages.

Despite the production of many virulence factors—such
as proteases, metabolic and toxic by-products, enzymes, and
lipopolysaccharides (LPS) from subgingival micro-organisms—

l14(4) 237-252

74

Crit Rev Oral Biol Mad 237



Received: 2 Jancary 2018 | Revised: 11 Fehruary 2018

DOL: 10.1002IPER. 18-0006

2017 WORLD WORKSHOP

Accepeed: 11 Febewary 2008

Staging and grading of periodontitis: Framework and proposal
of a new classification and case definition

Maurizio S. Tonetti’ | Henry Greenwell” |

! Periodantology, Faculty of Dentistry, Univer-

sity of Hong Kong, Hong Kong, SAR Chana
2 Graduate Periodontics, School of
Dentistry, University of Louisville,
Louisville, KY, USA

I Department of Pericdontics

and Oral Medacine, Uraversity of

Michigan School of Deatistry,

Ann Arbor, ML USA

Correspondence

Prof. Maurizio Tonetts, Persodostology, Fac-

wlty of Dentistry, University of Hoag Koag,
Prince Philip Dental Hospatal 34, Hospital
Road, Hong Kong, SAR China.

Email: tometti @ bxu.hk

The proceedings of the workshop were
jointly and simultancously published in the
Journal of Periodontology and Journal of
Clinical Periodontology.

Kenneth S. Kornman®

Abstract

Background: Authors were assigned the task to develop case definitions for periodon-
titis in the context of the 2017 World Workshop on the Classification of Periodontal
and Peri-Implant Discases and Conditions. The aim of this manuscript is to review
evidence and rationale for a revision of the current classification, to provide a frame-
work for case definition that fully implicates state-of-the-art knowledge and can be
adapted as new evidence emerges, and to suggest a case definition system that can be
implemented in clinical practice, research and epidemiologic surveillance.
Methods: Evidence gathered in four commissioned reviews was analyzed and inter-
preted with special emphasis to changes with regards to the understanding available
prior to the 1999 classification. Authors analyzed case definition systems employed
for a variety of chronic discases and identified key criteria for a classification/case
definition of periodontitis.

Results: The manuscript discusses the merits of a periodontitis case definition sys-
tem based on Staging and Grading and proposes a case definition framework. Stage |
to IV of periodontitis is defined based on severity (primarily periodontal breakdown
with reference to root length and periodontitis-associated tooth loss), complexity of
management (pocket depth, infrabony defects, furcation involvement, tooth hyper-
mobility, masticatory dysfunction) and additionally described as extent (localized or
generalized). Grade of periodontitis is estimated with direct or indirect evidence of
progression rate in three categories: slow, moderate and rapid progression (Grade A-
C). Risk factor analysis is used as grade modifier.

Conclusions: The paper describes a simple matrix based on stage and grade to appro-
priately define periodontitis in an individual patient. The proposed case definition
extends beyond description based on severity to include characterization of biolog-
ical features of the disease and represents a first step towards adoption of precision
medicine concepts to the management of periodontitis. It also provides the necessary
framework for introduction of biomarkers in diagnosis and prognosis.

KEYWORDS
aggressive persodontitis, biomarkers, case definition, chromic periodontitis, classification, clinical attach-
ment loss, & is, furcation invol grade A periodomtitis, grade B periodontitis, grade C
© 2018 American Academy of Periodontology and Eveopean Federation of Periodoatology
J Periodonsal. 2018,85(Seppl 1):5155-5172. V! heary coau) ip 5159
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Application of platelet-rich plasma with stem cells in bone
and periodontal tissue engineering

Gabriela Fernandes' and Shuying Yang'**

Presently, there is a high paucity of bone grafts in the United States and worldwide. Regenerating bone is of
prime concern due to the current demand of bone grafts and the increasing number of diseases causing bone
loss. Autogenous bone is the present gold standard of bone regeneration. However, disadvantages like donor
site morbidity and its decreased availability limit its use, Even allografts and synthetic grafting materials
have their own limitations. As certain specific stem cells can be directed to differentiate into an osteoblastic
lineage in the presence of growth factors (GFs), it makes stem cells the ideal agents for bone regeneration,
Furthermore, platelet-rich plasma (PRP), which can be easily isolated from whole blood, is often used for
bone regeneration, wound healing and bone defect repair. When stem cells are combined with PRP in the
presence of GFs, they are able to promote osteogenesis. This review provides in-depth knowledge regarding
the use of stem cells and PRP in vitro, in vivo and their application in clinical studies in the future.

Bone Research (2016) 4, 16036; doi:10.1038/ boneres.2016.36; published online: 13 December 2016

INTRODUCTION

Regenerating the lost bone is of pimary concem in
disaases and conditions involving bone loss, such as
periodonfitis, tumars, fractures, and bony defects.! Auto-
genous bone has long been held as the gold standard
of bone grafting materids; however, donar site morbidity,
difficulty in obtaning it. and the prolonged heaing
time are its limitations.? In recent years, aulologous bone
has been administered for the regeneration of
bony defects and structures.” But, the rsk of disease
fransmission and foreign body immune reaction associated
with it 5 high.* In addition, synthetic bone grafting materials
have been created and produced to mimic bony
structiure and cellular morphology dlong with promoting
osteoconduction” however, the primary expenses
involved in fabrcating and manufacturng these graft
matericls preclude their extensive opplication.® Hence, it is
imperative 1o advocate and implement newer techniques
and enfifies in order to overceme these limitations.” Bone
fissue engineering is the field of medicine that involves the
regeneration and replacement of the kost bony tsswe and

structure.® Due to the increasing demand and the paucity
of the presently exsting bone grofts, it has now become
imperative to devise novel materal that can achieve
excelent regeneration as well as reduce the drawbacks of
the presently existing grafting materiak.? It is very important
ta hamess the potential of celluker and malecular technol
ogy in order to develop newer grafting materials and
axploit its practica applications.”"!

A high volume of research in bone tsue engneerng has
been devoted to odult stem cels, which can be isolated
from tssues such as a bone marow or adipose lssue,
Mesenchymd stem cels [MSCs| have been identified as
the cells which adhere fo plastic, lock of expression and
absence of the hematopoietic and endothelicl markers
and ther abiity to differentiate inte adipogenic, chondro-
genic, and osteogenic lineages.'*'* Adult bone marow-
derived MSCs [BMSCs| have been the focus of most studies
due 1o the nherent potential of these celds to diferentiate
into various cell types. In the past decade, MSCs have
been employed in the regeneration of bone. especially
because of its potential 1o differentiate inte an osteogenic

'Department of Oral Biclogy. Schoal of Dental Medicine. University at Bullalo, The State University of New York. Buffalo, NY, USA: “Developmental
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Periodontal regeneration in swine after cell @
injection and cell sheet transplantation of

human dental pulp stem cells following

good manufacturing practice

Jingchao Hu', Yu Cao', Yilin Xie', Hua Wang?, Zhipeng Fan', linsong Wang®, Chunmei Zhang', Jinsong Wang®,
Chu-tse Wu®" and Songlin Wang'*

Abstract

Background: Pericdantitis, one of the mast prevalent infectious diseases in humans, results in the destruction of
tooth-supporting tissues. The purpose of the present study is to evaluate the effect of cell injection and cell sheet
transplantation on penodontal regeneration in a swine model.

Methods: In the present study, human dental pulp stem cells (hDPSCs) were transplanted into a swine model for
pericdontal regeneration. Twelve miniature pigs were used to generate periodentitis with bone defects of 5 mm
in vidth, 7 mm in length, and 3 mm in depth. hDPSCs were obtained for bone regeneration wsing cell injection
ar cell sheet transplantation. After 12 weeks, clinical, radiclogical, and histological assessments of regenerated
pericdontal tissues were performed to compare pericdontal regeneration treated with xenogeneic cell injection
and cell sheet implantation.

Results: Cur study showed that translating hDPSCs inta this large animal model could significantly improve
pericdontal bone regeneration and soft tissue healing. After 12 weeks, both the hDPSC sheet treatment and
hDPSC injection significantly impraved periodontal tissue healing clinically in comparison with the control group.
The volume of regenerative bane in the hDPSC sheet group (52.7 + 4.1 mm?) was significantly larger than in the
hDPSC injection group (324 + 5.1 mm’) (P < 0.05). The percentage of bone in the periodontium in the hDPSC
injection group was 12.8 + 4.4 %, while it was 174 + 53 % in the hDPSC sheet group (P < 0.05).

Condusion: Both hDPSC injection and cell sheet transplantation significantly regenerated periodontal bene in
swine. The hDPSC sheet had more bone regeneration capacity compared with hDPSC injection.

Keywords: Dental pulp stem cells, Cell injection, Cell sheet, Periodontal bone regeneration

\ J

Background including guided tissue regeneration [2], application of
Periodontitis, one of the most prevalent infectious dis-  biological mediators such as enamel matrix derivative
eases in humans, results in the destruction of tooth- (EMD) (3], and other scaffold-based techniques [4], were
supporting tissues such as bone, periodontal ligaments, proposed to treat periodontal disease, and favorable re-
and cementum (1], Several regenerative approaches, sults were obtained in clinical trials and animal models,

Based on recent progress in tissue engineering, ex vivo

T COMESpONTance WurHBnK DeTi A0 0T SWangBCcmy Adu expanded mesenchymal stem cells (MSCs) are used in
*Depatment of Experimental Hamaralogy, Bejng Institute of Raciaticn regenerative medicine because of their potential to
Mediine. 27 Taiping Raad, Beiing 100550 People's Republc of Ching differentiate into multiple lineages [5-9). Previously, we
"Malecular Laboranory for Gene Thiragy & Tooth Rageneration, Beiing Key od . pk £ a8 . [ ] )'d\'
Laboraay of Tooth Ragensration and Function Reconsnucion, Capial generated a swine model of periodontitis [10]. In this
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rornatology, Tian Tan X Li No, 4, Beiing model, we induced significant periodontal tissue regen-
eration using periodontal ligament stem cells (PDLSCs)
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Comparison of full-mouth
disinfection and
quadrant-wise scaling in the
treatment of adult chronic
periodontitis: a systematic
review and meta-analysis

Fang H, Han M, Li Q-L, Cao CY, Xia R, Zhang Z-H. Comparison of fuli-mosth
disbfection and quadnant-wise scalbeg bt the treatment of adilt ¢ hronk
peniodontitis: a systematic review and me tasnalysis. J Periodont Res 2015, dol
10,1111 jre. 12326, © 2015 John Wiley & Sons A'S. Published by Jolm Wiey &
Sons Lod

Scaling and root planing are widely considerad as effective methods for treating
chronic periodontitis. A meta-analysis publishod in 2008 showad no statistically
significamt differences between full-mouth dsinfection (FMD) or full-mouth
scaling and root planing (FMS) and quadrant scaling and root planing (Q-
SRP). The FMD approach only resulied in modest additional improvements in
several indices. Whether differences exist between these two approaches requires
further validation. Accordingly, a study was conducted 10 further validate
whether FMD with antiseptics or FMS without the use of antiseptics within

24 h provides greater clinical improvement than Q-SRP in patients with chronic
periodontitis. Madline (via OVID), EMBASE (via OVID), PubMeod and CEN-
TRAL databases were searched up 10 27 January 2015, Randomized controlled
tnals comparing FMD or FMS with Q-SRP afier at least 3 mo were included.
Mcta-analysis was performed 1o obtain the weighted mean difference (WMD),
together with the corresponding 95% confidence intervak. Thineen anicles were
included in the meta-analysis. The WMD of probing pocket depth reduction
was 0.25 mm (p < 0.05) for FMD w. Q-SRP in single-rooted 1eeth with moder-
ate pockets, and dinical attachment kevel gain in single- and multirooted tecth
with moderte pockets was 0.33 mm (p < 0.05) for FMD vs. Q-SRP. Except for
those, no statistically significant differences were found in the other subanalyses
of FMD vs. Q-SRP, FMS vs. Q-SRP and FMD vs. FMS. Therefore, the meta-
analysis results showed that FMD was better than QSRP for achieving probing
pocket depth reduction and clinkcal attachment lewel gain in moderate pockets.
Additionally, regardiess of the treatment, no serious complications were
ohserved. FMD, FMS and Q-SRP are all effective for the treatment of adult
chronic periodontitis, and they do not kad 10 any obvious discomfort among
patients. Morcover, FMD had modest additional clinical benefits over Q-SRP,
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Abstract

The balance between bone resorpuion and bone formation is wal for and regeneravion of dveolar bone and supporung
structures around teeth and dental implants. Tissue regeneration in the onl cavity is regulated by multple cell type s, sgnaling me chanisms,
and matrx interactions. A goal for periodontal tissue engn gireg: doneistor oral soft and hard tssues through
cell, scallold, and/or sigmbng approaches to functoml and aesthetic oral tssues Borny defects in the oral cavty can vary sgnicantly,
nngeg from smalk bony lesions hung from persodontal or pen-amplant diseases to large osseous defects that extend through
the pws as a result of trauma, tumor r or nal ded The dsparty in sze and location of these alveolar defects
s compounded further by patent-specdic and nv'ommul factors that contribute to the challenges in penodontal regeneration,
penmplant tssue regencration, and dveolar ridge recomstruction. Eforts have been made over the hst few decades to produce
relable and predictable methods to fate bone reg n alveclar bone defects Tssue engneering/regenerative medicine
prowvde new averues to enhance tissue regeneration by mtroducng bicactve models or constructng p specdic sub Thes
review presents an overview of thempies (eg. proten, gene, and cell tased) and b Is (e g. resorbable, nonresortable, and
3.demensomlly prented) used for alveolar bone engn g around teeth and englants and for emglant site develop with h

on most recent fndngs and fture drections .

