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Resumen

En esta tesis doctoral se estudia el efecto de inhibir la funcién de la proteina de adhesion

del cemento radicular durante el proceso de la cementogenesis in vitro, secretada por las

células derivadas de un cementoblastoma humano por medio del anticuerpo anti-CP.

Los“ cult‘ivok‘s‘ce‘lulares tratados con 5 pg/ml del anticuerpo anti-CP revelan una disminucién
en la actividad de 1a fosfatasa alcaﬁha de 40% (p < 0.005), 44% (p < 0.001), 49% (p <0.1)
y45% (p <0.02)alos 9, 11, 13 y 15 dias de cultivo cuando se comparan‘con los cultivos
celuléres control incubados con el anticuerpo normal de conejo a concentracion de 5 ug/fnl.
La inmunoexpresion de las proteinas involucradas en la formacién de la matriz
mineréliZada en los cultivos tratadés con 5 pg/ml del anticuerpo anti-CP, mostraron que el
nuimero de células que“dieron una sefial positiva para osteopontina se redujo en un 87, 83,

69 y 52%alos 5,7, 9 y 11 dias de cultivo. Asimismo, el numero de células positivas para

la siatoproteina 6sea disminuyé en 80, 51, 60, 80, 83,y 87% alos 5,7, 9, 11 y 15 dias de
_cultivo, cuando se compararon con los cultivos celulares control incubados con el

- anticuerpo normal de conejo a concentracion de 5 pug/ml.

El microanélisis del mineral depositado in vitro por las células derivadas del
cementobla§toma nos indican que la razén Ca/P en los cultivos control es de 1.45y 1.61 a

los 5y 15 dias de cultivo, mientras que en los cultivos experimentales la razon Ca/P

disminuye a 0.50 y 0.79 a los 5 y 15 dias de cultivo respectivamente. Aunque '1aj

- composicién inorgdnica disminuye en los cultivos experimentales, los patrones de

difraccion de rayos X a manera de anillos concéntricos que representan los espacios D-
interplanares del cristal, tanto en los cultivos control como en los cultivos experimentales,

demuestra que el mineral es hidroxiapatita. Estas disminuciones en la composicién



inorganica del mir‘leral‘ depositado se traduce en la formacién de aglomerados esféricos sin
un patron organizado, que no forma las placas caracteristicas del tejido mineral de cemento
-como en €l caso de las células control’tratadas solo con él antiéuerpo normal de conejo-,
detérminadas por microscopia de fuerza atc')mica y microscopia electronica de barrido. Sin -
embargo, estos patrones macroscopicos del mineral depositado, al ser analizados por
microscopia electronica de alta resolucion, nos indican que la cristalinidad del mineral de
hidroxiapatita muestra un arréglo preferencial de los cristales en ambos cultivos - control y
experimental- a los 15 dias de cultivo. Estos resultados concluyen que la proteina de
adhesion de cemento es un factor importante que regula y/o participa en €l proceso de la
cementogénesis -al afectar la actividad y funcion de diversas proteinas y que puede ser
asociada al crecimiento del cristal asi como a las caracteristicas composicionales y

morfolégicas del mineral depositado durante el proceso de mineralizacion in vitro.



Abstract

In thi’s thesis work, We study the inhibitory effect by a polyclonal antibody anti-CP raised

against the cementum attachment protein secreted by human cementoblastoma-derived

cells during ceméntogenesis process in vitro.

Cultures treated with 5 pg/ml of CP antibody from day 3 to day 15 revealed a significant

decrease in alkaline phosphatase‘a‘ctivity of 40% (p < 0.005), 44% (p < 0.001), 49% (p <

0.1) y 45% (p < 0.02) at 9, 11, 13 and 15 days respectively. Immunoexpression analysis of

the profeins ifnplicated in mineralj depositioh‘in the experimental cultures treated with 5

~ ug/ml of anti-CP antibody revealed that number of cementoblastoma cells expressing -
osteopontin was reduced by 87, 83, 69 and 52% at 5, 7, 9 y 11 days, respectively. Bone
sialoprotein immunoexpression showed a decrease in positive cells of 82, 51, 60, 80, 83
and 87% at 5, 7,9, 11 and 15 days, respectively when compared‘to controls. Microanalysis

:examinatioh of the mineral-like tissue deposited by cementoblastoma-derived cells revealed

that control cultures had a Ca/P ratio of 1.45 and 1.61 at 5 and 15 days, whereas

experimental cultures revealed that Ca/P ratio was reduced to 0.50 and 0.79 at 5 and 15

days respectively; Although, the mineral-like tissue deposition process was affected in the

experimental cell cultures, the minéral-like tissue corresponds to hydroxiapatite as revealed

by electron diffraction pattern that showed as inner double rings representing D-spacing,

which, were consistent with those of the hydroxiapatite in both ‘control and experimental

cultures. This decreased value in the inorganic composition of the mineral-like tissue was

associated with a tiny, granular and spherical morphology without a special organization of

needle like crystal to form plaque-like strﬁctures features of the cementum-like tissue as

revealed in control cultures analyzed by atomic force microscopy and scanning electron



microscopy. However, the examiﬂétibﬁ of these macroscopic patterns of the mineral-like
tissu‘e‘by high resolution transmission electron microscopy showed that the crystallinity of
the hydroxiapatite crystal had a homogeneous and preferential spatial arrangement of the
hydroxiapatite crystallites in both control and experimental cultures at 15 days of culture.

Based in these observations, we suggest that the cementum attachment protein has a
provocative role during cementogenesis process by affecting the activity and function of
several proteins' and it can be associated to the crystal growth, compositional and
morphological features of the mineral-like tissue deposited by the cementoblastoma-

derived cells during the mineralization process in vitro.




Introduccion

Periodonto
El periodonto o tejido de sostén del diente, esta formado por los siguientés tejidos:

1) Encia |

2) Ligar‘hento Periodontal

3) Huesjo alveolar

4) Ceménto‘radicular
- La funcidn principal del periodonto es unir el diente al tejido dseo de la cavidad bucal y
éonéervar la integridad de la mucosa masticatoria de la boca.
Encia
La encia es la parte de la mucosa masticatoria que rodea las porciones cervicalcs de los
dientes. Anatdmicamente esta dividida en encia marginal y encia insertada.
~ La encia esta formada‘ por tejido epitelial y tejido conjuntivo, este ultimo es el tejido
' predominante de la encia. Sus componentes principales son fibras de coldgena (60%),
-fibroblastos (5%), vasos sanguineos y nervios (~ 35%).
Ligamento Périodonta‘l
’3‘ El ligamento periodontal es el tejido conectivo blando que rodea las raices dentarias y se
une a hueso. Esta ‘compuesto principalmente por fibras de coldgena dispuestas en haces que
se insertan en hueso y en el cemento radicular, representando el 50% del peso se‘co‘de‘ todo
- el tejido.
Hueso AlVeolar
El hueso alveolar es la parte dura de los maxilares superiores e inferiores que forma y

sostiene a los dientes.




El hueso alveolar junto con el ligaiehto ﬁeﬂbdo’ﬁtél y el cemento radicular constituyen el
aparato de insercién de los dientes, cuya funcién principal es distribuir y reabsorber las
fuerzas genetadas por los ccﬁﬂtactos dentarios.

El hueso alveolar esta formado por lés células osteoblasticas encargadas de depositaf la fase
ost~eoide, constituida ’por fibras de colagena y una matriz que contiene proy‘teinasr noy
colagenas y proteOglucanos. Esta fase osteoide experimenta una mineralizacién por
‘depésitos de‘ saies minerales de fosfato de calcio que se transforma en cristales de
hidoxiapatita.

- En el proceso de mineralizacion del hueso alveolar, los osteoblastos (iuedan atrapados en la
matriz mineralizada convirtiéndose en los osteocitos, los cuales se nutren y comunican por
medio de sus prolongacibmas citoplasmicas’ 2.

Ceménto Radicular '

~ El c‘em‘ento fadicular fue des‘crito por primera vez en 1835 por los discipulos de Purkinje
como un tejido mineralizado que cubre la superficie radicular de los 6rganos dentarios. Sus
principales funéiones son el proveer el anclaje para las fibras de colagena del ligamento -
periodontal (ﬁbras de Sharpey), mediar en la insercion del diente a‘l hueso alveolar,
distribuir las fuerzas masticatorias y jugar un papel primordial en la reparaciéon de la
superficie radicular. Estas funciones se pierden cuando el cemento es afectado por’la
e"nfenn‘eydad crénica episddica e inflamatoria, la periodontitis, la cual es considerada un
pfoblema de salud publica a nivel mundial'.

Estruétura

En el cemento radicular pueden diferenciarse dos tipos de cemento: el acelular y el celular.
El término cemento acelular no es muy apropiado ya que.como tejido Vivo, las células son

parte integral del cemento en todo momento. No obstante, algunas capas de cemento
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radicular no incorporan células éii su matriz mineralizada, caracteristica que les da su
nombre. Este tipo de cemento cubre la dentina radicular desde la unién cemento-esmalte
hasta el tercio medio de la superficie radicular.

A partir del tercio medio y hasta el apice, donde el cemento es en su totalidad de tipo
celular debido a que los cementoblastos (unidades estructurales) eﬁcargados de sintetizar‘la
matriz tanto orginica como inorginica del cemento quedan atrapados en la matriz
mineralizada que ellos mismos producen y se denominan cementocitos. Los cementoblastos
son células cuboidales que presentan caracteristicas ultraestructurales Unicas: numerosas
rﬁitocondrias,un aparato de Golgi bien desarrollado y grandes cantidades de reticulo‘k
endoplasmico granular, lo que revela su intensa actividad biolégica.

El cefnento'cito tipico posee numerosas prolongaciones celulares o caniculos que se irradian
a partir de su cuerpo celular. Estas prolongaciones pueden ramificarse y con frecuencia
estableéer anastomosis con las de una célula vecina. El citoplasma del cementocito ’ciontiene,
escasas mitocondrias, mientras que el reticulo endoplasmico parece dilatado y el nicleo es
pequefio, reveléndo‘involucién y picnosis, indicando que los cementocitos son células en
procesb de degeneracién y Se propone que presentan una escasa actividad,biolc’)gica3 ;4.
Propiedades fisico-quimicas

El fcer’ne‘nto radicular se asume que es idéntico al hueso, porque presenta similitudes con
este:

1) Las enfermedades que afectan las propiedades del hueso, a menudo alteran las
propiedades del cemento. Por ejemplo, la enfermedad 6sea de Paget resulta en
hipercementosis; la hipofosfatasa resulta en la no-formacién de cemento, con la exfoliacion

. . e . . . ., 5
dentaria y el hipopituitarismo que esta asociado con la disminucién de cemento.




2) La composicién inorgéanica de cémetito radicular es similar a hueso alveolar. Tanto el
‘ éemento como el hueso se componen aproximadamente del 50% de fosfatos de calcio que
se encuentra en forma de fcristales,: de hidroxiapatita [Ca;o(POs)s(OH),]. Ademas, en el
cémcnto se enéuentrén elementos trazas, en‘treelos que podemos mehcionar al magnesio (0.5
‘al‘ 1’.4%),‘ﬂﬁor, rsodio, cobre, azufre y zinc, y que actualmente; tanto en su distribuciéh, y
; signiﬁcado biolégico no han sido‘estudiados a detalle.’
3) La matriz orgénica de cemento es considerada similar al hueso: cdnsiste primariamente
de colagenas Tipo 1(95%) y Tipo II (5%), las cuales en su conjunto, desempefian un papel
tipo estructufal. Moléculas no colagenas como ﬁbronecﬁna (FN), sialoproteina ésea (BSP), |
osteopontina (‘OPN),‘ fosfatasa alcalina (ALP), etc., diversos factores de crecimiénto como
IGF-I, FGFa, kFGFb, PDGF y TGFp” ¢, proteoglucanos y glucosaminoglucanos como el
| dermatan sulfato, hialurona, c‘ondroitina sulfato, lumican, entre otros, que han sido
o identiﬁcédos bioquimicamente e histoquimicamente como las especies dominantes, pero no
son Ceménto especificas™ '’
‘A pesar de estas similitudes, el Cemento, radicular tiene caracteristicas unicas que lo pueden
diferenciar del hueso: presenta un color amarillo, una baja microdureza, un recambio
metabdlico bajo, carece de inervacion, de irrigacién sanguinea directa, dfenaje linfético, a
diferencia Vdel‘hueso alveolar no sufre procesos de remodelacidén de un modo fisiolégico,
presenta una formacion activa caracterizada por un depdsito continuo durante toda la vida,
que se observa a manera de lincas de crecimiento; y posee - ‘hasta el momento- moléculas
especiﬁcés de matriz como la proteina de adhesién de cemento (CP) y el factor de
crecimiento del cemento radicular (CGF) que se ha reportado ser similar al factor de |

crecimiento insulinico tipo I (IGF-)' 12,



- como un paradigma oscuro

- formacion de tejido mineralizado

minera

ratén no constituye un modelo paralelo a la cementogénesis en humanos

Antecedentes

La investigacién desde 1835 sobre la histologia y composicién del cemento radicular ha

‘demostrado que el cemento es un tejido unico. Mientras, los estudios sobre las proteinas

especificas expresadas por los cementoblastos, asi como, la localizacién de las células

progenitoras de los cementoblastos durante el desarrollo, y en el estadio adulto, permanece

13, 14

Durante el desarrollo, se sugiere que las células ectomescnquimatosas, células del foliculo y

células de 1a papilla ‘déntal, éuando se estimulan correct“amerite, tienen la capacidad de
ac‘ma’r como cementoblastosljs’ '* En ei estadio adulto, se propone que una pequefia
pobl‘a(‘:i’c')n de las células del ligamento periodontal maduro tiene la capacidad para
diferénciarse hacia un fenotipo osteobiéstico o cementobldstico con la consiguiente

17,18

Los estudios para dilucidar el origen de las células progenitoras de los cementoblastos se

han basado en un modelo animal (ratén), indicando que las células de los. espacios

endosteales del hueso alveolar migran y adoptan una localizacién paravascular en el

ligamento periodontal, convirtiéndose posteriormente en células formadoras de tejido

1> 2%, sin embargo, es preciso establecer, que, el proceso de la cementogénesis en

21,22

Alternativamente, se ha propuesto que diferentes factores suministrados por las células

“epiteliales dentro de un ambiente local, pueden en parte influenciar la diferenciacion de las

células del foliculo dentario hacia cementoblastos, de tal modo que, secreten la matriz

mineralizada de cemento™ **, o bien, se propone una hipétesis en que las mismas células de

la vaina epitelial radicular de Herwitg se encuentren bajo una transformacién generativa



hacia  cementoblastos (transfomiﬁéiéﬁ ectoriiésenquimatosa) y asi proveer la apropiada
‘matriz para la formacién del tejido cementoide®. |

Por tal motivo, los factores que disparan la proliferaciéon de los precursores de los
cementoblastos, los que controlan la migracién celular dirigida hacia la superficie radicular
y lqs que regulan su diferenciacién en el periodonto adulto permanecen como preguntas
abiertas. Las anteriores interrogantes se pueden abordar al identificar, aislar y caractérizar
i)oblaciones cglulares que expresen el fenotipo del cemento radicular. Sin embargo, existen
dificultades para lograr este objetivo: |

1) Los laboriosos procedimientos de diseccién requeridos para obtener suficiente
tejido para estudiar sus propiedades bioquimicas y moleculares.

2) A la fecha no existe un marcador biologico especifico de la matriz extracelular del
cemento radicular.

3) Lé poblacion celular del ligamento periodontal es heterogénea, lo cual implica que
existen linajes osteoblasticos, cementoblasticos y fibroblasticos, que impiden aislar
una poblacién puramente cementoblastica®.

Observaciones recientes indican que el 40% del total de las poblaciones del ligamento
“ periodontal expresan un fenotipo asociado a la formacién de tejido mineralizado y solo- el
7% de esta poblaciéﬁ expresa el fenotipo cementoblastico con alta actividad especifica de
ALP, lo que revela estadios de diferenciacion’.

A este respecto, nuestro laboratorio desarrolld una estrategia de investigacion tendiente a -
contribuir al conocimiento de la biologia del cemento radicular, la cual consistié en aislar,
expandir y caracterizar parcialmente una linea celular a partir de un cementoblastoma de

humano®:.
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La Organizacién Mundial de la Salud considera al cementoblastoma como un raro turnor

odontogénico de origen mesenquimatoso descrito por primera vez por Norberg en 1930. La

lesion es- solitaria, presentando un crecimiento lento asociada a la raiz de dientes

permanentes (premolares y/o molares). Radiograficamente, la lesién esta bien delimitada y

- la parte central es radio-opaca y comunmente rodeada por una zona radio-luminosa de

a;ichura uniforme, la cual representa el tejido no mineralizado que corresponde a las capas
celulares en formacion, es decir, cementoblastos.

Los cultivos de las células derivadas del tumor de ceménto, estudiadas en nuestro
laboratorio, manifestaron, inicialmente, una morfologia fibroblastica, y después del pasaje

4% a 5" asumieron una morfologia distinta; consistente en células més anchas, aplanadas y

multipolares, especialmente cuando llegaban a confluencia.

La caracterizacion de las células derivadas del cementoblastoma, muestran que esta linea

celular parece ser homogénea, asi como expresar el fenotipo del cemento celular humano,

dado que expresan marcadores asociados a tejidos mineralizados como:

1) La fosfatasa alcalina (ALP) enzima reconocida como un marcador biolégico en el
complejo proceso de la diferenciacion de osteoblastos y cementoblastos,
participando en la mineralizaciéon de la matriz extracelular, probablemente,
regulando las concentraciones extracelulares de fosfatos™™*!

2) Proteinas no colagenas como la osteopontina (OPN) y la sialoproteina ¢sea (BSP):
“Proteinas que se encuentran en la respectiva matriz mineralizada de cemento e
implicadas en la deposicion del mineral y en las interacciones matriz-matriz durante
el desarrollo radicular’> >,

Fl estudio de la naturaleza y propiedades estructurales del tejido mineral depositado in vitro

por las células derivadas del cementoblastoma en nuestro laboratorio, muestran que. es

11



diferente al compararlo con el t&jido mineralizado depositado por células derivadas de
hueso alveolar in vitro. Ademas, el tejido mineralizado tiene caracteristicas similares al
cemento radicular humano in vivo, tanto en morfologia, como en composiciéon y

ultraestructura; por lo cual, estas células las hemos considerado como una linea de

‘cementoblastos putativos®® *°. Resultados preliminares, sugieren que las células derivadas

del cementoblastoma humano, aunque probablemente comparten un progenitor comiin con
las células osteoblasticas, siguen diferentes vias en el proceso de mineralizacién y por lo
tanto, en la diferenciacién, ofreciendo una oportunidad tnica para dilucidar como el
proceso de la cementogénesis es regulado irn vitro.

Por otro lado, esta linea celular derivada del cementoblastoma -de un modo importante-
también ha mostrado producir una proteina relacionada a la proteina de adherencia del
cemento radicular (CP por sus siglas en inglés: cementum attachment protein), la cual al
parecer es el unico marcador biolégico de este tejido a la fecha'’. Los estudios de
secuéncias parcialeé de aminoacidos obtenidas de la proteina CP, han revelado qlie se trata
de una proteina de tipo colagena, debido a que cuatro de las seis secuencias obtenidas
presentan cierta homologia en su estructura primaria con colagena tipo I y XII dado que
’contienen la repeticiéon Gly-X-Y caracteristica de la estructura de triple hélice de la
colégena, aunque algunos de los péptidos obtenidos muestran que no son triple-
helicoidales™.

