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EDITORIAL / Editorial

DESTRUIR PARA CONSTRUIR UN NUEVO ESQUELETO:
PARTICIPACION DE LA AUTOFAGIA COMO MECANISMO CLAVE
EN ESTE RECICLAJE

Maria Isabel Colombo*

Laboratorio de Biologia Celular y Molecular. Instituto de Histologia y Embriologia (IHEM).
Universidad Nacional de Cuyo. CONICET. Facultad de Ciencias Médicas, Mendoza, Argentina

La autofagia es un proceso degradativo que permite el reciclaje de numerosos componentes
en las células.” Moléculas presentes en el citoplasma celular asi como organelas envejecidas (por
ejemplo mitocondrias) o superfluas (exceso de reticulo endoplasmatico) son secuestradas por
membranas especializadas (fagoforo) dando origen a vesiculas de doble membrana, llamadas au-
tofagosomas, que transportan el material para ser degradado hasta los lisosomas. Este proceso
degradativo permite que las moléculas provenientes de la digestién de compuestos mas complejos
o incluso de organelas sean reutilizadas por la célula para producir nuevos compuestos, de alli su
papel clave en este proceso de reciclaje y renovacion celular.

Dado su importante papel no solo en procesos fisioldégicos sino en muchos procesos patologi-
cos en los cuales esta involucrada, esta via se encuentra finamente regulada; en los Ultimos afios se
han identificado numerosos factores regulatorios,® asi como componentes moleculares que forman
parte de la maquinaria necesaria para su correcto funcionamiento.* Mas de 30 factores conocidos
como ATG (por “autophagy-related proteins”) constituyen el “core” de la maquinaria autofagica.
Muchos de dichos factores fueron descubiertos por el Dr. Yoshinori Oshumi, quien recibio recien-
temente el mayor galardén internacional, el Premio Nobel en Medicina o Fisiologia 2016, por sus
relevantes contribuciones que permitieron entender en gran medida el funcionamiento de la auto-
fagia. La autofagia es hoy en dia reconocida como un importante proceso de antienvejecimiento y
renovacion celular y tisular, clave para la supervivencia celular.

La autorrenovacion del esqueleto en los individuos adultos es un proceso que se lleva a cabo de
forma continua durante la vida de una persona. La remodelacién ésea, que ocurre principalmente
en la superficie de los huesos, depende de la accién coordinada de los osteoblastos, las células res-
ponsables de la formacién de los huesos, participando en la mineralizacion, y de los osteoclastos,
las células involucradas en la resorcién 6sea. También cumplen un papel fundamental los osteocitos
que se encuentran inmersos en la matriz dsea, estan involucrados en funciones mecanosensitivas
y, ademas, regulados por sefales endocrinas.® Tal remodelacién es importante no solo para man-
tener una masa 6sea normal y resistente sino también para la homeostasis mineral; por lo tanto, la

*Direccion postal: Laboratorio de Biologia Celular y Molecular, Instituto de Histologia y Embriologia
(IHEM)-CONICET, Facultad de Ciencias Médicas, Universidad Nacional de Cuyo, Casilla de Correo 56,
Centro Universitario, Parque General San Martin, (5500) Mendoza, Argentina.

E-mail: mcolombo@fcm.uncu.edu.ar
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Editorial

comunicacion entre oesteoclastos y osteoblastos es clave para la homeostasis 6sea.? Dicha comu-
nicacion se lleva a cabo mediante interacciones directas entre ambos tipos celulares y también a
través de la secrecion de distintas moléculas regulatorias asi como por la participacion de pequefias
vesiculas conocidas como exosomas.”

Debido al papel clave de la autofagia en el reciclaje celular, numerosos trabajos recientes desta-
can la participacion de este proceso en la remodelacién 6sea y describen cémo reguladores y mo-
duladores de la autofagia intervienen en la fisiologia del tejido 6seo (para una revisién véase Ref. 8).
A modo de ejemplo, en una publicaciéon relativamente reciente se ha demostrado que la autofa-
gia es necesaria para el proceso de mineralizacién llevado a cabo por los osteoblastos,® ya que
osteoblastos provenientes de ratones deficientes en autofagia presentan una capacidad de mine-
ralizacién reducida debido en parte a que se requeririan vacuolas autofagicas para la secrecion de
cristales de apatita. Ademas, la deficiencia de autofagia en ratones genéticamente modificados
favorece la generacién de osteoclastos con la consiguiente reduccién en la masa ésea.® Asimismo
se ha demostrado que la delecién especifica en los osteoblastos de una de las proteinas clave de
la autofagia, el gen Atg7, produce una masa 6sea reducida con un aumento de fracturas.® También
se ha encontrado una mayor acumulacion de mitocondrias y reticulo endoplasmatico en los osteo-
citos, asi como cambios morfolégicos en este tipo celular caracterizados por una disminucién de
sus prolongaciones.

En conjunto, estos resultados resaltan la importancia de la via autofagica como blanco para el
desarrollo de nuevos compuestos terapéuticos para el tratamiento de patologias relacionadas con
alteraciones en los procesos de remodelacion y calcificacion 6sea.

Conflicto de intereses: la autora declara no tener conflictos de intereses.

Recibido: marzo 2017.
Aceptado: abril 2017.
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ARTICULOS ORIGINALES / Originals

EVALUACION DE LA RESPUESTA DENSITOMETRICA EN PACIENTES
CON OSTEOPOROSIS POSMENOPAUSICA TRATADAS CON RANELATO
DE ESTRONCIO O DENOSUMAB

Ariel Sanchez,*' Lucas R. Brun,? Helena Salerni,’ Pablo R. Costanzo,’Laura Maffei,* Valeria Premrou,* Marcelo
A. Sarli,’ Paula Rey,° Maria S. Larroudé,® Maria L. Brance,” Ana M. Galich,® Diana Gonzalez,® Alicia Bagur,®
Beatriz Oliveri,® Eduardo Vega,' Maria B. Zanchetta,® Vanina Farias,® José L. Mansur," Maria S. Moggia,?
Maria R. Ulla,"® Maria M. Pavlove, Silvia Karlsbrum.' Grupo Argentino de Estudio de la Osteoporosis.
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Médicas, Universidad Nacional de Rosario. 3) Consultorios de Investigacion Clinica
Endocrinoldgica y del Metabolismo Oseo (CICEMO), Buenos Aires. 4) Consultorios Asociados
de Endocrinologia Dra. Laura Maffei, Buenos Aires. 5) IDIM, Instituto de Investigaciones
Metabdlicas, Buenos Aires. 6) Hospital Milstein, Buenos Aires. 7) Centro de Reumatologia,
Rosatrio. 8) Servicio de Endocrinologia del Hospital Italiano de Buenos Aires. 9) Mautalen Salud
e Investigacion, Buenos Aires. 10) CESAN, Buenos Aires; Instituto de la Mujer, Campana. 11)
Centro de Endocrinologia y Osteoporosis, La Plata. 12) Centro Tiempo, Buenos Aires. 13)
Centro de Endocrinologia y Osteopatias Médicas, Cdordoba. 14) Hospital Durand, Buenos

Aires, Argentina.

Resumen

Tanto el ranelato de estroncio (RSr) como
el denosumab (Dmab) son eficaces en el tra-
tamiento de la osteoporosis (OP) posmeno-
pausica (PM). El efecto de cada farmaco por
separado sobre la densidad mineral ésea
(DMO) ha sido estudiado recientemente. Con
ambas drogas se observo, al afo de trata-
miento, un aumento significativo de la DMO
en columna lumbar (CL), cuello femoral (CF)
y cadera total (CT). En este trabajo compa-
ramos la respuesta densitométrica al afio de
tratamiento con una y otra droga. Utilizamos
los registros de 425 pacientes PMOP tratadas
con Dmab y 441 tratadas con RSr. En cada
paciente analizamos el porcentaje de cambio;
se clasificaron como respondedoras aquellas
que mostraron un cambio =3%. Adicional-
mente se compard la respuesta en pacien-

* Correo electronico: asanvir@gmail.com

tes no previamente tratadas con bifosfonatos
(BF-naive) en comparacion con pacientes que
habian recibido previamente un BF. Al analizar
el grupo completo para Dmab, el porcentaje
de pacientes respondedoras fue de 68,4%
en CL, 63,3% en CF y 49,3% en CT. Por otro
lado, en el grupo de pacientes tratadas con
RSr, el porcentaje de respondedoras (53,8%
en CL, 40,0% en CF y 35,6% en CT) fue es-
tadisticamente menor. Cuando comparamos
la respuesta entre las pacientes BF-naive que
recibieron RSr o Dmab, el Dmab indujo mayor
respuesta en CL y CF que el grupo RSr, sin
diferencias en CT. Cuando se analizaron los
subgrupos BF-previo, las tratadas con Dmab
mostraron mayor respuesta en todas las re-
giones. Conclusion: en pacientes con OP-PM,
el tratamiento con Dmab produjo mayores in-
crementos densitométricos que el RSr, sien-
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Sdnchez A, et al.: Respuesta densitométrica

comparativa entre ranelato de estroncio y denosumab

do el porcentaje de pacientes respondedoras
mayor con Dmab que con RSr.

Palabras clave: osteoporosis posmenopau-
sica, ranelato de estroncio, denosumab, bi-
fosfonatos, respondedores.

Abstract
DENSITOMETRIC RESPONSE IN POST-
MENOPAUSAL OSTEOPOROSIS TREATED
WITH STRONTIUM RANELATE OR DENO-
SUMAB

Both strontium ranelate (SrR) and
denosumab (Dmab) are effective in the
treatment of postmenopausal osteoporosis
(PMOP). The effect of each drug on bone
mineral density (BMD) has been studied
separately by us. With both treatments, there
was a significant increase after one year of
treatment at the lumbar spine (LS) and hip.
In this paper we compared the densitometric
response after one year of treatment with both
drugs used separately. We used the clinical
records of 425 PM patients treated with Dmab
and 441 treated with SrR. For each patient we
analyzed the percentage of change; those
who showed a change =3% were classified as

Introduccién

La osteoporosis es una enfermedad croéni-
ca caracterizada por disminucién de la masa
6sea y deterioro de la microarquitectura 6sea
que compromete la resistencia 6sea y pre-
dispone a fracturas por fragilidad. Entre los
tratamientos disponibles para la osteoporo-
sis podemos mencionar los medicamentos
antirresortivos que incluyen a los bifosfona-
tos (BF) y al denosumab (Dmab), los agentes
formadores de hueso como la hormona pa-
ratiroidea (PTH, ,, 0 PTH, ) y el ranelato de
estroncio (RSr), el cual ha sido descripto con
accion dual.'?

responders. Additionally, the response was
compared in patients not previously treated
with bisphosphonates (BP-naive) compared
to patients who had previously received a
BP. When analyzing the complete group for
Dmab, the percentage of “responders” was
65.2% at the LS, 62.9% at the femoral neck
(FN) and 47.4% at the total hip (TH). On the
other hand, in the group of patients treated
with SrR the percentage of responders (53.8%
at the LS, 40.0% at the FN and 35.6% at the
TH) was statistically lower. When comparing
the response between in BF-naive patients
receiving RSr or Dmab, Dmab induced a
greater response at the LS and FN than the
RSr group, with no statistical differences at
the TH. When the subgroups with prior BP
treatment were analyzed, those treated with
Dmab showed greater response in all regions.
Conclusion: in patients with PMOP treatment
with Dmab produced greater densitometric
increments than SrR, and the percentage of
responders was higher with Dmab than with
SrR.

Key words: postmenopausal osteoporosis,
strontium ranelate, denosumab, bisphospho-
nates, responders.

Varios estudios previos han demostrado
que tanto el RSr®® como el Dmab’™'! son efica-
ces en el tratamiento de la osteoporosis pos-
menopausica ya que reducen la incidencia de
fracturas vertebrales y no vertebrales. El efec-
to sobre la densidad mineral ésea (DMO) ha
sido estudiado en forma reciente en nuestra
poblacion para cada farmaco en forma indi-
vidual. En las dos investigaciones se observo
un aumento significativo al afio de tratamiento
en todas las regiones estudiadas, aunque los
porcentajes de cambio son diferentes.?' Asi-
mismo, en ambos trabajos se evalu6 la DMO
en pacientes no tratadas previamente con
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bifosfonatos (BF-naive) en comparacién con
pacientes que fueron tratadas previamente
con bifosfonatos (BF-previo). En el tratamien-
to con RSy, los incrementos en la DMO en CL,
CF y CT se observaron tanto en las pacien-
tes BF-naive como en aquellas BF-previo; sin
embargo, el aumento fue mayor en el grupo
de pacientes BF-naive.'? Por otro lado, en el
estudio realizado con Dmab, también se ha-
llaron incrementos en la DMO en CL, CFy CT
tanto en las pacientes BF-naive como en las
pacientes con BF-previo. Sin embargo, en
este estudio no se hallaron diferencias entre
las pacientes BF-naive y BF-previo.™

Por lo tanto, el objetivo de este trabajo fue
evaluar en forma comparativa la respuesta densi-
tomeétrica al afio de tratamiento con RSry Dmab.

Materiales y métodos

Se utilizaron los registros de DMO de 441
pacientes posmenopausicas tratadas con RSr
(2 g/dia via oral) por 1 afio y 425 pacientes
tratadas con Dmab (60 mg via subcutanea,
cada 6 meses) por igual lapso. Todas las pa-
cientes tenian T-score inferior a -2,5 en ca-
dera o columna vertebral o T-score inferior a
-2,0 y factores de riesgo de fractura. Todas
las pacientes incluidas habian recibido calcio
(1000 mg/dia) y vitamina D (800 U/dia) conco-
mitantemente. Se excluyeron pacientes que
presentaran patologias o tomaran otros me-
dicamentos que pudieran modificar el tejido
6seo. Se compararon datos antropomeétricos
y valores de laboratorio basales entre ambos
grupos. La DMO (g/cm?) se midié por absor-
ciometria dual de rayos X (DXA) en equipos
Lunar Prodigy® (GE Lunar, Madison, WI, USA)
en la CL (L2-L4), CF y CT. De cada pacien-
te se analizé el porcentaje de cambio en la
DMO al afo de tratamiento y se clasificaron
como “respondedoras” aquellas que mostra-
ron un cambio porcentual 23%, mientras que
se clasificaron como “no respondedoras” las
pacientes en las que se observd un cambio
porcentual inferior al 3%. Se tomo este punto
de corte dado que el coeficiente de variaciéon

fue menor que 3% en todos los centros donde

se realizaron los estudios densitométricos.

Dado que muchas mujeres con osteoporo-
sis tratadas previamente con BF son tratadas
luego con otro farmaco —-ya sea por efectos
adversos de los BF, porque mantienen alto
riesgo de fractura, o tienen mala respuesta al
tratamiento con BF- se compard también la
respuesta densitométrica en pacientes trata-
das durante un afio con RSr o Dmab en pa-
cientes BF-naive en comparacién con pacien-
tes BF-previo. Quienes recibieron RSr (n=441)
se dividieron en BF-naive (n=87) y BF-previo
(n=350); 4 pacientes no fueron incluidas en
este andlisis porque usaron otros farmacos
ademas de BF. Mientras que las pacientes
que recibieron Dmab (n=425) se dividieron en
BF-naive (n=61) y BF-previo (n=269), 95 pa-

cientes no fueron incluidas en este andlisis

porque habian usado teriparatida o RSr pre-
viamente (n=68) o no se contaba con el dato
de tratamiento previo (n=27).