Keywords: tssue engmeerng, alveolar bone, gene theragy, 3D printng, growth factors, regeneration

Pathogenesis of Defects Associated with
Periodontal and Peri-implant Diseases

Alveolar bone lining the socket contaming teeth is remaodeled
comtinuously. This fine-tuned halance between bone resarption
and bone formation is maintained by muliple oell types and sig-
naling mechamsms ( Nanci and Bosshardt X006, Fig 1), In sus-
ceptible individuals, the inflammatory response 1 bactenia can

mitiate the destructive process of periodontitss, leading 1o loss of

connective tisue and bone, & well & apical migration of the

Junctional epithe ium (Seymour ¢tal. 2015). While disruption of’

subgmgival microbial biolilm and resolution of penodontal
mnflammation can be achieved by nomsurgical therapy, restitution
al miegrum cannot normally be expected, leaving a reduced
penodontium and pokentially residual alveolar bone defecss. In
more advanced cases of perodontitis, the woth lases suppon
and 15 exfoliated or extacid. To ensure mastkatory function
and aesthetics, replacement of missing teeth 15 often considered
meoessary. However, due 10 extensive previous bone resomplion,
alveolar bone defects may prevent comect positioning of dental
mplants, requining sugmentation. Following succesiful osseo-
mtegration, dental implants canabio undergoa process of micro-
bially driven chronk inflsmmation kading 10 bone resorption
(per-mplantits) and pokentially implant loss (Carcuse and
Berglundh 2014). Therefore, the clinical need for alveolar bone
regeneralion anses 1o mprowe longtenm prognosis of keth with

80

periodontits and implants affected by peri-mplantits and for
the development of alveolar bone sites for implant placement. In
addition 10 bome los due 1o chronk inflammation, bone regen-
eration may be neaded 0 comrect defects of other origing, inc ud-
Ing trauma, tumor resection, or congenital and developmental
conditions (Ginnobike 2014). Elonts have been made over
recent decades 10 predictably stimulake bone regeneration for
alveolar bane defects around tecth & well & mare recently in
edentulous areas and around implants affected by pen-implantits.
This review highlights therapies and biomatenials wed for alve-
olar bone engineering, with emphasis on the most recent find-
ings and Nuture avenues.
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Wound Healing Complications Following
Guided Bone Regeneration for Ridge Augmentation:
A Systematic Review and Meta-Analysis

Glendale Lim, DDS, MS*/Guo-Hao Lin, DDS, MS?/Alberto Monje, DDS, MS3/
Hsun-Liang Chan, DDS, MS*/Hom-Lay Wang, DDS, MSD, PhD®

Purpose: The rate of developing soft tissue compfications that accompany guided bane regeneration
(GER} procedures varies widely, from 0% to 45%. The present review was conducted to investigate the rate
for resorbable versus nonresorbable membranes and the timing of soft tissue complications. Materlals
and Methods: Electronic and manval Merature searches were conducted by two independent reviewers
using several databases, including MEOLINE, EMBASE, Cochrane Central Register of Controfled Trials, and
Cachrane Oral Heaith Group Trials Register, for articles pubfished through July 2015, with no language
restriction. Articles were included if they were ciinical trials aimed at demanstrating the incidence of soft
tissue complications folowing GBR procedures. Results: Overall, 21 and 15 articles were included in the
qualitative and quantitative synthesis, respectively. The weighted complication rate of the overall soft tissue
complications, including membrane exposure, soft tissue dehiscence, and acute infection/abscess, into
the calculation was 16.8% (95% C/ = 10.6% to 25.4%). When considering the compiication rate based on
membrane type used, resorbable membrane was associated with a weighted complication rate of 18.3%
(95% C): 10.4% to 30.4%) and nonvesorbable membrane with a rate of 17.6% (95% CI; 10.0% to 29.3%).
Margover, soft tisswe lesions were reported as early as 1 week and as fate as 6 months based on the
included studies, Concluslon: Soft tissue compfications after GER are common (16.8%). Membrane type
did not appear to significantly affect the complication rate, based on the limited number of data retrieved in
this study. Technigue sensitivity (ie, soft tissue management) may sti be regarded as the main companent
to avoid soft tissue complications and, hence, to influence the success of bane regenevative therapy, Int J
OrAL MavLiorae puants 2018;33:41-50, doi: 10.11607/jomi.5581

Keywords: alveolar ridge augmentation, guided bone regeneration, soft tissue complication,

systematic review
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functional and esthetic outcomes of implant-
supported prostheses are mostly related to the
dimensions of the edentulous ridge. Moreover, in addi-
tion to implant width, approximately 2 mm of so-called
critical buccal bone is needed in the buccal flange to
avoid major physiologic bone resorption in the buc-
colingual plane, especially in the maxillary anterior
region.! Therefore, in many cases, bone augmentation
procedures may be required simultaneously or prior to
implant placement. Several surgical techniques, such
as guided bone regeneration (GBR), distraction osteo-
genesis, and bone block grafts have been attempted
to increase bone volume and to properly withstand
implant function.!

The GBR procedure, applying particulate autog-
enous bone graft or bone substitutes and an oc-
cluding membrane, has shown to be a predicable
way to augment bone. This principle was initially
described for periodontal tissue regeneration as a

The International Joumnal of Oral & Maxillofacial Implants 41

& 2018 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THES DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY,
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.

81



>
o
L=
=)
-—
c
=)
O
=)
=
Q
(o

2000

Penadonwlogy 2000, Vol 68, 2015 182216
Provied in Singgpore. Al rghts reserved

© 2015 John Wiley & Sons AS Publuhed by Johm Wiley & Sons L1d
PERIODONTOLOGY 2000

Biomaterials for promoting
periodontal regeneration in
human intrabony defects: a
systematic review

ANTON ScuLeaN®, DiMiITRIS NIKOLIDAKIS*, GEORGE NIKOU, ALEKSANDAR
Ivanovic, IaIN L. C. CHAPPLE & ANDREAS STAVROPOULOS

The main goals of periodontal treatment are the elimi-
nation of infection and the resolution of chronic
inflammation in order 1o arrest disease progression
and prevent its recurrence. This is manifested clini-
cally by an absence of bleeding on probing and the
presence of shallow probing pocket depths (<4 mm)
(15,47). In contrast, the persistence of residual perio-
dontal pockets of >5 mm following completion of
active periodontal therapy is associated with an
increased risk for disease progression (i.e. further loss
of attachment) and tooth loss, irrespective of the pres-
ence or absence of bleeding on probing (15, 47).
Increased probing depths following treatment are
often related to the presence of intrabony (angular)
periodontal defects, a feature of periodontitis and, in
turn, intrabony defects have been shown to worsen
the long-term prognosis for teeth (62). The rationale
behind the treatment of intrabony defects is therefore
to reduce residual probing depths to improve woth
prognosis. During the last three decades, various
treatment approaches involving nonsurgical tech-
niques, as well as conservative, resective and regener-
ative surgical techniques, have been employed for the
treatment of intrabony defects and have achieved var-
iable success (12, 16, 17, 37, 45, 59, 65, 69, 74, 82, 88,
97, 98).

Clinical studies have provided evidence indicating
that conventional periodontal surgery, comprising
various types of access flaps and/or resective tech-
nigues, may result in probing depth reduction, hard

“Equal comtrbwton
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tissue fil or even the elimination of the intrabony
component (37, 62, 65). However, residual pockets
often persist following nonsurgical periodontal
therapy or the use of access flaps, and resective
techniques are associated with substantial loss of
attachment and recession
(37, 62, 65, 69). Furthermore, despite the fact that
such techniques may improve dinical outcomes,
healing is predominantly characterized by repair
(ie. formation of a long junctional epithelium) and
no, or very limited, regeneration (i.e. formation of
root cementum with functionally oriented inserting
periodontal ligament fibers connected to new alveo-
lar bone) (14).

Thus, the optimal outcome of periodontal treat-
ment is considered as the absence of bleeding on
probing, the presence of shallow pockets associa-
ted with periodontal regeneration and lmited/no
soft-tissue recession. Since the early 1970s, a
plethora of differe;mt surgical techniques, often
including implantation of various types of bone
grafis and/or substitutes, root surface deminera-
lization, guided tissue regeneration, growth and
differentiation factors, enamel matrix proteins or
combinations  thereof, have been
employed, aiming to achieve predictable periodon-
tal regeneration (16, 17, 38, 45 52, 74, 99). Sys-
tematic reviews of clinical trials have shown that
some of these materials, when used in conjunction
with surgical approaches designed to facilitate
maximal preservation of soft and hard tssues
may indeed result in superior clinical outcomes in
terms of probing depth reduction, dinical attach-

increases in soft-tissue
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1 | INTRODUCTION

Curmently regeneration of tooth and periodontal damage still remains great challenge.
Stem cell-based tissue engineering raised novel therapeutic strategies for tooth and
periodontal repair. Stem cells for tooth and periodontal regeneration indude dental
pulp stem cells (DPSCs), periodontal ligament stem cells (PDLSCs), stem cells from the
dental apical papilla (SCAPs), and stem cells from human exfoliated deciduous teeth
(SHEDs), dental follicle stem cells (DFSCs), dental epithelial stem cells (DESCs), bone
marrow mesenchymal stem cells (BMMSCs), adipose-derived stem cells (ADSCs), em-
bryonic stem cells (ESCs) and induced pluripotent stem cells (iPSCs). To date, substan-
tial advances have been made in stem cell-based tooth and periodontal regeneration,
including dentin - pulp, whole tooth, bioroot and periodontal regeneration. Translational
investigations have been performed such as dental stem cell banking and dinical trials,
In this review, we present strategies for stem cell-based tissue engineering for tooth
and periodontal repair, and the translational studies.

KEYWORDS
periodontal regeneration, stem cells, tooth regeneration

external interventions to promote the biologic al repalr of damaged den-
tal tissue. The current restorations for tooth loss are dentures, inchuding

The tooth ks a multistructure organ composed of the highly mineralized
tissues of enamel, dentin, and cementum, as well as the soft connective
tissues inchuding dental pulp and the assoclated periodontium, The most
common diseases assoclated with teeth and thelr supporting tissues are
perodontal dsease, cantes, and traumatic injuries. Due to its complex
structure and limited self-healing capability, it is necessary to introduce

*huthons cont bused equally © hisantide,

removable, fixed dentures, and dental implants. Resin-based compos-
ites, inkays or onlays, and artificlal crowns are used for partial restoration
of hard tissue defects. Routin riodontal dis treatments inchude
basic treatment, guided tissue regeneration (GTR), and guided bone
regeneration (GBR). The outcomes of these methods are limited and
assoclated with poor clinical predictability

© 2017 John Wikey & Soms A/S Published by John Wiley & Sams Ld. Al rights me served
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ABSTRACT

Background

Conventional treatment of destructive periodontal ([gum) disease arrests the disease but does not usually regain the bone support or
connective tissue lost in the disease process. Guided tissue regeneration (GTR) ts a surgical procedure that specifically aims to regenerate
the periodontal tissues when the disease is advanced and could overcome some of the limitations of conventional therapy.

Objectives

To assess the efficacy of GTR in the treatment of periodontal infra-bony defects measured against conventional surgery (open flap
debridement [OFD)) and factors affecting outcomes.

Search methods

We conducted an electronic search of the Cochrane Oral Health Group Trials Register, MEDLINE and EMBASE up to Apnl 2004.
Handsearching included Journalof Periodontology, Journal of Chnical Periodontal ogy, Journal of Peniodantal Research and bibliographiesof
all relevant papers and review articles up toApril 2004. In addition, we co ntacted ex perts/groups/ companies involved insurgicalresearchto
find othertrials orunpublished matenial or to clarify amb iguous or missin g data and p osted requests ford ata o ntwo periodontal electro nic
discussion groups.

Selection criteria

Randomised, controlledtrials (RCTs) of at least 12 months duration comparing guid ed tissue regeneration (with or without graft maternials)
with open flap debnidement for the treatment of periodontal infra-bony defects. Furcation involvements and studies specifically treating
aggressive periodontitis were excluded .

Data collection and analysis

Screening of possible studies and data extraction was conducted independently. The methedological quality of studies was assessed
in duplicate using individual components and agreement determined by Kappa scores. Methodological quality was used in sensitivity
analyses to test the robustness of the conclusions. The Cochrane Collaboration statistical guidelines were followed and the results
expressed as mean differences (MD and 95% CI) for continuous outcomes and risk ratios [RR and 95% CI) for dichotomous outcomes
calculated using random-effects models. Any heterogeneity was investigated. The primary outcome measure was change in clinical
attachment.

Guided tissue reg ion for periodontal infra-bony defects (Review) 1
Copynght © 2012 The Cochmane Collaboration. Publshed by John Wiley & Sons, Lid.
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Multipotent Differentiation of Human Dental Pulp Stem Cells:
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Abstract The advent of regenerative medicine has brought us
the opportunity to regencrate, modify and restore human or-
gans function. Stem cells, a key resource in regenerative med-
icine, are defined as clonogenic, self-renewing, progenitor
cells that can generate into one or more specialized cell types.
Stem cells have been classified into three main groups: em-
bryonic stem cells (ESCs), induced pluripotent stem cells
(iPSCs) and adulvpostnatal stem cells (ASCs), The present
review focused the attention on ASCs, which have been iden-
tified in many perioral tissues such as dental pulp, periodontal
ligament, follicle, gingival, alveolar bone and papilla. Human
dental pulp stem cells (hDPSCs) are ectodermal-derived stem
cells, origmating from migrating neural crest cells and possess
mesenchymal stem cell properties. During last decade,
hDPSCs have received extensive attention in the field of issue
engincering and regenerative medicine due to their accessibil-
ity and ability to differentiate i several cell phenotypes. In
this review, we have carefully described the potential of
hDPSCs 1o differentiate into odontoblasts, osteocyles/osteo-
blasts, adipocytes, chondrocytes and neural cells.
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Introduction

Regenerative medicine has the potential to replace and restore
tissuc normal function by using the inherent ability of stem
cells differentiating into specialized cell types [1]. A rich
source of adult stem cells (ASCs) is located within tooth and
called human dental pulp stem cells (hDPSCs). hDPSCs dem-
onstrate high proliferative, self-rencwal, and multi-lincage dif-
ferentiation potential, and have been used in the fields of tissue
engineening and regenerative medicine [2).