Alg‘unas‘de 1as posibles explicaciones para encontrar ambos tipos de secuencias son que CP
podria contener secuencias no colagenas y colagenas y alternativamente CP podria ser una
proteina de adherencia de tipo colagena localizada en el cemento radicular, aunque esto
parece improbable, ya que, los anticuerpos contra colagena tipo I, V, XII, y XIV no

., . . .3
presentaron reaccion cruzada contra CP por medio de inmunotransferencias T
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~ El analisis por computadora de las secuencias parciales de aminoécidos de CP revelaron
que. no estan presentes .en fibronectina, laminina, osteopontina, sialoproteina dsea, y
VitronéCtina, lo que muestra que la CP es una molécula tnica y probablemente especifica
para el cémento, radic‘ularl3 8
Los estudios dirigidos para entender cual es la funcidén de esta proteina, han demostrado
‘que es capaz de promover la expreéién de ALP, inducir la formacién de nodulos
mineralizados en células mesenquimatosas embrionarias sin un fenotipo definido in vitro,
promover la adherencia celular, mostrar afinidad por la hidroxiapatita. Se sugiere que CP
es un- factor importante en la quimioatraccién, adhesion y diferenciacion celular en’ el
proceso de la cementogénesis y posiblemente en la regeneracion de las estructuras
periodontales™ % *!.
La producéién de CP por las células del cementoblastoma humano, nos indica que; esta
linea celular es una fuente significativa para la obtenci6n, purificacion y caracterizacion del
marcador bioldgico del cemento radicular. En nuestro laboratorio, se llevd a cabo la
produccién de un anticuerpo policlonal contra estd proteina obtenida a partir del medio
condic:ionado. Las inmunotransferencias han mostrado que este anticuerpo. polictonal (anti-
CP), reconoce una proteina relacionada con cemento con un peso molécular de 56 kDa
tanto de extractos de cemento radicular humano como de las células derivadas del
cementoblastorha humano in vitro.

Para determinar la especificidad celular del anticuerpo se utilizaron secciones transversales
y longitudinales de dientes de humano asi como cultivos celulares derivados del ligamento
‘periodontal, hueso alveolar y células del cementoblastoma humano.

Los resultados de los ensayos inmunohistoquimicos nos muestra que este anticuerpo

reconoce cemento, cementoblastos, cementocitos, células' progenitoras en los espacios
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endosteales de hueso alveolar y c¢élulas de localizacién paravéscular en el ligamento
periodontal. Lo que nos indica la especificidad en la expresion y distribucién de la proteina
derivada de cemento en el periodonto.

Por otro lado, estudiamos si la proteina inmunopurificada a parﬁr de las células aisladas del
cemertoblastoma tenia la propiedad de promover la adhesion celular. Los ensayos muestran
que la proteina promueve la adherencia de las células del ligamento periodontal, de hueso
alveolar y de fibroblastos gingivales de manera creciente en la concentracién™.

~ Juntos, todos estos datos preliminares, indican que la proteina derivada por nosotros, del
cementoblastoma, podria ser una molécula‘relacionada a CP y servir como un maréador
biolégicb para el tejido mineralizado del cemento radicular y probablemente encargada de
rjegularen parte el proceso de mineraliZacién durante la cementogénesis. Sin embargo, si
esta proteina es especifica pafa el cemento radicular, esto debe determinarse en e’l‘ futuro
‘ - con la dispénibilidad de la secuencia de ADNc para determinar las células que expresan
esta proteina ‘durante el desarrollo, maduraci()n y regenéracién de las estructuras

periodontales.
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Hipotesis

La proteina de adhesion derivada del cemento (CP) regula la expresion de factores y/o
- marcadores qué’ juegan un papel importante en la formacién de tejido mineral, tales como: ,
la fosfatasa alcalina (ALP), osteopontina (OPN) y sialoproteina ¢sea (BSP), asimismo
participa en la regulacion de la naturaleza y caracteristicas morfoldgicas del tejid‘o‘ mineral

depos*itado durante el proceso de la cementogenesis in vitro.
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- Objetivos

Objetivo General
El propoésito de este trabajo es estudiar el papel regulador de CP en la expresiéon de ALP,
OPN y BSP; asi como sobre 1a naturaleza y caracteristicas del tejido mineral depositado in

vitro durante el proceso de la cementogénesis.

Objetivo Especifico

" 1) Inhibir CP por medio del anticuerpo anti-CP para correlacionar dicha molécula con la

expresion de ALP, OPN y BSP durante el proceso de la cementogénesis in vitro.

2) Determinar y caracterizar el tejido mineral depositado al inhibir CP durante el proceso de

la cementogénesis in vitro.
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Metodologia

Cultivo celular

Las células derivadas del cementoblastoma humano, se mantuvieron en un medio de cultivo

'DMEM suplementado con 10% de suero fetal bovino (SFB), una soluci6én de antibi6ticos

(penicilina 100 U/ml, estreptomicina 100 pg/ml y fungizona 0.3 pg/ml). Los cultivos se
mantuyieron a una temperatura de 37°C y en una atmésfera de 95% de aire y 5% de CO; en

un ambiente con 100% de humedad. Para el trabajo experimental se utilizaron cultivos

celulares en el segundo pasaje.

Ensayo de proliferacién

Para determinar si el anticuerpo normal de conejo y el anticuerpo policlonal que reconoce a
la proteina de adhesion de cemento (anti-CP) afecta la proliferacion celular, las células '
deri;radas« del Cémentoblastoma humano fueron cultivadas en placas de cultivo de 48 pozos
a una dénsidad celular de 2x10* e incubadas en 10% de SFB, toda la noche, en las
condiciones mencionadas anteriormente. Al dia siguie.nte (designado como dia cero), el
medio fue cambiado-y los cultivos c:elulares fueron incubados con un medio de cultivo con

10% de SFB més 5 pg/ml del anticuerpo policlonal anti-CP. Los cultivos COnfroles fueron

incubados con 10% de SFB mas 5 pg/ml el anticuerpo normal de conejo. El medio fue

- ‘ cambiado cada tercer dia. Las células fueron colectadas con 0.05% de tripsina porcina -

0.02% de EDTA. Una vez obtenido el botén, las células se contabilizaron utilizando un

: cohtador Coulter Counter (Coulter electronics, Hialeah, Florida). El nimero de células fue

evaluado a los 1, 3, 5 y 10 dias de cultivo celular. Los experimentos se realizaron por

triplicado repitiéndose dos veces.
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Ensayo de viabilidad celular
Para estudiar si el anticuerpo anti-CP que reconoce a 1a proteina de adhesidn, dertvada de
. cemento (CP), afecta a la viabilidad celular; se realizé un ensayo de azul de trizol“(MTT)
baSado en la habilidad de la enzima deéhidrogenasa mitocondrial para oxidar la sal de
tetrazolio (3-[4,5-dimetiltiazol-2-y]-2-5 bromuro difeniltetrazolio) a un producto insoluble
de color azul.'Las células del cementobléstoma fueron cultivadas en placas de 96 pozos a
una de‘nsidad‘de 1x10* por triplicado e incubadas con 5 pg/ml del anticuerpo anti-CP
(experimentales) y con 5 ug/ml d¢1 anticuerpo normal de conejo (control) por 1, 3,5y 10
dias de‘cultivo. Después de cada‘ periodo experimental,‘las celulas fueron incubadas con
MTT (120 mg/ml) a 37°C por 3 h. Pasado este tiempo, el sobrenadante fue removido y a
cada pozo de cultivo se le adicion6 una solucion con 0.04 M de acido clorhidrico (HCD en
isopropanol y la placa se llevé a un lector para ahélisis de inmunoabsorcién unida a
enzimas (ELI‘SA) para obtenerse la densidad dptica a una longitud de onda de 570 nm. Los‘
experimentos se realizaron por triplicado repitiéndose dos veces.

Inhibiciéon de CP

Para estudiar que CP es una proteina reguladora del proceso de la cementogenesis,
probamos el efecto de inhibir a CP por medio de ensayos de inhibicion, incubando las
- células derivadas de un cementoblastoma humano con el‘ anticuerpo policlonal (anti-CP)
sobre la actiyidad de moléculas involucradas en el proceso de la cementogenesis y en la
capacidad de formaci6n del tejido mineral.

‘Las células fﬁer(‘)n cultivadas en los siguientes tiempos 5, 7, 9, 11, 13 y 15 dias en medio

'DMEM suplementado con 10 % SFB, antibiéticos (penicilina 100 U/ml, estreptomicin“a
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100 pg/ml y fung‘izona 0.3 ug/ml), 10 mM de B;glicerofosfato, 50 pg/ml de acido ascorbico
y 107 M de dexametasona. |
Los cultivos experimentales se trataron con 5 pg/ml del anticuerpo anti-CP y Ios cultivos
) control con 5 ;,Lg/ml‘ del ;anticuerpo normal de conejo. En cada punto experimental sé ‘
‘procédié a examinar ia ﬁctividad especifica de la fosfatasa al’cal‘ina, la presencia de
osteopontina y éialoproteina 6sea, asi como, el mineral formado, como se describe a
continuacién.
Ensayo de la actividad especifi‘ca dela f()sfat’asa alcalina
Se sembraron células en placas de 24 pozos a una densidad de 2x10* como se describi6
anteriormente, cambi4ndose el medfo y el anticuerpo cada 72 h. La actividad de la enzima
fosfataska alcaliﬁa (AP) se determiné de acuerdo al método de Lowry43.’ Las células se
sometieron a sonicacion para extraer las capas celulares en una solucion amortiguadora con
IOmM de TrisfHCL pH 7.4 mas 0.1% de trit6n X-100. Los ensayos de la actividad
i ‘énzimfitica sé llevaron a cabo utilizando el sustrato p-nitrofenil fosfato (PNP) a una
‘concentracion de 8 mM ‘yrco‘mo activador enzimatico 2 mM: de cloruro de magnesio
| (MgCl,) en una solucién amortiguadora con 10 mM de rtris—HCI pH 9.8 e incubado a 37°C
por 30 min. La reaccion enzimatica se de;ru\}o adicionando 50 pL de 0.05 N de hidroxido de
- sodio '(NaOH) y entonces, se hicieron las mediciones de la absorbancia a una longitud de
dnda de 405 nm. La concentraciéh de proteinas se determiné por el método de Bradford"
ﬁsando, como control .estandar albl’lmina sérica bovina (BSA). Los ensayos fueron por

~ triplicado y se repitieron al menos tres veces.
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‘Deteccion de OPN y BSP por Inmunofluorescencia

Se u‘t‘ilizaro;n cultivos celulares a una densidad de 5x102’en placas Lab-Tek de 8 pozos. Al
: téfmino de cada tiempo experimental, Ias células se fijaron con 3.7% dé formaldehido y se
incubaron con’el‘, primer anticuerpo contra OPN (LF—’123)‘ y BSP (L‘F—IOO)‘d‘onado por el
' Dr. Larry ,Fisl‘ler (NHD), para deterrﬁinar la presencia de OPN y BSP. La concentraciéﬁ de |
los énticuerpos primarios fue de 1:300 en un amortiguador salino de fosfatos (PBS),
¢0~nteniendo I mg/ml de BSA e incubados toda la noché a 4°C. Los portaobjetos se lavarén
con PBS frio por 10 min. e incubados con el segundo anticuerpo cabra anti-conejo IgG
cénjugado con FITC (3mg/ml, ‘Sigmé‘ chemiCél Co., St, Louis, Mo.) durante 1 h. a 4°C
diluido a una concentracion de 1:50 en PBS. Por ultimo, los portaobjetos se laﬁaron coh
PBS més 0.1% de triton X-20 y cubiertos con glicerol-PBS (1:9 v/v) conteniendo 20 mg/ml
1,2, ,aiazabiciglo (2,2,2) octano (DABCO). la inmunotincién se visualiz6 por
inmunoﬂuoresc‘encia indirecta en un microscopio Axiopﬁot, Carl Zeiss. TEI‘ numero dé
célul‘asque reaccionaron positivamente con el anticuerpo que reconoce a OPN y BSP fue
determinado escogiendo cinco campos al azar con el objetivo 20x. Los resultados son
expresados ‘como media (n=5) * error estandar de tres experimentos independientes. Los
controles negativos fueron las células incubadas con suero pre-inmune de conejo o aquellos
éulﬁvos a lkos cuales no se les adiciond el prim’er anticuerpo.
Anﬁlis’is de OPNy BSP por medio de Inmunotransferencia

Para determinar los niveles de proteinas asociadas al proceso de mineralizacién se ven
afectados al inhibir CP por el anticuerpo anti-CP, los cultivos experimentales fueron
rcomparados contra los tratamientos con el anticuerpo normal de conejo. Las c€lulas fueron

sembradas a una densidad de 5x10* en platos de cultivo de 35 mm’ como Se menciono
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anteriormente. En cada tiempo (5, 7, 9,11, 13 y 15 dias) las células fueron recuperadas y
resuspendidas en PBS frio y centrifugadas a 2000 rpm durante 5 min. Los botones celulares
dé ambos tratamientos, fueron lisados en amorti’guador de lisis (1mM de EDTA (pH 8) 10’
mM Hepes, 50 mM NaCl, 0.05% 2-m¢rcaptoetanol, 0.5% triton X-100, 1mM
'fenilmetilsulfohilﬂuortiro, 5 uM de leupeptina ky 10 de pM aprotinina). Después de
centrifugzir el botén celular a 14000 rpm duraﬁte 10 min. a 4°C, los sobrenadantes fuerbn
almacénadOs a — 20°C. La concentracién de proteinas se determin6 de acuerdo al método
de Bradford* y se utiliz6 albumina sérica bovina como estindar. Para cada anticuerpo
(OPN'y ’BSP), las mismas cantidades de proteina (10 pg/linea) fueron cargadas en los geles
de poliacrilamida-SDS al 12%. Las proteinas fue’ronelectroforéticamente transferidas sobre
una ﬁembrana PVDF y posteriormente bloqueada con 5% de leche descremada mas O.,l%
‘ de Tweén 20 en PBSpH 7 ;6 durante 1 h. Las membranas fueron incubadas con cada uno‘ de
los anticuerpos rhencionados (anti-OPN y anti-BSP) a una concentracion 1:300 por 1 h. a
| temperatura ambiénte. Después de lavar, las membranas se incubaron con un anticuerpo
- cabra anti-quejo IgG conjugado a peroxidasa de ribano a una concentracién 1:1000
’dur“ant"e’ 1 h., lavadés con PBS y revelados con diaminobenzidina (DAB). La membrana fue
capturada por un escéner y analizada con un programa de andlisis y documentacion de
| electroforesis EDAS 290, Kodak. El nivel relativo de cada proteina se determind midiendo
la intensidad relativa integrada de todos los pixeles en cada banda de proteina, excluyendo
- el fondo local. Lés resultados se expresan como porcentajes de la iﬁtensidad obtenida en'los

cultivos control.
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Caracterizacion de tejido mineral depositado
\Para determinar el patrén de mineralizacién del tejido mineral generado por los cultivos
celulares, se utilizaron técnicas de microscopia de alta resolucion, tales como: microscopia
de fuerza atomica (MFA), microscopia eiectro'nica de barrido (MEB) y de transmision
(MET), ya que todas en su conjunto son complementarias.
| Microscopia de fuerza atomica
Esta‘fécﬁica se utiliz6 para determinar la acciéon de CP en la homogeneidad y morfologia
del mineral forniad§ por las célulés del linaje cementoblastico. Se empled un microscopio
Park Scientific Instruments con autosonda en modalidad de contacto y modo constante de
fﬁerza de 5 nN. Las células fueron cultivadas a una densidad de 2x10* en placas Costar de
24 pozos sobre un substrato de silicio y los cultivos se mantuvieron durante 5y 15 dias en
| . medio. DMEM suplementado con 10 % SFB, antibidticos (penicilina 100 U/ml,
| estreptomiCina 100 ug/mi y fungisona 0.3 pg/ml), 10 mM de B-glicerofosfato, 50 pg/ml de
acido asCérbico y 107 M de dexametasona. Los cultivos experimentales se incubaron con 3
- pg/ml del anticuerpoyanti—CP y los cultivos control con 5 pg/ml del anticuerpo normal de
,cbnejd, cambiandose el medio y el anticuerpo cada 76 h. Al término de este tiempo, los
cultivos se lavaron con PBS, fijados in situ con etanol y secados al aire.
Micfoan;’l—lisis de energia dispersiva electrénica con rayos X (EDS)
La cdmpoys‘icié,’n del tejido mineral formado por las células del linaje cementoblastico
cultivadas como se mencion6 en el apartado anterior, a los 5y 15 dias, se analizaron
utilizando un microscopio electrénico de barrido (SEM Leica-Cambridge 440) equipado
| con’ él aditamento Pentafet y la microsonda para el microanalisis de composicién quimica

- con rayos X (EDS). Los analisis se llevaron a cabo a 20 KeV por 300 segundos.
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Microscopia electrénica de transmision

Con el propdsito de determinar las caracteristicas estructﬁrales y cristalograficas de la fase
mineral geneira‘da por las células, estas fueron cultivadas inicamente por 15 dias como se
mencioné anteribrmente, sobre rej illas de cobre recubiertas con una delgada capa de carbon
para déterminar el patrén de difraccion electronica. Los patrones de difraccion de los
espacios ‘inte‘rplanarés-D‘ fueron calibrados contraaquellos’ obtenidos con el estandar de oro
en i‘dé‘nti“cas czzon’diciones de ‘difraccic')n para la hidroxiapatita, La fase mineral fue analizada
con un MET‘J‘eo‘l 100 CX a 100 KeV. La informacién nos permitié determinar las etapas de
maduracién de los cristales de hidroxiapatita y su arreglo espacial.

Analisis estadistico

Los datos obtenidos de los ensayos de proliferacion y viabilidad celular fueron evaluados‘
- por analisis de varianza. Para los demas ensayos se llevé a cabo un anélisis de ¢ de student

: usando un pfogfama de estadistica Sigma Stat version 2.0 (Jandel Scientific).
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Resultados

Ensayo de proliferacion y de viabilidad celular

Para determinar si el anticuerpo normal de conejo y el anticuerpo anti-CP alteran a las
células derivadas del cementoblastoma; el indice de proliferacion fue analizado durante un
periodo de 10 dias. Como se observa en la figura 1 (A), no existe una diferencia
estadisticzimenté significativa entre los tratamientos con el anticuerpo normal de conejo, el
anticuerpo anti-CP y‘él control tratado solo con 10 % de SFB.

Por otro ladé,‘ el anticuerpo anti-CP no afectd la viabilidad celular basado en la actividad de

oxidacién del MTT por la enzima deshidrogenasa en las células del cementoblastoma

comenzando en el dia 3 y continuando hasta el dia 10 sin mostrar cambios estadisticos
significativos entre el anticuerpo normal de conejo, con respecto al medio control que solo
presenta 10% de SFB, 1o cual se ilustra en la Figura 1B. La dosis utilizada de. los

anticﬁerpos fue similar a los estudios realizados i vitro por Shakibaei®.
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leigura 1. (2) Ensayos de proliferacion y viabilidad celular de las células derivadas del
ceméntdblastoma tratadas con el anticuerpo normal de conejo (@), con el anticuerpo anti- -
L CP (m), ambos an»‘ticue’rposakuna concentracién de 5 pg/ml. La concentracion de 10%‘de

~ SFB fue usada como medio control (#). (b) actividad de oxidacién.
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Ensayo de la actividad de Ia fosfatasa alcalina

La fosfatasa alcalina (ALP) se determin6 en lds diferentes tiempos de cultivo celular al
medir su aCtivi'dad enzimatica en la capa celular. Dicha,‘actividad se registrd en los primeras
dias, sin ninguna diferencia estadistica entre los tratamientos a losk3y, 5y 7 dias. Por otro
, lédo:,' la actividad de lé ALP muestra una disminucidén en su actividad del 40% (p< 0.005),“
44% (p<0.001), 49% (p<0.1) y 45%’ (p<0.02) con respecto a ‘los cultivos tratados con el
anticuerpo normal de conejo alos 9, 11, 13, y 15 dias de cultivo. Estos resultados muestran |
“que la actividad en‘zimética, de ALP se ve inhibida durante los estados iniciales de la

mineralizacion, como se indica en la figura 2.
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‘ Figura‘Z. Ensayo de la actividad de la fosfatasa alcalina de los cultivos control (L) tratados
con 5 pg/ml del anticuerpo normal de conejo y los cultivos experimentales (M) tratado con
5 pg/ml del anticuerpo anti-CP. Los asteriscos indican las diferencias estadisticas entre los

tratamientos a p<0.05.
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Deteccion de OPN y BSP por Inmunoﬂuoreswncm

La presencia de osteopontina identificada por el anticuerpo especifico contra OPN (LF-
123) por medio ihmunoﬂuorescencia revelé que el porcentaje de células positivas a OPN
fue mas bajo en los cultivyoysz éxperimentaleé por 87, 83, 69 ¥ 52 % alos '5:,"7’ 9y 11 dias de
cul.ti‘\;*o‘c';:ylglando‘se qompararon con elfnﬁfnero de ééluiés p‘oSitiv_as' a OPN enlos ¢u1ti\}os
céhfrdl Corﬁo sé obéérva- enyla figura 3A‘ y én la fabla I (VeI'aI()é‘I’ldice)f, Sm émbafgd, a los
13 y15 ”’di”as,_; lbs‘\’porceﬁtajes"’d.e célyulasI ,positivés a OPN enyylos ‘c':lr.ﬂtiv‘o's expye,‘rime'ntél‘es

fueron similares a los porcentajes de células positivas observados en los cultivos control.