Andlisis de datos

La comparacion de las caracteristicas basa-
les se realizé con la prueba de Mann-Whitney o
Wilcoxon, segun correspondiese. Se utilizé la

prueba de Kolmogorov-Smirnov para evaluar
la distribuciéon de los datos. El andlisis de los

porcentajes de cambio de la DMO de los pa-

cientes tratados con RSr o Dmab se analizé a

través de la prueba de 2. Las diferencias se
consideraron significativas si p<0,05. Los ana-
lisis estadisticos se realizaron con GraphPad
Prism 2.0® (GraphPad, San Diego, USA).

Resultados
Las caracteristicas basales de ambas po-

blaciones en estudio se muestran en la Tabla 1.

Mientras que la mayoria de las variables no
mostraron diferencias significativas, si se ob-

servaron diferencias estadisticas en el calcio
sérico, el fosfato sérico, la fosfatasa alcalina

total y la osteocalcina, aunque se destaca que
ambos grupos se encontraban dentro de los
parametros normales.
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RSr (n=441) Dmab (n=425)
Edad (afios) 67,20+0,50 67,72+0,48
indice de masa corporal (kg/m?) 24,55+0,18 24,23+0,25
Calcio sérico (mg/dl) 9,36+0,02 9,46+0,02*
Calcio urinario (mg/24 h) 171,30+5,20 169,00+6,48
Fosfato sérico (mg/dl) 3,97+0,03 3,84+0,03"
25(OH)vitamina D (ng/ml) [VR= >30] 32,04+1,00 33,98+0,73
PTHi (pg/ml) [VR= 15-65)] 51,00+3,11 46,80+1,01
Fosfatasa alcalina total (Ul/L) [VR= <270] 59,70+1,36 149,40+5,65*
BGP (ng/ml) [VR= 11-43] 17,02+0,98 19,33+0,75*
s-CTX (ng/l) [VR= 40-590] 331,10+16,03 332,40+14,39

DMO columna lumbar (g/cm?; T-score)

DMO cuello femoral (g/cm?; T-score)

DMO cadera total (g/cm?; T-score)

0,859+0,005; -2,75+0,04
0,718+0,004; -2,29+0,04
0,747+0,005; -2,17+0,05

0,864+0,006; -2,70+0,06
0,742+0,006; -2,38+0,05
0,747+0,006; -2,17+0,05

RSr: ranelato de estroncio, Dmab: denosumab, PTHi: hormona paratiroidea, BGP: osteocalcina; s-CTX: telopéptido
carboxiterminal sérico del colageno tipo I. * Indica diferencias significativas vs. RSr (prueba de Mann-Whitney, p<0,05).

Al analizar el grupo completo (n=425) lue-
go de un afio de tratamiento con Dmab, el
porcentaje de pacientes “respondedoras”
—consideradas como aquellas en quienes la
DMO se incrementé =3%- fue de 68,4% en
CL, 63,3% en CF y 49,3% en CT. Por otro
lado, en el grupo de pacientes tratadas un afo
con RSr (n=441), el porcentaje de “responde-
doras” (53,8% en CL, 40,0% en CF y 35,6%

en CT) fue estadisticamente menor en com-
paracién con el grupo de pacientes tratadas
con Dmab (Tabla 2, prueba de 2 p=0,0002,
p<0,0001 y p=0,0027, respectivamente).
Asimismo, la comparacién entre los por-
centajes de cambio de la DMO indica que el
RSr produjo menos incremento porcentual
que el Dmab en todas las regiones evaluadas
(Tabla 2, prueba de Mann-Whitney, p<0,0001).

Tabla 2. Porcentaje de cambio de la DMO y de pacientes respondedoras luego de 1 afio de tratamiento

con RSr o Dmab.

Porcentaje de cambio

Respondedoras (%)

RSr

(n=441)
Columna lumbar (%) 3,73
Cuello femoral (%) 2,00
Cadera total (%) 1,54

Dmab RSr Dmab
(n=425) (n=441) (n=425)
5,21* 53,8 68,4*
3,50* 40,0 63,3*
2,54* 35,6 49,3*

RSr: ranelato de estroncio, Dmab: denosumab. * y # Indican diferencia significativa vs. RSr.
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Cuando se comparo la respuesta densito-
métrica entre las pacientes que recibieron RSr
o Dmab en los subgrupos BF-naive, el gru-
po Dmab BF-naive mostré mejor porcentaje
de respuesta en CL y CF que el grupo RSr
BF-naive sin diferencias estadisticas a nivel
de la CT (Tabla 3, prueba de %?). Cuando se

compard la respuesta densitométrica entre las
pacientes que recibieron RSr o Dmab en los
subgrupos BF-previo, el grupo Dmab BF-pre-
vio mostré mejor porcentaje de respuesta en
todas las regiones estudiadas (CL, CF y CT)
que el grupo RSr BF-previo (Tabla 3, prueba
de x2).

Tabla 3. Porcentaje de pacientes respondedoras segun utilizacién previa de BF luego de 1 afio de trata-

miento con RSr o Dmab.

RSr Dmab
BF-naive BF-previo BF-naive BF-previo
(n=87) (n=350) (n=61) (n=269)
Columna lumbar (%) 60,24 52,17 80,36* 65,20*
Cuello femoral (%) 46,15 38,51 64,81* 62,90*
Cadera total (%) 58,18 29,67 57,89 47,37*

RSr: ranelato de estroncio, Dmab: denosumab, BF: bifosfonatos.
* indica diferencia significativa vs. RSr BF-naive; *indica diferencia significativa vs. RSr BF-previo.

Discusién

Debido a la ausencia de trabajos compara-
tivos entre el RSr y el Dmab, este trabajo pre-
tende evaluar en forma comparativa la respuesta
densitométrica luego de un afio de tratamiento
con el RSr y el Dmab en condiciones de practica
clinica en centros especializados de la Argentina.

Tanto con el RSr como con el Dmab se ob-
servé un incremento significativo de la DMO al
afno de tratamiento en todas las regiones estu-
diadas: columna lumbar, cuello femoral y cadera
total.’213

En las caracteristicas basales de ambos gru-
pos se observé mayor fosfatasa alcalina total
y osteocalcina en el grupo tratado con Dmab.
Dado que se trata de un trabajo retrospectivo,
es posible que esto se deba a la presencia de
fracturas o a un estado de mayor remodelado
6seo, que indujera al médico tratante a conside-
rar el Dmab como tratamiento. En ese caso es
probable que no se optara por el RSr como tra-
tamiento de primera linea y es a priori esperable
que respondan mejor al Dmab.

Al analizar la respuesta densitométrica en
funcién de respondedoras o no respondedoras,
las pacientes tratadas con Dmab mostraron me-
jor porcentaje de “respondedoras” que el grupo
tratado con RSr. Coincidentemente, Kamimura
y col. han demostrado en forma reciente la efi-
cacia del Dmab luego de un afio de tratamiento
en pacientes no respondedoras a BF.'* EI men-
cionado trabajo incluy6 98 pacientes, 68 de las
cuales no habian mostrado mejoria en la DMO
en los ultimos 2 afios de tratamiento con BF, por
lo cual fueron consideradas como no responde-
doras. Las restantes 30 pacientes se conside-
raron respondedoras a BF, y en ellas el Dmab
también mostro efecto positivo luego de un afio
de tratamiento.

Si bien no se registré la adherencia al trata-
miento en los grupos evaluados como factor de
comparacion, hay que destacar que Dmab pre-
senta ventajas en este sentido dada su frecuen-
cia de administraciéon. En un trabajo compa-
rativo con alendronato semanal, el Dmab tuvo
una adherencia significativamente mayor (92,5
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vs. 63,5%)."® Considerando el efecto positivo
sobre la DMO se puede especular que la adhe-
rencia fue alta en ambos grupos evaluados. Sin
embargo, no se puede comparar la adherencia
entre los grupos vy, por lo tanto, no se puede in-
ferir si el mayor efecto del Dmab es, al menos
en parte, por una mejor adherencia respecto del
RSr.

Cuando comparamos la respuesta densito-
métrica entre las pacientes que recibieron RSr
o Dmab en los subgrupos BF-naive, el grupo
Dmab BF-naive mostrd mejor porcentaje de res-
puesta en CL y CF que el grupo RSr BF-naive
sin diferencias estadisticas a nivel de la CT,
mientras que —cuando se analizaron los subgru-
pos BF-previo- el grupo Dmab BF-previo mos-
tr6 mejor porcentaje de respuesta en todas las
regiones estudiadas.

Varios estudios previos habian demostrado
una mejor respuesta del RSr en pacientes BF-
naive en comparacion con pacientes que ha-
bian recibido BF previamente.>'® Middleton y
col.” publicaron también datos después de 2
afos de tratamiento con RSr, segun los cuales
la DMO aument6 significativamente desde el
inicio en ambos grupos, BF-naive (CL = 8,9%;
CT= 6,0%) y BF-previo (CL=4,0%; CT=2,5%).
Cuando compararon los grupos BP-naive vs.
BF-previo encontraron incrementos mas altos
en el grupo BF-naive a los 6 meses de trata-
miento con RSr, que persistieron después de 24
meses.'®

Por su parte, el Dmab también ha sido eva-
luado segun el consumo previo de BF. El trata-
miento con Dmab mostré inhibicion marcada
de los marcadores de resorcion 6sea, mientras
que un efecto inhibidor leve se observd sobre
los marcadores de formacion 6sea tanto en las
pacientes con BF-previo como en aquellas que
recibieron Dmab como primer farmaco.' Este
mismo trabajo mostré que la 1,25(CH),D, y la
PTH se incrementaron significativamente en la
primera semana, con posterior reduccion gra-
dual en el grupo que solo recibié Dmab, pero no
se observaron cambios significativos en el grupo
tratado previamente con BF. Otro trabajo mos-

tré que el tratamiento con Dmab increment6 la
DMO tanto en un grupo que solo recibié Dmab
como en el grupo que previamente habia sido
tratado con acido zoledronico. Los marcadores
6seos disminuyeron en ambos grupos a pesar
de los niveles basales mas bajos en pacientes
tratadas antes con &cido zoledronico.™ En mu-
jeres posmenopausicas con adhesiéon subdpti-
ma al tratamiento con alendronato, el cambio a
Dmab fue bien tolerado y mostré mayor eficacia
que el risedronato en aumentar la DMO y reducir
los marcadores de remodelado 6se0.2° También
se demostrd que algunas mujeres con baja ad-
herencia a los BF orales mostraron una mayor
respuesta cuando fueron rotadas a Dmab en
comparacién con el grupo que fue rotado a un
BF oral mensual (ibandronato o risedronato).?"
Asimismo, Dmab mostré ganancias significati-
vamente mayores en la DMO y mayor reduccion
en los marcadores de remodelado en compara-
cién con el alendronato® y la transicién a Dmab
produjo mayores aumentos de la DMO de cade-
ra y columna lumbar y una mayor reduccién en
el remodelado 6seo que el alendronato.?®

La bibliografia indica que el Dmab es eficaz
aun en pacientes previamente tratadas con BF.
En cambio, los agentes con efecto anabdlico
predominante como el RSr y la teriparatida tie-
nen una acciéon mas retardada y de menor mag-
nitud sobre la DMO en pacientes previamente
tratadas con BF2* Sin embargo, en el estudio
STAND que compara pacientes con tratamien-
to previo con alendronato que cambian a Dmab
versus pacientes que venian recibiendo alen-
dronato y continuaron con él, se observd un
aumento superior de la DMO en la rama que
cambié a Dmab pero, si se comparan los resul-
tados de esta rama con el estudio FREEDOM
(Dmab en pacientes naive), el aumento de la
DMO fue menor.”2?5 Por lo tanto, el Dmab segun
estos estudios también tendria menor magnitud
de respuesta en pacientes tratadas previamente
con BFE.

Como limitaciones de este trabajo se puede
mencionar que es una comparacion retrospec-
tiva, que no se trata de un estudio longitudinal
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“cabeza a cabeza” de dos medicamentos, que
se evallo el efecto solamente luego de 12 me-
ses de tratamiento y no se cuenta con registros
de fracturas previas al tratamiento ni el tiempo
desde que se produjo la fractura hasta que se
les indicod el tratamiento evaluado. Ademas,
dada la diferencia basal de FAL y BPG, se po-
dria considerar que el grupo que recibié Dmab
tenia mayor remodelado éseo (a pesar de que
los s-CTX son comparables entre los grupos) y
por lo tanto el RSr no seria un tratamiento de pri-
mera lineay es a priori esperable que respondan
mejor al Dmab. El punto de corte para definir
pacientes respondedoras es arbitrario y relativa-
mente alto. Se eligié porque habia muchos cen-
tros participantes y se quiso poner una cifra que
englobara las posibles diferencias técnicas en
las evaluaciones densitométricas de los sitios
esqueléticos axiales considerados. Puede ha-
ber habido pacientes con incrementos menores
en su DMO, y por eso las tasas de responde-
doras estan quizas por debajo de lo esperado.
En sintesis, este trabajo nos permite concluir
que, en pacientes con osteoporosis posmeno-
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Abstract

Purpose: to compare the healing process
of a defect of compact bone tissue after the
implantation of osteoplastic materials based
on B-tricalcium phosphate (“ChronOS™” and
“Calc-i-0ss®”), which differ by manufacturer,
geometrical shape and microscopic structure.
Methods: the experiment was performed on
48 white male Wistar rats. In the middle third
of the diaphysis of the femur we produced a
perforated defect of 2.5 mm diameter in the
medullary canal, which in the animals of the
first group was filled with the osteoplastic ma-
terial “ChronOS™” (block, Synthes, Switzer-
land), and in the animals of the second group
with “Calc-i-oss®” (granules, «Degradable
Solutions Dental», Switzerland). Fragments
of the injured bones were studied on the 60™
and 120" day by light microscopy with mor-
phometry and by scanning electron micros-
copy. Results: it was found that regardless the
geometric shape and the microscopic struc-
ture, both osteoplastic materials show high
biocompatibility, osteoconductive properties,
good integration with bone tissue of the re-
generate, and that the microscopic structure
of p-tricalcium phosphate (“ChronOS™”) may

* Correo electrénico: korenkov-alexsey@mail.ru

significantly affect the microscopic structure
of bone tissue of the regenerate, which mani-
fests itself in the specificity of its geometric
shape. It was noticed that osteoplastic ma-
terials “ChronOS™” and “Calc-i-oss®” almost
at the same rate were subjected to resorp-
tion and replacement by the bone tissue, the
ratio of which was 22.55+1.25 to 77.45+1.25
and 25.72+2.06% to 74.28+2.06% on the
60th day of the experiment, and 17.65+1.09 to
82.35+1.09 and 18.31+1.54% to 81.69+1.54%
on the 120th day.

Key words: rats, bone, p-tricalcium phos-
phate, reparative osteogenesis.