This literature review provides an overview on hDPSCs
and thewr properties, and how recent developments have dem-
onstrated their differentiation’s potential in future regencrative
medicine applications that include dental, bone, cartilage, ad-
ipose and neural regencration.

Oral Mesenchymal Stem Cells

Stem cells (SCs) are defined as clonogenic, self-renewing,
progenitor cells that can generate once or more specialized cell
types [3]. Their main functions are to provide tissue develop-
‘ment, homeostasis and reparation of damaged tissue [4].

SCs have been classified into three main groups: embryon-
ic stem cells (ESCs), induced pluripotent stem cells (iPSCs)
and post-natal/adult stem cells (ASCs).

ASCs include: hematoporetic stem cells [5], epidermal
stem cells [6], mesenchymal stem cells [7], adipose stem cells
[8], neural stem cells [9], imbal stem cells [10, 11] and hepatic
stem cells [12].
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ABSTRACT

To date, § different human dental stem/progenitor
cells have been solated and characterized: dental
pulp stem cell (DPSCs), stem cells from exfoli
ated deciduous teeth (SHED), periodontal liga-
ment stem cells ( PDLSCs), stem cells from apical
papilla(SCAP), and dental follicle progenitor cells
(DFPCs). These post-natal populations have mes-
enchymal-stem-cell-like (MSC) qualities, including
the capacity for self-renewal and muhilineage dif-
ferentiation potential. MSCs derived from bone
marrow (BMMSCs) are capable of giving rise to
various lineages of cells, such as osteogenic, chon-
drogenic, adipogenic, myogenic, and neuwrogeni
cells. The dental-tissue-derived stem cells are iso-
lated from specialized tissue with potent capacities
o differentiate into odontogenic cells. However,
they also have the ability to give rise to other cell
lineages similar 1o, but different in potency from,
that of BMMSCs. This article will review the iso-
lation and characterization of the properties of
different dental MSC-like populations in compar i
son with those of other MSCs, such as BMMSCs.
Important issues in stem cell biology, such & stem
cell niche, homing, and immunoregulation, will
also be discussed.

KEY WORDS: MSCs, DPSCs, SHED, SCAP,
PDLSCs, DFPCs, stem cell niche, apical papilla,
stem cell homing, tissue regeneration.
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Mesenchymal Stem Cells
Derived from Dental Tissues vs.

Those from Other Sources:
Their Biology and Role in
Regenerative Medicine

INTRODUCTION

Sh:m cell biology has become an important field for the understanding of
tissue regeneration and implementation of regenerative medicine. Since
the discovery and characterization of multipotent mesenchymal stem celk
(MSC3) from bone marrow { BM), MSC-like populations from other tissues
have now been characterized based on the ‘gold standard” criteria estab-
Ished for BMMSCs (Friedenstein er al, 1976, Caplan, 1991, Prockop, 1997,
Pittenger ef al, 1999, Gronthos er al, 2003). Of those, MSC-like popula-
tions from adipose tssues and umbilical cord blood have been shown to be
promiing aliemative multipotent MSC sources (Mareschi ef al |, 2001, Zuk
eral, 2001). These MSCs are capable of giving rise to at least 3 cell lineages:
osieogenic, chondrogenic, andadipogenic. Other lineages, such & myogenic,
neurogenic, and kenogenic, may ako be derived from BMMSCs. The search
for MSC-like cells in specific tissues has led o the discovery of a variety of
stem cells in every organ and tissue in the body in the past decades (reviewed
by Baksh er al , 200M; Porada eral., 2006, Kolf er of., 2007). Dental-tissue-
derived MSC-like populations are among many other stem cells residing in
specialized tissues that have been isolated and characterized. The first type
of dental stem cell was solated from the human pulp tissue and termed * post-
natal dental pulp stem cells’ (DPSCs) (Gronthos er al., XMK). Subsequently,
3 more types of dental-MSC-like populations were isolated and character-
1zed: stem cells from extoliated deciduous teeth ( SHED) (Miura er al., 2003),
periodontal ligament stem cells (PDLSCs) (Seo ef of , 2060M), and stem celbk
from apical papilla (SCAP) (Sonoyama er al, X6, 2008). Recent stud-
ies have identified a fifth dental-tissue-derived progenitor cell population,
referred to as ‘dental follicle precussor cells’ (DFPCs) ( Morsczeck ef al,
2005). However, the precse relationship among these different stem cell
populations remains unclear.

During the characterization of these newly identified dental stem cells,
certain aspects of their properties have been compared with those of
BMMSCs. Dental stem cells display multidifferentiation potential, with the
capacity 1o give rise to at least 3 distinet cell lineages: oskeolodontogenic,
adipogenic, and neurogenic. Differences have been noted between the dental
stem cell populations and BMMSCs, where dental stem cells appear to be
more commitied to odontogenic rather than oswkeogeni development. To
date, dental-tissue-derived siem/progenitor cells have been used for tissue-
engineering studies in large animak to assess their pokential in pre<clinical
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ApsTRACT

Periodontal gament stem cells (PDLSCs) have provided
novel cell sources for tooth and periodontal thsue regener-
ation. PDLSCs can reconstruct periodontal liga-
ment tisue that has been damaged by periodontal dbeases
and regulate Tcell immunity. However, the effect of
PDLSCs on B celk remains unknown. Here, we treated
periodontitis in a miniature pig model wsing allogeneic
PDLSCs and showed a reduction in humoral immunity in
the animak. When cocultured with normal B cells, human
PDLSCs (WPDLSCs) had similar effects as bone marrow

mesenchymal stem cells in suppressing B cell proliferation,
differ entiation, and migration, while intriguingly, hPDLSCs
increased B cell viability by secreting inter keukin-6 Mecha-
nistically, hPDLSCs suppressed B cell activation through
celbtocell contact mostly mediated by programmed cell
death protein 1 and programmed cell death 1 ligand
L Our data revealed a previowsly unrecognized function of
PDLSCs in regulating bumoral immune responses, which
may represent a novel therapeutic strategy for immune-
related disorders St Crins 200331 1371-1382

Disclosure of potential conflicts of interest is found at the end of this anticle.

INTRODUCT ION

Adult sem celb exit m many tisues, including bone mar-
row, skin, adipose tsue, endon, lung, heart, liver, plcenta,
l-l.lbilmlwldblwdll-‘)l Mbbmlow mmunoge -
nicity and mesenchymal stem
celk (Mx;)phyaky nknnﬂn regeneration and have
been used in clmical tnals m therapy for severe refractory dis-
cases [10-12)

Pennodontes is one of the most widespread chrome mfec-
tious diseases in humans, which 5 the most common cawe for
tooth loss in adults. Several factors are known © be involved
in the of peniod (13, 14). Ow previous study
Mdmm.wm«lh(M)bm

peniodontits tusuwe had impa latory function,
Mluyldn-—“ d o and the
of od nfla related

bome loss [15) I'Dlxs;dotba tooth-re ied stem cells have
provided new prospects and potential therapeutic cell sources

for tooth reg and the of perodontal

94 "y 14

ligament tisue d by pe [16-18). How-
ever, lmited cell sources of mbm dental stem cell popu-
lations impede e potentaal of chaxcal apphcation

Allogenex: dental stem celk significantly enlarged the
source of seed cells for teeth and periodontal tissue regenera-
tion and reconstruction deve bpment. We demonstrated previ-
ously that allogeneic PDLSCs exhibited immunosuppressive
activities on activated Tcelk m viwo [18) In vivo allogeneic
PDLSCs can regenerate and reconstruct perodontal ligament
damaged by penodontal dseases and mactivate T-cell immu-
mity. However, e effects of PDLSCs on B cells are
unknown. Here, we inwestigated whether allogenex PDLSCs
could affect Beell mmune responses m vitro and in vivo.
We also studied human PDLSC (WPDLSC)-mediated regula-
tion of human B cells We showed that allogenex PDLSCs
faled to xtivate humoral immunity B vivo in muniature
pigs. We abo demonstrated that WPDLSCs inhibit human B
cell proliferation, diff and chemota behavior.
APDLSCs secreted mkuh‘ (IL)6 and enhanced B-cell sur-
vival. The fu of hPDLSCs in human
B welk muﬁmdby Whﬁ'l (PD-1) and i
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Abstract

Adult stem cells research has been considered the most ad-
vanced sort of medical-scientific research, particularly stem
cells from human exfoliated deciduous teeth (SHED), which
representan immature stem cell population. The purpose of
this review is to describe the current knowledge concerning
SHED from full-text scientific publications from 2003to 2015,
available in English language and based on the keyword
and/or abbreviations ‘stem cells from human exfoliated de-
ciduous teeth (SHED), and individually presented as to the
properties of SHED, immunomodulatory properties of SHED
and stem cell banking. In summary, these cell populations
are easily accessible by noninvasive procedures and can be
solated, cultured and expanded in vitro, successfully differ-
entiated in vitro and in vivo into odontoblasts, osteoblasts,
chondrocytes, adipocytes and neural cells, and present low
immune reactions or rejection following SHED transplanta-
tion. Furthermore, SHED are able to remain undfferentiated
and stable after long-term cryopreservation. In conclusion,
the high proliferative capacity, easy access, multilineage dif-

ferentiation capacity, noninvasiveness and few ethical con-
cems make stem cells from human exfoliated deciduous
teeth the most valuable source of stem cells for tissue engi-
neering and cell-based regenerative medicine therapies.

© 20065 Karger AG, Rasel

Introduction

The discovery of stem cells was an important progress
in regenerative medicine and opened a new era of exper-
imentation, with potential in the therapy of various dis-
cases. The stem cells are clonogenic and capable of self-
rencwal, multilineage differentiation and stemness.

According to the ability and potency to differentiate
intodifferent cellular types, three types of stem cells have
been established: (1) totipotent stem cells, which are able
to develop into an entire organism; (2) pluripotent stem
cells, known as embryonic stem cells, which under in-
duced conditions are capable of differentiating into all
types of tissue, and (3) multipotent stem cells, which are
postnatal stem cells or adult stem cells with capability of
multilineage differentiation [Wagers and Weissman,
2004).

© 2006 5 Karger AG, Nawel
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Abstract  The teeth are highly differentiated chewing organs formed by the development of tooth germ tissue
located in the jaw and consist of the enamel, dentin, cementum, pulp, and periodontal tissue. Morcover, the tecth
have a complicated regulatory mechanism, special histologic origin, diverse structure, and important function in
mastication, articulation, and aesthetics. These characteristics, to a certain extent, greatly complicate the research
in tooth regeneration. Recently, new ideas for tooth and tissue regeneration have begun to appear with rapid
developments in the theories and technologies in tissue engineering. Numerous types of stem cells have been
isolated from dental tissue, such as dental pulp stem cells (DPSCs), stem cells isolated from human pulp of
exfoliated deciduous teeth (SHED), periodontal ligament stem cells (PDLSCs), stem cells from apical papilla
(SCAPs), and dental follicle cells (DFCs). All these cells can regencerate the tissue of tooth, This review outlines the
cell types and strategies of stem cell therapy applied in tooth regeneration, in order to provide theoretical basis for

clinical treatments.

Keywords

stem cells; pulp regeneration; periodontal regeneration

Introduction

Stem cells are primitive cells with self-replicating and
multi-directional differentiation potentials. Morcover, they
can be differentiated into various functional cells or tissues
and organs under certain conditions, and are thus known as
“universal cells.” Stem cell therapy is the use of the multi-
directional differentiation characteristics of stem cells in
order to repair discased cells or reconstruct normal
functioning of cells and tissues [1). Therefore, stem cell
therapy has provided new hope for tissue and organ
regencration.

In recent years, new ideas for tooth and tissue
regeneration have been proposed secondary 1o the rapid
developments in theories and technologies in tissue
engineering. Various types of stem cells and new

Received August 28, 2017; accepted December 14, 2017
Correspondence: Yan Jin, yanjm@ fimma odo.cn;
Bet Li, Ibfmmuie 163, com
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biological methods such as those that use bioactive factors,
have been widely applied in tooth regeneration research
[2]. The teeth are highly differentiated chewing organs
formed by the development of tooth germ tissue located in
the jaw and consist of the enamel, dentin, cementum, pulp,
and periodontal tissue. Moreover, the teeth have a
complicated regulatory mechanism, special histologic
origin, diverse structure, and important function. These
characteristics, to a certain extent, greatly complicate the
research in tooth regeneration.

Feasible availability is one of the superior properties of
dental stem cells. Dental stem cells can be easily obtained
from premolar and wisdom tecth and are thus extracted for
orthodontics use: morcover, dental stem cells are increas-
ingly becoming the source for regencrative medicine
research. Healthy dental tissues contain large amounts of
normal stem cells that are needed to maintain normal
function, whereas inflamed or traumatized tissves have a
low amount of robust stem cells, which leads to failure in
tissue repair [3.4]. Thus, ex vitro expansion/manipulation
of stem cells is seen to be an important source when it
comes to supplementing host cells and promoting tissue
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Abstract

Objective—Periodontal discase is an inflammatory disorder with widespread morbidities involving
both oral and systemic health. The primary goal of periodontal treatment is the regeneration of the
lost or diseased periodontium. In this study. we retrospectively examined feasibility and safety of
reconstructing the periodontal intrabony defects with autologous periodontal ligament progenitor
(PDLP) implantation in three patients.

Materials and Methods—In this retrospective pilot study, we treated 16 teeth with at least one
deep intrabony defect of probing depth (PD) = 6 mm with PDLP transplantation and evaluated clinical
outcome measures in terms of probing depth. gingival recession and attachment gain for a duration
of 32-72 months. Furthermore, we compare PDLPs with standard PDL stem cells (PDLSCs) and
confirmed that PDLPs possessed progenitor characters.

Results—Clinical examination indicated that transplantation of PDLPs may provide therapeutic
benefit for the periodontal defects. All treated patients showed no adverse effects during the entire
course of follow up. We also found that PDLPs were analogous to PDLSCs in terms of high
proliferation, expression of mesenchymal surface molecules, multipotent differentiation, and in
vivo tissue regain. However, PDLPs failed to express scleraxis, a marker of tendon, as seen in
PDLSCs.