El aﬁéli’sis por inmunoﬂuorescencia de l,as cél’ﬁias poSitivas a sialopr_oteiha, (’)s'éarl;"l"t_iliz'z:mdo
el jaﬁticuéi'éo LF—IOO espe'ciﬁc_dy thtr,a BSP, disminuyé en ‘loys‘ éultivos"éxpeiﬁn;entéies
cdhfbrme;t’:ransrcurrie‘rdn los tiempos de cultivo celular, “a'diferencia de l'os c’ultivos‘fcontrol
donde se obséfvo un aumento gradual en las- celulas poé1t1vas para esta protelﬁa La
dlsmlnucmn del porcentaje de celulas positivas para BSP fue de 82, 51, 60 80, 83 y 87%
con respecto a las células positivas en los cultivos control a los 5, 7, 9, 11, 13 y 15 dias

como se observa en la figura 3B y en la tabla II (ver apéndice).
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Microscopia de fuerza atémica

Las imagenes de microscopia de fuerza atémica, muestran una secuencia de disposicién

morfoldgica en tres dimensiones del tejido mineral depositado por los cultivos celulares.

Las caracteristicas del tejido mineral depositado a los 5 dias en los cultivos control

incubados con el anticuerpo normal de conejo, se observa como una acumulacién de granos

con tamafios dé 1.‘5 - 0.30um, lo que favorece la formacion de placas cristalinas con un
patrc’)ﬂ tipo laminar. Estas placas individuales tienen una longitud de 0.36pm y un ancho de

0.18um, la cual, representa una estructura cristalina anisotropica de 2:1 (I/'w) (Fig. 5 A). A

una mayor resoiuc‘ién, estas placas cristalinas se observan como estructuras en forfna de

agujas con una orientacién preferencial y con una altura de 6 Z\ (Fig. 5 E).

El tejido mineral depositado por los cultivos experimentales tratados con el anticuerpo anti-

CP alos 5 dias de cultivo, muestra una rﬁorfologia granular q}je conlleva a la formacién de

aglomerados cristalinos con un tamafio de 1.3 — 0.25um (Fig. 5 B) y en una mayor

resolucién a observar la formacién esférica de dichos aglomerados (Fig. 5F).

El mine,fal dépositado en los cultivos control a los 15 dias de cultivo se observa como
| estructuras tipo placa bién organizada y orientada con longitud de 20um y una anchura de.
: ‘1 .6um, representahdo una razoén anisotropica de 12.5 (I/w), con tamafios de particula de 2.6

—0.9um y a mayor resolucion, cristales en forma de aguja caracteristico de la hidroxiapatifa
(Fig. 5 Cy G). Por ultimo, en los cultivos experimentales a los 15 dias de cultivo, el tejido

mineral es depositado a manera de aglomerados con similitud a los observados en los

cultivos de 5 dias, con una morfologia esférica bien definida, sin una organizacion para
formar estructuras tipo laminar. Sin embargo, los aglomerados‘ presentan un tamafio de

particula mas grande ~ 1.5 um (Fig. 5 D y H).
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Figura 5. Morfologia del tejido mineral depositado por los cultivos celulares a los 5 y 15
dias de cultivo. Las imagenes (A y C) son representativas del mineral formado con un‘
arreglé laminar y las imagenes (E y G) son representativas del mineral formado a manera
de agujas a mayor aumento por los cultivos control incubados con Spg/ml del anticuerpo
normal de conejo. Las imagenes (B y D) representan el mineral formado con morfologia
esférica sin organizacién. Las imagenes (F y H) son representativas del patrén globular a

mayor aumento del mineral depositado por los cultivos experimentales tratados con Spg/ml

del anticuerpo anti-CP.
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Microanilisis de en‘ergia dispersivéi electrénica con rayos X (EDS)
La composicién y la razén Ca/P del mineral depositado in vitro por las céluias derivadas
del cementoblastoma humano, fueron analizadas a los 5 y 15 dias de cultivo por
microandlisis de energia dispersiva con rayos X. Los cultivos control a los 5 dias mostraron
un porcentaje atémico de 56.1% para el calcio (Ca) y 38.7% para el fésforo‘ P)
‘;;‘respectivamenkte (FigT 6C). Otros elementos cémo potasio (2.5%) y Mg (2.4%) estuvieron
- presentes en la composicion global del tejido. La razén Ca/P de 1.45 corresponde con los‘
valores de la hidroxiapatita biolégica. -
Los cultivos experimentales a los 5 dias muestran una disminucion en los picos de energia
para el Ca y P con porcentajes atomicos de 29.9% y 58.5% respectivamente. Lkos demas
elementos como el K y el Mg no fueron detectados en el espectro. El valor de la rézén Ca/P
fue de 0.50 (Fig. 6A). A los 15 dias los cultivos control exhiben un porcentaje atémico de
55.4% para el Ca y 34.4% para el P. Los iones potasio y magnesio también estuvieron
pfesentes en el tejido depositado con porcentajes atdmicos de 6.1% y 3.8%. La razén Ca/P
fue de 1.61 (Fig. 6D).
“Por ultimo, los cultivos experimentales a los 15 dias mostraron los siguientes porcentajes
atémicos: 38.5% para el CalCio, 48.3% para el fosforo, 2.0% para €l magnesio y 4.5% para
- el potasio y el valor de la razén Ca/P para los 15 dias de cultivo experimental fue de 0.79 .
(Fig. 6B).
| El microanélisis de energia dispersiva con rayos X determina los valores composicionales
de la hidroxiapaﬁta bioldgica, aunque los espectros de EDS de las muestras control
muestran mejor definicién en los picos de energia cuando se comparan con los cultivos
experimentales, esto nos indica una mayor densidad de cristales en los cultivos control que

en los cultivos experimentales (Fig.6).
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Figura 6. Espectros emitidos por el microanalisis de energia dispersiva con rayos X del

tejido mineral depositado por los cementoblastos putativos in vitro. Cultivos

experimentales a los 5 (A) y 15 (B) dias muestran picos débiles para calcio (Ca) y fosforo

(P). Cultivos control muestran picos prominentes de Ca y P a los 5 y 15 dias de cultivo.
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Patrones de difraccion electrénica

El analisis del mineral depositado Gnicamente a los 15 dias de cultivo tanto en los cultivos
’contryol como experimental indican que las muestras son policristalinas por lo que se
revelan como pﬁtrones de anillos concéntricos. El valor de los anillos es de 2.34 A y 2.98 A
que corresponde con los espaéios interplanares-D para la hidroxiapatita (2.29 A y 3.08 A).
El semi-anillo interior muestra un claro crecimiento preferencial de los cristales de

hidroxiapatita (Fig. 7 A y B).

Figura 7. Patron de difraccion electronica obtenido del tejido mineral depositado por las
células derivadas del cementoblastoma a los 15 dias de cultivo para el control (A) 'y
egpcrimental (B). Nétese que son anillos que indican qué el material es policristah'no"'y
‘:ademés, los semi-anillos nos informan que existe una direccidn preferencial de crecimiento

“en los cristales de hidroxiapatita.
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Microscopia electrénica de alta resolucion (HRTEM)

Al examinar la cristalinidad de las muestras por HRTEM, se observa que ambos cultivos
celulares a los 15 dias revelan una formacién de cristales de hidroxiapatita homogéneos y
con una orientacién preferencial. Por otro lado, la densidad de Cristaies de hidroxiapatita es
mas grande y homogénea en los cultivos control, como se observa en las imdgenes de alta
; résohicién, con valores que corresponden a sus distancias interatémicas de 7.1 A que es
debido al plano de difraccién (hk1: 100),3.8 A(kl:111)y3.1AGkLE21 0).
Révelando qﬁe en los cultivos experimentales los cristales son mas pequefios y con un
crecimiento amoﬁiguado, con valores en sus distancias interatomicas de: 2.27 AhkL21
2),242 A ( h k1:30 1)y 3.53 A (hk1: 2 0 1). Los patrones obtenidos se compararon con

los estandares de la hidroxiapatita: JCPDS N° de archivo 9 —432%.

Figura 8. Alta resolucién de los cristales de hidroxiapatita a los 15 dias de cultivo. Los

cultivos control (A) muestran un crecimiento homogéneo y preferencial de los cristales.
Los cultivos experimentales presentan un crecimiento no homogéneo con cristales mas

‘pequefios (B). Labarraen A=1.7nmyenB=14nm
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) Microscopia electrénica de barride (SEM)

| El andlisis de los cultivos control a los 5 dias de cultivo revela areas mineralizadas
constituidas por aglomerados y estructuras tipo aguja (Fig. 9C), confirmando los anélisis de
difraccién eleétrénica y las imagenes oﬁtenidas por microécopia de fuerza atémica. A los
15 dias de cultivo, los cultivos control muestran estructuras formadas‘ a maner.a’def placas
(Fi‘g.' 9D) y los cultivos experimentales a los 5 y 15 dias de cultivo se observan

‘ a‘glomerado's con formas esféricas de tamafios homogéneos (Fig. 9 Ay B).

Figufa; 9. Imégeﬁes de microscopia elec’tr‘énica de barrido (SEM) donde se observa la
morfologia del tejido mineral depositado a manera de aglomerados y estructuras tipo aguja
alos 5 ‘(A),y 15 (B) dias de los cultivos control. Los cultivos experimentfales'a los 5 (C) ¥
15 (D) ‘dias muestran aglomerados en forma esférica y de tamafio homogéneo. Barra = 30

pm.
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- Discusion

Los resultados, indican que la inhibicién de CP por la presencia del anticuerpo anti-CP en
los cultivos experimentales, puede afectar la actividad de ALP, los niveles de las proteinas
OPN y BSP, asi como la cantidad y calidad del mineral depositado, sin interferir con la
proliferacién y viabilidad celular que fue de mas del 90% para todos los tratamientos.
Actividad de la fosfatasa alcalina

La fosfatasa alcalina juega un papel importante en la mineralizacion al regular las
concentraciones extracelulares de fosfatos por catalizar la hidrélisis de compuestos de
ésteres de fosfatos y sﬁ actividad hausid‘o asociada con las primeras fases del proceso de
mineralizacién, aunque su papel durante la mineralizaci(’)ﬁ no esta completamente
entendida®” ** * La actividad de ALP, puede propicias las condiciones para iniciar la
mineralizacion por incrementar las concentraciones locales de fosfatos y una vez que se ha
complet;édo la deposicion del mineral esta tiende a disminuir;‘ por cnde, el progfeso de la
minerélizacio’n de la matriz ektracelular es asociado con la retencion de la acltividad de
ALP ST

Los cultivos experimentales revelaron una disminucion del 49% en la actividad de ALP a
los 9-15 dias, sugiriendo que la ausencia de CP, inhibe parcialmente las fases primarias y
tardias de la mineralizacion en los cultivos eXperimenta]es. Estos resultados confirman
nuestros datos previos, lo cual apunta a la capacidad de CP en promover la mineralizacién
en células mesenquimatosas no diferenciadas® y en incrementar la actividad de ALP en la

linea derivada del cementoblastoma™.
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Anilisis de OPN y BSP

Las principales fosfoproteinas sintetizadas por los cementoblastos son OPN y BSP*.
Dichas moléculas han recibido substancial atencién como reguladores potenciales de. la
nucleacién y crecimiento de los cristales de hidroxiapatita®™ **. Aunque, los mecanismds

por los cuales la mineralizacion es llevada a cabo no esta bien entendida. Diversos autores

~sugieren que las fosfoproteinas, junto con el ordenamiento de las fibras de colagena tipo I

podrian llevar a cabo la nucleacién de los cristales de hidroxiapatita® >°.

Los resultados de este estudio revelaron una disminucién de la proteina OPN durante las

primeras fases del cultivo experimental, como se observa en los ensayos de

“inmunofluorescencia e inmunotranferencias, lo cual afect6 la calidad del mineral

depositado en los cultivos celulares, como se observé en las imagenes obtenidas por MFA, ‘
SEM y HRTEM.
La asociacién entre la disminucion de la proteina OPN y la morfologia del mineral, esta

fundamentada por diversos estudios que reportan que OPN esta asociada a los estadios

“tempranos de mineralizacion del cemento radicular,-donde se indica un papel para OPN en

regular el crecimiento de los cristales de hidroxiapatita®” %8

OPN tiene la‘ habilidad de unirse y potencialmente orientar significativas cantidades de
c‘al‘cio, lo que sugiere que puede funcionar como un promotor de la calcificacion™ . Sin
embargo, OPN se maneja como una proteina multifuncional debido a que los estudios
realize;dos en solucion de fosfatos de calcio in vitro y libre de células, reportan que OPN

puede inhibir la formacién y crecimiento de la apatita. Aunque dicho cristal al ser analizado

por difraccién de rayos X, mostré ser un cristal de hidroxiapatita pobre y analogo al cristal

del mineral oseo®.
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La funcric’)n de OPN en la formacién del tejido mineral y en la probable inhibicién del
‘crecimiento del cristal durante el proceso de mineralizacidn in vitro no puede ser atribuida a
la sola presencia de OPN, sin considerar, el posible papel de ALP sobre la desfosforilacion
de esta proteina.

En la literatura se‘ maneja que la desfosforilacién de OPN es requerida para su efecto
. inhibitorio“ en un sistema in vivo, porque al adicionar OPN fosforilada en matrices
minéralizadas, se observé que no tiene efecto alguno en la formacién y crecimiento del

cristal de hidroxiapatita, indicando la importancia de los residuos de fosfato en su funcién y

kéx‘plic'ando én parte porque diferentes OPNs de diferentes tejidos presentah diversos efectos

Sobre la formacion del mineral y su crecimiento®. Por tal motivo, que residuos son

fosforilados y cuales dominios son requeridos para que actien como un inhibidor y/o como
- regulador del crecimiento del cristal, permanecen como preguntas abiertas.

Es claro que la ausencia de CP podria afectar en alguna manera el inicio y el progreso de la
’matn'z minefaliiada en el tej ido de cemento. Esto sugiere que CP podria regular los estados
iniciales de la iniﬁeralizacién de cemento por influenciar la disponibilidad de OPN durante
el crecimiento y la maduracién del cristal.

BSP és otra fosfoproteina importante de la matriz mineralizada del cemento radicular y esta
'asbciada con los primeros agregados minerales, actuando como un potente nucleador para
la hidroxiapatita en sistemas in w’vb e in vitro® 8%,

Los datos/obtenidos, sugieren que BSP fue parcialmente disminuida durante el periodo

experimental, que corresponde a los estadios medio y tardios del proceso de mineralizacion,
como se observa en las imigenes de inmunofluorescencia e inmunotransferencias. Asi, el

prdceso de nucleacién del mineral fue afectado en los cultivos experimentales, explicandok

los agregados. globulares en el mineral y la no-formacion de estructuras laminares como se
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observé al determinar la homogeneidad y morfologia del mineral de hidroxiapatita, por la
rrﬁcroscopia de fuerza atomica y de barrido.
Hay que considerar que las proteinas que se unen a la hidroxiapatita pueden afectar la
mineralizacion en diversas vias, tales como: 1) estabilizar el nucleo del cristal y actuar
como nucleadores externos/epitaxiales, negando la demanda de energia del proceso de
nucleacién’ y facilitando el crecimiento del cristal, como en el caso de BSP; y 2) pueden
unirse a una cara en particular del cristal, previniendo el crecimiento de esta cara y por ello
cambiando la forma del cristal y/o aislar el cristal entero previniendo su crecimiento y
proliferacién de forma similar a como lo seria en el caso de OPN. Por esto, parece
razonable consideraf que 1a accidon combinada de BSP y OPN en los focos de calciﬁcaci‘c’)n
temprana, determinan en parte, el subsiguiente patrén espacial y temporal de
mineralizacion del cemento radicular.
‘Microanalisis y patrén de mineralizacién
Los datos de c‘omposicic’)n del tejido mineral depositado por los cultivos experimentales a
los 5 y 15 dias revelan que la falta de CP afecta la composicion ionica del tejido mineral
. con respecto a su contenido de Ca®, P, K y Mg**. Esta suposicién se basa en las reducidas
razones Ca/P cuando se compara con los cultivos .controles, lo que da a entehder que al
:~inhibir CP por el anticuerpo anti-CP, este retarda la salida de calcio y con ello la generacion
del mineral, ya Que los cultivos experimentales presentan un bajo valor de Ca”". Aungque los
jpa‘[rones de difraccidn electronica a manera de dobles anillos concéntricos nos indican que
en ambos cultivos celulares a los 15 dias el material formado es hidroxiapatita. Estos
resultados podrian estar relacionados a la disminucién de las proteinas OPN, BSP y a la

disminucién en la actividad de ALP, explicando la presencia de los agregados globulares en
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la deposicién del mineral y la no formacién de estructuras de forma laminar en los cultivos
experimentales.

Otros elementos, tales como: el potasio y magnesio juegan un papel importante en el
crecimiento del cristal. Aunque el potasio se reporta como la segunda impureza mas
predominante en los estudios de biomineralizacion de fosfato de calcio, su papel preciso en
la mineralizacién atn no esta bien entendida, pero se sugiere que el mineral formado esté
‘mas relacionada a una hidroxiapatita que al fosfato de calcio amorfo®. Por otro lado, se
reporta que el magnesio se une a la superficie del cristal, compitiendo por el mismo s‘itio de
unidn del calcio en la hidroxiapatita, retardando la nucleacién en su forma precristalina de
fosfato de calcio amorfo y modulando el crecimiento del cristal en. los procesos .de
mineralizacion y en su maduracion® ®’.

Nuestros resultados revelan qﬁe en los cultivos experimentales no hay presencia de

" magnesio, lo cual, nos lleva a pensar que el magnesio podria dictar que s6lo los cristales

correctos. de hidroxiapatita puedan ser aéuellos que se sigan formando y que los que

presentan defgctos sean los que se vean afectados en sﬁ desarrollo, lo que se traduce en un

decremento del crecimiento del cristal de hidroxiapati‘ta,; que es fundamentado por los

analisis de HRTEM donde se observan cristales de hidroxiapatita mas pequefios

comparados con los cultivos control.