Resumen

INFLUENCIA DEL FOSFATO 3-TRICALCICO
DE DIFERENTES FORMAS GEOMETRICAS
EN LA MORFOLOGIA DE LA REGENERA-
CION DEL DEFECTO EXPERIMENTAL DEL
TEJIDO OSEO COMPACTO

Objetivo: Comparar el proceso de cicatri-
zacion de un defecto del tejido 6seo compacto
tras la implantacion de materiales osteoplas-
ticos a base de fosfato B-tricalcico («Chro-
nOS™: and «Calc-i-oss®») que difieren segln
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el fabricante en la forma geométrica y estruc-
tura microscopica. El estudio fue realizado
en 48 ratas Wistar machos en los cuales se
produjo, en el tercio medio de la diafisis del
fémur, un defecto perforado de 2,5 mm de
diametro, el cual fue llenado con el material
«ChronOS™> (block, Synthes, Switzerland)
en un grupo y con «Calc-i-oss®» (granules,
«Degradable Solutions Dental», Switzerland)
en el segundo grupo. El sector del defecto
fue evaluado en los dias 60 y 120 por micros-
copia Optica y por microscopia electronica
de barrido. Resultados: independientemente
de la forma geométrica y la estructura mi-
croscopica, ambos materiales osteoplasti-
cos mostraron alta biocompatibilidad, pro-
piedades osteoconductivas y buena integra-

Introduction

Because of the similarity of the chemical
structure with the bone tissue and its biologi-
cal inertness, p-tricalcium phosphate showed
excellent characteristics for the replacement
of bone defects in traumatology, spinal sur-
gery and dentistry."* Today, p-tricalcium
phosphate, which is produced in the form of
granules, blocks or cylinders, is mentioned
in numerous promotional publications, which
proves its safety and biocompatibility. How-
ever, it should be noted that the majority of
works devoted to the research of g-tricalcium
phosphate were conducted on the bones of
the skull and cancellous bones.?®” We have
found no information in the scientific litera-
ture about the studies of the comparative
influence of various by the manufacturer,
geometric shape and microscopic structure
p-tricalcium phosphate on the dynamics
of healing of compact bone tissue defects.
Moreover, the information about such deter-
mining properties of p-tricalcium phosphate
as dynamics of the biodegradation rate and
replacement by bone tissue of the regenerate
for certain commercial drugs, is completely
absent, whereas for other parameters there

cién con el tejido 6seo regenerado. La es-
tructura microscépica del fosfato p-tricélcico
(«ChronOS™») puede afectar significativa-
mente a la estructura microscépica del te-
jido 6seo regenerado, que se manifiesta en
su forma geométrica. Adicionalmente, se ob-
servé que ambos materiales osteoplasticos
«ChronOS™» y «Calc-i-oss®» mostraron va-
lores similares de resorcion y reemplazo por
tejido éseo, cuya relacion al 60° dia del ex-
perimento fue de 22,55+1,25 a 77,45+1,25 y
25,72+2,06% a 74,28+2,06%, y a los 120 dias
de 17,65+1,09 a 82,35+1,09 y de 18,31+1,54%
a 81,69+1,54% respectivamente.
Palabras clave: ratas, hueso,
B-tricalcico, osteogénesis.

fosfato

is a significant divergence in data (up to one
year).8%1° Moreover, these differences are
probably influenced by many factors, such as
size of defect, bone tissue regeneration po-
tential, the characteristics of the osteoplastic
material (manufacturer, geometric shape, to-
tal porosity, pore size, design, size, etc.).""2
All this indicates the need for a more pre-
dictable dynamics of rate of formation of the
bone tissue of the regenerate and resorption
of osteoplastic materials, which might differ
by manufacturer, geometric shapes and mi-
croscopic structure, experimental models of
bone defects. On the latter in standard condi-
tions and using different research methods it
is possible to study and compare with each
other osteoplastic materials that optimize
reparative osteogenesis. Therefore the aim
of our study was to compare the process of
healing of an experimental defect of compact
bone tissue after the implantation of osteo-
plastic materials obtained from two different
manufacturers.

Materials and methods
The experiment was performed on 48
8-month-old male white Wistar rats, with an av-
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erage weight of 250+10 g. All procedures were
in agreement with the Commission on Biomedi-
cal Ethics of Sumy State University (Minutes
N° 4/14 of 06.11.2015). The study protocol was
done according to the provisions “European
Community Directive of 24 November 1986 on
the maintenance and use of laboratory animals
for research purposes”. Before surgery, animals
were injected with 2.5 mg/kg acepromazine in-
tramuscular and 5 minutes later, with 75 mg/kg
ketamine intramuscular (Calypsol, Gedeon
Richter, Budapest-Hungary). After the induc-
tion of anesthesia, a 2.5 mm-diameter defect in
the medullary canal was produced under asep-
tic conditions in the middle third of the femoral
diaphysis using a portable drill with a spherical
cutter at low speed with cooling. Further, the ex-
perimental animals were divided into 2 groups:
Group 1 (n=24) — where the defect with-
out rigid fixation was filled with the osteo-
plastic material “ChronOS™” (Synthes,
Switzerland), which is a pure p-tricalcium

phosphate in the form of block with a total
porosity of 70%, with macropore size from
100 to 500 pym and micropores to 10 um
(Figure 1).

Group 2 (n=24) - where the defect without
rigid fixation was filled with the osteoplastic
material “Calc-i-oss®” («Degradable Solu-
tions Dental», Switzerland), which is a syn-
thetic granular material (1-1.6 mm) made of
pure p-tricalcium phosphate (B-phase purity
of >99%, Ca / P - 1.5) with a total porosity of
50% and the size of micropores is from 1 to 6
pm (Figure 2).

Before the implantation the blocks of “Chro-
nOS™” and the granules of “Calc-i-oss®”
were moistened with the rat’s own blood
(which was taken from the tail vein) to fill
pores, remove residual air from the material
and ensure the necessary consistency, which
would permit easy cutting of the materials by
scalpel and thus modelling the shape of the
defect.

20.00KV _ x100
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Figure 1. Microstructure of the osteoplastic material “ChronOS™?”, Visible numerous pores ranging in
size from 163 pm to 190 pm. Electronic scanning image 100X.
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Figure 2. Microstructure of the osteoplastic material “Calc-i-oss®”. Electronic scanning image 1000X.

After entering into the bone defect of os-
teoplastic material the wound was tightly
stitched with silk thread through all layers of
soft cover, the seam was treated with 3% al-
cohol iodine solution. Then, during the next 3
days after operation for prevention of septic
complications the after-operation seam was
treated with an alcohol iodine solution and
for analgesia ketorolac (JSC “Synthesis”, Kur-
gan, Russia) was injected intramuscularly at a
dose of 0.6 mg twice a day.

Next on the 60" and 120" day after sur-
gery animals were taken out of the experi-
ment by decapitation under deep ether anes-
thesia, followed by a study of injured bones
using light microscopy with morphometry and
scanning electron microscopy.

For light microscopy, we extracted the
fragments of femoral bones from the site of
implantation of osteoplastic material and fixed
them in 10% neutral buffered formalin. After

washing with water, the bone samples were
subjected to decalcification in 5% aqueous
solution of Trilon B (Edetic acid), dehydrated
in alcohols of increasing concentration and
poured into paraffin. Histological sections
were made using a Sannomiya microtome
“Reichert”, stained with hematoxylin-eosin,
analyzed at the light microscope «Olympus»
and photographed using a digital camera.”®

Morphometric analysis consisted in identi-
fying the area of bone tissue and remnants of
osteoplastic material in the site of the defect,
which was performed using the program for
image processing “Video-Test” and “Video-
Size”.

For scanning electron microscopy we
extracted the fragments of the femur from
implanted osteoplastic material and placed
samples in glutaraldehyde holder. Next day
the samples were washed in phosphate buf-
fer, fixed in 1% OsO 4 solution and dehydrated

20
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in ethanol of increasing concentrations. Fur-
ther, the bone fragments were glued to metal
tables with electricity conductive adhesive,
sprayed with carbon dust in standard vacuum
installation of VUP-5 type and examined with
an electron microscope “SEM 106-I".

Using light and scanning electron micros-
copy we established morphological charac-
teristics of bone tissue, the nature of its inter-
action with the bone material “ChronOS™”
and “Calc-i-oss®”. In addition, we investi-
gated the state of the structure of adjacent
to the site of implantation maternal bone in
order to establish or refute postoperative
complications due to the presence or ab-
sence of signs of necrobiosis and necrosis
of osteocytes.' The resulting digital values
were analyzed statistically by calculating
the arithmetic mean (M) and its standard er-

ror (m). The significance of differences be-
tween the indicators of the animals of the
first and second groups, of the 60" and the
120" days was evaluated using Student t-
test. The differences were considered sig-
nificant at p<0.05.

Results

In the animals of the first group on the 60%
day of the experiment there was located lamel-
lar bone tissue throughout the area of the de-
fect directly in the pockets and on the surface
of the osteoplastic material “ChronOS™”. The
lamellar tissue was presented by separate
specific rounded formations that by shape
and pores size corresponded to “ChronOS™”,
were interconnected by “bridges” of bone tis-
sue and contained a significant amount of os-
teoblasts and osteocytes (Figure 3).

Figure 3. The area of the defect of femur of a rat on the 60" day after implantation of “ChronOS™”. Bone

tissue of the regenerate, constructed from individual particles of specific rounded shape (1), between

which the remnants of osteoplastic material are located (2). Hematoxylin & Eosin 100X.
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In the animals of the second group the
area of the defect was also filled with lamellar
bone tissue. Here, in the peripheral part of the
defect the bone tissue lacked “Calc-i-oss®”,
was solid, and contained even elements of the
marrow in the central part and between the
individual parts with remnants of osteoplastic
material, and in deeper cuts. In the animals
of the first group between the separate parts
of the bone tissue of the rounded form in the
direct connection with them there were also
found the remnants of the osteoplastic mate-

rial, and in peripheral parts of the defect there
were areas where the bone tissue was repre-
sented by solid margins and immured into its
matrix remnants of the osteoplastic material.
In the lacunae of bone tissue of the regen-
erate of the animals of the first and second
groups there were well observed osteocytes
and osteoblasts with spikes, and inside and
on the outer surface of osteoplastic materials
osteogenic cells, osteoclasts and sometimes
small areas of osteogenic tissue can be seen
(Figure 4).

WD=12.2mm

20.00kV

Figure 4. The area of the defect of femur of a rat on the 60" day after implantation of “Calc-i-oss®”.
Osteocytes (1) with spikes in the lacunae of lamellar bone tissue, which is formed on the surface of the
osteoplastic material. Electronic scanning image 5000X.

The relative area of “ChronOS™” and
“Calc-i-oss®” within two months of the ex-
periment similarly decreased to 22.55+1.25%
and 25.72+2.06% (p>0.05), and was replaced
by the bone tissue the relative area of which
was 77.45+1.25% in the first and 74.28+2.06%

in the second case (p>0.05). In animals of
both groups no signs of inflammation were
detected in the area of the defect and the ma-
ternal bone was characterized by typical os-
teocytes, which were located in bone lacunae
and had long spikes.
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On the 120" day of the experiment in the
animals of the second group, the area of the
defect was filled with the bone tissue of the
regenerate, which had lamellar structure and

differed from the maternal bone only by the
presence of remnants of the osteoplastic ma-
terial integrated into its structure, and by the
elements of the bone marrow (Figure 5).

Figure 5. The area of the defect of femur of a rat on the 120t day after implantation of “Calc-i-oss®”. Bone
marrow (1) and lamellar bone tissue of the regenerate (2) with the integrated into its structures remnants

of osteoplastic material (3). Hematoxylin & Eosin 100X.

In the animals of the first group, the area of
the defect was also filled with lamellar bone
tissue. The latter was formed directly on the
surface and in the pores of the osteoplastic
material “ChronOS™”, Thanks to this, the
bone tissue, as on the 60" day of the experi-
ment, looked like separate parts of specific
round shape (corresponding to the pores of
the implant), which were closely in contact
with each other and contained typical osteo-
blasts, osteocytes, and sometimes osteo-
clasts. Osteoblasts had an oval shape and
numerous short spikes, which allow the inter-

action with each other and the differentiated
osteocytes (Figure 6). Osteocytes, with a size
of approximately 10-15 pm were located in the
bone lacunae and had longer spikes than os-
teoblasts, and osteoclasts on the electronic
scanning image had ellipsoid shape with the
flattened basis with the size of approximately
100 pm. Furthermore, in the animals of the
first group rounded areas of lamellar bone
tissue merged together in continuous fields
were seen, but in the thickness of their ma-
trix the remnants of the osteoplastic material
were still observed.
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Figure 6. The area of the defect of femur of a rat on the 120t day after implantation of “ChronOS™”, Os-
teoblast (1) in the lacunae of the bone tissue (2), which was formed in the pore of the osteoplastic material.

Electronic scanning image 3000X.

The area of the bone tissue of the regenerate
in the animals of the first and the second groups
compared to the 60" day increased by 6.32%
(p<0.05) and 9.97%, and the area of the osteo-
plastic material on the contrary, decreased by
21.73% (p<0.05) and 28.81% (p<0.05) and was
82.35+1.09 and 81.69+1.54% in the first and
17.65+1.09% and 18.31+1.54% in the second
case. Inside and on the outer surface of the
osteoplastic materials osteogenic cells, which
formed foci of osteogenesis were found. In the
area of implantation of “ChronOS™” and “Calc-
i-0ss®” no signs of inflammation were seen, and
the maternal bone, as in the previous term of
experiment, had a normal structure.

Discussion
The conducted study with the help of light
and scanning electron microscopy showed

that the dynamics of the healing of the defect
of the femoral shaft diaphysis had both simi-
larities and differences depending on origin of
the implanted calcium phosphate osteoplas-
tic material.

To common features we can refer those
that osteoplastic materials “ChronOS™” and
“Calc-i-0ss®” during the whole period of the
experiment demonstrated their high biocom-
patibility, as evidenced by the absence the in-
flammatory process in the site of the defect,
of necrosis and necrobiosis of osteocytes in
the composition of the maternal bone. These
results are consistent with the data of most
researchers.®® Furthermore, in all the periods
of observation high tropism of osteogenic
cells to osteoplastic materials was found, as
evidenced by their location and formation of
foci of osteogenesis, both on the outer surface
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and inside “ChronOS™” and “Calc-i-oss®”. It
should be noted that the established fact is
also the evidence of good integration of bone
tissue of the regenerate with osteoplastic ma-
terials and manifestation of their osteocon-
ductive properties. This is connected with the
fact that one of the definitions of osteocon-
duction is the ability of osteogenic cells to use
osteoplastic material as a platform for attach-
ing and generating on the surface and in its
cavities of the new bone tissue.”®

One of the most important properties of
calcium phosphate osteoplastic materials
is their ability to be resorbed and replaced
by the bone tissue of the regenerate. In the
literature there are works on the impact of
B-tricalcium phosphate on healing of the bone
defects. But such studies were conducted on
the bones of the skull and cancellous bone,
and the results of these studies either lack
the data of morphometric parameters or have
significant divergence. So, Jensen SC, et al
established almost complete disappearance
of p-tricalcium phosphate granules from man-
dibular angle defect of mini-pigs on the 60"
day, where their number remained 2.5% (from
0 to 5.1%), and on the 180" day 0.8% (from
0 to 2.5%)."® At the same time Gotterbarm T.
et al found 4.35% of remnants of p-tricalcium
phosphate granules even in a year after their
implantation with collagen into the defect of
epiphysis of the tubular bone of mini pigs."”
Osteoplastic material “ChronOS™”, accord-
ing to the advertising information can com-
pletely undergo resorption. However, the
period for which this occurs, is from 6 to 18
months. In addition, the research of T. Stoll
have shown that if you implant “ChronOS™”
with bone marrow into the defect of the tib-
ia of sheep, in 6 weeks its balance would
amount 43.10%, and if with blood - 53.10%.
Here, the area of the defect was filled with
bone (16.50% and 4.10%) and connective tis-
sue (40.40 and 42.80%)."