Conclusions—This study demonstrated clinical and experimental evidences supporting a potential
efficacy and safety of utilizing autologous PDL cells in the treatment of human periodontitis.

Carmrespandence: Dr Songtao Shi, School of Dentistry, Center for Craniofacial Molecular Bickogy, University of Southern California,
2250 Alcazar Street, CSA 103, Los Angeles, CA 90033, USA. Tel: +1 323 442 3038, Fax- +1 323 442 2981, songtaos@wse.odu.
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Heterogeneous Dental Follicle Cells
and the Regeneration of Complex Periodontal Tissues

Weihua(GuoJD.D.S., Ph.D./** Lei Chen, D.D.S., Ph.D.#** Kun Gong, D.D.S., MD.'?
Bofu Ding, D.D.S., M.D.'? Yinzhong Duan, D.D.S., Ph.D." and Yan Jin, D.D.S,, Ph.D.?

Dental follicle cells (DFCs) are a heterogeneous population that exhibit a variety of phenotypes. However, it
remains unclear whether DFCs can maintain stem cell characteristics, or mediate tissue-regeneration to form
single or complex tissues in the periodontium, after long-term culturing. Therefore, DFCs were isolated from
human impacted molars (HIM-DFCs), passaged >30 times, and then evaluated for their heterogeneity and
multipotential differentiation. Morphology, proliferation, epitope profile, and mineralization characteristics of
clones derived from single HIM-DFCs in vitro were also assayed. HIM-DFCs (passage #30) were found to be
positive for the heterogeneous markers, Notch-1, stro-1, alkaline phosphomonoesterase (ALP), type I collagen
(COL-D), type Il collagen (COL-II), and osteocalcine. Moreover, passage #30 of the HDF1, 2, and 3 subclone
classes identified in this study were found to express high levels of the mesenchymal stem cells markers, CD146
and Strol. HDF3 subclones were also associated with the strongest ALP staining detected, and strongly ex-
pressed osteoblast and cementoblast markers, including COL-I, COL-11], bone sialoprotein (BSP), and Runx2. In
contrast, HDF1 subclone analyzed strongly expressed COL-I and COL-I1l, yet weakly expressed BSP and Runx2,
The HDF2 subclone was associated with the strongest proliferative capacity. To evaluate differentiation char-
acteristics in vivo, these various cell populations were combined with ceramic bovine bone and implanted into
subcutaneous pockets of nude mice, The 30th passage of subclone HDF1 and 3 were observed to contribute to
fiber collagens and the mineralized matrix present, respectively, whereas HDF2 subclones were found to have a
minimal role in these formations. The formation of a cementum-periodontal ligament (PDL) complex was
observed 6 weeks after HIM-DFCs (passage #30) were implanted in vivo, thus suggesting that these cells
maintain stem cell characteristics. Therefore, subclone HDF1-3 may be related to the differentiation of fibroblasts
in the PDL, undifferentiated cells, and osteoblasts and cementoblasts, respectively. Overall, this study is the first
to amplify HIM-DFCs and associated subclones with the goal of reconstructing complex or single periodontium.
Moreover, our results demonstrate the potential for this treatment approach to address periodontal defects that
resull from periodontitis, or for the regeneration of teeth.

Introduction

Pmlooomms 15 A DISEASE that can threaten an individ-
ual’s health, and unfortunately, is frequently reported.
Development of periodontitis can be associated with varying
degrees of tissue damage, or tooth loss, which can involve a
single tissue, such as the cementum, pericdontal ligament
(PDL), or alveolar bone (AB), or complex tissues including
the PDL-cementum complex, the PDL-AB complex, or the
AB-PDL-cementum complex. The optimal treatment strategy

for these conditions is to restore the affected tissues. There-
fore, we investigated whether the seeding of dental follicle
cells (DFCs) would provide a heterogeneous population of
cells that could be induced to generate an engineered peri-
odontal tissue (EPT).

The dental follicle contains embryogenic tissues that sur-
round the tooth germ during tooth genesis and development
DFCs have been characterized to be a heterogeneous cell pop-
ulation," which may contain precursors of the cellular compo-
nents involved in periodontal development. Correspondingly,
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Abstract

Aside from the well-established self-renewal and multipotent differentiation propeties,
mesenchymal stem cells exhibit both immunomodulatory and anti-inflammatory roles in several
experimental autoimmune and inflammatory discases, In this study, we isolated a new population of
stem cells from human gingiva, a tissue source casily accessible from theoral cavity, namely, gingiva-
derived mesenchymal stem cells (GMSCs), which exhibited clonogenicty, self-renewal, and
multipotent differentiation capacities. Most impaortantly, GMSCs were capable of
immunomodulatory functions, specifically suppressed peripheral blood lymphocyte proliferation,
induced expression of a wide pancl of immunosuppressive factors including IL-10, IDO, inducible
NO synthase (iINOS), and cyclooxygenase 2 (COX-2) inresponse to the inflammatary cytokine, IFN-
7. Cell-based therapy using systemic infusion of GMSCs in experimental colitis significantly
amcliorated both clinical and histopathological severity of the colonic inflammation, restared the
injured gastrointestinal mucosal tissues, reversed diarthea and wei ght loss, and suppressed the overall
discase activity in mice. The therapeutic effect of GMSCs was mediated, in pan, by the suppression
of inflammatory infiltrates and inflammatory cytokines'mediators and the increased infiltration of
regulatory T cells and the expression of anti-inflammatory cytokine IL-10at the colonic sites, Taken
together, GMSCs can function as an immunomodulatory and anti-inflammatory companent of the
immune system in vivo and is a promising cell source for cell-based treatment in expenmental
inflammatory discases,

Mesenchymal stem cells (MSCs)? have the capacity to self-renew and differentiate into
different cell lincages, including mesodermal, endodermal, and ectodermal cells (1,2).
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[solation and characterization of mesenchymal stem
“ cell-like cells from healthy and inflamed gingival

tissue: potential use for clinical therapy

Aim: Postnatal mesenchymal stem cell (MSC)-like cells have previously been isolated and ex vivo-expanded
from healthy gingival tissues. The aim of this research was to isolate and characterize MSC-like cells from
inflamed gingival tissues and determine whether they retain the characteristics of MSC-like cells from
healthy gingival tissues. Materials & methods: Fifteen clonal lines of MSC-like cells from three healthy
gingival tissues (GMSC-H) and fifteen from three inflamed gingival tissues (GMSC-1) were generated. Bulk-
ailtured cell lines from healthy and inflamed gingival tissues were also established. In vitro and in vivo
characterization studies of GMSC-Is were performed relative to GMSC-Hs. Results: The incidence of

ic colony forming unitsfibroblast was comparable between healthy and inflamed gingival tissues.
GMSC-H and GMSC-| clones expressed MSC-associated markers CD44, CD73, CD90, CD105 and CD166. While
the population doubling capacity of GMSC-Is was reduced compared with GMSC-Hs, both populations
displayed a similar capacity to undergo osteogenic, adipogenic and chondrogenic differentiation in vitro.
Following subcutaneous implantation in NOD/SCID mice, both GMSC-Hs and GMSC-Is formed dense
connective tissue-like structures in vivo resembling natural gingival tissue. Conclusion: MSC-like populations
exist within inflamed gingival tissue that are functionally equivalent to MSC-like cells derived from healthy
gingival tissue. Given the relative abundance of inflamed gingival tissue and ease of accessibility, MSC-like
cells from inflamed gingival tissues represent a newly identified population of postnatal stem cells with

immense potential in tissue engineering applications.
KEYWORDS: differentiation gingival inflammation mesenchymal stem cells

tissue engineering

Postnatal mesenchymal siem cells (MSCs)
represent a population of nonhematopoictic
fibroblast-like cells thar display the capacity 10
self-renew and differentiate into mukiple lin-
cages, including osteoblasy, adipocytes and
chondrocytes 1.2, While waditionally isolated
from bone marrow and other sources, including
adipose tisue and umbilical cord blood, MSC-
like cell populations have also been isolated from
mature and devdoping dental tssues, indud-
ing dental pulp, periodomtal ligament, exfoli-
ated deciduous weth, dental follicle and root
apical papilla p-w). Given the innate capacity
of dental-derived MSC-like cells 10 ecropically
generate structures resembling the tisues from
which they are derived in ovew, these progenitor
cell populations represent promising candidates
for oral tissue regencration (61, However, the
utilization of dental tissue-derived MSC-like
cells for dinical application is limited by the
requirement for tooth extraction,

Gingival tisue overlying the alwolar bone of
woth sockets plays an essential role in acting
as 2 mucosal barrier against constant mechani-
cal and bacrerial insubis. Interestingly, gingival
tissue exhibin feraldike scarkss wound healing

properties in contrast 1o scar formation com-
monly observed in damaged extra-oral tissues
w12, Zhang et al firstisolated a population of
progenitor cells within gingival tisue, ermed
gingiva-derived MSCs (GMSCs), which formed
donogenic colonies, expressed a typical MSC
surface marker profile and possessed the abil-
ity 1o differentiate into multiple mesodermal
lineages im witro (13, Notably, single colony-
derived GMSCs demonstrated the capacity
for self-renewal and formation of connective
ssue-like structures in pive 1), Interestingly,
GMSCs also appear 1o possess immunomodula-
tory propertics in terms of suppression of lym-
phocyte proliferation and have been shown o be
effective in weating various inflammatory and
autoimmune discases in experimental models
0.14). Given the relative accessibility and avail-
ability of human gingival tissue following some
dental procedures and that subsequent healing
wually occurs in a short time period following
surgery (19], the dinical use of GMSCs for tissue
regencration and repair represents an atractive
therapeuticoption. However, obtaining healthy
gingival tissues may be challenging at a specific
time of need.
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Gingival Fibroblasts as a Promising Source of Induced
Pluripotent Stem Cells

Hiroshi Egusa'*, Keisuke Okita®, Hiroki Kayashima', Guannan Yu', Sho Fukuyasu', Makio Saeki’, Takuya
Matsumoto®, Shinya Yamanaka®, Hirofumi Yatani'
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Background: Induced pluripotent stem [PS) cells efficently generated from accessible tissues have the potential for chinical
apphications. Oral gingiva, which is often resected during general dental treatments and treated as biomedical waste, is an
easily obtainable tissue, and cells can be solated from patients with minimal discomfort.

Methodology/Principal Findings: We herein demonstrate iPS cell generation from adult wild-type mouse gingival fibroblasts
GFs) via introduction of four factors (Oct3/4, Sox2, Kif4 and c-Myc; GF-#PS-4F cells) or three factors (the same as GF-#PS-4F cells,
but without the c-Myc oncogene; GF-#PS-3F cells) without drug selection. iPS cells were also generated from primary human
ginghval fibroblasts via four-factor transduction. These cells exhibited the morphology and growth properties of embryonic
stem (ES) cells and expressed ES cell marker genes, with a decreased CpG methylation ratio in promoter regions of Nanog and
Oct3/4. Additionally, teratoma formation assays showed ES celllike derivation of cells and tissues representative of all three
germ layers. In comparison to mouse GF-IPS4F cells, GFPS-3F cells showed consistently more ES cell-like characteristics in
terms of DNA methylation status and gene expression, although the reprogramming process was substantially delayed and
the overall efficency was also reduced. When transplanted into blastocysts, GF-IPS-3F cells gave rise to chimeras and
contributed to the development of the germiine. Notably, the four-factor reprogramming of mouse GFs was more
than 7-fold higher than that of fibroblasts from tail-tips, possibly because of their high proliferative capacity.

Condlus These results suggest that GFs from the easily obtainable gingival tssues can be readily
reprogrammed into S cells, thus making them a promising cell source for investigating the basis of cellular
reprogramming and pluripotency for future clinical applications. In addition, high-quality iPS cells were generated from
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mouse GFs without Myc transduction or a specific system for reprogrammed cell selection.
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Introduction

Direct reprogrammung of somatx ocds mto mduced phargporent
stem (PS) ok by farced expresson of a small number of defined
factons (eg., Oad/4, Sox2, KN4 and oMye) han great patennal for
trouespocific regeneratve herapaes, avording ethical s -
romdng the we of enbryomc stem (ES) oclk and prablems with
repction bllowmg mplantation of nonrauologows oclls. The 1PS odls
have boen generatked from a vanety of mammakhan spooes meluding
mace (1], monkeys (2], dogs [ 9], pags [4] and bumans [5-8]. Mouse
PS cells hane been generared from ol of all thaee embayonic germ
Layers, inchacing mesodermal fbaoblasts [1] and B hmphocyses [9),
endodermal hepatocytes  [10], gastne epithelial oclls [10] and
pancreatx cells [11], and ectodermal keratmocytes [12]

The reprogrammung proces appears to be haghly meflicienmt and
w hkely allected by many facton, indudng the age, type and
orgm of the cells used. Recently, a “stochastic modd” prodicted

. mos ONE | wwwplosone.on

that most or all cdk are competent for seprogrammung [19)
However, the kmetis of reprogrammung appear 1o vary when
taget populations  from  didlerent tioues are used. Mouse
hepatocytes and gastre epathelial cells appear 10 be more casly
wprogrammed and requie lew  retrovial astegration  than
fibwoblasts [ 10]. Dermal papalla cells, whxch endogenowdy expres
hgh Jewk of Sox2 and oMy, have boen reponted 10 be
weprogrammed more elicantly than skm and embryonx fibro-
blasts [14]. Ahough the meochanwms undedying differences in
reprogramming cdliciency are not yet chear, some cell types maghn
be more canly reprogrammed wing gpeafic exogenow factons
than othen. Importandy, the we of cel types with a hygh
reprogramming eficency could reduce the number of transduced
fctors moeded, deareanng the chance of retroviral imsertonal
mutagenens and mereamng the hkelihood of wimately replacing
the remamng facton with small molecules [15]. For fsture dmxal
apphication, 1 1 therddore aruaial 1o dentily cell types that can be