En los cultivos controles sé observd un arreglo organizado de la fase mineral con un patréon

definido de lineas de crecimiento,’ que puede estar asociado a la actividad de ALP y a un

‘alto grado de organizacion y orientacion espacial de las fibras de colagena®™, porque se ha -
reportadb que existe una correlacion entre la alta actividad de ALP y el grosor del tejido

mineral de cemento® °.
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En los cultivos experimentales esta correlacion se vio afectada, ya que la fase mineral es
mas delgada y al parecer, la ausencia de CP impide un arreglo organizado, manteniendo
una épariencia globular. Esto podria ocurrir dentro de una matriz que pierde la orientacion
de las fibras de coldgena por el efecto en la disminucién de la actividad de ALP; por la
disminucion de la proteina BSP que no afécta la habilidad de la pequefia proporcion de
proteina BSP para promover la formacioén inicial de agregados cristalinos de forma esférica
y con una di’stribucién al azar, que puede ser atribuida a la disminuciéon de OPN, ya que
esta proteina es necesaria para inhibir el crecimiento erréneo de los cristales de
hidroxiapatita.

Descubrimientos recientes sugieren que las capas en el cemento dental humano pueden
estar relacionadas a la orientacion de los cristales de hidroxiapatita’ " 7> 7>,

Los estudios de los cristales de hidroxiapatita -por las diferentes técnicas de microscopfa
'apoyan esta‘idea, ya que los cultives control a los 15 dias indicaron que la celda unitaria de
zlé hidroxiapatita tiene un arreglo preferencial, reflejandose en la formacion de mineral a
manera de laminas, mientras que los cristales de hidroxiapatita en los cultivos
| experimentales -a los 15 dias- presentan altefacioncs en su arreglo espacial, lo cual se
reflejé en su morfologia del tipo globular. La razén de este efecto no es clara, pero estos
datos en conjunto suponen que CP puede ser clave en la maduracion y morfologia del tejido
mineral depositado por las células al afectar las funéiones y disponibilidad de ALP, OPN y

* BSP, asf como la salida de calcio’*; originando las diferencias morfolégicas encontradas en

la composicion y orientacion de los cristales de hidroxiapatita.
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Conclusiones

A partir de nuestros resultados podemos concluir que:
‘1) La proteina de adhesién derivada de cemento es un factor importante que regula y
participa, en el proceso de la cementogenesis in vitro. |

2) CP esté correlacionada a la actividad de ALP, OPN y BSP.

3) Los microanalisis por EDS, las imagenes de alta resolucion por HRTEM y las imégene’s'
de SEM y MFA permitieron caracterizar, medir y evaluar los cambios morfologicos del
mineral depositado por los cultivos celulares.

4) CP esta asociada al crecimiento del cristal, asi como a las caracteristicas de composicion
y morfologicas del mineral depositado durante el proceso de mineralizacién iﬁ vitro.

5) Nuestras observaciones y los datos experimentales combinados, sugieren que CP
par‘ti’cirpa en el proceso de biomineralizacién del cemento radicular. En consecuencia, es
claro que est‘z‘l investigacion propone realizar mas estudios para determinaf de forma
: chchiyente cual es el papel biologico de CP en el desarrollo de la mineralizacién por

- medio de las células cementoblasticas.
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Apénydice A (Tablas)

Tabla -1

- Expresion de OPN en los cultivos de las células derivadas del cementoblastoma tratados

. ~ con 5 pug/ml del anticuerpo anti-CP.

Dias Cultivo control® ¢ Cultivo %°
| ‘ ' Experimental®
5 5544 1.14% 7.2+0.83 13.0
|7 | 62.8+£2.16% 1104+134 16.6
9 65.2 +2.16* 20.2 + 1.30 31.0
11 1662+ 1.30% 13124258 472
113 : 70.8 +2.16% 67.4+ 1,14 952
15 [71.6+1.81 _ 169.6:1.14 97.3 |

“Cultivos celulares tratado con 3 ug/ml de la fracciéangG de conejo.
bCultivos celulares tratado con Spg/ml del anticuerpo anti-CP.
“Porcentajes de las células positivas en los cultivos experimentales comparadas con los
cultivos oontrQI.

YPromedio + error estandar de tres experimentos

* p <0.001 (Prueba de ¢ de student)
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| ?t)ias

Tabla IT

Expresion de BSP en los cultivos de las células derivadas del cementoblastoma tratados con

5 pg/ml del anticuerpo anti-CP.

Cultivo control® ¢ Cultivo %° 1
; | Experimental® ¢ ;
5 47.4 + 2.40* 8.40 + 0.89 17.8
7 | 54.2 + 1.48* 26.4 +2.07 48.8 s
9 15522 1.09% 22.021.58 398 i
1 63.8 + 0.83* 113.4+1.14 119.5 ‘
13 | 76.44 1.14% 124+ 134 16.7
9.8+ 1.64 12.3

“Cultivo celular tratafdo con 5ug/ml de la fraccion IgG de congjo.

79;8 + 1.48%

* ®Cultivo celular ‘trata’docon 5ug/ml del anticuerpo anti-CP.

“Porcentajes de las células positivas en los cultivos experimentales comparadas con los

cultivos control.

- Ipromedio + error estandar de tres experimentos

*p <0.001 (Prueba de ¢ de student)
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1. Introduction

Abstract

The effect of human anti-cementgblastoma- derlved protern antibody during cementogene51s in V1tro was investigated by using

human cementob]astoma derived cells. Cultures-treated with 5 pgfml of CP antibody from day | to day 15 revealed a significant
. decredse in- alkaline phosphatase activity (ALP) 40% (p < 0.005), 44% (p <.0.001); 49% (p < 0.1), and 45%.(p < 0.02) at 9, 11, 13,
“and 15 days, respectively. Immunoexpression of osteopontin revealed that in cultures treated with anti-CP- antibedy, the positive
* ‘nimber of cementoblastoma cells was reduced by 87, 83, 69, and 52% at 5,7,'9; and 11 days, respectively. Bone sialoprotein im-

‘munogxpression showed a decrease in, positive cells of 82, 51, 60, 80, 83,.and 87% at 5, 7,9, 11, 13, and 15 days, respectively, as
) ‘kcompared to. contro]s The Ca/P ratio. of the mineral-like tissue dep051ted in vitro:by. cementoblastoma cells revealed that control
cultures had a Ca/P ratio of 1.457and 1:61 at 5 and 15 days, whereas experimental cultures revealed a Ca/P ratio'of 0.50 and 0.79at5

and 15 days, respectively. Electron diffraction patterns.showed inner double rings representing D-spacing that were consistent with

. ‘these of hydroxyapatlte in both control: and experimental cultures. Examination of the crystallinity: with high resolution, trans-

missien electron microscopy showed: homogeneous and preferential spatial arrangement of hydroxyapatite crystalhtes in control and
experimental cultures at 15 days. Atomic force microscopy images of control cultures at 5 and 15 days revealed small granular

“particles and grain agglomeration that favored the formation of crystalline plaques with a lamellar-like pattern of the mineral-like

tissue: Experimental cultures at 5 and 115 days showed tiny and homogeneous granular moerphology. The agglomerates maintained

: spher10a1 morphology without otganization of needle-like crystals to form plaque-like structures. Baséd on these findings, it is

hypothesized that. cementoblastoma-derived protein may be associated to crystal srowth; composmonal and morphological features
during the mmerahzatton process of cementuin in vitro.

2 © 2003 Elsevier Scrence (USA) Al rlghts reserved.

kKeywards Cementum Cementoblastoma-denved ‘protein; Bone sialoprotein; Hydroxyapatlte Mmerahzatlon, Osteopontin

sialoprotein (BSP) (Bosshardt et al.,-1998; Nanci, 1999),
and osteocalcin (OCN) (D’Errico et al., 2000; Kagay—

‘ jcementum is a unique avascular mineralized con- ama et al., 1997; MacNeil et al.,"1998).

C nective tissue that surrounds the root dentine and pro-
.tvides- the interface through 'which the root surface is
anchored to the collagen Sharpey’s fibers of the peri-

odontal ligament. Cementum matrix consists of collagen
types I and"IIT; fibronectin, osteopontm (OPN), bone

*Corresponding author. Fax: +52(55)56225563,
E-mail address: harzate@servidoir.unarn.mx (H. Arzate).

OPN and BSP have been 1mp11cated in mineral de-
position and cell- and matrix—matrix interactions
{Boskey, 1995). These proteins have been proposed to be
potential regulators of the hydroxyapatite crystal nu-
cleation and/or growth., OPN has a poly-Asp and BSP
two poly-Glu domains, whose repetitive' sequences ‘are
known to bind calcium to mineral surfaces. OPN is a
highly phosphorylated and sulfated sialoprotein ‘with an

1047-8477/3 - see front matter © 2003 Elsevier Science (USA). All rights reserved.
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RGD motif attachment that recognizes the vitronectin
type of the integrin receptor. Periodontium cells in close
contact with acellular cementum and cellular cementum,
express OPN as well as cementocytes (Bronckers et al,
1994).

BSP is also an RGD-containing s1a[oprote1n with cell
attachment properties (Oldberg et al., 1988). It has’ been
suggested that it is involved in controlling the formation
and resorption of mineralized tissues as well as in the
nucleation of hydroxyapatite crystals at the mineralizing
front of bone (Chen et al., 1992a). BSP is believed to
play a critical regulatory role during the process of:ce-

mentogenesis and this molecule might be involved in the -
processes of precementoblast chemoattractlon adhe-r ‘

sion, and differentiation (MacNeil et al., 1995).:

Recent studies suggest that cementum may contain

unique molecules that are specific for this tis_sue. (Mc-
Allister et al., 1990). The cementum attachment protein
(CAP) has been characterized as a: collagenous protein
with an M, of 56000 (Wu et al., 1996), and its location
appears -to be restricted to cementum (Arzate et al.,

1992). This molecule has been shown to promote ad-
hesion and spreading of mesenchymal cell types (Olson
et al.,, 1991), and alkaline phosphatase expression and

mlnerallzatlon in undifferentiated mesenchymal - cells‘

(Arzate et al 1996). CAP promotes selectively the at-
tachment of mmerahzed tissue forming perxodontlum
lineages (Pitaru et al., 1995), serves as a marker for
putative cementoblastlc progenltors of the adult human
periodontal ligament (Bar-Kana et al., 1999; Liu et al.,

1997), and affects the differentiation of these progenltors“

in vitro (Sarto et al., 2001).

Recently,: we - 1solated and characterized a humanﬁ
- cementoblastoma- derived cell line that expresses ‘the
~ ¢ementum phenotype. The physical, morphological and

chemical features of the cementum-like tissue depos1ted

~ by these cells appeared to be different from the mireral-
" like tissue deposited by human osteoblastic cells. in vi:

tro, and is similar to human cellular cementum (Arz’ate

et al.,, 1998, 2000). This cell line produces a cementum:

~pr0te1n species of 56 kDa that has been purified from its

conditioned media. The cementoblastoma-derived pro- -

tein (CP) promotes attachment on human gingival fi-
broblasts, “human periodontal ligament cells, = and
alveolar bone-derived cells in a dose-dependent manner.
CP has also been postulated to be related to CAP since
a'monoclonal antibody- ‘against bovine CAP- cross—re-
acted with immunopurified ' CP as a 70kDa species
(Arzate. et al., 2002)., A polyclonal antibody 'raised
against CP “revealed that CP is widely - distributed
throughout cementumand:is able to identify putfat'iye
cementoblastic ‘populations both in".vivo andin vitro
(Arzate et al., 2002). Thus, the antibody raised against
CP could serve as an in Vitro model to study the min-
eralization process in this characterlzed cementoblastlc
cell' line. ;

2. Materials and methods

Rabbit polyclonal antiserum to. human .OPN (LF-

‘ 123), and human BSP (LF-100) were kindly donated by

Dr: Larry Fisher from NIH.
2.]; Anribody preparation

. CP’s partial purification was performed as described
by McAllister et al. (1990). Three liters of conditioning
media obtained from human cementoblastoma-derived
cells were dialyzed against PBS and Ivophilized, then re-
constltuted m PBS and loaded into a. DEAE-cellulose
co}umn The 0.5M NaCl fraction was loaded on SDS~
PAGE gel and the CP band with an 34 of 56000 was
exc1sed from the gel.' Gel slices were electroeluted in
50mM NH4HCO; containing 0.1% SDS. SDS was re-

‘oved by extracting with acetone at —20°C and Iyophi-

lized.. New Zealand rabbits were immunized through

' subcutaneous (s.c.) injections with a 5-pg dose of CP

rmxed Wlth AJOH); (v/v), in the muscle of the right hind
leg every. two weeks for two months (Dunbar and
Schwoebel 1990). Sevend ays after the lastimmunization,
the. rabbits were bled, sera pooled, and frozen. Antibody
productlon was monitored by ELISA and Western blot.
Antiserum was purified through protein A~ Sepharose
chromatography Antibodies .bound to Protein A were
washed with PBS and eluted with a solution of 0.2M
glycme—HCl pH 2.6. Eluted antibodies were immediately
neutrallzed with 10x PBS; and dialyzed against PBS. The
spec1ﬁ01ty of the anti-CP ant1body was tested by immu-
noblottlng and immunostaining ‘as described previously
in detail (Arzate etal.,2002). The antibody fractlon wﬂl be
referred to asg ant1 CP antlbody

2 2 Cell culture and anti-CP treatment

Cell cultures were derived from a human cemento-

blastoma, a neoplasm accepted as being essentially ce-

mentogenic by the World Health Organization (Kramer
et al '1992), through the conventional explant tech-
nique; cells were characterized as previously described
(Arzate et al., 1998, 2000). Cementoblastoma cells were
cultured in 75 cm2 cell culture flasks containing DMEM,
supplemented with 10% FBS and antibiotic ‘solution
(IOO ug/ml streptomyecin and 100 U/ml penicillih, Sigma
Chemlcal) The cells were incubated in a 100% humidi-
fied ‘environment ‘at 37°C in a 95% air and 5% CO,
atmosphere ‘Human cementoblastoma-derived- cells at
the second passage were used for all the experimerntal
procedures

2. 3 Prolzﬁemzzon assay

To determme whether IgG or anti-CP antibodies af-
fected cell _proliferation, human cementoblastoma-de-

:
i
b
L
b




“rived cells were plated at 2 x10% intd 48-
plates and incubated overnight ‘in 10% FBS ]
lowing day, designated ‘as day 0, the ‘me was
- chianged ‘and- cultures were treated with. 10%-FBS plus
“anti-CP antibody (5 ug/ml) Control cultures were trea-
/~ted with a4 normal rabbit TgG antibody (5 pg/ml). Me-
dinm and antlbodles were: changed ‘every-other day.

L Cells were ‘hatvested by ‘trypsinization (0.05% trypsin

| and 0.02% EDTA) ‘and counted:in a model ZBI Coulter
‘“Counter (Coulter Electronics, Hialeah, FL). Cell num-

" _bers were assessed at-days 1, 3, 5, and. 10. Experiments

- were performed in- triplicate and repeated twice.
2.4. Cell viability assay

Cementoblastoma-derived cells viability in the pres-
ence ‘'of anti-CP dntibodies was determined through the
MTT assay. This assay is' based on the ability of mito-
‘chondrial dehydrogenases to oxidize thiazolyl blue
- (MTT), a tetrazolium salt:(3-[4,5- dimethylthiazolyl-2-y]-
2 5-d1phenyltetrazohum bromlde) to an insoluble blue
- formazan product. Cells were plated at 1 x 10 into a
96-well plate by trlphcate and incubated for 1, 3, 5, and
10 days. After cach term, cells were incubated with MTT
(120 mg/ml) at 37°C for 3h. After the supernatant was
* removed, 0.04 M. HCI in isopropanol was added to each
“well and the opt1cal density of the solution was read at
“570nminan enzyme Jlinked immunoassay (ELISA) plate

" . reader. Since generation of the blue product is propor-

tional to ‘the dehydrogenase activity, a decrease in ab-

- sorbance at 570-hm provides a direct measurement of the

-number of viablé cells. Experimental cultures were trea-
“ted with 5ug/ml of anti-CP antibody. Controls were
treated with 5ug/ml of 1gG antibody. Experimerits were
performed in triplicate and repeated separately twice:

To tést the effeet ‘of anti- ‘CP antibodies on the mineral
tissué formation, human cementoblastoma-derived cells
were cultured for'5, 7, 9, 11, 13, and 15 days in DMEM
supplemented as described above. Immediately after
plating the cells.and every other day, experimental cul-
* fures were treated with anti-CP antibody (5 pg/ml) and
control cultures were treated with normal rabbit 1gG
antibodies (5 ug/mly as described by Shakibaei (1998).
At each time:point cultures were tested for alkaline
phosphatase activity and expression of OPN and BSP as
,descrlbed below i

25 Aika]me phosphatase aetivity

Human cemento blastoma derived cells were plated in
triplicate ‘at 2 % 10% in 24-well culture plates (Costar,
Cambridge MA, USA). Cells were cultured in DMEM,
~-supplemented with 10% FBS, antibiotic solution, lOmM

B- 01ycerophosphate .50 pg/mil ascorbic acid, and 107 M
" dexamethasone; Control and experimental cultures were
treated as described above immediately after platting the

i Sh

al Biology ?43 (2003) 1-13 ‘ 3

medlum and antibody were added to the
vy other day. Alkaline phosphatase activity
(ALP] was determined according to Lowry et al. (1954).
Cell layers were extracted in 10 mM Tris—HCI buffer, pH

© 7.4, containing 0.1% Triton X-100 and then sonicated.

Enzyme activity was assessed using 8 mM disodium p-
nitropheny! phosphate (PNP) as the substraté and 2 mM
MgCly in 0.1 M Tris-HCI buffer, pH 9.8, and incubated
at 37 °C for 30 min. The feaction was stopped by adding -

50 ul of 0.05N NaOH and. absorbances were measured

at 405 nm. Samples were assayed under conditions that
ensured linearity with- respect to time ard protem ‘con-
centrations. Protein coneentrations ‘were determined
according to the Bradford (1976) assay. usmg BSA as

‘standard. Assays ‘were repeated at least three tlmes

2.6. Immunoﬁuorescence

Huiman cementob]astoma derlved cells were plated at
low density (5 x 10%) in 8-well Lab-Tek chamber slides;

" allowed to attach overnight and cultured for the time
* periods mentioned above. ‘At each term, cells-were ‘then

fixed in 3.7% formaldehyde, and scréened for the ex-
pression of BSP and OPN. Slides were incubated with
anti-human OPN (LF-123) and anti-humat BSP (LF-
100), diluted 1:300 in PBS containing 1 mg/mi BSA and
incubated overnight at 4°C. Slides were washed with
ice-cold phosphate-buffered saline (PBS) for 10min at
room temperature and incubated for 1'h at 4°C with the
secondary antibody  goat-anti-rabbit ' immunoglobulin
conjugated with FITC (3mg/ml; Sigma Chemical, St.

- Louis, MO), dituted 1:50 in'PBS. Slides were rinsed with

PBS plus 0.1% Triton X- 20 and covershpped in glyc-
erol-PBS (1:9 v/v) containing 20 mg/m} of 1,2,diazaby-
cyclo (2.2.2) octane  (DABCO; trlethylenedlamme)
Immunostaining was visualized by 1nd1rect 1mmunoﬂu-
orescence (Axiophot, Carl Zgiss). :

The number of cells cross-reacting with anti- OPN
and anti-BSP was determined by scoring five different
microscopic fields with a 20 lens. Results are expressed
as means (n=35)xSE of three independent experi-
ments, Slides incubated WJth pre-immune rabbit serum
or lacking first antibody were used as negative controls.