During conducting the research of com-
pact bone tissue defect we also observed

gradual resorption of implanted material in
the cavity containing the osteoplastic materi-
als “ChronOS™” and “Calc-i-oss®” and their
replacement by bone tissue of the regener-
ate. However, in our experiment, the ratio of
the amount of the implant and the bone tis-
sue of the regenerate on the 60" day of the
experiment was 22.55+1.25% to 77.45+1.25%
in the area of implantation of “ChronOS™”
and 25.72+2.06% to 74.28+2.06% in the area
of implantation of “Calc-i-oss®”, and on the
120" day 17.65+1.09% to 82.35+1.09% and
18.31+1.54% to 81.69+1.54%, respectively.
And here, the given quantitative indicators
had no authentic difference. Although, on the
60" day of the experiment a slight predomi-
nance in the rate of resorption of the osteo-
plastic material (by 14.05%, p>0.05) and for-
mation of the bone tissue of the regenerate
(by 4.09%, p>0.05) was found in the area of
implantation of “ChronOS™”. On the 120 day
of the experiment none of osteoplastic mate-
rials underwent complete resorption, though
all of their remnants were fully integrated into
lamellar bone tissue of the regenerate. In this
case, the area that was occupied by “Chro-
nOS™” (17.65+1.09%) and “Calc-i-oss®»
(18.31+1.54%) and bone tissue of the regener-
ate (82.35+1.09 and 81.69+1.54%) in the ani-
mals of both groups was almost the same.

A vivid distinction between the studied
osteoplastic materials became the geometric
shape of the bone tissue of the regenerate,
which was formed in the area of implanta-
tion of “ChronOS™” and “Calc-i-oss®”. Thus,
in the area of implantation of “Calc-i-oss®“
the bone tissue had no significant features
and differed from the maternal bone only by
the presence of integrated into its structures
remnants of the osteoplastic material. Un-
like “Calc-i-oss®”, in the area of implantation
of “ChronOS™” the geometric shape of the
bone tissue had a fundamental difference.
In all periods of surveillance the bone tissue
of the regenerate was mainly represented by
specific individual and interrelated rounded
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formations, which in shape and size were di-
rect reflections of the pockets of osteoplastic
material “ChronOS™”, This fact indicates that
the pores of the implant served as the con-
ductor for the vessels, cellular elements and
bone tissue, which in turn is the proof of the
osteoconductive impact of the osteoplastic
material “ChronOS™” on the reparative os-
teogenesis. Here, it should be noted that the
described and vividly demonstrated structure
of the cells of the bone tissue did not depend
on which of the calcium-phosphate osteo-
plastic material was implanted into the defect
of the femoral shaft diaphysis.

Conclusion
Regardless of the geometric shape
and microscopic structure of p-tricalcium
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MARCADORES DE FORMACION Y RESORCION OSEA Y SUUTILIDAD
PARA DETERMINAR EL FINAL DEL PERIODO DE APOSICION OSEA
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Resumen

El pico de masa 6sea (PMO) se alcanza
entre los 20 y 35 afos, pero la aposicion ésea
contintia hasta alcanzar el pico de fortaleza
6sea (PFO). Se crea asi una ventana entre am-
bos picos que podria ser evaluada mediante
marcadores bioquimicos de recambio 6seo,
ya que durante dicho periodo la densidad mi-
neral permanece constante. El objetivo fue
determinar el final de la aposiciéon ésea me-
diante marcadores bioquimicos 6éseos. Se
evaluaron por décadas entre 20 y 49 afos de
edad 139 sujetos sanos de ambos sexos (69
hombres y 70 mujeres), determinando fosfa-
tasa alcalina 6sea (FAO), osteocalcina (OC),
propéptido amino terminal del colageno tipo
1 (PINP) y telopéptido C-terminal del colage-
no tipo 1 (CTX). Los marcadores correlacio-
nan negativamente con la edad (OC: r= -0,3;
p<0,01; PINP: r= -0,4; p< 0,01 y CTX: r= -0,4;
p< 0,01), exceptuando FAO. En hombres de
20-29 afos, PINP y el CTX fueron significa-
tivamente mayores vs. 30-39 afios (p<0,05 y
p<0,001, respectivamente), y entre 30-39 afios
vs. de 40-49 afos en PINP y CTX (p<0,05;

p<0,001, respectivamente). En mujeres de
20-29 afios, PINP y CTX fueron significati-
vamente mayores vs. 30-39 afos (p<0,0001
y p<0,01, respectivamente). Conclusion: los
marcadores de remodelado 6seo mas sensi-
bles y especificos permitirian determinar bio-
quimicamente el fin de la aposicion 6sea que
se produce entre el PMO y el PFO. Si bien es
necesario ampliar el numero de sujetos eva-
luados, los datos que surgen de la presente
investigacion sentarian las bases para futuros
estudios epidemiolégicos referidos al fin de la
aposicién ésea.

Palabras clave: marcadores bioquimicos
6seos, aposicion o6sea, densidad mineral
Osea, pico de masa Osea, fortaleza dsea.

Abstract

BONE FORMATION AND RESORPTION
MARKERS TO EVALUATE THE END OF
BONE APPOSITION

Peak bone mass is achieved between 20-
35 years; however bone apposition continues
to reach an optimal skeleton strength. The

* Direccion postal: Av. Cordoba 2351 - 8° Piso (1120) C.A.B.A., Argentina.

E-mail: snzeni@hotmail.com
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window between peak bone mass and peak
bone apposition may be evaluated by bio-
chemical bone turnover markers. The objec-
tive of this study was to determine the end of
bone apposition through biochemical bone
markers in both sexes. A total of 139 sub-
jects (69 men and 70 women) were divided
by decades between 20 and 49 years of age.
Bone alkaline phosphatase (BAL), osteocalcin
(OC), type I collagen propeptide (P1NP) and
type | collagen C-terminal telopeptide (CTX)
were evaluated. Except BAL, the other bone
markers negatively correlated with the age
[OC (r= -0.3; p<0.01); PINP (r= -0.4; p<0.01)
and CTX (r= -0.4; p<0.01)]. Regarding men
aged 20 to 29 years, PINP and CTX were
significantly higher vs. 30-39 years (p<0.05
y p<0.001, respectively) and. vs. 40-49 years
(p<0.05; p<0.001, respectively). In women, the

Introduccién

El hueso es un tejido metabdlicamente ac-
tivo, que se modela durante el crecimiento y
se remodela a lo largo de toda la vida.' Es-
tos procesos se suceden continuamente en
mas de un millén de unidades de remodelado
6seo (URO) que se encuentran en el esque-
leto. La actividad de todas ellas puede eva-
luarse bioquimicamente mediante los marca-
dores 6seos. Dichos marcadores se dividen
en dos grupos: marcadores de formacion que
provienen de la actividad de osteoblastos y
marcadores de resorciéon que provienen de la
actividad de los osteoclastos.?®

Los niveles de los marcadores 6seos refle-
jan cambios en el metabolismo 6seo mas ra-
pidamente que los cambios que se producen
en la densidad mineral ésea (DMO).

Muchos factores interrelacionados pue-
den influir en el pico de masa ésea (PMO)
durante el crecimiento, incluidos genética,
sexo, origen étnico, nutricion y factores hor-
monales; asi como también ciertos factores
de riesgo como pueden ser: el alcoholismo, el
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results were similar. Regarding 20-29 years,
PINP and CTX were higher vs. 30-39 years
(p<0.001 y p<0.01, respectively). Bone remo-
deling rate decreases after the third decade,
suggesting the end of the apposition period of
peak bone mass. Conclusion: The most spe-
cific and sensitive bone markers would bio-
chemically determine the end of bone appo-
sition that extends between the peak of bone
mass and the peak of bone strength. Although
it is necessary to increase the number of sub-
jects evaluated, the data that emerge from the
present study would establish the bases for
future epidemiological studies referring to the
end of bone apposition.

Key words: biochemical bone markers, bone
apposition, bone mineral density, peak bone
mass.

tabaquismo y el uso de algunos medicamen-
tos. Varios estudios familiares y de gemelos
han estimado que hasta un 60-80% de la va-
rianza en el pico de masa 6sea es atribuible a
factores genéticos.*

El PMO, evaluado por densitometria ésea
(metodologia DXA), se alcanza durante la
adolescencia entre mediados y final de la se-
gunda década (primero en fémur y columna
lumbar y posteriormente en el esqueleto to-
tal), mas tempranamente en mujeres.5¢ A pe-
sar de ello, la aposicién ésea continta hasta
lograr el denominado pico de fortaleza 6sea
que finalizaria alrededor de la tercera década.
La bibliografia no evidencia resultados con-
cluyentes respecto del rango de edad en el
cual se produce el final de dicha aposicion.
Las diferencias encontradas entre los distin-
tos autores han sido atribuidas a varios facto-
res como la edad, el sexo, el método de reclu-
tamiento, los criterios de inclusiéon y exclusion
de los sujetos de estudio, la regién geografica
de pertenencia (incluidos los habitos culturales),
el método utilizado en las determinaciones, la
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experiencia del laboratorio y el enfoque estadis-
tico para realizar el analisis de los datos.®'°

La aposicion 6sea hace variar los niveles
de los marcadores bioquimicos segun edad y
sexo;'" a pesar de ello, la mayoria de los estu-
dios sobre marcadores 6seos han focalizado
los niveles que presentan las mujeres en la
etapa posmenopausica en comparacion con
los de mujeres premenopausicas, para evi-
denciar pérdida de masa 6sea.'?>'*Existen muy
pocos estudios que determinen los niveles de
los distintos marcadores 6seos en hombres y
mujeres durante el periodo determinado por
el final de la adolescencia y el comienzo de
la adultez. Un estudio reciente publicé niveles
de ambos marcadores para diferentes grupos
poblacionales. Dicho estudio fue realizado en
el contexto de proponer como marcadores
6seos de referencia internacional el propép-
tido del colageno tipo 1 aminoterminal (P1NP)
y el telopéptido carboxilo terminal del cola-
geno tipo 1 (CTX)."® Sin embargo, de acuerdo
con nuestro conocimiento, no se han realizado
investigaciones para demostrar el final de la
aposicion 6sea mediante marcadores bioquimi-
cos 0seos. Sobre esa base, el presente trabajo
tiene como objetivo evidenciar el final de la apo-
sicién 6sea o pico de fortaleza dsea utilizando
distintos marcadores bioquimicos de remode-
lado éseo en adultos jévenes de ambos sexos.

Materiales y métodos

Poblacion

El presente estudio descriptivo de base
poblacional fue realizado en sujetos del area
metropolitana de la Ciudad de Buenos Ai-
res, Republica Argentina. Para ello se invit6 a
participar a hombres y mujeres con un rango
de edad de 20 a 49 afos. Se seleccionaron
175 sujetos, todos los cuales completaron un
cuestionario clinico que incluia el tipo de me-
dicacion utilizada al momento del estudio y
firmaron un consentimiento informado previo
a este. El protocolo fue aprobado por el Co-
mité de Etica del Hospital de Clinicas, el cual

Seijo M. y col: Marcadores de formacion,
resorcion y aposicion osea

cumplia con los requisitos de la declaracién
de Helsinki y sus modificaciones.'

Criterios de inclusion: sujetos voluntarios cli-
nicamente sanos de 20-49 afios de ambos se-
xos con indice de masa corporal (IMC) (kg/m?)
entre 20 y 25 kg/m?; mujeres con ciclos mens-
truales regulares (cada 25 a 35 dias) al menos
en los 6 meses previos al estudio.

Criterios de exclusidn: sujetos con situa-
ciones que pudieran afectar el metabolismo
6seo como: patologia conocida (malignidad,
enfermedad gastrointestinal crénica reciente
—<6 meses- o patologia tiroidea); medicacio-
nes, fractura traumatica en los 2 afios anterio-
res al estudio, fractura por fragilidad durante
la adultez; cirugia en ultimos 3 meses; inmo-
vilizacion prolongada; trastorno alimentario;
embarazo o uso de anticonceptivos hormo-
nales al momento del estudio o en los 12 me-
ses previos; lactancia actual o en los Ultimos 3
meses; niveles de creatinina sérica > 1,5 mg/dl.
También fueron excluidos del analisis aque-
llos individuos que presentaran alteracion
en la homeostasis fosfocalcica (calcemia o
fosfatemia, o ambas, fuera del rango de refe-
rencia). Por ello, el analisis bioquimico final se
realizé sobre un total de 139 personas.

Determinaciones bioquimicas

Las muestras de sangre fueron obtenidas
en ayunas (-10.30 horas a.m.), se centrifuga-
rony los sueros fueron guardados congelados
a -18 °C hasta las mediciones bioquimicas.
Las determinaciones de osteocalcina (OC),
telopéptido C-terminal del colageno tipo 1
(CTX), propéptido amino terminal del colage-
no tipo 1 (PINP) fueron realizadas en el labo-
ratorio Mautalen-Salud e Investigacion, y las
determinaciones de calcemia, creatininemia
y fosfatasa alcalina ésea (FAO), en el Labo-
ratorio de Enfermedades Metabdlicas Oseas,
INIGEM-CONICET-UBA del Hospital de Clini-
cas. Dichos andlisis se realizaron al final del
protocolo en un Unico ensayo, para disminuir
las variaciones interensayo.

El calcio fue evaluado por absorcion atémi-
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ca (CV intraensayo de 0,9%), el fosforo (P) y la
creatinina por colorimetria (Wiener S.A, Rosario,
Argentina) (CV intraensayo de 1% y 2,5%, res-
pectivamente). La FAO se determiné mediante
el uso de un kit comercial (Wiener S.A.), previa
precipitacion de la isoforma ésea con germen
de trigo (CV intraensayo de 4,8%). Las medicio-
nes de OC (CV intraensayo de 3%); PINP (CV
intraensayo de 1,0 a 2,1%) y CTX (CV intraen-
sayo de 1,2 a 4,1%) fueron realizadas utilizando
la metodologia ECLIA automatizado (Elecsys
2010%, Roche S.A)).