1 September 2010 | Volume 5 | e 9 | €12743
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ABSTRACT

Teeth develop from reciprocal interactions
between mesenchyme cells and epithelium, where
the epithelium proviles e mstructive information
for initiation. Based on these imitial tissue
imkractions, we have replaced the mesenchyme
cells with mesenchyme created by aggregation of
cultured non-dental stem cells i mice
Recombinations between non-dental cell-dernved
mesenchyme and embryonic oral epithelium
stimu late an odontogenic response in the stem
cells, Embe yonic stem cells, neural stem oells, and
adult bone-marmow-denved cells all responded by
expressing odontogenic genes. Transler of
recambmations ink adult renal capsules resulied
in the development of tooth structures and
swociated bone, Moreover, transler of embryonk:
twoth primordia into the adult jaw resulted in
development of oth structres, showing that an
embryonic primordium can develop in ity adult
environment, These results thus provide a
significant advance toward the creation of
artiln il embe yonic ooth primosdia from cultwred
cells that can be used 1o replace missing teeth
following transplantation into the adul mouth

KEY WORDS: woth development, bone-mar ow-
derived cells, stem cells, tssue engmeering
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Stem-cell-based Tissue
Engineering of Murine Teeth

INTRODUCTION

application of skemece ll-based tssue-engmeering approaches © create
organs and tssues for transplantation requires an understanding and
manipulation of the developmental processes that direct organ/tissue
formation m e embryo, a source of cells with mulupotential that can be
casly cultwred, and an ability of an organ rudiment to form the complete
organ m the adult environment (Bianco and Robey, 2001). In commaon with
most organs, keth develop from interactions between epithelial cells (oral
epithelium) and mesenchyme cells (cranial neural-crest-derived
ectomesenchyme) (Theslet! er al., 1995; Theslel! and Sharpe, 1997)
Evilence accumulated from a vanety of molecular and cellular stidies has
established that the embryonic oral epithelum provides the instructive
signals Tor toth imtation and shape determination. These signals
principally consist of spatially reswried secreted prosein ligands that e
received by the ectomesenchyme cells which are then primed 1o become
odonogenic and m turn act a4 source of reciprocal signak back 1o the
epithehum. In the carly stages of jaw development (up to E10in muce), all
eclomesenchyme cells appear abk to respond 1o signals such as FGFS and
BMPM from the oral epithelium ( Ferguson e al, 20000, These observations,
together with the ability of E10 embryonic oral epithelium to direct
odomtogeness when recombined with non-demtal ectomesenchyme, such &
that from the second pharyngeal arch, suggest that ectomesenchyme cells
are plastic in their responses 1o oral epithehial signals, and thus cramal
neural crest cells do not contain an mherent odontogenic prespeciination
(Mima and Kollar, 1987, Lumsden, 1988). These properties, oogether with
the mulupatentiality of cranial neural crest cells, prompted us to iInvestigate
the ability of cultured non-dental cells o replace ectomesenchyme cells and
contribute to toath lormation

MATERIALS & METHODS
Culture of Non-dental Cells

Peederandependent mouse embryonk stem cells (E14.2) were cubured m D-
MEM with 10" U/ml of kukemia inhibitory factor, bullak rat liver cell-
conditional medium, X0 mM Loglutamine, non-essential amino acid, and 2-
mercapoethanal. Medium was changed every day, and ES cells were pasaged
every 2.3 days. Duplicate Masks of the cell were wed %o generate & mouse gene
knockout that has subsequently resulied m two lines of mce with full germlne
trammissiaon (unpubhished )

Newal stem cells were wolasted from El4 embryo spimal conds ot the level
of the upper hmb to the lower cervical region. The cond itell was carelully
disected free from any ather thwue and membrane to reveal nathing but naked
spinal cond. The cond was then dissociased into single cells by the we of wypin
and Mame-narrow pipettes and plased at 200,000 per T-75 an 10 pg/ml. poly-
ornithine and 10 pg/ml laminin in serum-free medium (DMEM/PF12)
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TISSUE ENGINEERING AND

Periodontal Tissue Regeneration Using Syngeneic
Adipose-Derived Stromal Cells in a Mouse Model

MATHIEU LEMAITRE, *™ " PAUL MONSARRAT, ™" VINCENT Blasco-Baaue, ™ Pascate Lousiires, ™
REMY BURCEUN,? LOUtS CASTEILLA,® VALERIE PLANAT-BENARD,” PHiILIPPE KEMOUN®

Key Words, Mesenchymal stromal cells « Mesenchymal stem cell transplantation « Mice *
Periodontitis * Regenerative medicine * Subcutaneous fat

Current treatment of periodontitis is still assoclated with a high degree of variability in clinical out-

Recent adh iIn regen medicine by mesenchymal cells, including adipose stromal
cells (ASC) have paved the way to improved periodontal regeneration (PD) but little is known about
the blological processes involved. Here, we alm edto use syngenelc ASCs for periodontal regeneration
in anew, relevant, bacteria-induced periodontitis model in mice, Perlodontal defects were induced in
female C57BL6/) mice by oral gavage with periodontal pathogens, We grafted 2 x 10* syngenelc
mouse ASCs expressing green fluorescent protein (GFP) (GFP+/ASC) within a collagen vehicle in
the lingual part of the first lower molar perodontium (experimental) while carrler alone was
Iimplanted in the contralateral side (control). Animals weresacrificed 0, 1, 6, and 12 weeks after treat-
ment by GFP+/ASC or vehicle graft, and microscopic ination, im f , and Innova-
tive blo-informatics histomorphometry methods were used to reveal deep periodontium changes,
From 1to 6 weeks after surgery, GFP+ cells were identified in the periodontal ligament (PDL), In ex-
perimental sites only, After 12 weeks, cementum regene ration, the organization of PDL fibers, the
number of PD vessels, and bone morphogene tic protein-2 and osteopontin expression were greater
in experimental sites than in controls, Specific stromal cell subsets were recruited in the newly
formed tissue in ASC-implanted perodontium only. These data suggest that ASC grafting in dis-
eased deep perliodontium, relevant to human pathology, Induces a significant improve ment of
the PDL microenvironment, leading to a recovery of tooth supporting tissue homeostasis, S1im Crils
TRANSIATIONAL MEDICINE 2017,6:656-665

Humanpenodontitisis achronic, highly prevalent infectio us disease characterzed by the loss of both
soft and hard tissues supporting the teeth, Current avallable treatments are insufficlent, associated
with a high degree of variability in clinical outcomes. The data in this study suggest that adipose-
derved mesenchymal stromal/stem cell (ASC) grafting in diseased deep periodontium, relevant to
human pathology, promoted regeneration of deep periodontium, both in quantity and in quality,
in comparison with controls, Even If mechanisms underlying periodontal regeneration by exogenous
mesenchymal stromal cells are yet to be understood, this study brought to light new data regarding
penodontal pocket regeneration induced by ASCs inmice,

bone) induces the formation of crevices called “pert-

odontal pockets™ between the tooth root and its

bony socket (5], leading to tooth loss,
Periodontal regeneration aims to restore

Periodontitis is a chronic immuno-infectious dis-
ease, characterzed by loss of the tissues support-

ing the teeth, and leading to or aggravating
systemic disorders such asdiabetes, polyarthritis,
or atherosclerosis [1). The defects result from a
local homeostasis disruption caused by both the
virulence of a peniodontal pathogenic microflora
[2) and an inappropriate immune response |3, 4),
From a pathophy siology point of view [3, 4], the de-
struction of deep periodontium tissues (e, root ce-
mentum, periodontal igament [PDL), and alveolar

both the architecture and function of tooth sup-
portingtissues through the recruitment and ac-
tivation of endogenous progenitors, especially
those expressing CD146 markers (5], leading
to renewal of the connective attachment under-
lying the new junctional epithelium, The restitution
of dense conne ctive fibersof PDL, anchored be-
tween thenewly formed alveolar bone and root
cementum, is critical for the long-term prognosis

© 2016 The Authors
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In this study, several in vivo and in witro comparsans were performed to test the possibility of using
adipose detived stem cells (ADSCs ). a more convensent cell source than dental pulp stem cells (DPSCs ) in
tooth regener ation. Using an efficient, non-en gine ering implantation method, we fir st demonsts ated that
both implant s of ADSCs and DPSCs were abile 1o grow self-assembled new teeth in adult 1abbit extraction
sockets with high success rate. The stem cells were necessary because the implants grew no toath
without them. A step partsan sh d that the regenerated teeth fram these two types of adult
stem cells were living with nerves and vascular system and remarkably similar 10 2 normal tooth in many
detalls Further strtly contralled, side-byside comparisons between the two types of stem cells ako
showed that the expression patterns of gene markers and the broad differe P I induced

specific methads in vitro were very similar. Although a few differ ences were found, they did not affect the
tested tooth regeneration in wwo or differentiation i vitro Furthermare, rabbit ADSCs had 2 higher
growth rate and a better senescence resistance in cultwe. All these findings suggest that ADSCs, one of
the richest adult stem cells in mammals, are very similar and wseful as DPSCs for regenerative dentistry.

© 2011 Ebsevier Lid Al rights reserved

1 Introduction

Endodontics, periodontics, and prosthodontics in dentistry are
all entering a new era of using stem cells to repawr and even to
regenerate bio-teeth or natural teeth [1.2) Several types of dental
stem cells were isolated and studied for this purpose |3) Among
them, DPSCs, a type of mesenchymal stem cell (MSC)L have been
studied the most on their odontoblast-like features and differen-
tiation potentials to become dental tissues, but the goal to regen-
erate a self-organized whole living tooth has never been attained
yet [4-9). In fact. owing to the complexity of organogenesis in
higher animals, none of the blomedical attempts, except recon-
struction of the tooth developmental steps [1011] has ever led to
the unstructured production of a living tooth in adult mammals

* Comvespondng awthor Deparsment of Lfe Sownce Bomed cal Secton, Tungha
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from any type of adult stem cells, including dental stem cells. In
addition to the morphogenic intricacy required to develop a whole
tooth in regenerative dentistry. obtaining autologous cell sources to
treat patients wath missing or decayed teeth will be an arduous
struggle. The cell source for the engineered teeth by reconstitution
of dewlopment process was from embryonic tooth germ which s
unlikely to obtain for a patient in clinics [11]. Even if the DPSCs
could produce a new tooth it would be very inconvenient to
acquire them from a patient since the isolated cells are better from
a patient’s healthy pulp. Hence, the idea of using MSCs from other
tissues, incdluding skin dermis, hawr follick, bone marrow. and
adipose tissue, in regenerative dentistry has emerged [12-15)
These types of MSCs which are rich in our body can be extracted
casily at any time without costly cryopreservation. ADSCs are an
especially great MSC source for this purpose because of the less
invasive surgery required to obtain them, their growth rate, and
differentiation potentials [16.17)

To test if ADSCs can replace DISCs in regenerative dentistry, we
executed two strategic plans in this study: 1) to observe whether
implantsofbothtypesof stem cellscan generate new teeth invive and
2) 1o compare the implants, their cultural growth and senescence,
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SUMMARY

Differentiated cells can be reprogrammed to an
embryonic-like state by transfer of nuclear con-
tents into oocytes or by fusion with embryonic
stem (ES) cells. Little is known about factors
that induce this reprogramming. Here, we dem-
onstrate induction of pluripotent stem cells
from mouse embryonic or adult fibroblasts by
introducing four factors, Oct3/4, Sox2, c-Myc,
and Kif4, under ES cell culture conditions.
Unexpectedly, Nanog was dispensable. These
cells, which we designated iPS (induced plurip-
otent stem) cells, exhibit the morphology and
growth properties of ES cells and express ES
cell marker genes. Subcutaneous transplanta-
tion of iPS cells into nude mice resulted in
tumors containing a variety of tissues from all
three germ layers. Following injection into blas-
tocysts, iPS cells contributed to mouse embry-
onic development. These data demonstrate
that pluripotent stem cells can be directly gen-
erated from fibroblast cultures by the addition
of only a few defined factors.

INTRODUCTION

Embryonic stem (ES) cells, which are derived from the in-
ner cell mass of mammalian blastocysts, have the ability
to grow indefinitely while maintaining plurpotency and
the ability to differentiate into cells of all three germ layers
{Evans and Kaufman, 1981; Martin, 1981). Human ES cells
might be used to treat a host of diseases, such as Parkin-
son's disease, spinal cord injury, and diabetes (Thomson
ot al,, 1998), However, there are ethic al diffic ulties regard -
ing the use of human embryos, as well as the problem of
tissue rejection following transplantation in patients, One
way to circumvent these issues is the generation of plu-
npotent cells directly from the patients’ own cells,
Somatic cells can be reprogrammed by transferring
their nuclear contents into oocytes (Wilmut et al,, 1997)

or by fusion with ES cells (Cowan et al,, 2005; Tada
et al., 2001), indicating that unfertiized eggs and ES cells
contain factors that can confer totipotency or plunpotency
to somatic cells, We hypothesized that the factors that
play important roles in the maintenance of ES cell identity
also play pivotal roles in the induction of pluripotency in
somatic cells,

Several transcription factors, including Oct3/4 (Nichols
et al,, 1998; Niwa et al,, 2000), Sox2 (Aviion et al,, 2003),
and Nanog (Chambers et al,, 2003; Mitsul et al,, 2003),
function in the maintenance of pluripotency in both earty
embryos and ES cells, Several genes that are frequently
upregulated in tumors, such as Stat3 (Matsuda et al,
1999; Niwa et al,, 1998), E-Ras (Takahashi et al, 2003),
c-myc (Cartwright et al,, 2005), Kif4 (Ui et al, 2005), and
i-catenin (Kielman et al,, 2002; Sato et al,, 2004), have
been shown to contribute to the long-term maintenance
of the ES cell phenotype and the rapid prolferation of
ES cells in culture, In addition, we have identified several
other genes that are specifically expressed in ES cells
(Maruyama et al., 2005; Mitsul et al,, 2003),

In this study, we examined whether these factors could
induce pluripotency in somatic cells, By combining four
selected factors, we were able to generate pluripotent
cells, which we call induced plunipotent stem (iPS) cells,
directly from mouse embryonic or adult fibroblast cul-
tures,

RESULTS

We selected 24 genes as candidates for factors that
induce plripotency in somatic cells, based on owr
hypothesis that such factors also play pivotal roles in the
maintenance of ES cell identity (see Table S1 in the
Supplemental Data avadlable with this article onling). For
i-catenin, c-Myc, and Stat3, we used active forms,
S33Y-|i-catenin (Sadot et al,, 2002), TS8A-c-Myc (Chang
et al,, 2000), and Stat3-C (Bromberg et al,, 1999), respec-
tively. Because of the reported negative effect of Grb2
on plunipotency (Burdon et al, 1999; Cheng et al,, 1998),
we included its dominant-negative mutant Grb2ASH2
(Miyamoto et al, 2004) as 1 of the 24 candidates,

Cell 126, 663-676, August 25, 2006 ©2006 Elsevier Inc., 663
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Abstract

Induced pluripotent stem cells (IPSCs) are the newest member of a growing list of stem cell populations that hold great potental for
use in cell-based treatment approaches in the dental field. This review summarzes the dental tissues that have successfully been utilzed
to generate IPSC lines, as well as the potential uses of IPSCs for ussue regeneration in ddferent dental applications. While IPSCs display
great promise in a number of dental applications, there are safety concerns with these cells that need to be addressed before they can
be used in chinical settings. This review outlines some of the apprehensions to the use of IPSCs dinically, and it detalls approaches that
are being employed to ensure the safety and efficacy of these cells. One of the major approaches being investigated is the differentiation
of IPSCs prior to use in patients. IPSCs have successfully been differentiated into a wide range of cells and ussue types. This review

{ on 2 difer approaches—ithe differ

of IPSCs into mesenchymal stem cells and the dfferentation of IPSCs into

osteoprogenitor cells. Both these resultung populations of cells are partcularly réevant to the dental field.