2.7. Western blot analysis

The: relative levels of OPN and BSP of cemento-
blastoma cells treated with anti-CP anﬁbody were
compared with these treated with IgG antibody Ce-
mentoblastoma-derived cells were plated in triplicate at
5% 10* density on 35mm culture dishes. Experimental
and control cultures were treated as described above and
cultured during 5, 7, 9, 11, 13, and 15 days.-At each
term, cells-were scraped with a policeman, re-suspended
with ice-cold PBS, and céntrifuged for Smin at 2000
rpm. Pellets were lysed in ice-cold lysis buffer (I mM
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EDTA, pH 8.0), 10mM Hepes, 50mM NaCl, 0.5%
Triton X-100, 1mM phenylmethylsulfonyl fluoride,
5uM leupeptin, and 10 pg/ml aprotinin). After centri-
fugation at 8000 rpm for 10min at 4 °C, supernatants
were collected and. stored at —20°C, Crude protein
concentrations were determined as described above, For
each antibody (OPN and BSP), equal amounts of pro-
tein (lOAug;'lane) were subjected to SDS-PAGE on 12%
--polyacrylamide.. gels. The proteins were then- electro-
phoretically transferred onto Immobilon-P (PVDF) ni-
trocellulose . membranes . (Millipore, Bedford, MA).
Membranes were blocked with 5% skim milk for-1 h and
- then incubated with 1:300 diluted rabbit polyclonal an-
tiserum. to human OPN (LF-123) and human BSP (LF-
100) for :1h at room temperature. After washing,
membranes were incubated with 1:1000 diluted horse-
radish peroxidase-conjugated-goat-anti rabbit IgG sec-
ondary ‘antibody for 1h, washed with PBS and
*developed with, diaminobenzidine; Blots were scanned
and apalyzed with a Kodak Electrophoresis Docurnen-
tatlon and Ana1y31s ‘System (EDAS) 290. The relative
level of each protein was assessed by measuring the in-
tegrated intensity of all pixels in each band; excluding
the local background Results are expressed ‘as’, per-
- centages of protein intensity obtained in control cul-
tures.

2.8. Atomic force microscopy

Atomic force microscopy (AFM} was used to deter-
‘mine the morphology and homogeneity of the mineral-
like tissue deposited by cementoblastoma-derived cells
in the presence of 5 pg/ml:normatl rabbit IgG antibody
(5pg/mi) or anti-CP antibody (5 pg/ml). AFM (Park
Scientific Instruments) was used with an AutoProbe in
comtact mode with a constant applied force (10nN) at
1Hz scan rate in wet samples. Cementoblastoma-de-
rived cells were plated at'2 x 10% in 24-well culture plates
(Costar, Cambridge, MA, USA) onto silicon (1.1.1)
monocrystal substrate and cultured for 5 and 15 days in
DMEM supplemented with 10% FBS, antibiotics, 50 ug/
ml - ascorbic acid, 10 mM B-glycerophosphate, and
1077 M dexamethasone. Experimental and control cul-
tures ‘were treated every other day with fresh medivm
and fresh. antibody. The cultures were monitored at 5
and 15 days to detect caleium salts precipitation by us-
ing Alizarin red S staining. Upon termination of the
culture. times, cementoblastoma-derived cells were
rinsed thrice with ice-cold PBS and culture plates were
fixed in situ with 70% ethyl alcohol and air-dried.

2.9 Enefgy'dispersive X-ray microanalysis
The composmon of the mineral-like tissue formed by

‘the cementoblastoma-derived cells plated onto silicon
(111) monecrystal substrate at an initial density of

2 x 10% in 24-well plates was analyzed at.5 and 15 days.
Control ‘and experimental cultures were maintained in
DMEM supplemented as described. Upon termination,
the cultures were washed with PBS, fixed in 70% ethyl

“alcohol, air-dried and covered with a thin gold film,

100nm thick, to avoid electron disturbances that could
interfere with the microanalysis. Cell cultures were an-
a,lyzed by using a Leica-Cambridge 440 scanning elec-
tron microscope fitted with a Pentafet energy dispersive
X-ray - microanalysis microprobe. All analyses - were
performed at:20kV for 300's (Cuisinier et al., 1991; van
Dijk et al., 1995).on different areas with different probe
sizes:

2:10.- Electron diffraction analysis

Human cementoblastoma-derived cells, control and
experimental cultures treated as described during 15
days, were tested for mineral phase.formation. To do
this, cells were cultured. on cooper grids of 200 mesh
covered with a plastic film and coated with a carbon thin
film for TEM observation. D-spacing. of diffraction
patterns was calibrated to correspond to those for the
gold standard obtained with- identical diffraction con-
ditions The mineral phase was analyzed using a Jeol 100
CX . analytical transmission microscope. All analyses
were performed at 100kV. A Jeol 4000 EX TEM was
used at 400kV for the high-resolution (HRTEM) anal-
ysis of the experimental and control cultures at 15 days.

2.11. Statistz'cal analysis

Data for the proliferation and viable cell number
assays were evaluated by variance analysis followed by
multiple comparisons using a corrected Bonferroni p
value: Statistics for all other assays were performed with
the Students ¢ test, using Sigma Stat V 2.0 software

: (Jandel Sc1ent1ﬁc)

3. Results

3.1 Cell .;z)rolzfémtion and cell viability;

To -determine whether I1gG and anti-CP antibodies
contributed to alter human cementoblastoma cells, their
proliferation rate was determined- during a 10-day pe-
riod. There were no statistical differences- between
treatments and 10% FBS-treated controls (Fig. 1A). Cell
viability was not affected by either IgG or anti-CP an-
tibodies over the 10-day period as illustrated in Fig. 1B.
MTT activity of cementoblastoma cells began to in-
crease on:day 3 and continued untit. day 10. No statis-
tical -significances in MTT ‘activity were seen between
IgG and anti-CP antibodies with respect to 0% FBS
control medium.
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Fig. 1“Eﬂ‘ects of IgG, anti~CP antibodies and 10% FBS on cell growth

-and cell vxablhty Shown are pooled data from two independent growth

curves (A)and-from two independent viability curves (B) of cemento-

’ ‘blastoma-denv»d cells treated with 1gG (@) and anti-CP antibodies (),

ataconcentration of 3 ug/ml each, Ten percent FBSwas used asa control
medial (V). There were no statistical differences between treatments.

3.2. Alkaline phosphatase dctivz'ty

~ ALP activity was assessed at different culture times by
measuring the enzymatic activity in' the cell layer., ALP
activity was detected in-the cell layers of experimental
and control cultures as-early'as 72h. No statistical dif-

~ferences between treatments were observed at days 3 and

7. However, alkaline phosphatase activity of cemento-

fblastoma-,derived cell'culture‘s treated with anti-CP was

40%. (p < 0.005), 44% (p'< 0.001), 49% (p < 0.1), and
45% (p < 0.02) lower than their counterparts treated

‘with ‘normal:rabbit IgG antibody at 9, 11, 13, and 15

days respectively. These results show that anti-CP an-
tibody inhibited: ALP enzymatic activity during the ini-
tial stages of mireralization (Fig. 2).

3.3. Eﬁecz of anti-CP treatment on in vitro expression of
OPN and BSP

- Analysis of OPN expression reveals that the number
of OPN positive cells, was lower in the experimental

logy: 143 (2003) 1-13 5

ALP specific activity
(V/mg/min'/cel) SEM.

9
Days in culture

Fig. 2. Alkaline phosphatase activity of human cementoblastoma-de-
rived cells takenat 3,35, 79, 11, 13, and 15 days. Control ‘caltures (&)

‘treated wnth 5 pg/ml of IgG antxbody and experlmental cultures (W),

treated with 3 ug/ml of anti-CP antibody. An- asterisk mdncates sta-
tistical. difference’ between treatments at-p < 0.05."

’cultures by 87,‘83, 69, and 52% at.5, 7, 9, and. 11 days,
than their control countetparts (Fig. 3A and Table 1).
However, at 13 and 15 days the valués of OPN positive
cells in ‘the . experunental cultures were, snmlar to those
observed in control cultures:

BSP expression was decreased in the cultures treated
with anti-CP antibody throughout the entire culture
period as compared t6-controls. BSP positive cell per-
centages were 82, 51, 60, 80, 83, and 87% lower, in
experimental cultures than in the control ones at 5, 7,
S, 11, 13, and 15 days (Fig. 3B, Table 2). In the control
cultures, a gradual increase in the percentage. of BSP
positive cells was observed throughout the experimen-
tal period. In the experimental. cultures the number of
BSP positive cells increased 3-fold between days 5-7
and after day 9 decreased gradually to the initial level
of day 5.

3.4. Immunoblotting

“Western analysis showed that, in the experimental
cultures, the relative levels of OPN were reduced by 60,
58,30, 57, 56, and 39% at 5, 7, 9, 11, 13, and 15 days of
culture as compared to controls. These results indicate
that OPN protein expression was highly inhibited during
early stages of the mineralization process (Fig. 4A). BSP
relative levels of experimental cultures as compared to-"
control cultures were 30, 18, 50, 16, 17, and 42% at 5, 7,
9,11, 13, and 15 days, respectively, indicating that anti-
CP antibody influenced BSP protein levels at mid and
late stages of mineralization {Fig. 4B).

3.5 AFM

AFM images showed a sequence of the three-di-
mensional morphological disposition of the mineral-like
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A - OPN IMMUNOEXPRESSION

Days in Culture

B , BSP .IMMUNOEXPRESSION

13 ET

Days in Culture

Fig. 3 Immunostaining of cementoblastoma derived cells with rabbit anti-human OPN polyclonal antxbody (A) Experlmcntal cultures treated with

5 pg/mt of anti-CP antlbody (lower row) revealed that the number of OPN positive cells was lower by 87, 83, 69, and 52% at 5, 7, 9, and. 11 days, than

théir control counterparts at 5, 7,9, 11, 13, and 15 days (upper row). Representative negative control with pre-immiune rabbit serum For control ).
and experimental (°°) cultures. Ougmal magnification 20x. Bar = {2 pm. Immuinostaining of cementoblastoma-derived cells with rabbit anti-human

BSP polyctonal antibody (B). Experimental cultures (lower row) treated with § pg/rn] of anti-CP antibody-at 5, 7, 9, 11, 13 and 15 days revealed that
BSP expression was dramatically decreased throughout the entire culture period as compared to the control cultures’ (upper row). Répresentative
negative control with pre-immune rabbit serum for control (°) and ‘experimental (°°) cultures. Original magmﬁcauon 20x. Bar= Ime )

Table 1 .
Expression of OPN in cementoblastoma-derived cells treated with anti-
CP antibody ‘

Table 2 )
Expression of BSP in cementoblastoma-derived cells treated with anti-
CP antibody

Days Control Experimental Vs Days- Control Experimental .~ %%
cultures® ¢ cultures®< ’ cultures?d - © ‘cultures™? :
5 5544 1.14* 7240.83 13.0 5 474 £2.40 8.40+0.89 178
7 62.8 4216 104+134 - 166 7 54,24 1.48" 2641207 48.8
9 65.2:£2.16 20:24+ 130 : 310 9 5524109 22,0+ 1.58 39.8
3 6624130 © 0 31.24+£2.58 47.2 11 68.8 +0.83* 134+1.14- 19.5
13 70.8+2.16 67.4+1.14 952 13 76.4£1.14* 12.4+1.34 - 167
‘ 15 71.6£1.81 69.6+1.14 97.3 t5 79.8+1.48* 98:+1.64 123'

aCementobblastoma»‘dé:rived cells treated with Spg/ml of normal

rabblt 1gG-antibody.
Cementoblastoma»derwed cells treated w1th Spg/ml of anti-CP

antibody. o

€ Represents percentages of expenmental positive cells respect to
control cultures.

4Means £ SE of tnpiwatest

"p < 0.001 Student’s ¢ test.

tissue deposited by cementoblastoma cells. The features
observed in control cultures, at 5 days, revealed gran-
ular agglomerates with a size range of 1:5-0.30 um and

Cementoblastoma—denved cells treated with Spg/ml of normal

rabbit IgG antibody.

bCementoblastoma derlved cells treated with 5pg/ml of anti-CP
antibody.

“Represents percentages of experxmental posmve cells respect to
contro} cultures. :

¢ Means =+ SE of triplicates.

"p < 0.001 Student’s f test,

grain agglomeration that favered the formation of
crystalline plaques with a lamellar-like pattern. These
individual plagques were 0.18 um wide and 0.36 pm
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Fig. 4. Westerny blots for ‘Lhe

~ to human QPN-and BSP Pro'
: bdckground o

long, representing 'aﬁ_’ ‘otropi'e "e“rys‘talline‘ structure
-~ of 2: :1.(Vw); with small granular particles (0.3 pm, and
300 A high), (Fig. 5A). Tiny needle-shaped crystals 6A

- high - with . preferential orientation were observed

'(Fig. SE). Experimental cultures treated during 5 days
~with anti-CP: antibody showed-a tiny granular mor-
phology with a' submicron-size (0.1 um) of granular
particles -that. formed tk agglomerates with a size
range of 1.3-0. 25 pm; ig: 5B) and spherical agglom-
erates (Fig: 5F). Contr res at. 15’ days showed
well-oriented and; -organized plaque—lrke structures of
1.6 pm width and 20 pm length representing an an-
isotropic ratio of 12.5 1) These cultures also showed
‘granularagglomerates with-a size range of 2.6-0.9 ym.
(F}g 5Cy and needle-shaped ecrystals {Fig. 5G). Ex-
perlmental cultures at 15 days revealed almost, the same
features observed iin experimental cultures at 5 days.

- The ‘agglomerates’ maintained spherical morphology

- without - organization - of “needle-like crystals to form
plaque-like structures: However, the granular agglom-

~erates were larger in size (1.5-0.30 um), when compared
s to those ‘observed. at 5. days of experimental cultures
(Flgs SD and H))

% of OPN Inhibition by Anti-CP Antibody

% of BSP Inhibition by Antl-CP antibody

! of Structural Biology 143.(2003) 1-13

~ (Western Biot)

( Westarn blot ).

100

Days in culture

9
; Days ,lq culture

‘ etection of OPN and BSP. in cementoblastoma-derived cells treated wrth IgG antlbodxes (C) and with anti-CP anti- . ’
~  ‘bodies (E). Selubilized’ extracts from, dlﬁerem culture times-(5-15 days) were subjected to SDS-— PAGE and then'to immunedetection with antibodies
relative: levels Were assessed by measurmg the 1ntegrated mtensrty of alt’ p els I each band excludrng the Jocal

3.6. EDS

The Ca/P ratio and composition of the mineral-like
tissue deposited in vitro by cementoblastoma-derived
cells was assessed at:5 and 15 days of culture. Control
cultures at 5 days.showed 56.1 and 38.7at.% of Ca®*
and P, respectrvely (Frg 6C). Other elements such as K-
(2.5at.%), and Mg™ (24a ;./o) were présent in. their
global composmon The ‘Ca/P ‘ratio (1.45) corresponds

- well with the brologrcal hydroxyapamte value - (Fang

et al., 1994). Cementoblastoma cell cultures treated with
5 ugfml -of anti-CP’ antlbody for 5 days showed low en-
ergy peaks for 'Ca?* and P (Fig. 6A). with -an atomic
percentage of 29.9 and 58.5, respectrvely Other elements
such as K represented’ 5.4 of the atomic. percentage.
Mg** ions were not.detectable in the spectrum. The Ca/
P ratio value was of 0.50. At 15 days of culture, control
cultures exhibited. 55.4. and 34.4 at.% for' Ca®* .and P
(Fig. 6D). K -and Mg?* were present in the composition
with. 6.1 and 3.8 at.%. The Ca/P ratio was 1.61, which
corresponds well with: the biological hydroxyapatite
value. Experimental cultures revealed : 38.5, 48.3; and
4.5at.% for Ca2+ P, and K- (F1g 6B). The Ca/P ratio
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Fig. 5. Three-dimensional features observed by AFM showed globular, needle-shaped crystals and lamellar arrangemerit.of the mineratized-like tissue
depasited by eementoblastoma-denved cells in control cultures at 5 days (A and E), and 15 days of culture (Cand G): Experlmenta! cultures treated
with -5 pg/ml of anti-CP antibody revealed similar spatial disposition of globular-like structures at 5 days (B and F) and 15 days of enlture without
lamellar arrangement of the mincralized-like tissue deposited by cementoblastoma-derived cells (D and H),

was 0.79. Energy dispersive X-ray microanalysis (EDS) showed better peak definition than those of the expeti-
examination ‘determined the biological hydroxyapatite mental cultures which reveals that the crystal density
values. Therefore, the EDS spectra from control samples was larger in the control cultures.
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‘Fig 6. Representative energy-dispersi\e x-ray microanalysis spectrum of a | x 1 mm area of mineralized areas deposited by puitative human ce-
. mentoblasts. Experimental cultures at 5 (A)and 15 (B) days showed low. peaks for calcium {Ca®") and phosphorous (P) Control cultures showed
prominent peaks of Ca-+ and. P and peaks representmg MgZ+ and K ats (C) and 15 (D) days of cuIture

3. 7 Elecz‘ron dzﬂmcnon

'~ Cell cultures from cementoblastoma der1ved cells

[ were obtdined for the analysis of mineral dep051ts at 15
; days of _culture: - Control and: experlrnental cultures. .
- showed crystals that revealed patterns of “concentric.
- double rings. The i 1nner double rings correspond to D~
& spacing, 2.34 and’ 2 98 A (Figs. 7A-and B, respectively),

:whlch were con51stent w1th those for hydroxyapaute

.(2 29-and 3.08 A) The inner semi- -ring in Fig: 7 shows a

clear preferential growth of hydroxyapatlte crystals
Examination of ‘the crystallinity . of samples with

, § HRTEM showed that both . control and expernnental :
- cultures at'15'days revealed a homogeneous and pref-. -

! erential spatlal arrangement of hydroxyapat1te crystal-
‘ l1tes with a 7. 1A (hkl: 100);, 3.8A (hkl: 111),-and
3, lA (hkl 2 1.0) interatomic distances (Fig. 8). All the

" crystals. were nanostructured with atomic distances of . ‘

“hydroxyapatite crystals values of d: 2. 27A: (hkl: 212),
242A (hkl: 301), 3. S3A (hkl: 201) and 4.5A (hkl:
" 110). The patterns obtained are shown in.Fig. 7 and

‘Fig. 7.-Selected ates electron difffaction pattetn obtained from min-
Veralized:like tissue depos1ted by ceméntoblastoma-derived-cells,. The
- - inner -semi-ring shows a clear preferential growth of hydroxyapatite
crystals at:13 days for both, control (A) and experimental (B) cultures,

. were 1ndexed with the hydroxyapatlte standard patterns
of the JCPDS (Joint Committee on Powder Standards)
“No.' 9:432 file for calc1urn hydroxyapatlte (JCPDS,
= 1995) '

3.8 ‘Scalming electron m\icms‘copy

Exammauon of control cultures at 5 days revealed

B mineralized areas formed by agglomerates and needle-
like structures (Fig; 9C) confirming the electron dif-
" fraction analysis and AFM images. At 15 days, control
.eultures formed pl’aque-like structures (Fig. 9D). How-

- EVET, experlmental cultures at 5.and 15 days showed
. ‘agglomerates’ with ‘sphérical shape and homogeneous
= size,/(Figs. 9A and B, ‘fespectively). It was evident that int
‘the cultures treated with anti-CP antibody the growth of

the mineralized area was retarded.

4. Discussion

The results of this study indicate that mineralization
in a cementoblastic cell line was partially inhibited by
anti~CP, indicating that the CP is among the factorsthat

regulate mineral deposition of this lineage in vitro. Anti-
CP antibody influenced the ALP activity and the protein

levels of OPN-and BSP. as well as the amount.and

quality of mineral deposited in these cultires without

interfering with cell proliferation and cell viability, Cell
viability was greater than 90% for all treatment groups,

~ climinating the likelihood of cell toxicity caused by ei-

ther IgG or anti-CP antibodies The dosages of IgG and
anti~CP antibodies were similar to those used for in vitro
studies ‘reported by Shakibaei,  1998). ALP activity,
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Fig. 8. High-resolution transmission electron microscopy (HRTEM) shows that crystallinity of the mineralized-like tissue in control cultures at 15
days was homogeneous and with a preferential spatial arrangement of hydroxyapatite crystallites (A). Experimental caltures at 15 days showed non-
homogeneous hydroxyapatite crystalllte arrangement {B). Bar in A =1.7nm. Bar in'B=F4nm.