Analisis estadistico

Los sujetos fueron divididos por sexo y se-
parados en grupos de acuerdo con la edad:
20 a 29 afos; 30 a 39 anos y 40 a 49 afios.
A su vez, los grupos fueron subdivididos tam-
bién por sexo cada 5 afios de edad. Los datos
se expresaron como media £ DS e intervalo
de confianza del 95% (IC 95%) para los dife-
rentes marcadores analizados en cada uno
de los grupos estudiados. Se realiz6 la prue-
ba de Kolmogomov-Smirnov para analizar la
normalidad de las variables. En funcién de los
resultados de esta prueba se realizaron anali-
sis descriptivos de la poblacién, paramétricos
0 no paramétricos. Las comparaciones entre
hombres y mujeres se efectuaron usando la
prueba de T para muestras independientes.
Las comparaciones por rango de edad fueron
realizadas mediante la prueba de ANOVA de
un factor, utilizando el test de Bonferroni como
prueba “post hoc” para observar la diferencia
intergrupos. En todos los andlisis se realizo la
prueba de Levene para evaluar homogeneidad
de varianzas. Los coeficientes de correlacion
fueron calculados por la prueba de Pearson.
Un valor de p<0,05 se considerd significativo.
Para el analisis estadistico se utilizd un proce-
sador SPSS 20.0° Chicago, IL, USA.

Resultados

De los 139 adultos jévenes incluidos en el es-
tudio (20 a 49 anos), 69 fueron hombres (49,6%),
con una edad promedio de 32,6 + 8,6 afos
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y 70 (50,4%) fueron mujeres con una edad
promedio de 32,1 + 8,8 anos.

Cuando se evaluaron las correlaciones
entre los niveles de los marcadores 0seos en
funcién de edad para todo el grupo poblacio-
nal de hombres y mujeres, se observd que,
mientras los niveles de FAO no presentaron
correlacion alguna, el resto de los marcadores
evaluados presentaron correlaciones negati-
vas estadisticamente significativas en funcién
de la edad (OC: r=-0,3; p<0,01; PINP: r= -0,4;
p<0,01y CTX: r=-0,4; p<0,01). Cuando se se-
pararon por sexo, los hombres mostraron una
correlacion negativa en los niveles de CTX
(r=-0,42; p<0,01) y de P1NP (r= -0,29; p<0,05)
en funcion de la edad, mientras que en las
mujeres la correlacidén negativa se observd
entre los niveles de OC (r= -0,54; p<0,01), de
PINP (r= -0,52; p<0,01) y de CTX (r= -0,41;
p<0,01) en funcién de la edad.

Los niveles promedios de FAO, OC, P1INP
y CTX segun el sexo se muestran en la Tabla 1.
Los marcadores 6seos en los hombres fue-
ron superiores a los observados en mujeres y
solo alcanzaron diferencias estadisticamente
significativas los niveles de FAO (p<0,001) y
de CTX (p<0,05).

Los niveles promedio de los marcadores
divididos por décadas y por sexo se muestran
en la Tabla 2. En hombres los niveles prome-
dio de FAO no presentaron diferencias segun
la edad; en cambio, los niveles de OC, PINPy
el CTX fueron significativamente mayores en
el grupo de 20-29 afos respecto del grupo de
30-39 afos (p<0,05; p<0,05 y p<0,001, res-
pectivamente), y en los niveles de PINP y CTX
respecto del grupo de 40-49 afos (p<0,05;
p<0,001, respectivamente). Sin embargo, no
se observaron diferencias en ninguno de los
marcadores entre los grupos de 30-39 y 40-
49 afos. En mujeres, los resultados obteni-
dos fueron similares a los encontrados en
los hombres al dividir por décadas de edad.
El grupo de 20-29 afios mostré diferencias
significativas en los valores de OC, PINP y
CTX tanto respecto del grupo de 30-39 afos
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Tabla 1. Valores de marcadores de remodelado 6seo en hombres y mujeres sin dividir por grupos etarios.

o Hombres Mujeres Valor p

E.ete",“".‘ac““es (n=69) (n=70) (Hombres
ioquimicas vs. Mujeres)
Media DS IC 95% Media DS IC 95% :

FAO (UI/1) 70,7 10,7 67,1 -73,6 64,0 11,2 61,3 - 66,7 <0,001
OC (ng/ml) 251 8,6 22,8 - 27,5 25,5 9,6 23,3-27,9 ns
P1INP (ng/l) 65,5 24,0 59,6 - 72,1 59,6 24,0 53,5 - 65,6 ns
CTX (ng/l) 461,5 189,4 4141 -508,5 379,9 159,9 341,5-418,3 <0,05

Tabla 2. Valores promedio de los marcadores de remodelado éseo divididos por décadas y por sexo.

Hombres Mujeres
Determinaciones 20 - 29 anos Determinaciones 20 - 29 afios
bioquimicas (n=31) bioquimicas (n=34)
Media DS IC 95% Media DS IC 95%
FAO (Ul/]) 70,4 9,0 671-73,8 FAO (Ul/1) 66,7 94 62,9 - 69,5
OC (ng/ml) 28,7 101 25,0-32,4 OC (ng/ml) 296 94 26,3-329
P1NP (ng/l) 742 255 645-839 P1NP (ng/l) 724 236 641-808
CTX (ng/l) 558,8 184,2 488,7-628,8 CTX (ng/l) 448,2 1474 396,8 - 499,6
Hombres Mujeres
Determinaciones 30 - 39 afnos Determinaciones 30 - 39 ainos
bioquimicas (n=18) bioquimicas (n=18)
Media DS IC 95% Media DS IC 95%
FAO (Ul/]) 729 120 66,9-789 FAO (Ul/l) 61,9 13,0 555-68,3
OC (ng/ml) 21,7* 75 17,8 -25,5 OC (ng/ml) 20,5 6,5 17,3-23,7
P1NP (ng/l) 60,1 20,2 48,9 -71,2 P1NP (ng/l) 451 16,0 36,6 - 53,7
CTX (ng/l) 335,6™ 1511 260,4-410,7 CTX (ng/l) 299,2** 114,2 242,4-356,0
Hombres Mujeres
Determinaciones 40 - 49 aios Determinaciones 40 - 49 aios
bioquimicas (n=20) bioquimicas (n=18)
Media DS IC 95% Media DS IC 95%
FAO (Ul/1) 71,8 12,7 658-777 FAO (Ul/1) 64,2 134 658-777
OC (ng/ml) 24,9 9,2 5,0-29.3 OC (ng/ml) 21,1 81 5,0-29,3
P1NP (ng/l) 55,7+ 21,9 43,9-674 P1NP (ng/l) 46,1* 13,2  43,9-67,4
CTX (ng/l) 363,2** 152,8 287,2 -439,1 CTX (ng/l) 328,6 173,2 287,2 -439,1

*p<0,05 vs. 20-29 afos.
**p<0,001 vs. 20-29 afos.

(p<0,001; p<0,0001 y p<0,01, respectivamen-
te), como respecto del grupo de 40-49 afios
(p<0,001; p<0,0001 y p<0,05, respectivamen-
te) y no se encontraron diferencias entre el
grupo de 30-39 anos y el de 40-49 anos.
Cuando se analiz6 la disminucién porcentual
en el nivel de los marcadores entre los grupos

*p< 0,05 vs. 20-29 afos.
**p<0,01 vs. 20-29 afos.
***p<0,001 vs. 20-29 afos.
# p<0,0001 vs. 20-29 afos.

de 20-29y de 30-39, se encontraron los siguien-
tes porcentajes de disminucion: OC 29% para
ambos sexos; P1INP: 15% y 42% y CTX: 40% y
33% para hombres y mujeres, respectivamen-
te. Con el objeto de evidenciar cambios en los
marcadores éseos tanto en hombres como en
mujeres que habian mostrado diferencias signi-
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ficativas dentro de los grupos de 20-29 y de 30-
39 afios, ambas décadas fueron subdivididas
en grupos de 5 afos cada una. Los resultados
de este Ultimo andlisis en hombres revelaron
que los niveles de los marcadores 6seos dismi-
nuyeron en el grupo de 25-29 afios respecto del
grupo de 20-24 afos; tanto la OC como el CTX
mostraron una diferencia estadisticamente sig-
nificativa (p<0,01 y p<0,05, respectivamente).
Asimismo, aunque continuaron disminuyendo
tanto el PINP como el CTX, mostraron signifi-
cancia estadistica entre los grupos de 25-29 y
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30-34 afos (p<0,05 para ambos marcadores).
En las mujeres, los niveles de los marcadores
dentro del grupo de 20-24 afios no presentaron
diferencias estadisticamente significativas res-
pecto del grupo de 25-29 afos; sin embargo,
tanto los niveles de PINP como de CTX mos-
traron significancia estadistica en el grupo de
20-24 anfos respecto del grupo de 30-34 afios
(p<0,01 y p<0,05, respectivamente) y en el gru-
po de 25-29 afios respecto del grupo de 35-39
afios en OC y PINP (p<0,05 y p<0,001, respec-
tivamente) (Tabla 3).

Tabla 3. Valores promedio de los marcadores de remodelado 6seo divididos por lustros y por sexo.

Hombres Mujeres
Determinaciones 20 - 24 afhos Determinaciones 20 - 24 aios
bioquimicas (n=15) bioquimicas (n=17)
Media DS IC 95% Media DS IC 95%
FAO (UI/) 68,9 8,9 63,8 - 74,1 FAO (Ul/1) 64,4 8,6 59,9 - 68,8
OC (ng/ml) 33,2 1,5 26,9 - 39,6 OC (ng/ml) 29,9 10,2 24,7 - 35,2
P1INP (ng/l) 78,2 325 58,6-979 P1INP (ng/l) 71,1 20,6 60,1 - 82,1
CTX (ng/1) 5721 143,5 485,4 -658,8 CTX (ng/l) 4614 1244 3974 -525,3
Hombres Mujeres
Determinaciones 25 - 29 anos Determinaciones 25 - 29 anos
bioquimicas (n=16) bioquimicas (n=17)
Media DS 1C 95% Media DS IC 95%
FAO (Ul/l) 71,8 9,1 66,9 - 76,6 FAO (Ul/) 68,0 10,0 62,8-732
OC (ng/ml) 245> 6,2 21,2-278 OC (ng/ml) 29,3 8,8 24,6 - 34,0
P1NP (ng/l) 70,9 184 611-80,7 P1NP (ng/l) 73,7 26,6 60,1 - 87,4
CTX (ng/l) 547,92 215,9 432,9 - 662,9 CTX (ng/l) 4351 170,2 347,6 - 522,6
Hombres Mujeres
Determinaciones 30 - 34 ainos Determinaciones 30 - 34 anos
bioquimicas (n=13) bioquimicas (n=10)
Media DS IC 95% Media DS IC 95%
FAO (Ul/l) 69,6 10,9 63,1-76,2 FAO (Ul/) 66,7 15,3 55,8-776
OC (ng/ml) 19,9 6,6 15,9 - 23,8 OC (ng/ml) 22,6 6,8 17,7 - 27,5
P1NP (ng/l) 58,1¢ 10,6 51,0-65,2 P1NP (ng/l) 544 16,6 40,5-68,2
CTX (ng/1) 346,8° 167,3 2457 - 447,8 CTX (ng/l) 343,82 105,3 268,5-419,1
Hombres Mujeres
Determinaciones 35 - 39 afos Determinaciones 35 - 39 anos
bioquimicas (n=5) bioquimicas (n=8)
Media DS IC 95% Media DS IC 95%
FAO (Ul/l) 816 1,5 673-959 FAO (Ul/) 55,9 5,8 51,0-60,7
OC (ng/ml) 27,5 7,9 14,9 - 401 OC (ng/ml) 17,88 53 13,56-22,3
P1NP (ng/l) 654 384 4,3-126,5 P1NP (ng/l) 35,91¢ 9,0 26,4 -43,4
CTX (ng/1) 306,4 107,8 172,5-440,3 CTX (ng/l) 243,5 1051 155,7-331,3

a p<0,05 vs. 20-24 afos.
b p<0,01 vs. 20-24 afos.
¢ p<0,05 vs. 25-29 anos.

a p<0,05 vs. 20-24 afos.
b p<0,01 vs. 20-24 afos.
¢ p<0,05 vs. 25-29 afos.
d p<0,0001 vs. 25-29 afios.
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Discusion

La cantidad de hueso aumenta desde la in-
fancia hasta el final de la adolescencia y para
conservar sus caracteristicas homeostaticas
y biomecanicas se remodela constantemen-
te. Durante el crecimiento, la adquisicién de
masa 6sea se produce por modelamiento, en
un proceso no acoplado y en el cual la for-
macién osteoblastica predomina por sobre
la resorcion osteoclastica. Durante toda la
vida, el hueso se remodela mediante un pro-
ceso acoplado en el que la cantidad que se
pierde por resorcion en cada una de las URO
es reemplazado por igual cantidad de hueso
de reciente formacion. El PMO es la maxima
cantidad de masa ésea que se adquiere du-
rante el crecimiento, de acuerdo con la gené-
tica del individuo y con otros factores previa-
mente citados, y se reconoce como un factor
determinante para reducir el riesgo de sufrir
una fractura osteopordtica en la adultez.'” Al
alcanzar el PMO, el hueso deja de modelar-
se, pero por ser un tejido dinamico sufre un
continuo remodelado. Una vez alcanzado el
PMO, la densidad mineral del esqueleto per-
manece constante por un determinado perio-
do de tiempo conformando una meseta hasta
que comienza la pérdida de hueso, con ma-
yor velocidad en la posmenopausia.

La mayoria de los estudios transversales
han propuesto que la maxima densidad mine-
ral 6sea o PMO se adquiere al final de la se-
gunda década, aunque otros sugieren que es
al final de la tercera.’®® Un estudio longitudi-
nal posterior, que evalué la densidad mineral
en individuos con edades comprendidas en-
tre los 8 y los 30 afos, concluyé que el PMO
se adquiere al final de la segunda década o
al comienzo de la tercera, se sugiere con una
meseta en la densidad mineral 6sea.? Es im-
portante destacar que durante la tercera dé-
cada, el esqueleto aun se encuentra recepti-
vo ante estimulos osteogénicos como los que
ocurren con la actividad fisica, favoreciendo
la aposicién de hueso hasta lograr un pico de
fortaleza ésea y no solo de masa 6sea.?’ La

Seijo M. y col: Marcadores de formacion,
resorcion y aposicion osea

fortaleza que adquiere el hueso es un factor
determinante de la resistencia a la carga me-
canica y, con ello, de la fragilidad ésea a lo
largo de toda la vida. Sin embargo, la técnica
DXA no es lo suficientemente sensible como
para diferenciar los pequefios cambios en la
masa Osea de los parametros relacionados
con la fortaleza 6ésea como geometria, mi-
croarquitectura y calidad 6sea y que se pro-
duce por aposicién de hueso.

Los niveles de los marcadores de remo-
delado 6seo en funcién de la edad presentan
una funcién paralela a la curva de la velocidad
de crecimiento y reflejan la combinacion de
crecimiento, modelado y remodelado del te-
jido éseo. Como la velocidad de crecimiento
disminuye con la edad, los marcadores mas
sensibles y especificos también lo hacen. En
nuestro estudio se ha observado una regre-
sion negativa con la edad en los marcadores
tanto de formacion como de resorcion 6sea.