Keywords: cell dfferentation, regenerative medicine, tissue engineering, mesenchymal stem cells, bone regeneration, cell ineage

Induced Pluripotent Stem Cells

In 2006 it was discovered that stem cells could be gencrated
from adult somatic cells through a process of cellular repro-
gramming {Takahashi and Yamanaka 2006), Stem cells gener-
ated by this new technology were termed induced pluripotent
stem cells (IPSCs), Since their discovery, there has been sub-
stantial interest in iIPSCs, as thistechnology facilitates the gen-
cration of adult human plunipotent stem cells without the need
for human embryos, thereby by passing a number of the cthical
and legal concems that have hindered embryonic stem cell
rescarch 1o date (Takahashi and Yamanaka 2006; Maherali etal,
2007; Okita et al, 2007, Takahashi et al, 2007, Wernig et al,
2007). IPSCs appear to have a number of advantages over
other dental-derived stem cell populations, such as penodontal
ligament (PDL) and dental pulp. Specifically, iPSCs can be
generated from readily accessible tissue sources, including oral
mucosa (Miyoshi et al. 2010) and gingival tssue (Egusa et al,
2010), More important, iIPSCs are highly proliferative, making
it possible to obtain the large numbers of stem cells that would
be required for use in regencrative therapies in the ¢linic,

Limitations of iPSCs

Before we outline the potential of iPSCs in dentistry, it is
important to note that there are significant safety concerns
regarding iPSCs that need to be addressed before they can be
considered for use in mainstream treatment approaches in den-
tistry. The major drawbacks of IPSCs include their g

{Ben-David and Benvenisty 2011; Gore et al, 2011). While
there are shortcomings associated with iPSCs, the potential
that iPSCs have demonstrated in the treatment of multiple dis-
orders demands further rescarch to investigate and minimize
the associated therapeutic nisks,

The use of viral integrating vectors in the generation of
IPSCs is a contnbuting factor to genomic instability and
tumorigenic potential of iIPSCs, Consequently, vanous groups
have attempted to utilize nonintegrating vectors to reduce the
genomic instability of IPSCs. Zou et al, (2012) successtully
utilized a single lentiviral stem cell cassette to generate iPSCs
from human stem cells of apical papilla. Stem cell cassette is a
single lentiviral cassette flanked by a lox-p site, which allows
for its controlled excision with ¢re-recombinase { Somers ot al,
2010). The ability © remove the transgene/vector from the
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iPS Cells Reprogrammed From Human Mesenchymal-Like
Stem/Progenitor Cells of Dental Tissue Origin

Xing Yan,'* Haiyan Qin2* Cunye Qu,* Rocky S. Tuan,** Songtao Shi,? and George T.-J. Huang' 4%

Generation of induced pluripotent stem (iPS) cells holds a great promise for regenerative medicine and other
aspects of clinical applications. Many types of cells have been successfully reprogrammed into iPS cells in the
mouse systemy; however, reprogramming human cells have been more difficult. To date, human dermal fibro-
blasts are the most accessible and feasible cell source for iPS generation. Dental tissues derived from ectomesen-
chyme harbor mesenchymal-like stem/progenitor cells and some of the tissues have been treated as biomedical
wastes, for example, exfoliated primary teeth and extracted third molars. We asked whether stem/progenitor
cells from discarded dental tissues can be reprogrammed into iPS cells. The 4 factors Lin28/Nanog/Octd/Sox2 or
e-Mwe/KIf$/Octd4/Sox2 carried by viral vectors were used to reprogram 3 different dental stem /progenitor cells:
stem cells from exfoliated deciduous teeth (SHED), stem cells from apical papilla (SCAP), and dental pulp stem
cells (DPSCs). We showed that all 3 can be reprogrammed into iPS cells and appeared tobe at a higher rate than
fibroblasts. They exhibited a morphology indistinguishable from human embryonic stem (hES) cells in cultures
and expressed hES cell markers SSEA-4, TRA-1-60, TRA-1-80, TRA-2-49, Nanog, Octd, and Sox2. They formed
embryoid bodies in vitro and teratomas in vivo containing tissues of all 3 germ layers. We conclude that cells of

ectomesenchymal origin serve as an excellent alternative source for generating iPS cells.

Introduction

HE TOUNDATION OF CrLL-BAsED therapy lies in the

technologies of procuring cells, especially stem cells.
Pluripotent embryonic stem (ES) cells are the most prom ising
cell source for cell-based therapy in regenerative medicine
as they give rise to cells of all germ layers and their supply
is potentially unlimited. Recent development of generating
induced pluripotent stem (iPS) cells by introducing 4 factors:
o-Myc, KIfi, Octd, and Sox2 [1-2) or Lin28, Nanog, Oct 4, and
Sax2 [3] into somatic cells has shed light on the possibility of
obtaining autologous pluripotent embryonic-like stem cells
circumventing the need of dealing with nuclear transfer
and embryos [1-3). The initial establishment of human iPS
cells was based on the reprogramming of dermal fibrabla sts

(DFs) with the understanding that dermal tissue is easy to
access, Other types of cells in the mouse system such as sub-
population of neural stem cells have been found to be eas-
ily reprogrammed with <4 factors [4-6]. However, from the
perspective of dlinical applications, neural stem cells are not
easily accessible if autologous human iPScells are to be gen-
ented. Because the introduction of these factors hasbeen via
viral vectors, significant effarts have been putinto removing
the vectors from cells after they are being reprogrammed
into iPScells |7-11). Nonetheless, any approach thatinvolves
the use of vector systems, even after they are removed, poses
some uncertainty on their safety.

To completely circumvent the use of vectors, ddivery of
recombinant protein-based 4 factorsto generate iPS cells inthe
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Feeder-Free Derivation of Induced Pluripotent Stem Cells
From Human Immature Dental Pulp Stem Cells
Patricia C. B. Beltrfio-Braga,* 11 Graciela C. Pignatari,t3 Paulo C. Maiorka, t
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Induced plunipotent stem cells (1PSCs) can be created by forcing expression of certain genes in fibroblasts
or ofher somatic cell types, reversing fhem 10 a plunipotent state smilar to that of embryonic stem cells
(ESC). Here, we used human immatuse dental pulp stem cells (MDPSCs) as an aliemative sousce for creating
iPSC. NDPSCs can be casily isolated from accessible tissue of young and adult patients. hIDPSCs possess
a fibroblast-like morphology, retaming chaacterstios of adult mulipotent stem cells. Reprogramming of
MDPSCs was fast, producing primary hIDPSC-PSC colonies even under foeder-free conditions. hIDPSCs

d ESC-like

aphology. expresed plunpotent markers, possessed stable, normal Karyotypes, and

demonstrated the aility to differentisted i vitro and in vivo. Our data demonstrate that hIDPSCs-4PSCs
offer an advantageous cell system for future cell therapy and basic smdies, particularly as a model for

peduatnc developmental disosders.

Key words: Induced plunipotent stem cells (1IPSCs); Pediawie diseases;
Human immatuse dental pulp stem cells (WDPSCs); Reprogramming

INTRODUCTION

Induced plunpotent stem cells (IPSCs) can be derived
from several adult tissues (1,10,19,30,31,33,35 37), Re-
scarch involving production of 1IPSCs is being developed
around the world and will likely stimulate the develop-
ment of several arcas of biology and medicine. After
reprogramming, somatic cells acquire properties of em-
bryonic stem cells (ESCs) in respect to morphology,
proliferation, gene expression, epigenctic profile, and
differentiation potential (32). This approach allows for
the creation of patientspecific pluripotent stem cells,
advantageous for future cell therapy due to immune
compatibility. Human iPSCs have been denved from
skin fibroblasts, keratinocytes, blood progenitors, and
from several types of adult stem cells, such as adipose,

cord blood, neural, and dental pulp (1,10,19,22 30-32,
36,37). Production of 1PSCs opens new opportunities for
increased understanding of human genetic discases and
embryogenesis, and will likely have a great impact on
future drug screening and toxicological tests (21).
However, the reprogramming methodology for den-
vation of iPSCs is relatively new and needs refining in
terms of technigue, efficiency, and cell type choice. For
example, reprogramming efficiency reported for human
fibroblasts is relatively low, while the reprogramming
process for keratinocytes generates 1IPSC colonies 100-
fold mare efficiently and twofold faster compared 1o hu-
man fibroblasts. Such difference in efficiency is proba-
bly because keratinocytes have expression levels of stem
cell-related genes maore similar to ESCs than fibroblasts
(1,12). The timing of reprogramming and the factors re-
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The generation of human induced pluripot ent stem cells (hPSCs ) requires the callection of donor tissue,
but clinkal circumstances in which the interests of patients have highest priarity may compramise the
quality and availability of cells that are evertually used for reprogramming Here we compared (1) skin

28 December 2012 bopsies stored in standard plysiological salt solution for up to two weels (1) blood outgrowth
“! — "‘” N “""I A !”l "E“ endathelial cells (BOECS) isolated fram fresh peripheral bload and (i) chiMren’s milk teeth lost during
narmal replacement for their ability to form somatic cell cult ures sultable for reprogramming to MPSCs
Keywords We derived all MPSC lines using the same reprogramming method (a conditional (FLPe) palycistronk
t:‘::«':‘"‘ plurpotens sem cell Jentivirus) and under similar conditions (same batch of virus fetal call serum and feeder cells) Skin
fibroblasts could be reprogrammed rabustly even after lang -term biapsy starage. Generation of MPSCs
::"?;':r. e from juvendle dental pulp cells gave similar high efficiencies, but that of BOECs was lower. In terms of
mvasiveness of blopsy sampling biapsy storage and reprogramming efficiencies skin fibroblasts
appeared best for the generation of MPSCs but where non-invasive procedures are required (eg for

children and minors) dental pulp cells from milk teeth represent a valuable Alemative.
© 2013 International Sockety of Differentiation. Published by Elsevier BV AN rights reserved
1. Introduction of the disease phenotype is hampered WPSCs are similar to

human embryonic stem cells (hESCs) (Yamanaka, 2012) in that

Human induced pluripotent stem cells (hiPSCs) generated
from patients with genetic diseases hold great promise for disease
modeling safety phammacology and drug discovery (Dambrot
et al, 2011; Davis et al, 2011; Freund and Mummery, 2009)
This is particularly relevant for cells of the mnternal organs, for
which biopsies are not routinely availlable and therefore analysis
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they sell-renew and can differentiate into all somatic cell types of
the human body.

Since the first denvation of WPSCs in 2007 using fibroblasts
cultured from skin biopsies and the retroviral expression of
four pluripotency genes Oct3/4, Sox2, KIf4 and ¢-Myc (Takahashi
et al, 2007) considerable research has been devoted to repro-
gramming other somatic cell types, also using other methods of
gene delivery to the host cell. These include integrating methods
(eg using lentiviruses or transposons) and a varkety of non-
integrating approaches (adenovirus, plasmid, protein. episomal
vectors and RNA; reviewed in Tiscornia et al. (201 1)). The obvious
advantages of non-integrating methods are still limited by their
relatively low efficiencies, high cost and lhbor intensity. In
addition, general transfection methods require relatively large
numbers of somatic cells. Integrating methods by contrast are
reasonably efficient but the quality of the resultant iPSC ines may

Publsshed by Elsevier BV Al ngins msarved
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Induced pluripotent stem
cell lines derived from
human gingival fibroblasts
and periodontal ligament
fibroblasts

Wada N, Wang B, Lin N-H, Lasktt AL, Gronthos S, Bartold PM. Ivdwced plu-
ripotent stem cell Bnes derived from Inonan gingival and periodontal ligament
fibwoblasts. J Periodont Res X011, 46 438-447. © 2011 John Wiky & Sons A'S

Backgronmd and Objec tive: Human induced pluripotent stem (iPS) cells, which
have smilar propenies 10 human embryonic stem (hES) cells, have been generated
from neonatal and adult human dermal fibroblasts by reprogramming. iPS celk
have high pluripotency and differentiation potential, and may be a potential
autologous stem oell source for future regencrative therapy.