Fig. 9. SEM examination of the mineral-like tissue deposited by cémentoblastoma-derived célls revealed agglomerate éndfrreedle—]ike structures at 5
(A) and 15 (B) days. Experimental cultures at 5 (C) and .15 (D) days show agglomerates ’with spherical shape and homogeneous size. Bar =30 pm.

expression of OPN and BSP are characteristic of early

“and late stages of mineral-like tissue deposition in os-

teoblastic and cementoblastic cell lines in vitro. Since the
cementoblastlc cell'line used in this study has been
shown ‘to express CAP, which is ‘immunologically: re-
lated to CP (Arzate et al., 2002), and CAP has also been
reported as a 65kDa species in developing tooth germ

(Saito et al.,- 2001), it is possible that CP represents a
“CAP-related molecular form. In addition anti-CP anti-

body has the capacity to 1dent1fy putative cementob-
lastic populatrons both in vitro and in vivo.

ALP is thought to play a role in general phosphate
metabolism and cementum formation; although its
precise role during mineralization is not entirely clear

(Linde, 1982). ALP ‘activity is related to the initial
mineralization and once the phase of bulk matrix syn-
thesis and mineralization has ceased, the further pro-
gression, of m1nerahzatlon of’ prevlously deposnted
matrix is assomated with retention of ALP activity (Bi-
anco, 1992). Our experlmental cultures revealed an up to
49% decrease in ALP activity from 9-to'15. _days, sug-
gesting that anti-CP antrbody ‘partially inhibited ALP
activity during mlneralrzatlon in’ the: expenmental cul-
tures. Tn addition to this, the thickness of the cementum-
like tissue deposited by cementoblastoma-derived cells
in the experimental cultures, as analyzed by AFM, was
thinner than that observed incontrol cultures. The
present results support previous work where a highly
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. significant  positive. correlation between ALP activity

and cementum thickness has been demonstrated, i.e., the
higher- the' activity -of the enzyme, the thicker the ce-
mentum layer: Besides inhibition of ALP" activity causes

- severe inhibition of cemeéntum formation. Thus, ALP

) -appears-to. be iessential for the continuous growth of
o 'cementum (Beertsen et al., 1999; Groeneveld et al., 1995;

“Vandenbos and Beertsen 1999). These results provrde

, further support to our previous data, which point to the

capabrhty of CP to promote mineralization in undiffer-

_entiated rnesenchymal cells (Arzate et al., 1996) and
‘rALP activity in. cernentoblastoma cells (Arzate et al.,

‘1998)
It has been suggested' that non-collagenous proteins,
such.as OPN and BSP have a major role in filling spaces

, 'created during: collagen assembly, imparting cohesion to

- the mineral-like tissue by allowing mineral deposition to
. spread across the entire collagen meshwork (Bosshardt
et al., 1998; Nanci, 1999). However, the means by which

* ‘mineralization' is ‘achieved is still not well understood.
Beveral authors suﬂgest that phosphoproteins such as

', BSP and OPN are necessary for the initiation of crystal
- formatlon (Roach,1994), and the large highly ordered

fibrils of type I collagen. The major phosphoproteins in

. cemenitum: are’ OPN and. BSP and are. synthesrzed by
‘:cernentoblasts (Chen et.al., 1991b; MacNell et al., 1998;

~ Shaplro et al., 1993). Our results tevealed that OPN at
‘the protein Ievel -was highly depressed in the experi-
xmental cultures -during the initial stages of mineraliza-
~ tion' and ‘the “highest: effect on BSP protein levels was
. observed at the mid and late stages of the experimental
" perrod as revealed by rmmunocytochemrstly and Wes-

tern ‘blots.: S1nce OPN is"expressed at high levels in
mineralized connect1ve tissues (Bianco et al., 1991) and

s related to the 1n1t1al growth of hydroxyapat1te Ccrys-
' tals; it seems that the #nti-CP antibody could have a
2 ;secondary eﬂ‘ect durlng initiation-and progression of the
. mineralized niatrrx Our results suggest that-CP could

mechate 1nrtral stages of miineralization probably by in-

‘ ‘ ﬂuencmU OPN avarlablhty durrng ‘crystal growth and
' ,maturatron Srnce OPN’s ability to bind and potentially

orient s1gn1ﬁcant amounts of Ca?™ which suggests that

might functron to promote- calcification (Butler et al.,
"1996; Gorskl

1992) However, OPNisa multlfunctronal
protern and i deed, in.vitro studies support a role for

" OPN-as an mhlbrtor of ca]crum ‘oxalate crystals in the
‘krdney and n cell-free systems, and acts principally on

crystal growth, (Huntel et-al., 1996). It has been reported
that OPN is abundant at sites of calcification in human
atheroschlerotrc plaques and:in calcified aortic valves,
‘but is not fOUnd in normal arteries (Butler et al., 1996).

- However the functron of OPN in hard tissue formatlon
?mrnerahzatron and-turnoveris .not. yet clear, and the
‘mineral ‘inhibition ‘during the mineralization process

_ cannot be attributable to- OPN acting solely as an in-

hibitor of crystal growth without considering the pos-

:srbleﬂrole of ALP on OPN’s dephosphorylation, ‘since

phosphorylation of OPN. is required. for its inhibitory

effect in an in vitro mineralization system (Jono et al.,

2000). BSP plays an important. role in mineral nucle-
ation (Chen et al., 1991a, 1992b). BSP has a precise
spatial association with early mineral aggregates, binds
strongly to hydroxyapatite-and acts as a specific \and
potent nucleator for hydroxyapatite formation in vitro
(Hunter and Goldberg, 1993). Our findings demonstrate
that 'BSP . protein levels were partially depressed
throughouit the entire culture time. Thus, the process of .
mineral nucleation and growth was probably partially
inhibited: in the. experimental cultures by affecting
avarlablllty of OPNand ALP to regulate calcium uptake
(Fukayama and Tashijan, 1990), crystal growth and
maturation, and BSP crystal nucleation, explaining:the
globular mineral. aggregates that d1d not develop to
form lamellar structures in these cultures. k
This ‘statement is supported by the. composrtronal
data of the minetalized-like tissue .deposited by . ce-
mentoblastoma- derived cell cultures at 3 and 15 days as
observed ‘in ‘the experimental cultures since Ca/P ratio
was lower when compared to controls and is related toa
lesser ¢rystal density. It appears that the calcium uptake
deposition was retarded, since experimental cultures
presented lower values of CaZ* than control cultures at 5
and 15 days This result could be related to the partial’
inhibition -of OPN protein levels and ALP activity. It
has. been shown that other elements such as potassium
and small concentrations of ions, like Mg2+ slow crystal

‘development by adsorbrng to .and’ -blocking suiface

growth sites and hydroxyapatite crystal formation and
maturation (Amjad et al., 1984; Serre et al., 1998; We-
ismann et al., 1997). Mg2+ ions are not drrectly incor-

‘porated into the apatite structure, but are rather

accumulated in the hydration shefl around the hy-
droxyapatne crystal forming surface- bound ionic com- .
plexes - (Posner, :1969). Our results revealed that
magnesium. was absent in the experrmental cultures
which could contribute to the crystal growth retardation
observed at 15 days of culture in cells treated: Wrth the
anti-CP antrbody However, relatrvely high potassium

‘¢oncentrations and accumulatron might be a common

feature of mlneralrzrno matrices. EDS examination of
the mineralized-like tissue revealed- that" the material
deposited by cementoblastoma-derived cells represents -
hydroxyapatite in both, control and experimental cul-

tures at 15 days.

This is also supported by the analysis of ‘HRTEM
images. However, experimental cultures at 15 days had
smaller crystallrtes in the range of nanocrystals and both
control and experimental cultures have a preferential
crystallographic orientation. This occurs within a matrix
characterized by the lack of orientation of collagen fi-
brils in coherent directions and is characterized by the -
initial . formatron of randomly dlstrlbuted roughly
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-spherical, aggregates of crystals radiating from a center.

In-contrast, the control cultures showed the ordered
mineralization pattern of lamellar-like mineralized tis-
sue, matching a significant degree of collagen spatial
orgamzanon and “orientation (Boyde and Hobdell,
1969). Recent findings suggest that growth layers in
human cementum may be related to altered mineral
crystal orientation {Cool et al., 2002). Our observations
strengthen the argument that mineral crystals are re-
" sponsible for the layers observed in cementoblastoma
control cultures and that the anti-CP antibody and the
‘decreased ALP activity could contribute to the partial
”mhlbmon during the development of'this morphological
- pattern’ and mineral "érystal ahgnment {Tesch et al.,
2003), presumiably as a result of crystal density and
‘impaired mineral maturation as revéaled by EDS and
‘HRTEM examination of the mineral phase in the ex-
periniental cultures.

Finally, our observations and combined data analysis
suggest a provocative role of CP during the biological
-mineralization process of cementum-like tissue in vitro.
Consistent ‘with this idea, are the partial inhibition of
'ALP activity, decreased protein levels of OPN and BSP,
composmonal “morphological changes, and the retar-
“dation of the :mineral phase by human putative cemen-
toblastic cells, observed during ‘the development of
mineralized matrix. However, further studies are neces-
sary to show the biological 31gn1ﬁcance of CP amorig the
factors - that regulate cementum  extracellular matrix
‘mmerallzatron in vitro,. since its specific role cannot be

' determmed concluswe at this time.
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: ABSTRACT

,thtle is known about the molecular mechanisms
that regulate the cementogenesrs process, because
Vspectf ic cementam markers are nat yet available.
To 1nvest1gate whetheér a cementoblastoma-
conditioned medium-derived protein’ (CP) could

be useful as a cementum biological marker, we
studied its expression -and distribution’ in human

‘periodontal tissues, hurhan penodontal ligament,

,alveolar ‘bone, and cementoblastoma-derived cells.
In himan periodontal tissugs, immunorgactivity to

anti-CP ‘was observed throughout the cementoid
- phase of" acellular and cellular cetnentum,
cementoblasts cementocytes, cells located in the
endosteal spaces .of human alvéolar bone, and in
cells in the periodontal ligament-located near the
. ‘blood vessels. ‘Immunopurified CP promoted cell
attachment on human perlodontal ligament,
;alveolar bone-derived- cells,
ﬁbroblasts A’ monoclonal antibody against bovine
cementum attachment protem (CAP) cross-reacted

- with CP These findings indicate:that CP 1dent1ﬁes ‘

potentral cementoblast progemtpr cells, is

' 1mmunolog1cally related to CAP species, and K

. serves asa b1olog1cal ‘marker for cementum.

KEY WORDS cementoblasts cementum protein,
perrodontrum
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and gingival

Immunolocalization of a \'Humcm,
Cementoblastoma-conditioned

:Medlum derlved Protem

INTRODUCTION

™ementum is the calcified. tissue that covers the root surfaces of teeth.
Two types of cementum are recognized, acellular:and cellular, based on
the presence or absence, of cells and the source of collagen fibers (Bosshardt

-and Schroeder, 1996). The cementum matrix d¢ontains collagen types I and

IH (Christner et al,, 1977) and non- collagenous proteins such as fibronectin

: (FN) (Daculsi ez al, 1999), osteocalcin, vitronectin (MacNeil ef af, 1995),‘

osteopontin (OPN), and bone sialoprotein (BSP) (D’Errico er al.,. 1997).
However, these molecules are not cementum-specific. Because cementum
lacks specific markers and resembles bone, it'has not been possible to '

“identify and isolate cementoblastic populations in vivo or in vitro. Recent:
studies suggest that cementum may. contain' unigie molecules that .are
~specific for this tissue (McAlhster et al, 1990) One such molecule is_the.
. :cementum attachment protein (CAP). CAP is a 56-kDa protein that ‘as been

purified from human and bovine cementum (Olson et al., 1991) and.

" characterized as.a collagen like protem (Wu et al., 1996). Monoclonal.

antibodies raised against’ CAP species stain’ positively putative

| cementoblastic cell populations i vitro (Liu et al., 1997, Bar-Kana et al,,
:1998, 2000}, the cementoid layer, and the adjacent cementoblastrc cell layer
-in vivo (Arzate et al., 1992a). CAP has been shown to promote several
" biological activities; such as cell attachment, chemotaxis, and differentiation
. (Olson et al,, 1991; Pitaru ef al,, 1995: Arzate et al, 1996).

Recently, a-new cell line with cementoblastic characteristics was'
established from a humar cementoblastoma tumor (Arzate.ef al., 1998). This
cell line has been shown to express CAP and to form mmerahzed tissue in
Vitro srmrlar to human cementum (Arzate et al, 1998, 2000). These fi indings
indicated that the cementoblastoma cell ling produces a. 56-kDa protein
species, that this species is.CAPor a related molecule, and that it ¢an act as
an antigen for producing new antibodies ¢apable of recognizing

* cementoblastic populations in vive and in vitro. The purpose of this

investigation was to test th1s hypothes1s and to use the new antlbody as a

: cementum brologrcal marker

- MATERIALS & METHODS

The procedures to obtain ‘human' cementoblastoma perrodontal ligament,
gingiva, and alveolar bone specimens were approved by the Review Board of the

School ‘of Dentistry, National Autonomous University of Mexico. Informed - k

consent was obtained from all patients., The protocol was-reviewed and approved
by the Ammal Care Committee of the National Autonomous University of
Mexico. Human autopsy specimens used in this study were obtained from a 29-
year-old man in conformity with the policy of the Research Review Board,

* National Cancer lnstrtute Mexico City.
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Figure 1. Attachment. of periodontal ligament cells, alveolar bone-
derived cells, ond gingival fibroblasis to protein(s) bound 1o an anti-CP
column. Cementob?uslomu derived cells conditioned. medium {500 mi}
were used for CP purification. Atachment activity at different protein
concentrations is shown. Silver-siairied gel showed protein(s) from
cemenleblcslomo derived cells present in: conditioned medivm which

bound i6 an anti-CP column. Arrow indicates CP migration. Periodontal

ligament cells W, alveolar bone-derived cells ®, and gmglvol fibroblasts
¥ Asterisk {*) mdlcoles significant differences in cell attachment
between perio dontal lighnient ond clveolor ’oone-denved cells vs.
gingival Fvgrob csls ot P<0.05.:

‘ Anhbocly Preparahon

Partially purified CP preparation containing CP migrating with

56,000 M. was obtained by electro-clution, as described prev1ously,

{Arzate ot al., 1996). New Zealand rabbits were immunized as

described by Dunbar and Schwoebel (1990). Antibody production
was monitored through ELISA and 1mrnunoblot 1gG aritibodies

were purified through protein A-sepharose chromatography (Sigma
‘Chemi¢al Co.; St. Louis: MO, USA). The antlbody fraction w1ll be
referred to as antr—CP ant1body

Cell Culture

Human alveolar bone-and cementoblastoma—denved cells were -

obtained as previously described (Arzate et al., 1998). ‘Human
periodontal ligament and gingival fibroblasts were obtained from a
premolar extracted for orthodontic reasons from a 25-year-old
male: patient. Cells were cultured by the conventional explant
technique (Narayanan and Page, 1976). Cells were grown in

DMEM medium supplemented with.10% FBS. All cell types from

the-2nd passage were used for the eéxperimental procedures.. .

lmmunoufﬁmlr Chromarogruphy
and Immunoblotting of CP :

A 500- mL’ quantity of conditioned medium was collected from
plates of each cell type containing cells at confluent density, and CP
was immunopurified as described previously (Arzate er al., 1992b).
Protein concentrations were determined by means of the Nano

" QOrange Protein Assay. Kit (Mole’cular Probes; Eugene, OR, USA). -

Cross-reactivity-and expression of CP in human cernentoblastoma,
periodontal ligament cells, and alveolar bone-derived cells were
assessed by irnmunoblotting as previously described (Arzate et al.,

1992b), except that anti-CP antibody was used at a 1:300 dilution.
For assessment of the specificity of anti-CP antibody, calfskin type
T coltagen (Boehringer Mannheim, Germany), bovine FN (Life
Technologies, Rockville, MD, USA}, and human bone extract were

blotted and tested with anti-CP antrbody Armbodles agamst bovme
type I collagen, FN, OPN; and BSP served as controls. To

determine the uniqueness of the CP we performed mmunoblots

with polyclonal antibodies against rat type I collagen {Chemicon
International Inc., Temecula, CA, USA), human OPN (LF-:123),

_ human BSP (LF-100), both a gift from Dr. Larry W. Fisher (NTH,

Bethesda, MD, USA), and human FN' (Dako, Glostrup, Denmark).

Immunoblots with anti-CP antibody were compared with those with

a monoclonal antrbody against bovine CAP (3G9) a'gift from Dr.
A.S. Narayanan (Seattle WA, USA).
Cell Attachment Assay

Periodontal ligament, alveolar. bone-derlved cells, and gmgwa]
fibroblasts were plated-at 2 x 10 dens1ty on 24-multiwell Costar
plates not treated for tissue culture (Costar Corp., Cambndge MA,

USA) and coated with 1.0, 6.5, 0.2, and 0.1 pg/ml of.

immunoaffinity-purified CP. Cell attachment was evaluated
according to Hayman et of. (1982). Wells coated with 5 pg/mL of

calfskin type 1 collagen served as a positive controI and serum-

free medmm was the negative control.

Processmg and Immunostaining of Human T|ssues
Specimens were fixed in 10% formaldehyde Hard tissues were
decalcified with 10% EDTA, pH 7.4, dissolved in 0. 5%
formaldehyde ‘at 4°C for 5 wks, and processed as prevrously
described (Arzate et al., 1998).

Longitudinal and transverse sections 5 i thlck were cut and
mounted in 2% 3- ammopropyltnethoxymlane-coated glass slsdes
(Sigma Chemical Co., St. Louis, MO, USA). Sections were: de-

waxed in xylene and; before complete rehydration, were incubated

with antigen retrieval solution as described by Shi'et al. (1992),

Immunocytochemlcal procedures were-as descr1bed e[sewhere )
(Arzate ¢t al., 1998).

Immunostaining of Human Cemenloblasloma, Penodonful

ligament, and Alveolar Bone-derived cells in vitro

Fuman cementoblastoma per1odontal ligament, alveolar bone-
derived cells and gingival fibroblasts were plated at low densrty -
% 10%) on Lab-Tek chamber slides (Life Technologles, Rockville,
MD, USA) allowed to attach overmght and cultured for 3 days
Rabbit pte-immune serum ot slides lacking first antlbody were

used as negative ‘controls, Experitments were dorie in triplicate. We ‘

determined the number of cells Cross- reacting with anti- CP

ant1body by scoring 5 different rmcroscoplc ﬁelds with a 20X lens
Slallshcal Andlysis

Cell attachment was expressed as % relative to positive control
(type l,co‘llagen). Experiments were run in triplicate. We used
one-way ANOVA to test variability and performed Tukey’s test to

. assess stdtistical significance at a level of P < 0.05 (n = 3).

Experiméntal data for the immunostaining of human
cementoblastoma, periodontal ligament, and alveolar bone-
derived c¢ells in vifro are presented as mean {n = 5) = SE of 3

“independent experiments.

RESULTS

Cell Aﬂochmenl Assay

" As shown in Fig. 1, the attachment of periodontal ligament
“cells, alveolar bone-derived cells, and gingival fibroblasts to
* plates incubated with immunopurified CP was dose-dependent.