Los niveles circulantes de los marcado-
res 6seos permiten evidenciar cambios en
el metabolismo éseo mas rapidamente que
los que se observan en la DMO. Es por ello
que se podria observar un desfase entre los
marcadores 6seos y la densitometria, que se
evidencia a través del valor constante en la
DMO vy los niveles aun aumentados de cier-
tos marcadores 6seos. La coexistencia de la
meseta en la densidad mineral y el nivel ele-
vado de los marcadores podria interpretarse
sobre la base de que la DMO contribuye uni-
camente en un 70-80% en la variacion de la
fortaleza 6sea. El 20-30% restante se deberia
a efectos acumulativos y sinérgicos de otros
factores como la geometria, la microarqui-
tectura, la calidad 6sea y la fuerza muscular,
indispensables para asegurar una fortaleza
O6sea adecuada.?’ Esta diferencia generaria
una ventana entre el PMO vy el fin de la aposi-
cién 6sea que fue evidenciado en el presente
estudio a través del PINP y el CTX tanto en
hombres como en muijeres.

Saggese y col. en el afio 2002 propusieron
que, durante la pubertad, los marcadores de
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formacién se relacionarian con la DMO, mien-
tras que los de resorcién lo harian con dos
factores implicados en la fortaleza 6sea como
son el volumen éseo y el tamafno del esque-
leto.?" Sin embargo, de acuerdo con esto se
debe tener en cuenta que los marcadores de
formacién evidencian etapas de diferencia-
cién osteoblastica distintos, por lo cual no
todos ellos serian suficientemente sensibles
y especificos como para discriminar el fin de
la aposiciéon o6sea. En el presente estudio,
los niveles de FAO no mostraron variaciones
significativas entre los 20 y los 34 afos, ni-
vel en el cual la DMO permanece constante
y se produciria el pico de fortaleza 6ésea. Por
otra parte, la OC no mostré un comporta-
miento definido, posiblemente debido a que
los métodos utilizados para su medicion eva-
[ban tanto la OC de reciente formacién como
aquella que proviene de la OC liberada de la
matriz 6sea que ocurre durante el proceso de
resorcion. Ello determinaria que no se trata de
un marcador de formacion tipico sino posi-
blemente de remodelado.??? Contrariamente,
los niveles de P1INP mas elevados si se ob-
servaron durante el periodo de 20-24 afios en
ambos sexos para luego disminuir en forma
significativa al alcanzar el periodo de 30-34
afos. Este comportamiento fue similar al ob-
servado para el marcador de resorcién CTX
que, segun lo mencionado previamente, se
encontraria relacionado con ciertos factores
implicados en la fortaleza ésea, sugiriendo
que al comienzo de la década de los 30 afios
se produciria el fin de la aposicién 6sea. Por
ello, los cambios en los niveles de PINP y
de CTX durante el periodo de adquisicion de
masa oOsea permitiran discriminar el pico de
fortaleza 6sea.
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Conclusiones
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Abstract

The aim of this work was to investigate
the state of fluoride at the surface of fluoride-
modified titanium implants, and to provide
information to support or discard the
hypothesis that fluoride ion participates in
the osseointegration of implants. Titanium is
coated with a 2-10 nm thick layer of stable
and adherent TiO,, which reacts with fluoride
as a function of the anion concentration.
Under present experimental conditions, the
half-life of the reaction is about 2 minutes at
17 °C. The stoichiometry of the reaction Ti:F is
0.46 = 0.03, which do not differs significantly
from 0.5, the ratio inferred from the reaction
between sodium fluoride and TiO,: 3 TiO, +
6 NaF — Na,TiF, + 2 Na,TiO,. The reaction
proceeds as a function of the fraction of anionic
fluoride concentration, which increases from a
minimum at pH 1 to a maximum close to pH

* E-mail: josecontribunale@hotmail.com

6. The number of fluoride umoles that react
with TiO, grows exponentially as a function of
fluoride concentration, towards a maximum
at 0.24 M fluoride. According to literature
reports, potassium hexafluorotitanate is
insoluble in water and it decomposes by heating
at 780 °C, indicating a high formation constant.
It is concluded that the hexafluorotitanate
would not ionize to provide fluoride ion to the
implant-bone environment and to promote
growth and differentiation of osteoblasts. The
effect of fluoride on the surface of titanium
sheet was investigated under SEM, showing
that the titanium sheet surface is roughened
and electron dispersive spectroscopic
microanalysis indicated that fluorine is
included in the TiO, layer.
Key words: fluorine,
implants.

fluoride, titanium,
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Resumen

INVESTIGACION DEL EFECTO DEL FLUO-
RURO SOBRE LA SUPERFICIE DE IMPLAN-
TES DE TITANIO. ANALISIS DE LA REAC-
CION FLUORURO-OXIDO DE TITANIO.

El objetivo de este trabajo fue investigar
el estado del fluor en la superficie de implan-
tes de titanio tratados con fluoruro de sodio y
obtener informacion para descartar o apoyar
la hipotesis de su participacién en el proceso
de osteo-integracion. El titanio esta recubierto
con una capa estable y adherente de TiO,, de
2-10 nm de espesor, que reacciona con el fluo-
ruro en funcién de la concentracion del anién.
En las condiciones experimentales utilizadas el
tiempo de vida media de la reaccién es de 2
minutos at 17 °C, pH 5,5. La reaccién proce-
de en funciéon de la fraccion de fluoruro i6ni-
co de la concentracién total de fluoruro, que
aumenta de un minimo a pH 1 a un maximo

Introduction

Titanium is a higly biocompatible metal due
to its resistance to corrosion, bio-inertness,
capacity for osseointegration, and high fatigue
limit. Titanium biocompatibility is the result of
the protective oxide film that forms naturally
in the presence of oxygen. The oxide film is
strongly adherent, insoluble, and chemically
impermeable, preventing reactions between
the metal and its environment."

Treatment of titanium surface with
fluoride was one of procedures that initiated
the “second generation” of implants.
Ellingsen? was the first to demonstrate that
pretreatment with fluoride improves implant
osseointegration. He suggested (but did not
investigate) that “the presence of a fluoride
coat on the surface of titanium implants
stimulates the bone response leading to a

between the fluoride and titanium oxide

a pH 6. El numero de pmoles de fluoruro que
reaccionan con TiO, crece exponencialmente
en funcion de la concentracion del anién, hacia
un maximo a 0,244 M. La relacion estequiomé-
trica de la reaccion Ti:F es 0.46 + 0.03 no di-
fiere significativamente de 0.5; relacién inferida
de la reaccion: 3 TiO, + 6 NaF —Na,TiF, + 2
Na,TiO,. Como el hexafluorurotitanato de po-
tasio es insoluble en agua y tiene una elevada
constante de formacion (se descompone por
calentamiento a 780 °C), se concluye que no
se disociara para proveer fluoruro a las células
6seas en contacto con el implante. La obser-
vacion al microscopio electronico de barrido y
el analisis por espectroscopia de dispersion de
rayos X de la superficie de un trozo de hoja de
titanio tratado con solucién de NaF a pH 3.5,
indicaron aumento de la rugosidad y presencia
de fluor en la capa de TiO,.

Palabras clave: fluor, fluoruro, titanio, implan-
tes.

connection between titanium and phosphate
from tissue fluids. Free fluoride ions will
catalyze this reaction and induce the formation
of fluoridated hydroxyapatite and fluorapatite
in the surrounding bone”. He et al.? reported
the improved bone response to rough titanium
implants treated with hydrofluoric acid/nitric
acid (HF/HNO,) solution. Only two reports
on the in vitro proliferation of pluripotent
mesenchymal cells of different sources or the
gene expression of osteoblasts*® employing
titanium with fluoride modified surface were
published in the last ten years.

Human fluorosis demonstrated that the
chronic intake of fluoride has a strong bone
anabolic effect. Its effect on the proliferation
of osteoblasts has been investigated and
two hypotheses (probably complementary)
have been published. Lau et al.®reported that
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fluoride ion inhibits an acid protein-tyrosine-
phosphatase responsible for the hydrolysis of
aphosphate in one or more proteins involved in
the MAP-kinase signaling cascade that leads
to osteoblasts proliferation. Otherinvestigators
(Ammann et al.” Caverzasio et al.,® Jeschke et
al.,® Susa M.,"° Lau et al.'") assign the activation
of osteoblast proliferation to the synthesis
of aluminum fluoride (AIF,). Aluminum is an
oligoelement always present in our circulation.
According to these investigators AIF, replace
the y phosphate of GTP producing GDP-AIF ,
in the G-protein that acts as agonist regulator
of adenylatecyclase. The stability of GDP-AIF,
maintains the synthesis of cAMP unchecked.
The high levels of the latter conduce to
osteoblasts proliferation.

The aim of this work was to investigate
the state of fluoride at the surface of fluoride-
modified titanium implants and to provide
information to support or discard the
hypothesis that fluoride ion participates in
the osseointegration of implants. None of the
reports cited above investigated this point.

Materials and Methods

Experimental models: Reaction of titanium
oxide with fluoride and reaction of 4% NaF
solution, pH 3.5 on the surface of a piece of
titanium sheet.

Measurement of fluoride ion concentration:
Fluoride was measured by direct potentiometry
using an ion selective electrode ORION 94-
09 and a reference electrode of Ag/AgCI
connected to a digital analogical converter.'?

Reagents: Titanium oxide.titania (TiO,,
Sigma-Aldrich, > 99% pure) was used
suspended in distilled water (20 mg/ml [250
mmol/l]). The suspension was stirred for 30
minutes before using. The TiO, suspension
was added to the mixture of reagents in
aliquots of 100 pl (or smaller when indicated)
with a micropipette.

NaF stock solution. A 0.244 M NaF solution

between the fluoride and titanium oxide

was prepared dissolving 10.248 g of the salt
(Sigma-Aldrich, purity > 99%) in one liter of
distilled water. Standard fluoride solutions
were obtained by successive dilutions 1:10 of
the stock solution: 0.24 M to 10® M.

Buffer solutions. Acetic/acetate 1 M buffer
pH 5.5. Aliquots of this solution were adjusted
with concentrated HCI or NaOH solutions to
attain pH 4.5 and 6.5, when indicated.

Glycine/HCI 1M buffer pH 3.5. Aliquots of
the solution were adjusted with concentrated
HCI to attain pH 3.5, 2.5 and 1.5, when
indicated.

Total lonic Strength Adjustor. To provide
constant background ionic strength, aliquots
of a 1 M NaCl solution were used as indicate
below.

General design of experiments.

Experiments were carried out in triplicate.
The table displays the design of the typical
experiment. Three 25 ml plastic vials were
used for each experiment; buffer, NaCl and
standard fluoride solutions were added as
indicated. They were placed on a magnetic
stirrer with a small stir bar. With the readings of
these vials (H column) and the log of the actual
NaF concentration (F column) the calibration
curve was constructed. The suspension of
TiO,was added and the mV readings recorded
as a function of time (1). The latter allowed the
calculation of the fluoride concentration at the
end of the reaction with TiO, (J), the difference
with the actual [NaF concentration (K = F-I)
and the number of pmoles consumed in the
experiment (L). The suspension of TiO, was
added either at the beginning or in successive
aliquots.

Investigation of the presence of titanium
ion (Ti*#) in solution after the reaction between
fluoride concentration 0.244 M and TiO,: The
suspension of TiO, + fluoride solution was
centrifuged at 1000 g for 5 minutes and the
presence of Ti** ion in the supernatant was
investigated with chromotropic acid' (that
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between the fluoride and titanium oxide

Table 1. Design of a typical experiment. *moles/L, pH=5.5

A B C D E F G H | J K L
NaCl NaF Initial Actual - . Final _n_ Apmolesof
Vial B”:Ie" 1M, std., [NaF] [NaF] [,';:f’:] '"n':\',a' F;‘\‘;" [NaF] nlei)sh F reacting
ml ml std.*  std.* * with TiO,
1 1.0 1.0 10.0 0.0024 0.00203 -2.692 21.20
2 1.0 1.0 10.0 0.0244 0.0203 -1.692 17.07
3 1.0 1.0 10.0 0.2440 0.2030 -0.692 11.87 12.67 0.148 0.055 0.66
gives a red chelate with Ti** with maximum  Results

absorbance at 443 nm) and with sulfuric
acid and hydrogen peroxide solutions'#1®
to obtain the peroxo-titanic sulfate (yellow
complex, with maximum absorbance at
410 nm).

The Ellingsen's treatment of fluoride-
modified titanium implants:> A 1x5 cm piece
of titanium sheet (Grade 2, 0.3 mm thick) was
immersed in 4% NaF solution in 1 M glycine
buffer, pH 3.4-3.6, during 30 minutes. After
a brief wash in distilled water the titanium
sheet was allowed to dry spontaneously. The
latter and a piece of untreated titanium sheet
were examined under the scanning electron
microscopy and the composition of the oxide
layer assessed by energy-dispersive X-ray
spectroscopy (EDS).

Statistical analysis. Data is reported as the
mean + standard error. Comparisons were
done with ANOVA and covariance analyses.
Best fit of linear and nonlinear regressions
and their parameters were performed with
a computer program (GraphPad Prism 5.0,
San Diego, California, USA). The algorithm
proceeds by iterating until the difference
between two consecutive sums of squares
is less than 0.01. The differences were
considered significant if the probability of
different outcomes is less than 0.05.

The curve of Figure 1 reveals that the
addition of 250 pmol TiO, to a 0.080M fluoride
solution pH 5.5,17°C (vial 3, Table 1) with
continuous stirring, reduces the concentration
of fluoride at a fast rate. The half time (T2)
is 2 minutes and independent of fluoride
concentration in the present experimental
model.

0.084

0.06+

[F-] uM

0.04+

0.02-

0.00- .

0 5 10 15
minutes

Figure 1. Fluoride concentration as a function of
time, after the addition of 250 pmol TiO, to a vial
containing a 0.080 M fluoride solution, pH 5.5,
17°C.

This experiment was repeated at different pH
values and the T2 were compared (Table 2). The
analysis of variance of T'2 data indicated that
they do not differ significantly from each other
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(p=1.000). It is concluded that the reaction is
fast and that this parameter is not affected by
acidification of the medium (pH values 4.45 to
6.55).

Table 2. T, of the reaction between 0.1 M fluoride

solution and 250 pmol TiO, as a function of pH.

pH T, + SEM
4.45 1.9+0.3
4.75 2.0+0.3
5.50 2101
6.55 2.9+0.5

The measurements of fluoride concentration

between the fluoride and titanium oxide

to the values of the ordinates. The analysis of
variance reveals that the values of the slopes
and the ordinates are significantly affected
by pH (Table 3). Difference between slopes:
F = 9.267, p<0.0008; differences between
ordinates: F = 5.573, p<0.002. As pH values
determine the fraction of fluoride in ionic
form, these results indicate that the accuracy
of fluoride measurements is affected by pH
value. It is concluded that the calibration
curve of any experiment must have the same
pH and ionic strength of the latter.