Matenial and Methods: PS oell lines from human gingval fibroblasts and, for the
first time, from periodontal ligament fibroblasts, were gencrated by reprogram-
ming using a retroviral transduction cocktail of OCT3I 4, SOX2, KLF4 and
C-MYC.iPS induction was investigated through expression of the embryonic stem
cell markers SSEA4, OCT4, NANOG, GCTM-2, TG30 and TRA-1-60. Following
in vioro differentiation, the expression of genes for differentiation markers for
cctoderm (SOX1, PAX6), mesodem [RUNXL, T(Brachyswry)] and endodem
(GATAL, AFP) was asesed by real-time RT-PCR. The ability 1o form teratomas
following implaintation into mouse testes was assessed by histology.

Resdts: Human gingival fibroblast- and periodontal ligament fibroblast-dernived
iPS cells showed similar characteristics 10 hES cells. Both sets of iPS cells displayed
colony mormphology comparable 1o that of hES cells and expressed the hES
cellasociated cellsurface antigens, SSEAJ, SSEA4, GCTM-2, TG30 (CD9) and
Tra-1-60, and the hES ccll marker genes, OCTY, NANOG and GDF3. These iPS
celk showed differentiation potential 10 form embryoid bodics in vinw and
expressed genes for endoderm, ectoderm and mesoderm. Teratoma formation
following implaintation into mouse testes was observed.

Conebesion: These results demonstrate that iPS cells can be successully generated
from adult human gingival and periodontal ligament fibroblasts,
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Perodontitis & an infectious inflam-
matory discase causing the destrc-
tion of periodontal tiswe and, in
serious cases, leads 10 1wooth loss (1)

Once the periodontal tisue, including
periodontal  ligament  and  alveolar
bone, & destroyed it is clinkcally &if-
ficult 10 reconstrct. As curent pro-
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cedures  have shown unpredictabk
and limited potential for periodontal
regencration,  the  development  of
aliernative  stralegies 10 regencrale
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reports of the alveolar bone regeneration
with the secretome from human

mesenchymal stem cells

Wataru Kataqgiri, Masashi Osugi, Takamasa Kawai and Hideharu Hibi

Abstract

Background: Secreted growvth factors and cytokines in the conditicned medium from bone marrow-derived
mesenchymal stem cells (MSC-CM) have several effects on cell behavior. Our previous studies reveaed that MSC-LCM
enhances bone regeneration by increasing cell mobilzation, angiogenesis, and astecgenesis in witro and in vivo.,
This clinical study was undertaken to evaluate the safety and use of MSC-CM for alveolar bone regeneration in eight
patients who were diagnosed as needing bone augmentation prior to dental implant placement,

Methods: The protocol of this clinical study was approved by the ethics committee of Nagoya University Hospital.
MSC-CM was prepared from conditioned medium from commercially available human bene marrow-derived MSCs.

Patients were treated with beta-tricalcuim phosphate (-TCP) or an atelocollagen sponge soaked with MSC-CM.
Cinical and radiographic assessments were performed during the follow-up period. Histolegical assessments were
also performed in some cases Clinical and histological data from patients who underwent the SFE procedure without
MSC-CM were also used retrospectively as reference controls,

Results: MSC-CM contained several cytokines such as insulin-like growth factor-1, vasoular endothelial growth factor,
transforming growth factor-p1, and hepatocyte growth factor in relatively low amounts. No systemic or local
complications were reported throughout the study. Radiographic evaluation revealed early bone formation in
all cases. Histological evauation ake suppoarted the radiographic findings. Furthermare, infiltration of inflammatoey cells
was scarce throughout the specimens.

Conclusions: MSC-CM was used safely and with less inflammatary signs and appears to have great osteogenic potential
for regenerative medicine of bone. This is the first inhuman clinical study of aheolar bone regeneration using MSC-OM.

Keywords: Secretome, Mesenchymal stem cells (MSC), Tissue engineenng, Regenerative medicine, Bone

/

Background

Alveolar bone regeneration with grafting is often carried
out prior to placement of dental implants. Several graft
materials have been used including autogenous bone,
xenogeneic bone, and synthetic bone substitutes, Autogen-
ous bone grafts have been used for a long time with good
predictability and are considered the “gold standard” be-
cause of their osteoinductive and osteoconductive proper-
ties and immunogenic compatibility. However, autogenous
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bone must be harvested from a donor site of the patient
and is associated with higher morbidity [1, 2]. Xenogeneic
bone and synthetic bone substitutes such as deproteinized
bovine bone, hydroxyapatite, and calcium triphosphate are
often used clinically as osteoconductive scaffolds, but they
provide limited osteoinductivity and a potential risk of
infection and extrusion [3]. Ostevinductive growth factors
such as bone morphogenic protein (BMP)-2 have been
used with these osteoconductive materials to promote
bone regeneration [4). However, recent studies have
indicated unexpected effects on bone regeneration [5)
including induction of a severe inflammatory response,
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mesenchymal stem cells from SSAGE

dental pulp: A case report

Beatriz Hernandez-Monjaraz',
Edelmiro Santiago-Osorio?,
Edgar Ledesma-Martinez?,
Andrés Alcauter-Zavala' and
Victor Manuel Mendoza-Nunez'

Abstract

Objective: To report a case of successful allogeneic grafting of mesenchymal dental pulp stem
cells (DPSCs) as preliminary findings in a patient with periodontal disease enrolled into clinical
trial ISRCTNI12831118.

Methods: Mesenchymal stem cells from the dental pulp of a deciduous tooth from a 7-year-old
donor were separated from the pulp chamber and processed via enzymatic digestion and
centrifugation. DPSCs were passaged and cultured on a 35 x 13 mm culture dish in minimum
essential medium-alpha, without supplementation. After reaching 80% confluency, 5 x 10° allo-
geneic DPSCs in 250 pl phosphate buffered saline were seeded onto a dry scaffold of lyophilized
collagen-polyvinylpyrrolidone sponge placed in the left lower premolar area of a 61-year-old
patient with periodontal disease. Surgical access to the lower premolar area was achieved
using the flap technique.

Results: At 3 and 6 months following allogeneic graft, the patient showed no sign of rejection
and exhibited decreases in tooth mobility, periodontal pocket depth and bone defect area. Bone
mineral density had increased at the graft site.
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1 | INTRODUCTION

The goal of periodontal therapy is to arrest disease progression
and ultimately to regenerate lost periodontal tissues (Karring,
Nyman, Gottlow, & Laurell, 1993). Several studies over the past
30 years had demonstrated that blood clot stability plays a

Abstract

Alm: The goal of this study was to evaluate if dental pulp stem cells (DPSCs) delivered
Into intrabony defects in a collagen scaffold would enhance the dlinical and radio-
graphic parameters of periodontal regeneration.

Materlals and Methods: In this randomized controlled trial, 29 chronic periodontitis
patients presenting one deep Intrabony defect and requiring extraction of one vital
tooth were consecutively enrolled. Defects were randomly assigned to test or con-
trol treatments which both consisted of the use of minimally invasive surgical tech-
nique. The dental pulp of the extracted tooth was mechanically dissociated to obtain
micrografts rich in autologous DPSCs. Test sites (n = 15) were filled with micrografts
seeded onto collagen sponge, whereas control sites (n = 14) with collagen sponge
alone. Clinical and radiographic parameters were recorded at baseline, 6 and
12 months postoperatively.

Results: Test sites exhibited significantly more probing depth (PD) reduction (4.9 mm
versus 3.4 mm), clinical attachment level (CAL) gain (4.5 versus 2.9 mm) and bone
defect fill {3.9 versus 1.6 mm) than controls. Moreover, residual PD < 5 mm (93% ver-
sus 50%) and CAL gain 24 mm (73% versus 29%) were significantly more frequent in
the test group.

Conclusions: Application of DPSCs significantly improved clinical parameters of peri-
odontal regeneration 1 year after treatment.

KEYWORDS
dental pulp, periodantal pocket, periodontal regeneration, randomized controlled trial, stem
cells, tissue engineering

pivotal role in regeneration of tooth-supporting tissues {Wikesjo
& Nitveus, 1990; Wikesjo et al., 2003), avoiding apical migration
of epithelial cells during the first healing phase. In this respect,
new surgical techniques designed to optimize flap and clot sta-
bility [Cortellini & Tonetti, 2007, 2009; Harrel, Nunn, & Belling.
1999; Trombelli, Farina, Franceschetti, & Calura, 2009} and new

I Clin Periedontol 2018:45:841-850
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platelet-rich plasma on bone regeneration for osseointegration of
dental implants: Preliminary study in canine three-wall intrabony
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INTROD UCTION

Dertadl implamtason has become ane of the most cammaon
methods for restaring defects caused by woth ks, How
ever In cases of alveolir bone kg bone reconstrkction i
necessary for the successhul plicement of implans to avokl
functional and emthetic problems. Awtogenous, allogenic,
senogenic, and synthetic bane have been used as bone grak.
ing mater s for the restaration of bane defects, As antoge:
nous bone grafts inchade Iving celly such as astechilasts
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maseriaks and a prodonged procedure Bme which may caise
infummaton Mareover sometimes # i not possible to
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Chapter 14

Generation of a Bioengineered Tooth by Using
a Three-Dimensional Cell Manipulation Method

(Organ Germ Method)
Masamitsu Oshima, Miho Ogawa, Masato Yasukawa, and Takashi Tsuji

Abstract

The arrangement of cell within a tssuc phys an essential role in organogenesis, including tooth develop-
ment. Ongan morphogenesis and physiological funconons induced by three-dimensional tissuc organization
arc well known to be regulated by the proper spanotemporal organizanon of vanous signaling molecules,
ndudng cytokines, extraccllular matnx proteins, and adhesion mokcules. Development ofa three-dimen-
soonal cel manipulation echnology to create a biloengineered organ germ, designated as the ongan germ
method, enabled the gencnnon of a structurally correct and fully funcononal bioengineered woth 1n vivo.
This method s expected to be unhized as a valuabk techmique for analyzing gene and protein functions
dunng organogeness. Here, we desanbe protocols for woth germ reconsutution using the organ germ
method and methods for analyzing tooth development in vitro and in vivo.

Key words: Bioengineered tooth, Organ germ method, Cell mampulanon, Transplantation, Tooth
gm

1. Introduction

The woth is an ectodermal organ ansing from the tooth germ,
which is induced by reciprocal interactions between the oral epi-
thelium and mesenchyme in the developing embryo (1-3).
Following tooth germ formation, the epithdial and mesenchymal
cells in the rooth germ differentate into the cells, which form
tooth tissue, including ameloblast, odontoblast, and pulp cells, as
well as periodontal igament cells (4, 5). These cdls secrete the
mincrals that create hard tssues, such as enamel, dentin, cemen-
tum, and alveolar bone (4, 5). Various morphological features

Chassa Koussl jed). Odontogenes . Methods and Frotocols, Mehods in Moleculy Bology vol. 887,
DO 10.1007878-1-81779-880-3_14, © Springer Science+Business Media, LLC 2012
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Mesenchymal Stem Cell-Mediated Functional Tooth
Regeneration in Swine
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.

Mesenchymal stem cellmediated tissue reg ation isa p g approach for regenerative medidne for a wide range of
applications. Here we report a new population of stem cells isolated from the root apical papilla of human teeth (SCAP, stem
cells from apical papilla). Using a minipig model we transplanted both human SCAP and periodontal ligament stem cells
(PDLSCs) to generate a root/periodontal complex capable of supporting a porcelain crown, resulting in normal tooth function,
This work integrates a stem cell-mediated tissue regeneration strategy, engineered materials for structure, and current dental

crown technologies. This hybridized tissue engineering approach led to recovery of tooth strength and appearance.

Cration: Sonoyama W, Liu Y, Fang O Yamaza T, Seo B-M, et al (2006) Mesenchymal Stem Cell-Modiated Fy

ONE 1{1) 79 dot10.1371 fjourmal pane 0000079

INTRODUCTION
Regeneraton of a functional and Iving tooth & one of the most
promumg therapeuts strategies for the replacement of a dieased
or damaged t1ooth [1-3]. Reoent advances m dental stem ol
hiotechnology and cell-mediated munne tooth regeneration have
encowraged sescarchers 1o explore the potential for regenerating
hving teeth wath appropnate functional properties [#-6]. Murme
toeth can be regenerated wmng many differemt stem el 10
collaborativly form demtal structures w sow [4,5,7]. In addivon,
dentm /pulp tieue and cementum/penodontal complex have boen
regenerated by human dental pulp stem odk DPSCy) and
prnodntul ligament stem odk PDLSCy), repectively, when
d o d mxe [89). However,
wmg 10 the complexaty of lunun 1ooth growth and development,
the regeneration o a whole tooth structre mcdudmg enamel,
dentm /pulp complex, and penodontal tisues ax a fmctional
entty i humans not posable given avalible regenerative
hotechnologis.

The spatially and temporally organized micoenvironment of

the tooth bud and s suroundng tieues pemuts growmth and
development of the crown and roots, resulting in fomation and
eruption of the tooth [10]. Root development mvolves demtm
formation, cementum generation, instruction of epithelum, and
tooth eruption. From a chncal penpective, the most mportant
pant of the woth u the root which supports for a matwral or
anificial) crown. The aown alone cannot fullill nomal woth

function without a vable ot In comtrast, the wide we of

symthetx crowms 1o replace a damaged natual crowms has boen
wikely applied in dental chimos with  exodbnt  therapewts
ouwtcomes [11].

Alhough dental implamt therapis have aclaeved long-term
sucoess in the clink for the recovery of 100th function, the dental

pl equire pre g hghquality bone structwes for
sipporting the implants [12,13]. Reconstruction of teeth m
patents without adequare bone support would be a mapr
advance. Stem odbmediated 1ot regeneration offers opportumities
10 regenenate a bioroot and ity asociated penodontal tisues,

which are necesary for mamuinmg the physological imction of

,‘6'. oS ONE | www plosone o

ol Tooth Reg Swine PLoS

tocth, The parpose of this study 15 10 explore the potential for
reconstructing a functional 1ooth in mmatwre pigs (mmgag), in
which a bio-root penodontal complex ix bkt up by postnatal stem
cdb induding stem cells from root apxal papilla (SCAP) and
PDLSCs, 1o which an amifical porodain crown w allied, Thas
ybnd strategy of amologous dental stem cell engmeoering may be
apphicable 1o buman tooth regeneration. Furthemmore, functonal
tooth restoration m swine may shed lght on human 100th
regeneration m the fture becawse of the dose simiarties between
swine and buman demtal teues [14,15).