The number of periodontal ligament cells attaching to 0.1, 0.2,
0.5, and 1.0 pg/mL of CP represented 10, 26, 63, and 86%,

'JDent Res8l (8l 2002 ,




' positive - o
_alveolar bane célls represented B,

~ J Dent Res 81(8) 2002

"Figure : 2. flm?ﬁﬁnbblbiﬁﬁg of

. “imraunoaffinity-purified fractions with

CP polyclonal anfibody. Lane 1;

‘ :immprf;épurified' condifioned medium-
. from cemientoblastoma-derived calls
+ - conditioned medium (6.9 pg/500
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mb) showed dn intense 56-kDa". +

. ~species, cross-reacting with. antizGP
‘. antibody. . Lane-2: Periodontal

ligament" cells immunopurified -
conditioning medium {04 pg/500

. 'mL}expressed. the: 56:kDd protein.
Lane 3:

+ .conditioning medium: (0.1
- ol) did 'niot ¢rossrepct with the '56<
kDo specjes. Lane4: Control-for

+human serumiwas negative. Lane 5¢:.

~Immunopurified . conditioning
meditm from cenientoblastoma®
that a 70-kDa

: . miérqﬁén > f
44,32, 0nd 22 kDa, respecfively.

re,s,pecti‘\.{eyl,y-,‘rélz’lti‘ve to the
confrel cultures,

21, 53, and 89%, and gingival

fibroblasts 8, 16, 30, and 42%.
No statistical differences were *
observed between periodontal
fligﬂr’iyiéntr célls ‘a‘nd alveolar bone-. .
- derived: cells. However, gingival -
attachment . was.
- signific lower at 0.2, 0.5,
~and 1.0 pg/mL of CP when
compared with: periodontal

fibroblast.

 ligamént cells and alveolar bone~
derived cells-(P<0.05). - = |

‘lmmuhdblcl'lti:)“g‘

Alveslor bonesderived calls .~
] ‘9'3/500 -

 protein standards of 68;,:'_ i

Figure 3. Immunostaining of CP in human F;eribdénraf fissues. ‘IA] Lony ih.ld?nal‘secﬁon of a hurian rokofH.k

. 'Cementoid surfaceis ‘srroncijly stained.. Open vascular channels and endostecl spoces in olveclor bone are

+positive {arrowheads an
- gementoid and bone endosteal tpaces stained-positive. (C} A few periodontal ligament cells aré positive s
- well as cementoblasts lining the cellular cementum. Cells located: adjacent to she periodontal ligoment |
bleod Vessels are strongly positive {arrowhead). A cementocyte with. cytoplasmic elongations localized
within the cellular cementum is shown to be positive {drrow). {D,E] Colony-like cell formation {possibly pre- .
cementoblasts) in 1he‘vicini?f of blood vessels {arrow). {F} Cells surrounding endésteal spaces in alveolar
i-bone cro‘ss-rea’cted‘sfrongy to. anti-CP aritibody. (G) Cementocytes inside the ceémentum matrix are
positive. TH) Higher magnification of strongly ?cl:bel‘ed cemeritocytes showing cytoplasmic processes '/ -
" interconnedting: them. {}} Cementoblasts just becoming embedded in the cemenfum matrix cross-reacted 0
more strongly than -periodontal ligament cells and pre-cementoblasts. {J}. Acellular cementum was strongly
stained with anti-CP anfibody. (K] Control using pre-immune rabbit serum was negative. Histological H & |
* E-stained sections show Tongitudinal ospects of periodontal. structures: ‘opert vaseular channéls -
{arrewheads), endosteal spaces in alveolar bone {afrow} iL), @ cementocyte, and periodontal ligamenit
blood vessel {M). Cells representing pre-cementoblasts located in the.vicinity of p’e,biocﬁhfcd ligament blood
vessels {N), and o cementoblost becoming embedded in cementum matrix {arrewhiead) {O). e

drrow, respectively). [B} Transverse section of d human tooth shows both

—;Spt:ycificyiyt,y“ of the a,nti-CP ‘antibody was tested by
immunoblotting (Fig, 2). Anti-CP antibody cross-reacted with a
single - band’ of 56 kDa in protein(s) obtained from

immunopurified conditioned medium of cementoblastoma cells
(lane 1). Immunopurified protein(s) obtained from periodontal -

ligament ‘cell conditioned mediuni immunoreacted positively
(lane:2)," Alveolar bone-derived cells immunopurified
~¢onditioned medium’ (lane 3) and human serum (lane 4) were
ne’gativek. There was no cross-redctivity of the anti-CP antibody

with type I collagen, FN, OPN, and BSP (data not shown).
Immunoblots with immuncpurified ‘CP did not cross-react with.
antibodies against type I collagen, OPN, BSP, and FN (not .
shown). The monoclonal antibody against bovine CAP:,
recognized a 70-kDa species in CP preparation (lane 5). -

" Immunosiaining of Human Periodontal Structures”
~ The immunostaining of human periodontium tissie sections

revealed that CP expression was localized to the cementoid
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F|gure 4 Photom: rogrophs slaowmg locahzohon oF CP m:

‘cementoblastoma-derived  cells. Positive immunostaining of CP in

cementoblastoma-derived (A} ond periodontal ligament cells, {B).. Alveclar
. bone-derived ‘cells staining oppears dose'to the buckgound levels- (CY .

Contrals ‘usi
bone denved calls, respechvely) Mogmhcohon 20%; Bur = 100 pm. -

phase. of the acellular and cellular’ cementurﬁ (Figs‘ 3A, 3B). .
A few spmdle-shaped per1odontal ligament cells located close:
to a blood vessel in'the région of cellular cementum as well-as -

cementoblasts lining the cementum ‘surface were ‘positive

(th 3(C). Cell clusters located between blood. vessels and 1 3

cell layers from the cementoblast layer stained more mtensely
than the ne1ghbormg periodontal lrgament cells {Figs. 3D,
3E). Elongated cells located within the: endosteal spaces of the
alveolar bone exhibited strong posmve stammg (Fig. 3F).
Cementocytes embedded in the cellular cementum

mineralized matrix and those close to the cementum-dentln B

junction were positive (Fig. 3G). Cementocytes in their

lacunae and their interconnecting cytoplasmic processes
showed strong immunostaining (Fig. 3H). Cells representing a. .

transitory stage between cementoblasts and cementocytes Just
becoming’ embedded in the calcified cementum matrix were
observed. in cellular cementum. These cells stained more
intensely than cells present in the periodontal ligament (Fig.
31). Acellular cementum (cementord layer) was intensely
stamed (Fig. 31). Control sections ‘where pre-immune rabbit
serum was used were negative (Fig. 3K). Other human
tissues, such as bram liver, Iarge intestine, pancreas, kidney,
spleen aorta, tendon, femur, rib, and osteosarcoma,
immunoscreened for the’ éxpression of CP, revealed no
significant 1mmunoﬂuorescence (not shown),

Immunostaining of Cementoblastoma; Periodontal

Ligament, and Alveolar Bone-derived Cells in vitro

Intense immunoreactivity of CP was observed in the cytoplasm
and on the cell surfaces of cementoblastoma-derived cefls (Fig:
4A). Positive cells represented approx1mately 95% (94.7 £ 2.6).
In periodontal l1gament cell cultures, 5.8 + 0.9% cells stained
with the aniti-CP antibody (Fig. 4B) ‘Cultares of alveolar bone-
derived cells were largely ‘egative, and they contained 34 %
0.6% positive cells (Fig. 4C). Gingival fibroblasts were
negative (not shown). Negative controls where non-immune

sera were Used as a first antibody were negative (Figs. 4D, 4E,

4F for cemeritoblastorma, periodontal ligament, and alveolar
bone-derxved cells respectively).

Arzate et al.

presimmune robbit serum were: negative for the 3 cell types
{D, E, and F far cementoblasioma, pericdontol ligament célls, and alveclar

J Dent Res 81{8) 2002 -

- DISCUSSION

- The resalts of thls study indicate that cementoblastoma—dertved

- cells produce a.56-kDa protein. CP was shown to promote
- - attachment-of périodontal ligament cells, alveolar bone-derived . -
- -cells, and gmglval fibroblasts in a dose-dependent manner. The

56-kDa protein punﬁed from cementoblastoma-derived cells
conditioned medium was used to produce an anti-CP ant1body

“This ant1body did not cross-react at the immunoblotting level -
" *with any major, extracellular matrix component of periodontal
. tissues, mamely, collagen type I, FN, BSP, and OPN. None of -

. the osteogenic and non-osteogenic human tissues cross-reacted

with the anti-CP antibody. Furthermore, antibodies against FN,
OPN, BSP, and collagen type I'did not cross-react with CP

—preparatlon 1nd1cat1ng that cell attachment is due to.CP. These
findings point to the specificity of the anti-CP anttbody to -

cementum and cementoblastic lineage. ,
Anti-CAP monoclonal ‘antibodies have been shown to :
reconge ‘the cementoxd phase of human cementum as well

- as a few cells located within the endosteal spaces. of human

alveolar bone (Arzate et al., 1992a). The present. study‘ -

- demonstrated that CP is dtstnbuted throughout the entire
oot surface, including cellular and acellular cémentum. The

‘Cp ‘antibody positively stained cells located near the blood'

~vessels in the periodontal ligament. In certain areas; cIumps‘ :

of positively stained cells which were localized between the ..

k :blood vessels. and dctive cementoid formauon were
observed. These clumps may represent expandmg clones of -

the cementoblastic lineage. Thrs assumpt1on is further
supported by a series of previous reports: First, the work of

McCulloch and Melcher (1983) indicates that the progenitor '

pool in the periodontal ligament is locaied in- ‘the
paravascular zone, whence cells migrate toward their target
tissues, cementum, alveolar bone, and per:odontal hgament

- Second, the works of Liu et al. (1997) and Bar-Kana et al.
(2000) dernonstrated that there was a direct correlation

between the capacrty of péeriodontal llgament derived
progenifor. clones to bind CAP and- express CAP in culture
and their capacity to produce mineralized cementum-like

-, tissue in vitro. Analysis of these collective data suggests that:

the cementoblastic lineage expresses CP during its ‘growth

-and maturation, both in vitro and in vivo, and that CP 'might
. be a key factor in thesﬁe processes. This concept is supported

by the findings of McCulloch (1985), McCulloch et al.

, (1987), Melcher et al. (1987), and Lang et al. (1995), who
" demonstrated that cells from the endosteal spaces of the
-alveoldr bone migrate through vaseular channels. into. the ;

periodontal ligament and contribute to the paravascular
pool. They also showed that alveolar bone-derived cells are
capable of forming cementum-like tissue'in vitro and ‘in
vivo, suggesting that at least some of the early progenitors of
the cementoblastic lineage originate in the endosteal spaces, -
of the alveolar bone.

In the present study, we found that 3% of alveolar bone‘
cells stained positively for CP i# vitro, and that some ¢cells
lining the endosteal spacés of the alveolar bone and the
vascular channels also stained posmvely for CP. If it 15
assumed that CP is a marker for the cementoblastic lineage,
then the results of our study strengthen the hypothesis that '
progenitors originating in-the alveolar bone contnbute to the
cementoblastic Ilneage
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3 In the cementoid phase, cementoblasts just becoming
-.embedded .in the cementum matrix and' cementocytes stained
“more’ intensely than ‘the cementoblasts lining the cementum,
, mdlcatmg that cementum matrix formation and maturation ‘are

‘. associated with CP synthesis and sécretion.-Since the

calcification of cementum has been postulated to be under the

control of cetentoblasts lmmg the cementum and freshly
embedded cementocytes, it is possible.that CP plays an

" important role in the mineralization process of cementum.

Western blots showed that conditioned medium. from
cementnblas‘toma‘ cells'and periodontal ligament cells contained

‘an antigen that cross-reacted with anti-CP antibody. However,

* this antlgen was not detected in. alveolar bone cell medium.

This may be due to the small amount of protein loaded on gels.

The poor yield from immunoaffinity chromategraphy may

reflect Tow levels of CP. production in these cultures, and that

. only:3% of the cells produce CP (Fig. 4C). Nevertheless, these

" results indicate that osteoblasts and ‘osteocytes do not express

CP protein, in vivo and in vitro, and that cementoblasts and
osteoblasts are therefore phernotypically different. This
statement is supported by recent findings which revealed that
 the thineralized matrix deposited by putative cementoblasts is
morphologlcally, compositionally, and ultrastructurally
different from that deposited by human alveolar boné-derived
cells in vitro and. human bone: marrow. stromat cells (Arzate ef
al.,; 1998, 2000; Grzesik et al., 2000). Analysis of these data,

‘ together with 'our previous wark on this cell line, demonstrates
-ithat_cell populations with cementoblastic phenotype have the

capacity to producé a protein (CP) that is immunologically

related to CAP, since a monoclonal antibody against CAP
cross-reacted: with CP as a-70- kDa species. However, at this

‘point it is not clear whether the differenée in molecular size

between these two species is due to differences in post--

, translatlonal processing -of the protein ‘or whether the 70-kDa
species is the precursor of CP. Since other molecules such as
BSP ‘have multiple molecular forms (Mintz ef al., 1993) and
CAP has also been reported as a 65-kDa species in the

developing tooth germ (Saito ef al., 2001), the possibility that.

CP and CAP could be related molecules appears valid. In
summary, these studies demonstrate that CP is widely
distributed . throughout cementum, has the capacity to identify
putative cernentoblastic populations both in vivo and in vitro,
and is immunologically: related to CAP: Our studies also
indicate that antibodies to' CP could be useful to identify these
populatlons and to elucidate the cellular and molecular

- mecharisms that control cementogenesis during homeostasis:
and wound healmg.
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3 ABSTRACT =

The nature and. characteristics. of the mineralized-like

.- tissue deposited by cementoblasts are not well-known

- dug to-the difficulties in obtaining and culturing cells
“representing ~the ‘cementum phenotype, ‘'We
-hypothesized that a putative cementoblastic. cell. lirie

*derived frorti a luman cernentoblastoma could serve

| ‘a5 surtable mode} to, study the physical,.chemical,

. and morphologrcal features of the cementum-like
tissue deposited i vitro. The cementoblastoma cell
‘line was studied by transmission electron, high

resolution, scanning, dnd atomic’ forcé microscopy

* and compared with human cellular cementhn human
osteoblasts,.and humidn ‘alvéolar home.. The analyses

" of the crystals and: mineral-like tissue in the cell line
. “were performed by x-ray diffraction microscopy and

‘ 5energy~d1spersrve x<ray micro~analysis. TEM

- - examination of cementoblastoma cells revealed the

jpresence; of electron:dense intracellular: vesicles

surtounded by a membrane that contained filaments:

. and-needle-like strictures. The diffraction patterns
- -obtained from the intracellular material and human
cellular eemeritunt were similar, with D-spacings of
.3.36 and 2.8, congsistent with those of hydroxyapatite
/(3440 and2.814). The composition of the mineral-
ike  tissue *had.-a’ Ca/P ratio of 1.60 for
cementob}astoma cells .and 1:97 for human. cellular
 Cementum: Na (5290/ Y and C1 (1.47%) were preseit
~-in the composmon of cementoblastoma cells. Himan:
- celluldr cementum additionally contarned Mg

- (4.95%). Osteoblastic cells showed a Ca/P ratio of

1.6280. Na represented 4.52% and €1 1.22% of its
\composrtron Human alveolar bone had a*Ca/P ratio
wvalue:of 2.01. Na (6.63%), Mg (2.10%), and Cl
1 (0.84%) 'were also’ present. All samiples examined

represented brologrcal rype hydroxyapatite. Based on

the compositional-and:morphological features, these
. «findings indicate that cementoblastoma-derived cells
S express the human cellular cementum phenotype.

KEY WORDS cementoblast osteoblast, mineraliz-
‘ation, hydroxyapatite, and cell culture.
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N Elech'on Microscopy, Mlcro-ana|y5|s
‘and X-ray Diffraction
‘Characterization of the Mlneral Ilke
Tissue Deposited by Human
Cementum Tumor-derlved Cells

lNTRODUCTlON

' C ementoblasts are beheved to be derrved from multrpotentlal stem cells in

the endosteal spaces of the paravascular vessels of the alveolar bone

~(MeCulloch ef al., 1987). These stem cells have the capacity of self-renewal

and, under the-influence of unknown factors are' thought to give rise to
progenitors of each cell type that comprise the periodontium, such as

-osteoblasts, cementoblasts, and periodontal-ligament fibroblasts (Gould et al.,

1977). Cementoblast: progenrtor cells have been found in the paravascular
zones in the adult periodontal hgament of mice (McCulloch et al., 1983;

. ‘Melcher ef al., 1987), although mice do not constitute a parallel model for the

study of cementogenesis. in humans (Bosshardt and Schroeder 1996).
‘Cells representing the cementum -phenotype have not been isolated and

) 'propagated in culture, due in part to the lack of a cementumi biological marker

and in part to the technical difficulties in obtaining a putré’ population of
cementoblasts. The conditions necessary-to isolate cementoblasts have not yet

been established, although several attempts have been ‘made to obtain a’

population of cementoblasts and culture them in vitro (Arzate et al., 1992a;
D’Errico et al., 1997; Grzesik et al., 1998; ‘MacNeil et al., 1998). We recently

“ptoposed an altérnative approach to obtain’ cells that express the cementoblast
' phenotype. Cells from a human cementoblastoma were isolateéd. This cell line

may represent a clonéd cell population of human cementoblasts. Plehmlnary in
vitro studies have shown that these cells expressed several markers associated
with mineral tissue formation, such as alkaline phosphatase (AlP) and
osteopontin (OPN), Importantly, the cementoblastoma-derived cells expressed

-cementum attachment protein (CAP), which is restricted to cementum (Arzate
‘et al., 1992b). The preliminary data showed that cementoblastoma derived

cells deposited mineral-like tissue in vitro: and had characterrstrcs drﬁ"erent
from those of human alveolar bone cells in vitro (Arzate et al., 1998). -
‘Since very little is known about ‘the nature of the mineralized-like tissue

_.produced by cultured putative cementoblasts, this present work was designed to

study the ultrastructural characteristics of cementoblastoma—derwed cells and to
Investigate both the characteristics and the nature of the mineral-like tissue formed,
by these cells. The findings were comparéd with those of human céllular

cementum, buman osteoblastic-derived -cells, and human :alveolar bone. The

characterization and analysis were performed by transmission ‘electron
microscopy (TEM), high-resolution transmission electron microscopy (HRTEM),
scanning electron microscopy (SEM), atomiéf force microscopy (AFM), energy-
dispersive x-ray micro-analysis (EDX), and X-ray diffraction migroscopy (XRD).

" MATERIALS & METHODS

Cell Culture

Human cementoblastoma and alveolar bone specimens were obtained éccordmg to

_the protocols approved by the Internal Review Board of ‘the-School of Dentrstry,
~ National Autonomous University of Mexrco Human alveo]ar bone and
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cementoblastoma-derived cells were obtained from a 38-year-old
"male patient with a mandibular. cementoblastoma. The osteeblastic
and cementoblastoma- derived cells were cultured by the explant
technique idescribed elsewhere’ (Narayanan and Page, 1976). Cells
were ‘cultired in Dulbecco S rnodrf]ed Eagle S medmm (DMEM)
(Sigma Chem. Co., St. Louis, MO, USA) ,supplernented with 10%
fetal bovine serum (FBS) and antibiotic solution (penicillin 100
U/mL, streptomycin 100 pg/mL). Confluent monolayers of cells
were passaoed by trypsinization (Trypsin-EDTA; Gibco
Laboratories, Grand Island, NY, USA), washed with full medium,

and recultured in. 75 cm2 tissue culture flasks in-a ‘humidified -

incubator at 37°C in an atmosphere-of 5% CO, and air. Cells at the
“2nd passage were used for all expemnental procedures '

Atomic Force Microscopy (AFM)

AFM was used to determine the morphology and homogeneity of the

mineral-like tissue deposited by cementoblastoma-derived and
osteoblastic cells. AFM (Park Scientifi¢ Instruments, Samta Barbara,
CA; USA) was used with an AutoProbe in contact and constant mode

{5 nanometers). Cementum tumor-and osteoblastic cells were plated:

“at 2 x'10% in 24-well culture plates.(Costar Corporation, Cambridge,
MA, USA) onto-a s1l1con {1,1;1) ‘monoerystal substrate and cultured
for:14:days in DMEM supplemented with 10% FBS, aIlthlOthS 50

. g/mlL ascorbic acid, 10 mM of B-glycerophosphate, and 107 M
" dexamethasone. We monitored the cultures at 3, 7, and 11 days to

detect calcium salt precipitation in the cultures by using Alizarin red
S staining atpH 4.1. The medium was changed every other day. After

14 days of incubation, osteoblastic arid cementoblastoma-derived *

cells were nnsed three times with. jee-cold phosphate-buffered saline
(PBS); culture plates were fixed in-situ by the addition of 70% ethyl
alcehol- and air-dried: To reveal similarities between the human
cemerttum imor cell cultures and human cementum, we processed a

piece of 3- mm? of human cellular cementum as described above for-

examination ‘with AFM. A piece of hiurnan alveolar bone (3 mm?)
was: also examined with AFM to show differences. with huinan
cementum and ccmcntoblastoma—denved cells.