Table 3. Slopes, ordinates and their SEM of
triplicates or calibration curves of fluoride as a
function of pH.

between pH 1.5 to 6.55 were estimated pH  Slope SEM Ordinate  SEM
comparing the parameters of the calibration 1.50 -0.1454  0.00568 1.055 0.112
curves. 269 -0.1784 0.00478 1.456 0.087
Figure 2 shows that the value of the 3.68 -0.2098 0.01869 1.823 0.321
slopes of the calibration curves increased 453 -0.2174 0.00163 1.980 0.028
(toward more negative figures) linearly as a 5.50 -0.2308 0.00615 2.524 0.114
function of pH values and the same applies 6.30 -0.2134 0.01410 1.875 0.242
0.10- 3
@
g 015 g 21 .
3 a
2 o
g g
® 0201 i S 1
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Figure 2. Modification of the slopes (left) and ordinates (right) of fluoride calibration curves as a function

of pH values.
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Figure 3 exhibits the number of fluoride
pmol that react with 250 umol of TiO,, (pH 5.5,
17 °C) increases exponentially approaching
the fluoride concentration 0.244 M.

e S = -
P ) ) (=)
1 1 1 J

A mmoles of F- that reacted with 250 | moles de TiO ,
5

ot
T

53 3 2 4 o
log [FIM

Figure 3. Number of TiO, umol that reacted with
fluoride, as a function of the concentration of
fluoride solution.

8 88 8

g

pmoles of F that reacted with TiO:z

(=]
o
e
.
o -

Figure 4. Number of TiO, umol that reacted with
fluoride as a function of pH values.

between the fluoride and titanium oxide

What is the amount of fluoride capable of
reacting with 250 umol TiO,, as a function of
pH?.

The values obtained were adjusted to
a growing exponential function (Figure 4)
tending to a plateau of the form:

Y=Y, + (Plateau-Y )*(1-exp(-K*x))

Where Y is the number of fluoride pmol
that reacted with TiO,, Y, is the ordinate
(estimated value = 102 pmol), Plateau
(estimated = 964 pmol), K (constant) = 0.2842,
R? = 0.9920. Clearly the reaction depends on
the concentration of ionic of fluoride, which
increases approaching neutral pH values.’

The following experiment was performed
to determine the stoichiometry of the reaction.
A series of known amounts of TiO, were added
successively to a 0.244 M solution of sodium
fluoride, pH 5.5, 17 °C. The reaction was left to
proceed to completion before each addition of
TiO, and the number of accumulatedumoles
of fluoride consumed were plotted against
the cumulative pmoles of titanium added. The
analysis of the results exhibited in Figure 5
reveals a slope: 2.07 = 0.13 mol fluoride per
mol of titanium. This relationship agrees with
the ratio F:Ti of the reaction® whose products
are sodium-hexafluortitanate and sodium
titanate.

3 TiO, + 6 NaF —> Na,TiF, + 2 Na,TiO,

The presence of titanium ion (Ti**) was
investigated in the supernatant of a mixture
of fluoride solution with an excess of TiO,.
The reactions with chromotropic acid or
with hydrogen peroxide + sulfuric acid were
negative. As discussed below, these results are
consistent with the experimental conditions
(and also probably under physiological ones).
The hexafluortitanate complex would not add
fluoride ion to the implant environment.

The above information led us to investigate
the state the chemical composition at the
surface of a polished titanium sheet etched
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Figure 5. Relationship between the fluoride pmol
consumed as a function of the number of pmoles
added to the reaction mixture.

with 4% NaF solution pH 3.5, according
to Ellingsen.? The results obtained were: a)
EDS microanalysis indicated the presence

between the fluoride and titanium oxide

Table 4. Microanalsis by EDS of the surface of
untreated and F-modified titanium sheet according
to Ellingsen.®

Untreated F-modified
Titanium Titanium

Element Wt % At % Wt % At %
Carbon 12.81 36.96 2.92 7.29

Oxygen 6.03 9.50
Fluorine 11.26 14.66
Sodium 1.02 1.08
Chloride 1.66 1.40
Titanium  85.27  61.01 54.62 3413
Lead 5.87 0.85

of fluorine and b) treatment increased the
roughness of the surface (Figure 6, Table 4).

A G AW I AR EE R AR AR AR A AW 6
—

AR R GE e AR e e AE ke Am LW
—

Figure 6. SEM images, spectra of X-ray dispersive energies and elements present in the surface off

A:polishedtitaniumsheet and B: F-modified titanium sheet according to Ellingsen.5
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Discussion

Titanium is coated with a 2-10 nm thick
layer of stable and adherent TiO,, which
reacts with fluoride as a function of the anion
concentration. Under the stated experimental
conditions, the half-life of the reaction is about
2 minutes at 17 °C, pH = 5.5. The stoichiometry
of the reaction Ti:F is 0.46 + 0.03 which does
not differ significantly from the theoretical ratio
inferred from the reaction between fluoride
and TiO, giving sodium hexafluorotitanate and
sodium titanate as products.'®

3TiO, + 6 NaF —> Na,TiF, + 2 Na,TiO,

The reaction proceeds as a function of
anionic fluoride concentration, which increases
from a minimum at pH 1 to a maximum close
to pH 6.7 The number of pmoles of fluoride
which reacts with TiO, grows exponentially as
a function of fluoride concentration, toward a
maximum at 0.244 M, fluoride.

Potassium hexafluorotitanate is insoluble
in water and it decomposes by heating in air
over 780 °C'®" (giving TiO, and KF), indicating
a high formation constant. It is concluded that
the hexafluorotitanate would not dissociate
to provide fluoride ion to the implant-
bone environment, to promote growth and
differentiation of osteoblasts.

The overall information afforded by present
experiments allows us to conclude that a)
fluorine can be included in the TiO, layer,
most probably as insoluble hexafluorotitanate

between the fluoride and titanium oxide

and b) treatment with fluoride roughened the
surface of polished titanium, in agreement
with the report by Korotin et al: “acid
treatment of Ti reduces the content of
hydrocarbons increasing the surface energy
and bio-compatibility. In addition oxygen
concentration on the surface of F-modified
Ti is much higher than for the untreated
sample, because the acid treatment removes
contaminants, increases their reactivity, and
provides a better passivation and formation of
thick protecting TiO, layer”.2

It is concluded that fluoride reacts with
the titanium dioxide that covers the surface
of the metal producing hexafluorotitanate, a
complex and highly stable anion that, under
physiological conditions would not dissociate
to provide fluoride anions in the vicinity of the
implants.
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Abstract

Based on the hypothesis that fluoride acts
as a bone anabolic agent, the aim of this study
was to measure in rats the osseointegration
of implants (grade Il titanium wire, 1 mm
diameter, 4 mm long) submitted to anodic
oxidation in 2 M phosphoric acid solution
(control implants) or b) in 2 M phosphoric acid
solution plus 0.2 M NaF (F-modified implants).
Chemical composition of the implants surface
was assessed by energy-dispersive X-ray
spectroscopy. The surface of F-modified
implants contained a 2.57% fluorine in weight.
Adult male Sprague Dawley rats (300-350 g
body weight) received two implants (in the
femur and in the tibia, close to the knee) in
each hind limb. Control and F-modified
implants were inserted in the left and right hind
limbs, respectively. Three weeks after surgery,
the animals were sacrificed. The undecalcified

* E-mail: josecontribunale@hotmail.com

bones were embedded in methylmetacrylate.
Sections were obtained to measure two
histomorphometric magnitudes: bone-to-
implant contact (BIC) and bone volume in a
defined volume of tissue around the implant
(BV/TV). BIC was significantly increased on
F-modified implants with respect to their
controls (57.2%=+3.3%, vs. 47.9+3.4, p<0.05).
BV/TV did not differ significantly between
F-modified and control implants (24.5+2.2%
vs. 22.9+1.4, p=0.30). Profiles of the average
gray pixel levels of pseudo3D images showed
a greater roughness of F-modified implants
respect to their controls (p<0.05). The relative
contributions of surface roughness and its
fluorine content to the osseointegration
process requires further research.

Key words: implant, osseointegration, rat,
fluoride.
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Resumen

OSTEO-INTEGRACION DE IMPLANTES DE
TITANIO ANODIZADO CON Y SIN AGRE-
GADO DE FLUORURO EN EL ELECTROLI-
TO. ESTUDIO EN LA RATA.

Con la hipétesis de que el ién fluoruro ac-
tla como anabdlico sobre las células 6seas,
el objetivo de este trabajo fue determinar el
grado de osteo-integracion (en la rata) de im-
plantes (alambre de titanio Il, 1 mm de diame-
tro, 4 mm de largo) anodizados en solucién de
acido fosfoérico 2 M + NaF 0,2 M (implantes-F)
comparados con implantes controles, anodi-
zados en solucién de acido fosférico 2 M. La
composicién quimica de la superficie de los
implantes fue evaluada mediante el espectro
de dispersioén de rayos X producidos durante
la observacion en el microscopio electronico
de barrido. La superficie de los implantes-F
contiene 2.57% de fluor. Ratas macho Spra-
gue-Dawley recibieron dos implantes (en el

Introduction

Ellingsen (1955)" first demonstrated that
pretreatment with fluoride improves bone
retention of implants. He “suggested that the
presence of a fluoride coat on the surface
of titanium implants stimulates the bone
response leading to a connection between
titanium and phosphate from tissue fluids.
Free fluoride ions will catalyze this reaction
and induce the formation of fluoridated
hydroxyapatite and fluorapatite in the
surrounding bone”. Other reports (reviewed
in the Discussion section) confirmed the
positive effect of acid etching of the layer of
titanium oxide with hydrofluoric acid or with
alkaline fluoride + nitric or phosphoric acids
solutions, producing implants with roughened
surfaces, the common denominator of
second generation implants. Anodizing of
titanium is another method introduced in the

implants anodized with and without fluoride

fémur y en tibia, préximos a la rodilla). Los im-
plantes-F y controles se insertaron en las pa-
tas izquierda y derecha respectivamente. En
los cortes de hueso sin decalcificacion previa
se midié el contacto hueso-implante (BIC) y
volumen 6seo en un volumen definido de teji-
do (BV/TV). BIC fue significativamente mayor
con los Implantes-F respecto de los contro-
les (57,2+3,3% vs. 47,9+3,4, p<0,05). BV/TV
no exhibié diferencias significativas en-
tre implantes-F y controles (24,5+2,2% vs.
22,9+1,4, p=0,30). Los perfiles de los niveles
de grises de los imagenes pseudo3D de las
superficies de los implantes pusieron en evi-
dencia la mayor rugosidad de los implantes-F
respecto de los controles (p<0,05). Las contri-
buciones relativas de la rugosidad y del fltor
en el proceso de osteo-integracién requieren
investigacion adicional.

Palabras clave: implantes, osteo-integracion,
rata, fluoruro.

second generation implants. This procedure
increased the thickness of the titanium
oxide layer, together with the production of
a nanostructured surface with hydrophilic
properties, rich in electrostatic charges given
by the inclusion of phosphate ions in the
titanium oxide layer.

Fluorosis showed that fluoride is a powerful
bone anabolic agent. Two hypotheses (not
mutually exclusive) have been published to
explain the effect of fluoride on the proliferation
of osteoblasts. Lau et al.? (1989) demonstrated
that fluoride inhibits a protein-tyrosine acid
phosphatase, responsible for the hydrolysis of
phosphate in one or more signaling proteins of
the MAP kinase cascade launched by action of
hormones and cytokines. Other researchers®”
assigned activation of osteoblast proliferation
to AIF,, the complex of fluoride with aluminum,
a trace element present in the circulation.
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Many cell receptors have two associated
G-proteins (stimulatory and inhibitory), which
function is to control the initiation of the above-
mentioned cascade. This control requires that
the inhibitory G-protein have a GTP molecule
in its structure. Aluminum fluoride replaces
the y-phosphate residue in guanosine
diphosphate inhibitory G-protein and, as a
consequence, the system remains stimulated.
Present experiments were conducted to
investigate whether fluoride present on the
anodized surface of the implant stimulates
osteogenic cells.

Materials and methods

Animals: Adult male Sprague Dawley rats,
300-350 g of body weight (11-week-old) were
obtained from the vivarium of the School of
Medical Sciences of the National University of
Rosario. They were maintained in a controlled
climate environment and fed with balanced
chow and water ad libitum. All experiments
were carried out in accordance with the
guidelines on the NIH guide.®

Anesthesia, surgery and euthanasia

Pre-surgical preparation. Each rat received
0.25 ml of a 1 g/dl acepromazine solution per
100 g body weight by subcutaneous injection.
Half an hour later the rat was placed in a 2.5
liters container together with a cotton swab
embedded with 2 ml of isofluorane. Anesthesia
took effect in 15 minutes.

Surgical procedure. Each rat received
successive intramuscular injections: 0.3 ml
of a ketamine solution (50 mg/ml), 0.1 ml of
a diclofenac solution (25 mg/ml), and 0.1 ml
of a ceftriaxone solution (30 mg/ml) per 100 g
weight. During surgery, the snout of the rat
was covered with a tube containing a swab
with isofluorane.

The rat hind limbs were shaved and
scrubbed with 10% povidone-iodine solution.
The distal aspect of the femur and the proximal
aspect of the tibia of each leg were carefully
exposed via a skin incision and muscle

implants anodized with and without fluoride

dissection. Tissue was reflected to expose
the flat portions of the femur and tibia, above
and below the knee. The implant sites were
prepared at 7 mm from the articular surfaces
by hand drilling a hole, perpendicular to the
bone surface, with a 1.1 mm diameter round
bur. The implants were subsequently placed
into the osteotomy and carefully pushed into
place. After the correct implants positions
were achieved, surgical sites were closed
in layers. Muscle and skin were sutured
separately with absorbable sutures. All rats
recovered from surgery and displayed normal
mobility and activity after 1 or 2 hours. Rats
received standard rodent chow and water ad
libitum. Analgesic was administered in the
drinking water (0.25 g of diclofenac per liter)
for one week.

Euthanasia. Each rat received, 0.25 ml
per 100 g body weight of a acepromazine
solution (1 g/dl), by subcutaneous injection.
Half an hour later the rats were anesthetized
as indicated above and then they were placed
into carbon dioxide chamber for the time
necessary for the death.

Implants: Titanium wire, grade Il 1 mm
in diameter, was obtained at Roberto Cordes
SA (Argentina). Raw wire lengths (40 cm)
were submitted to two different anodizing
conditions: a) in 2 M phosphoric acid solution
(control implants) and b) in 2 M phosphoric
acid solution plus 0.2 M NaF (F-modified
implants).®

The wire (anode) was placed into a 500
ml plastic measuring cylinder internally lined
with a 0.1 mm thick sheet of bronze (cathode).
In order to ensure uniformity of the electric
field, the titanium wire was centered into the
cylinder with the aid of plastic discs attached
at the ends. Anodizing was done at room
temperature, constant 20 volts for one hour.
After anodizing, implants were prepared by
cutting the wire into 4 mm-long sections. They
were cleaned by soaking in 96% ethanol for
24 hours and autoclaved.
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Experimental design: Each rat received
two implants in each hind limb. Control
implants were inserted in the left leg and
F-modified implants in the right leg. Three
weeks after receiving the implants the animals
were sacrificed to assess the osseointegration
as described below.