RESULTS
Isolation and transplantation of SCAP

The mechaniam of the contribution of stem progemton 1o oot
formaton remans 1o be duadated. Here, we bound that buman
oot apical papalla e on the exenor of the root foramen arca
demonstrated positve stamng for mesenchymal stem cell surface
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Functional Tooth Restoration by Allogeneic Mesenchymal
Stem Cell-Based Bio-Root Regeneration in Swine

Fulan Wei, Tieli Song,' Gang Ding,' Junji Xu! Yi Liu! Dayong Liu, Zhipeng Fan,
Chunmei Zhang,' Songtao Shi” and Songlin Wang'~

Our previous proof-of-concept study showed the feasibility of regenerating the dental stem cell-based bioen-
gineered tooth root (bioroot) structure in a large animal model. Here, we used allogeneic dental mesenchymal
stem cells to regenerate bioroot, and then installed a crown on the bio-root to restore tooth function. A root
shape hydroxyapatite tricalcium phosphate scaffold containing dental pulp stem cells was covered by a Ve-
induced periodontal ligament stem cell sheet and implanted into a newly generated jaw bone implant socket. Six
months after implantation, a prefabricated porcelain crown was cemented to the implant and subjected to tooth
function. Clinical, radiological, histological, ultrastructural, systemic immunological evaluations and mechanical
properties were analyzed for dynamic changes in the bio-root structure. The regenerated bio-root exhibited
characteristics of a normal tooth after 6 months of use, including dentinal tubule-like and functional periodontal
ligament-like structures. No immunological response to the bioroots was observed. We developed a standard
stem cell procedure for bio-root regeneration to restore adult tooth function. This study is the first to successfully
regenerate a functional bio-root structure for artifidal crown restoration by using allogeneic dental stem cells and

Ve-induced cell sheet, and assess the redpient immune response in a preclinical model.

Introduction

1 LOSS DUE TO PERIODONTAL disease, dental caries,
trauma, or a variety of geneti disorders continues to
advensely affect most adults in their lives. Regenemtive
medicine and tissue engineering technologies offer promising
therapies for medicine and dentistry [ 1.2). Recent advances in
dental stem cell biotechnology and cell-based murine tooth
regeneration have encouraged researchers to explare the po-
tential for regenemting living functional teeth |3]. However,
owing to the complexity of human tooth growth and devel
opment, much mare researches were needed to reg a
wholke tooth structure, including enamel, dentin/pulp com-
plex, and periodontal tissues as a functional entity. A tooth
root that can support a natural or artificial crown is the most
impartant part of the tooth in maintaining tooth functions [4).
Previously, we showed the potential that autologous dental
stem cells may be able to forma bioengineered tooth root (bio-
root) for temparally supporting artificial crowns in a minia-
ture pig (minipig) as proof of concept preliminary data [56).
However, most patients are aged, and sources of autologous
dental stem cells are limited. Due to the low immunogenicity

Aulation functi

and i allogenek mesenchymal
stem cells (MSCs) could treat systemic lupus erythematosus
mice/human 7], Spgren’s syndome [8], and periodantitis-
induced bone defects |9], suggesting that allogeneic MSCs
have the potential for dental tissue regeneration. In the pres-
ent study, we regenerated a functional bio-root using alloge-
neic dental MSCs and Ve-induced cell sheet, developed a
standard stem cell procedure for bio-root regeneration and
function tooth restaration in a swine model.

Design and Methods
Animals

This study was reviewed and approved by the Animal
Care and Use Committees of the Capital Medical University.
Eighteen inbred miniature pigs (minipigs) aged 18 months
and weighing 50-60 kg were abtained from the Institute of
Animal Science at the Chinese Agriculture University. Ani-
mak were housed under conventional conditions with free
access to water and food. These animals were randomly di-
vided into three groups: (1) the hydroxyapatite tricalcium
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Reconstruction, Capital Medical Univensity School of Stomatology, Beging, People’s Republic of C
“The Center for Craniofacial Molkecular Biology, Herman Ostrow School of Dy J

Los Angeles, California

v, U y of Southem California Los Angeks,

"Department of Biochemistry and Molecular Biokgy, Capital Medical University Schoal of Bask Medical Saences, Beijing, China

111



I Clw Perbonbowed 2000, 37 750758 dend: 1000000 16N03 )X 2000, (N 88 &

Tissue-engineered ligament:
implant constructs for tooth
replacement

Gaulr P, Black A, Romerse J-L, Fuente F, Schroeder K, Thillow F, Brume T, Berdal A,
Warsz T. Tissue-engineered ligamens: implans consiriess for wooth replacemens. J Clin
Periodontol 2010, 37: 750-758. doi: 10,1111/, 1600-051X.2010.01588 x.

Abstract

Alm: A tissue-engineered periodontal ligament (PDL) around implants would
represent an important new therapeutic tool toreplace lost teeth, The PDL is the key to
tooth anchoring; it connects tooth root and alveolar bone, and it sustains bone
formation,

Materials and Methods: Cells were isolated from PDL and cultured in a bioreactor
on titanium pins, After the formation of multiple cellular layers, pins were implanted in
enlarged dental alveolae,

Main Outcome Measures: Cell-covered implants integ raked without adverse effects,
and induced bone in their vicinity,

Results: A histolog kal examination of a dog model revealed that cells were arranged
in a typical ligament-like fashion, In human patients, product safety was ascertained
for 6-60 months, Probing and motility assessments suggested that the implams were
well integrated with mechanical properties similar to those of teeth, Radiographs
demonstrated the regeneration of deficient alveolar bone, the development of a lamina
dura adjacent 1o a mineral-devoid space around the implant and implant migration in
an intact bone structure,

Condusions: New tissue consistent with PDL developed on the surface of dental
implants after implantation, This proof-of-principal investigation demonstrates the
application of ligament-anchored implants, which have potential advantages over
osseoimegrated oral implants,
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Apart from its roke in tooth anchoring, the  and remodelling (Devlin & Sloan 2002,

periodontal ligament (PDL) provides pro-
genitor cells for alveolar bone formation
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Mizuno et al, 2006, Gay et al, 2007); ot the
bone side facing the tooth root, the PDL
plays the role of the periosieum, Perio-
dontal discase with tissue destruction by
inflammation often leads o resorption and
loss of alveolar bone (Wikesjo et al, 2004,
Pinkerton et al, 2008), which may be
followed by wooth ss (Cochran 2008),
In contrast, a functional PDL induces bone,
even ot ectopic sikes (Hamamoto et al
2002), The PDL. suppresses its own ossifi-
cation, a biological function associaked
with the local expression of the homeobox
gene Msa2 (Yoshizawa et al, 2004),
Large, acute PDL and alveolar bone
lesions may be repaired when they

112

are induced experimentally; however,
care must be taken to protect the repair
site from invasion by competing tissues,
especially  gingival connective  tissue
(Polimeni et al, 2006), Likewise, tissue
repair in periodontal discase is only
possible by the protection of the repair
site,

A paossible approach to the replace-
ment of lost teeth is tissue engineerning
of the PDL. In support of the feasibility
of this concept, the PDL has been shown
10 possess 4 capacity for spontancous
regeneration, during which the bio-
mechanical tissue strength is restored
(Shionhara et al, 2004), and innervation
is re-established (Yamada et al, 1999,

2010 John Wiley & Sans AS
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Non-Viral Methods For Generating Integration-Free, Induced Pluripotent
Stem Cells
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Abstract: Induced pluripotent stem (iPS) cells were created from mouse fibroblasts by induced expression
of Yamanaka factors, Oc13/4, Sox2, K4, and ¢-Myc. This kechnique has quickly resulted in an exponential
increase in the amount of pluripotency studies, and has provided a valuable ol in regenerative medicine. At
the same time, many methodologi

10 e iPS cells have boen reported, and are comprised mainly of
viral methods and non-viral ludltods Alllough viral methods may not be applicable for clinical applications, various non-
viral methods have been reported in recent years, including DNA vector-based approaches, transfection of mRNA, trans
duction of reprogramming proteins, and use of small mokcule compounds. This review summarizes and evaluates these

non-viral methods.

Keywords: DNA integration-free, induced pluripotent stem cells, non-viral methods,

INTRODUCTION

Induced pluripotent stem (IPS) cells, which are similar to
embryonic stem (ES) cells in marphology, gene expression,
cpigenctic status, and in vitro differentiation, are a type of
pluripotent stem cell directly gencrated from somatic cells by
various synthetic methods [1]. Compared with ES cells, iPS
cells possess indistinguishable pluripotent capabilities, and
their specificity towards patients can bypass some of the
risks of ES cells. They are therefore a potential alternative to
ES cells in regencrative medicine. Also, they can circumvent
cthical concems. Because iPS cells were originally derived
from mouse fibroblasts by retrovirus-mediated introduction
of four factors, Oct3/4, Sox2, KIf, and ¢-Myc (2], and then
reprogrammed from human fibroblasts by the same four fac-
tors [3] or by Oa3/4, Sox2, Nanog, Lin2K (4], numcrous
methods for the generation of these cells have been devel-
oped.

Based upon different ways of transforming exogenous
genes, the methodology for iPS cell generation can be di-
vided into viral-based methods and non-viral methods. Both
these methods may or may not involve integration of exoge-
nous genes into the host genome. Because vim | methods may
result in gene reactivation and unusual phenotypic expres-
sion of 1PS cells [S, 6], which could be valuable for further
studies and clinical applications, studies using non-viral
methods, especially without integration, have been fre-
quently used.

* Addrens comrespondence %o tes authors at thie Instimk of Malecular Biol
ogy, Chima Three Gogges University, & Daxucla, Yichang, (hima; Tel: +86
TIT QWTIN; Fax: +86 717 6WTIN; Email: chlmictg oducn; Renhe
Hespital, China Theee Georges University, 410 Yiling Swecet, Yichang,
Chima; Tel +86 717 6556400 Fax: +86 717 65555M0;

Eomail: zhiying 969 1 26 cn

222 INNISSERM 00

113

The following review presents a summary of methods for
identification of 1PS cells, discusses the current iPS cell gen-
cration strategies using non-viral delivery systems which
result in DNA free of integration, and describes various ap-
plications of this methodology.

METHODS FOR IDENTIFICATION OF IPS CELLS

Compared with differentiated cells, iPS cells contain very
different epigenctic signatures. With permissive chromatin,
lower levels of heterochromatin, and the frequent appearance
of bivalent domains, pluripotent cells are able to differentiate
into vanous tissue types (7). Cumently, three different meth-
ods are used for identification,

First, preliminary identification of iPS cells can be based
on morphology. Similar to carly stage embryonic cells, the
chief distinguishing features of 1PS cells are small size, high
nuclearcytoplasm ratios, and one or more nuclei. Based
upon microstructure, histochemistry, Forssman antigen, and
protein synthesis, it has been repornted that iPS cells are com-
prised of more cuchromatin, unbound ribosome, and mito-
chondria, with less organel les and less complexitics of cellu-
lar structures [X).

Second, immunocytochemistry staining and reverse tran-
scnption-polymerase chain reaction (RT-PCR) analysis are
essential for identification of IPS cells. Immunological
markers of iPS cells include alkaline phosphatase (AKP),
stage-specific embryonic antigens (SSEA), Tra-1-60, Tra-1-
K1 and other molecular labeling techniques [9). A number of
studics have reported that expression of AKP was highly
correlasted with undifferentiaied 1IPS cells, while negative
expression was found in differentiated ES cells [10]. SSEA
are glycoproteins expressed in carly stage development,

© 2015 Bentham Sclence Publishers
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Abstract: Stem cells are dassified into embryonic stem cells and adult stem cells. An evalving
alternative to conventional stem cell therapies is induced pluripotent stem cells (iPSCs), which
have a multilineage potential comparable to conventionally acquired embryonic stem cells with
the additional benefits of being less immunoreactive and avoiding many of the ethical concerns
raised with the use of embryonic material. The ability to generate iPSCs from somatic cells provides
tremendous pramise for regenerative medicine. The breakthrough of iPSCs has raised the possibility
that patient-specific iPSCs can provide autologous cells for cell therapy without the concern for
immune rejection. iPSCs are also relevant tools far modeling human diseases and drugs screening.
However, there are still several hurdles to overcome before iPSCs can be used for translational
purposes. Here, we review the recent advances in somatic reprogramming and the challenges that
must be overcome to move this strategy closer to dinical application.

Keywords: embryonic stem cells; adult stem; somatic reprogramming; induced pluripotent stem
cells (iPSCs)

1. Introduction

Stem cells are a subset of cells in our body with the remarkable ability to self-renew and
differentiate along different cell-lineages [1]. They can be dassified into two main categories based
an their self-renewing capacity and plasticity, namely “embryonic stem cells” and “non-embryonic”
adult/somatic stem cells. Self-renewal refers to the ability to undergo multiple divisions while
maintaining an undifferentiated state, while plasticity refers to the ability of a cell to differentiate down
multiple different cell lineages. Plasticity canalso be referred to as the potency of a cell.

Embryanic Stem Cells (ESCs) have the unique potential to endlessly divide while maintaining an
undifferentiated state (self-renewing) but also the capacity to differentiate into all germ layers as well
as extra-embryanic tissues or placental cells, being termed as totipotent. Days after fertilization, these
totipotent cells mature and farm more specialized cells called pluripotent cells (Figure 1). Pluripotent
stem cells maintain the ability to self-renew and differentiate into all three germ layers and down
many lineages. These cells, through complex mechanisms are responsible for tissue growth, repairand
maintenance. The socalled mouse ESCs (mESCs) are isolated at day E35 from the inner cell mass of
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