: Energy—dlsperswe X-ray Micro- ana|y5|s (EDX)

The: composition of the mineral-like tissue formed by the.

cementoblastoma-derived and osteoblastic cells was analyzed. Cells
were plated onto a silicon (1,1,1) monocrystal substrate at initial
density 2 x 10* in'24-well plates and cultured for 14 days in DMEM

supplemented with 10% FBS, antibiotics, 50.jg/ml: ascorbic acid; 10 -
mM of B~glycerophosphate and 107 M dexamethasone. The cultures

Were: analyzed by méans.of a Lejca- Cambndge 440 scanning electron

microscope fitted with a Pentafet energy-dispersive x-ray micro-:
analysis m1croprobe -After the cultures were terminated, they were -

washed ‘with PBS, fixed i 70% ethyl alcohol, and air-dried.. The
surfaces of the-cultures as well as. the- human cellular cementum and
human -alveolar. bone were: covered with a thin gold film about: 100
nmi ‘thick, to avoid electron dlsturbances that.could affect micro-
analysis and SEM i images. All analyses were carried out at 20 KV for
300 sec (Cu151mer et al, 1991; Van Dijk ez al., 1995)...

" Transmission Eleciron Microscopy (TEM}
Cementoblastoma-derived cells were plated at 2 x 10* initial density
in DMEM supplemented. as described above in 24-well culture

_ plates: The mediun was replaced with fresh medium every other

. day, and ‘cultures were kept under these conditions’ for 14 days.
They were then briefly washed with PBS and fixed first in sity, by
the addmon 0f2.5% glutaraldehyde (buffered at pH 7.4 with 0.1 M

Mineral Characterization of Cementum Tumor Cells SRR 2‘?

sod1um cacodylate) at 4°C for 30 min. Second, the cells were ﬁxed

with 1% OsO; in-the same biiffer at 4°¢ for 1-hr. The samples were

then dehydrated briefly in ascendmg concentrations of" ethyl

' alcohol, followed by propylene oxide as a clearing agent. Cultures

were embedded in epoxy resin. Semithin sections about 2 pm thick
were obtained and stained with: toluidine blue for light microseopy
orientation. Ultra-thin sections {(about 80 to 90 nm thick) cut with a

diamond knife (Diatome, Biel, Switzerland) were-mounted on
" 'Forinvar-coated 150-mesh copper grids and examined with and

without urany! acetate and lead citrate (U-Pb) staining. Examination

and recording were performed with a Phillips 201 ‘and a Jeol 100
CX fitted with an SEM unity (STEM). A JEOL 400EX

fransmission electron microscope was used for the hlch—resolutlon
analysis of the cultures.

Selected Area Diffraction Patterns by TEM

~Toreveal the formed mineral phase, we used selected areas of ultra-

thin and unstained sections, mounted as descrlbed above, for

electron diffraction and ‘nanodiffraction techmques ;D-spacings of -

diffraction patterns were calibratéd against those of the gold

‘standard obtained with identical diffraction conditions. The m1neral

phase was analyzed by means of a JEOL 100 CX analytical
transmission microscope. All analyses were performed at 100 KV

RESULTS

Transmws:on Elecfron Mlcroscopy {T EM)
Light microscopy momtonng, together with Alizarin red S

‘staining, 'showed that cementoblastoma—derwed cells had
formed: the first mineralized structures (nodules) aﬂer 4107

days in culture. The TEM examination revealed that

cementoblastoma-derived cells contamed all the cytoplasrme

organelles characteristic of protein synthems ‘and secretion:

- Arrays of rough endoplasmlc reticutum were ‘disposed around

the nuclear membrane. Golgi complex was, observed -in
perinuclear areas. Primary lysosomes ahd mitochendria
predominated in various cytoplasmic areas (Fig. 1), Membrane-
bound vesicolar structures were found: intracellularly (Fig. 2).

- The vesicles had round to- oval shapes,; with diameters of-50 to

100 nmi. The vesicles were electron-dense: Filament and
needle-like crystals were observed in the vesicles (Fig: 2 inset).

- Bxamination of these nanocrystals at higher resolution with

TEM showed both homogeneous: and heterogeneous spanal
crystal arrangements (Fig. 3).

. Electron Dlﬁrachon and EDX M|cro-una|y5|s
' Selected area diffraction patterns from unstained sections . of the

cementoblastoma-derived cells were obtained for the analysxs of
mineral deposits at 14 days of culture. Because of the nanosize
of the formed erystals, they revealed ‘patterns of concentric

. double rings. The inner double rings represent D-spacing (3.36

and 2.8, respectively) values consistent with those of
hydroxyapatite (3.440 and 2.814) (Fig. 4). These DB- spacmgs are
in agreement with those registered from ithe HRTEM i images as
shown in Fig. 3.

X-ray EDX Micro-analysis

The Ca/P ratio and composition of the mineral-like tissue
deposited by cementoblastoma-derived cells revealed
prominent energy peaks for calcium and phosphorus similar to
those for biological apatite (Fang er af., 1994).




'
i
i

30 Arzate et al,

Golgi complex; 12,230X, Bar = 2.5 .

Cgmeﬁtoblastoma-dqrived cells had 36.64 and 22.48 atomic.

percentages of Ca and P, respectively. Other elements such as
] 5.29%) and Cl (1.47%) were présent in its global
compesitipn. Human:cellular cementum revealed Mg 4.95, Na
©8.43, C1 2.92; P-28.18; and Ca 55:52-atomic percentages in its
composition. The Ca/P ratio values (1.6056 for cementum cells
-and 1.9700 for human cellular cementum) correspond well with

“the biological hydroxyapatite value as determined by EDX..
Osteoblastic cells showed 34:2 and 21.3 atomic percentages of -

Ca and P, respectively, with 2 Ca/P ratio of 1.6280. Na

alveolar bone had Na 6.63, Mg 2.10, Cl 0.84, P 35.33, and Ca

] _Figure'3, High'resolution tranis‘mlssion e'e‘cfroh nﬂiéréﬁcqpy (HRTEM). A
representative image from cementum cells showing o heferogenecus ‘and -
homogeneous {inset} arrangement of hydroxyapatite crystdts. Bar = 50 nm;

_Figure 1. Electron miéroF?rdp‘h of a cementoblastoma-derived cell-
having a nucleys with diffused heterochromatin' and cytoplasm with -
rough. endoplasmic reticulum, various amounts of mitochondria, and

hydroxyapatite as determined by EDX (Figs. SA, 5B),

represented '4.52 and C[ 1.22 atomic percentdge. Human

J Dent Res 79(1) 2000
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Figure 2.’ Eleciron micrograph of cementoblastoma-derived cells shows
intreicytoplasmic electron‘dense granules:with a rough shape. 14,000X.
Bar = 1.0 um. Intracellvlar vesicle surrounded by a membrane. Note
filament ‘and needle-like structures inside the vesicle {insef]. 30,000X.

Bar = 0.3 pum.

55.11 atomic pércentagé in its composition. Human alveolar
bone had a Ca/P ratio value of 2.01. Both osteoblastic cells and
alveolar bone values correspond to.those of biological-type

Figure 4. Electron” diffraction pattern from mineralized intracellular
‘vesicles.observed in‘ cementoblastoma-derived cells.
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Flgure 5 (A Representchve energy dispersive x-ray micro cmc:lysrs

- specttum of mineralized areas of ‘cementoblastoma-derived and

. osteablastic cells cultured on o silicon {1,1,1) substrate, showrng prominent .

peaks of calcium’ (Cal, phosphorus. (P}, and peaks representing sodium
(Na} and chloride (Cll. (B} Humaon celllor cementum and human alveclar
bone cnddlhonally preser\ted a peak of mognesmm {Mg) in its globcl
compositian. i

X-ray D|flrochon Anulysrs k

The crystallinity of the mmerallza’uon process was evaluated by
X-ray drffractron The mmeral deposned by eementoblastoma—

,human cellular cementum showed a dxfferentral orgamzatron of '
‘th¢ mineral phase (Fig. 6A). The well-defined diffraction peak
obtamed from' the cementoblastoma derwed cells and human’

 cellilar cementum- rescmbles a textured preferentially oriented
and. homogemzed layer of mineral (Frg ,6B). Both patterns were
indexed with the hydroxyapatite standard patterns of the JCPDS

(Joint Commlttee on Powder Diffraction Standards No.. 9- 432 :

ﬁle for calcrurn hydroxyapatlte) (JCPDS 1998)

Atom:c Force Mlcroscopy

The morphology of the mmeral depos1ted by cementoblastoma—
derived cells caliured: onto a silicon (1,1,1) monocrystal substrate . k
revealed small; granular partieles (1 £0.5 wm}).and- hlghly '

crystalline plagues with needle-like morphology (35 £ 15 jam)’
for both cementohlastoma-denved gells;and ‘human cellular

cementum Cementum cell” cultures and human cellular
cementum’ showed a layered struciture:- demarcated by -

incremental cell lines (Flgs 7A, 7B, respectively). The crystal
morphelogy revealed the submlcron size (0.2 pm). of the

- Human cementoblastoma denved cells ShOWCd
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Figure 6. A representative analysis of lhe cryslallmlly by means s of fhe x-ray
dn?lroc‘hon lecl{?mque from ‘mineralized areas of cementoblastomd-derived:
cells and human cellular cementum, showmg the XRD pattersi with broad
peaks, indicating {A) helerogeneous grain size and {B} d befter crysfallmll‘y ,
with {2,1 O pre?erenhcl ofientation and homogeneous cryslcllrles . ‘

granular spherical particles that forni thie agglomerates (Fig, 8AK).
‘The frontal needle-like crystals had.a grain submicrion size.
average about 0.5 + 0.3 um (Fig. 8B). Human cellular cementum
revealed similar hydroxyapatite crystal morphology. They -
showed agglomerates with a granular disposition that resembled
that of the cementum tumor cell cultures. The microsize of the
granules -observed in human cellular cementum was
heterogeneous:to-a size range between 0,2 ‘wm-and 0,002 pm.
(Figs-8C, 8D). Osteoblastrc cells showed needle-like crystals”
oriented perpendicular 10 the. silicon (1,11 monocrystal ‘
substrate and organized in plaque—llke structures with a size -

Tange of 2.2 + 0.3 pum. Human alveolar bone had: well-onented

longltudmal crystals with'a srze range between 2.0 and 4. 0 pum,
and with a lamellar ‘pattern; (ans BE, 8F, respect1vely) The -
examination of the cementoblastoma derlved cell ‘cultures ‘with -
SEM revealed: mmerallzed areas which were formed by“
agglomerates of homogeneods size with spherlcal ‘and: ringilike -
shapes (Fig. 94). Human cellular cémentum showed similar
agglomerates of heterogeneous size and morphology (Flg QB)

DISCUSSION

bound intracellular vesicular structures after 14 iays 1n culture
The vesicles showed heavy electron-dense mmerahzed materlal‘
that contained filaments and needle-like crystals The functlon of
these vesrcles is still obscure. However, it is possible that they
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- initial miineralization
_ . site. It also suggests that
“intracellular: calcium
plays a significant role in
“matrix - calcification
(Sasagawa, 1988). It i
possible- that, during
‘gementogencsis,
‘cementoblasts liberate
Ca/P storing vesicles by
-physiological cell death’
10 increase the amoutit of
-mineral; constituents at
sites of mineralization,
‘and that those crystals
could serve-as initial
extracellitlar nucleation
" certers for hydroxyapatite
ciystals {Zimmernarin ef
al., 1991; Zimmermann,
"1994). ‘Although the
* impartance of  cell
neerosis in the process of
 mineralization is as yet
" uncléary it is important -
to note that a secretion
process from' | these
T o : — : ~ “vesicles!. -was:  not
' Figure 7:.{A] AFM three-dimensional images showed lamellar arrangement of the! mineral-like tissue formed by . ghserved. As shown in
... gementoblostoma-derived: cells. [B). Human cellular cementum, showing similar spatial disposition of the.mineral - - he AFM imag ‘ th
agglomerates and galso pardllel alignment of the mineral plaques. {C] Osteoblastic ceIE showed: longifudinal. the AFM 1 14ges, the
. * needlelike arrangement of the ‘apatite-crystals. (D] Human G‘E/eo‘ lar bone showing apatite crystals oriented similar "m111¢r31 accumulaUQn
1o those abserved in osteoblastic cell.cultures. ‘ ) © . had: morphological
Lo el ~ processes ranging from
, R o ' . - amorphous-globularto
represent Ca/P stoting mitochondria (Lehninger, 1970; Matthews crystalline filaments and needle-like morphology. From these
+" &t al.; 1970, Biighton ‘and Hunt, 1976; Appleton and Morris, results, we assume that this transformation phase takes place
. 1979; Ldndis ef af., 1980; Wuthier; 1982). This concept is  -within intracellular vesicular structures. This finding provides
- ‘supported; sirice: the -calciim. complex is located predominantly additional evidence that initial mineralization requires a micro-
‘in mitochondria as well as in cell membranes, and represents the  environment limited by a membrane (vesicular) structure derived
' 2 oy : ‘ S ‘ from-the cells: This is not'a unique-
finding, since intracellular vesicles
‘have been observed in osteoblasts

- Figure 8. The morphologic fedtures
obtained by atomic: force microscopy
“showed that the cementoblastoma
 cells_and human cellular cementum
" mineral deposits were composed of
large ‘agglomerates ‘of finy submicron-
. size granular particles (A and D,
- respectively). Other mineralized dreas
showed farge plaques with same
needle-like and small’ granular particles
. B and C, for cementoilqstomq‘deﬁived‘
cells and human cellular cementiom,
respectively].. {E} Ostecblastic cells
showed needle-like’ crystals oriented
perpendicular to‘the silicon {1,1,1]
monocrystal subsirate: and. erganized
in plaque-like structures with micron -
'size particles. {F} Human alveolar
bane had well-oriented longitudinal
- erystals with a 'mitron size range and
with a filament-like pattern. :




- double membranes (Volpe et al.

.+ intracellufar vesrcles has also’ bee
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and associated with transitional
_.stages between mrtochondna and
- intracellular vesicles surrounded by

1988). The —-occurrence of

observed in odontoblasts and
assoc1ated with the mineralization
- proeess (Hayashr et al., 1993). AFM
images and x-ray EDX micros <,
~.analysis ~ demonstrated that . .
- ‘cementoblastoma-derived ‘cells and -
. human cellular cementum had
compositional and- morphologrcal ’
features in common. Both showed
" -similar composmon and Ca/P ratios: Importantly, the
. cemeéntoblastoma-derived cells produced brologrcal ‘type apatite.
“The morphological features observed in the cementoblastoma .
cultures resembled. those of human celIular cetientum. Crystals

. and a layered structure demarcafed by | incremental lines were also -

_evident. This lamellar pattern” is characteristic of human. cellular
cementumm (Yamamoto.et ai., 1998) -Osteoblastic cells and huran
alveolar bone showed needle~l

. ‘morphological features observed.in human osteoblasuc cells and"
human alveolar bone were clearly different from those observed
in human cementoblastoma-denved ¢ells ‘and humian. cellular

_cementum. An important finding in the osteoblastic cells and

_cementoblastoma-derived cultures was that they do not have Mg
in their. -globatl composition We could thus assime that
magnesium could interact in the forrnat1on stability; and
maturation of biological hydroxyapatite and related Ca/P ratio.
_This could explam the lower. Ca/P ratio values obtained from the
cultures when compared with those obtained from human cellular
cementum and alveolar bone - (LeGeros and Kojkowska, 1989).

It ‘has- prev1ously been demonstrated that globular-like

_structures, which represent initial nucleation centers of
hydroxyapatite- crystals are localrzed intracellularly (Arzate et
al., 1998). XRD images showed both' a heterogeneous and
homogeneous preferential ‘orentation of hydroxyapatite crystals.
A similar spatial arrangement of” hydroxyapatlte crystals was

~.observed in human cellular cementum. The organic structure of -

the mineral-like tissue formed by the cementoblastoma-derived
cells was shown to be granular and needle-like. These features
matched those demonstrated in human cellular cementum-

(Bonucci, 1971, 19875 Goldberg et al., 1980; Bishop and

Warshawsky 1982; Hayashi ef al., 1986; Hayashl 1985, 1989).
The composition, morphological appearance of the. ‘mineral-like
tissue, and size and shape of the hydroxyapatite crystals formed
by cementoblastoma—denved cells, when compared with those of
human_celtalar cernentum strongly. support the contention that .
the mineral-like tissue formed by the cementoblastoma-derived
cells is human celluldr cemeritum, produced in'vitro. In the
culture system reported here and in our culture condmons
cementoblastoma-derived and osteoblastic cells were able to

‘grow and differentiate when they were plated onto a silicon. .

. monocrystal substrate, In. addition, they were able to produce -
brologrcal-type hydroxyapatrte However, when plastlc substrate’
was used, there was ‘an absence of Na and-€l in the global

- composition of the mineral-like tissue deposrted by the cells.

This suggests that the substrate influenced the secretory

Figure 9. Mmerohzed features observed by SEM in [A) cemenloblusroma-
?Iular cementum, showmg sphencal and ring-like shapes. Bar = lOO pa (A} and TO wm {B)

crystals with: longrtudmal -
-arrangement of the mineral-like tissue.- However, the =~

“biological-type apatite. The combined data from chemical, x-ray
diffraction, TEM, HRTM; electron diffraction, and SEM -
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erwed ‘cells and {B}: \humem

propertres of the cells to produce brologrcal—type hydroxyapatxte
This culture system, then, could be useful to study how the

‘ 1nduct0rs-precursors of the mmerahzanon process influence-the

motphology and composmon of mmerahzed—hke tissue. The

electron drﬁ'ractron patterns of the intracellular mineral" deposns '

* ghowed concentric innet'rings and. D-spacmgs identical to those
- of hydroxyapatlte- These results: clearly showed that the! crystals
formed in this: system represent ‘combined ‘organic- 1norgamc,

structures, which contain a solid:phase deposit, which is a

analyses -have allowed for the precise 1dentrﬁcat10n of the

*crystalline components of the cementum-like tissue deposited by

the putative cementoblasts and from human celtular cementumn,

- We have further characterrzed the ultrastructural features,
nature and physical structure of the: mmeral deposited by
cementoblastoma-derived cells, which appear to be: almost
identical to those characteristics of cellular cementum. Although
cementum and alveolar bone cells share a comumon stem celf,
from the morphological and compositionat differences: between
cementoblastoma-derived and. osteoblastic cells and: from. their

-similarities to human cellular cementum, our results lead us to
conclude that.the cementoblastoma—denved cells expressed the.

cellular cementum phenotype. Differences between présent

results and those from other mineralizing cells may indicate
molecular variations in the mineralization pathways. A new
approach to the analysis of the three-dimeénsional structife, the.
composmon of the mineral- matrix; complex -and “the.
arrangement" of the apatrte crystallltes durmg the

cementogenesis process in yitro s proposed
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