Preparation of histological sections. After
a healing period of 3 weeks, rats were
euthanized as detailed above. The skin was
incised on the medial side on the femoral-
tibio-patellar region separating muscula-
ture from bone. Bone specimens (tibia
and femur) were removed, cleaned of soft
tissue, and fixed in phosphate-buffered
paraformaldehyde solution for 12 hours.
Subsequently, the specimens were dehydrated
in an ascending series of ethanol (50-96%)
over 2 days, cleared with xylene and finally
embedded in methylmetacrylate, according
to Maniatopoulus et al.’® Once polymerized,
blocks of acrylic were cut transversely to the
implant axis, with a low speed metalographic
saw (Isomet). The sections were made with a
thickness of about 150 um. Three to five cross
sections were obtained of each implanted
bone. The sections were thinned using 400

implants anodized with and without fluoride

grit sandpaper and finally polished with 1000
grit sandpaper, lubricating with water. The 60
to 80 pm-sections were stained with of 2%
Alizarin Red aqueous solution, for 5 minutes.

Histomorphometric analysis. Digital images
of section were obtained using atrinocular light
microscope (Leitz, Wetzlar, Germany). Digital
images of sections were obtained at a 40x
magnification with a camera (Olympus SP-350,
China). Digital images were analyzed using the
NIH image software." Two histomorphometric
parameters were determined in each section:

a) Bone-to-implant contact (BIC): BIC was
measured around the implant (Figure 1A).
Percent contact was defined as the length of
bone contacting the implant, divided by the
circumference length of the implant. Bone
contact was defined as no visible gap at the
light microscopic level. For this system, this
represents any bone within 10 pym of the
implant surface.

b) Bone volume within a defined volume
of tissue around the implant (BV/TV). It is
expressed as a fraction of the area occupied
by bone within a ring (centered in the implant)
500 and 1000 pm of internal and external
radios, respectively (Figure 1B).

Figure 1. A: BIC. The lines around the circumference of the implant mark the lengths of bone-to implant-

contact. B: BV/TV. The lines mark the areas of bone within the ring of standard dimensions around to the

implant. The implant has a diameter of 1 mm.
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Analysis of the implants surface at the
Scanning Electron Microscope (SEM) and
energy-dispersive X-ray spectroscopy
(EDS).

Anodized (with or without fluoride in the
electrolyte) and non-anodized titanium wire
samples were examined by the scanning
electron microscopy and the composition
of the oxide layer was analyzed by EDS
(spectroscopy energy dispersive).

Pseudo3D images of the surface of the
implants. The RGB images of the implants
(969x720 pixels) were converted to 16 bit-gray
images. With the aid of the digitalimages analysis
program, pseudo3D images of the surfaces
of the implants were obtained as follows. The
images were selected with the rectangle tool
and a two-column table, summarizing the
outline of the image was obtained. The column
of the vertical axis (Y) contains the gray level
average of the 720 pixels for each one of the 969
pixels of the X axis. Statistical analysis of the
latter values gave the maximum and minimum
values, the average and its standard deviation
values and the 95% confidence interval of the
average. These figures were used as surrogate
variables to compare the surface roughness of
the controls vs. F-modified implants.

implants anodized with and without fluoride

Statistical analysis. Seven rats were
used in these experiments, each one of
which received four implants. Each implant
produced 3 to 6 sections for histological
analysis. Digital images of the sections
were analyzed individually. The values of
the measured variables were averaged for
each implant. The percentage figures BIC
and BV/TV were normalized by the angular
transformation (angle = arcsine \percentage),
before statistical analysis. The results were
analyzed using the Student t-test.'? Statistical
significance was assigned if the value of
p<0.05.

Results

Samples of raw and anodized titanium
wire, with and without fluoride added to
the electrolyte used in the process were
observed wunder a scanning electron
microscope. The Figure 2 reveals that
anodizing modifies the roughness of titanium
surface. The microanalysis of the elements
present in the passivating layer (Table 1)
reveals the presence of phosphorous and
oxygen (from phosphoric acid) and fluorine in
the F-modified wire, plus some contaminants
granted, most probably, from the bronze
anode.

Table 1. Elements composition at the surface of implants, assessed by energy dispersive spectroscopy.

Implants not

Implants anodized

Implants anodized in

Elements anodized in 2M H,PO, 2M H,PO, + 0.2 M NaF
Weight % Weight % Weight %
Carbon 12.81 23.31 18.00
Oxygen n.d. 28.82 27.30
Fluorine n.d. n.d. 2.57
Sodium n.d. 0.93 1.37
Magnesium n.d. 0.49 0.80
Aluminum 1.91 1.69 1.77
Silica n.d. 3.51 2.84
Phosphorous n.d. 1.42 0.67
Titanium 85.27 38.59 44.46

n.d.= not-detected
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implants anodized with and without fluoride

Figure 2. Left: A: surface of the coarse grained titanium wire. B: surface of anodized wire in phosphoric

acid 2M. C: surface of anodized wire in phosphoric acid 2M+NaF 0.2M. Right: spectra of characteristic

X-rays produced at the SEM.

The experimental model indicated that
each rat received two implants in each hind
limb. Control implants were inserted in the flat
portions of the femur and tibia of the left leg, at
7 mm above and below the knee. F-modified
implants were similarly inserted in the right
leg. Three weeks after surgery the animals
were sacrificed and bones were processed to
assess osseointegration using two measures:
BIC and BV/TV (Figure 1).

As expected, implants (control or
F-modified) inserted in the femurs showed not
significant differences with those of the tibia,

either in the BIC or the BV/TV measurements

(Tables 2 and 3).

When the pooled data of controls was
compared with that of F-modified implants,
significant differences were observed in the BIC
variable and not in the BV/TV (Tables 4 and 5).

To compare the surface roughness
of implants, the images of Figure 2 were
converted to gray images of 16 bits to obtain
the pseudo3D images. As described in Material
and Methods a summary of the outline of the
images of control and F-modified implants
were obtained.
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Table 2. Comparison of the osseointegration, assessed by BIC, of control (left femur and tibia) and
F-modified implants (right femur and tibia) in the rat.

Implants anodized Implants anodized
in 2M H,PO, in 2M H,PO, + 0.2 M NaF
Tibia Fémur Tibia Fémur
Number of rats 7 7
BIC, mean+SEM, % 48.3+5.4 46.8+3.8 58.3+3.5 56.1+3.1
“t” test 0.611 1.245
p value 0.554 0.237

Table 3. Comparison of the osseointegration assessed by BIC, of control vs. F-modified implants, in the rat.

Implants anodized Implants anodized
in 2M H,PO, in 2M H,PO, + 0.2 M NaF
Number of implants 14 14
BIC, mean+SEM, % 47.9+3.4 57.2+3.3
“t” test 2.047
p value <0.05

Tabla 4. Comparison of the osseointegration, assessed by BV/TV, of control (left femur and tibia) and
F-modified implants (right femur and tibia) in the rat.

Implants anodized Implants anodized
in2M H,PO, in2M H,PO, + 0.2 M NaF
Tibia Fémur Tibia Fémur
Number of rats 7 7
BV/TV, mean+SEM, %  21.90+2.2 26.1+2.1 24.7+3.3 21.2+3.0
“t” test 1.381 0.750
p value 0.159 0.434

Table 5. Comparison of the osseointegration assessed by BV/TV, of control vs. F-modified implants, in the rat.

Implants anodized Implants anodized
in 2M H,PO, in2M H,PO, + 0.2 M NaF
Number of implants 14 14
BV/TV, mean+SEM, % 24.5+2.2 22.9+1.4
“1” test 1.056
p value 0.3007
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implants anodized with and without fluoride

Figure 3. Pseudo3D images of the surfaces of
anodized implant in phosphoric acid 2M (A) andin
phosphoric acid 2M+NaF 0.2M.

Figure 4.The graphs present the profiles of the
average gray levels outline of the images of implants
surfaces, previously converted to gray images of
16 bits. The ordinate shows the average gray level
of the 720 pixels for each one of the 969 pixels of
the width of the images. A. Implants anodized in
phosphoric acid 2M; B. Anodized in phosphoric
acid 2M+NaF 0.2M.

Table 6. Statistical summary of the profiles of average gray levels (surrogate variable of superficial

roughness of implants) shown in Figure 4.

Implants anodized

Implants anodized

in2M H,PO, in 2M H,PO, + 0.2 M NaF
Minimum 3266 1429
Maximum 65470 65530
Mean + SD 16350 + 3484 16840 + 3323

95% Confidence Interval of the mean

16100-16600

16590-17090

Statistical analysis of the outlines gave the
maximum and minimum values, the average
and its standard deviation values and the
95% confidence interval of the average.
These data were used as surrogate variables
to compare the surface roughness of the
controls vs. F-modified implants. Inspection
of Table 6 reveals that F-modified implants

are significantly rougher than control ones
(p<0.05).

Discussion

The concept of osseointegration was
discovered by Branemarket al.’®and has had a
great influence on the clinical treatment of oral
implants. Thefirst generation of titanium implants
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had amachined surface. Shortly after, the second
generation of implants appeared in the market.
Clinical experience revealed that implants with a
rough surface with homogeneous and uniform
pores, gave the best molecular interactions, cell
response and osseointegration.

The experiments reported in this paper
investigate the effect of three particularities
of the implants surface related to the
osseointegration process: roughness, anodic
oxidation and fluoride incorporation. A brief
review of the literature on these particularities
follows before reporting the results of present
experiments.

Surface roughness. Surface roughness
can be achieved with sand, ALO, or TiO,
grit-blasting, coupled or not with acid
etching, anodic oxidation and more recently
with laser.’®'° [t has been proposed that the
improvement in osteoconductivity of these
strategies is related to the altered topography
of the implant resulting in greater adhesion
of osteoblasts and pre-osteoblasts.?%?!
The surface of implants should exhibit a
microporous structure of about 0.5 to 1.0 pm
diameter to facilitate insertion of osteoblasts
filopodia. Additional micropores, 3 to 5 pm
diameter allow osteoblasts to adhere strongly
to those depressions. It is known, however,
that the success of the implant depends
on the complex environment that includes
components of blood and other cells, not only
osteogenic cells. So far, published clinical
trials do not clearly describe whether the
implants under investigation have machined
or micro/nanotechnological surfaces.

Anodic oxidation. The electrochemical
process ofanodic oxidation provides two types
of oxide layers as a function of the quality of
the electrolyte employed to dissolve the oxide
layer, A) nonporous films are produced with
electrolytes in which the dissolution of the
oxide is negligible and B) porous films are
obtained with electrolytes containing acids in
which the oxide is soluble. As the pores formed
by anodic oxidation measure 10-100 nm, they

implants anodized with and without fluoride

are recognized as nanoporous structures.?®
The structural and chemical properties can
be varied by controlling various parameters:
anode potential, electrolyte composition,
temperature, and current.?! At lower voltage,
a fairly constant growth of the oxide layer is
obtained, while at higher voltage, gas evolution
increases and thickening of the oxide layer is
obtained.?? Furthermore, depending on the
electrolyte composition, different ions could
be integrated into the oxide layer.*24 Anodic
oxidation improves bone to implant contact
and requires more torque to extract the
threaded implants.2526

Fluoride modified implants. In the 1995-
2015 period, only one paper was published
using fluoride modified implants in vivo.
Ellingsen' reported that fluoridepre-treatment
of titanium implants increased four times their
retention in rabbits ulnas, after four and eight
weeks of healing period, as measured by a
push out technique. He F et al.?” investigated
the bone response to rough titanium implants
treated with hydrofluoric acid/nitric acid
(HF/HNO,) solution. Two to 8 weeks after
surgery, the tibias of rabbits were retrieved
and prepared for removal torque testing
and histomorphometric evaluation. In the
same period, eight reports were published
investigating the proliferation of pluripotent
mesenchymal cells of different sources or the
gene expression of osteoblasts in vitro.?8%
Only two of these reports employed anodized
titanium with fluoride modified surfaces. Jimbo
et al.3® reported the enhanced expression of
genes involved in osseointegration in a culture
of human osteoblast-like cell line. Kim et
al.?? investigating the behavior of pluripotent
mesenchymal cells reported that surface
roughness enhances the hydrophilic property
of the anodized Ti and improves the initial cell
response to it.

Present experiments. Anodic oxidation
of the implants employed in this report were
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performed in phosphoric acid solutions
because it is less corrosive to titanium and it
is associated with a most interesting feature:
the reaction with and permanent presence
of phosphate anions on the surface of
titanium oxide. The 0.5 to 4 M phosphoric
acid solutions contain un-dissociated acid
and H,PO," ions exhibiting strong affinity to
cations. Anodizing the implant in 2 M H,PO,+
0.2 M NaF solution, as detailed by Krasicka-

implants anodized with and without fluoride

implants: increases the thickness of the TiO,
layer, incorporates hydrophilic quality and
electrostatic charges to the surface providing
a nanostructured platform for binding different
proteins, modifies the topography and surface
roughness, and incorporates fluoride to the
oxide layer. The scheme of Figure 5 is based
on the presumed reaction between phosphoric
acid and titanium oxide. The chemical binding

of fluoride in this structure, however, is as yet

Cydzik et al.® modifies the surface of the unknown.
0
H
0 0 | 0
T T 0=P—O0H H* T
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Figure 5. Theoretical scheme of phosphoric acid-titanium oxide structure, inferred from studies of electron

spectroscopy.’

According to Puleo and Nanci,’* bone
formation occurs in the periprosthetic region
in two directions simultaneously: from the
implant to the bone (contact osteogenesis)
and from the metaphyseal trabecular bone
towards the implant (distant osteogenesis).

Contact osteogenesis was assessed by BIC
(bone to implant contact). The results obtained
indicate that F-modified surface significantly
improves implant osseointegration, and agree
with the report by Ellingsen et al.’

Anodizing with the incorporation of fluoride
did not affect the BV/TV variable. It is not
possible to draw a definitive conclusion on
whether the inclusion of fluoride affected or
not distant osteogenesis, a phenomenon
that requires evaluation with the tetracycline

labeling technique. According to Puleo and
Nanci,'* analysis of fluorochrome labeling

demonstrates that the bone extending away

from the implant forms at a rate about 30%
faster than that moving toward the biomaterial.

The implants with F-modified surface

differ from controls implants not only in their

fluoride content but also in the roughness

of their surfaces. These results raise the
question on the fractional contributions of

surface roughness and fluoride content on the

proliferation of osteoblasts, as assessed by the
BIC variable. Additional research is required
to determine the relative contributions of the
roughness of implant surface and its fluorine

content to the osseointegration process.
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Abstract

Connexins (Cxs) are a family of transmem-
brane proteins that form gap junctions and
hemi-channels, which mediate cell-cell com-
munication between neighboring cells and the
respective extracellular milieu in different tis-
sues. Most tissues and cell types throughout
the body express one or more Cx proteins,
highlighting its importance in regulating cell
growth, differentiation, adhesion, migration,
cell death and others. Moreover, Cx can prop-
agate intracellular signals through its C-termi-
nus domain, and thus function beyond a mere
channel. Cx43 is the most highly expressed
and most well studied Cx in bone and musculos-
keletal tissues, although Cx40, Cx45, Cx46 and
more recently, the Cx37 have been described
in bone tissue, along with Cx26, Cx32 and
Cx39 in other musculoskeletal tissues. Here,
we discuss the basic structure of gap junctions
and the role of the Cxs in musculoskeletal tis-
sue, with special focus on Cx37.
Keywords: connexins, bone, Cx37, bone
cells, gap junction.

Resumen

EL PAPEL DE LAS ESCASAMENTE IN-
VESTIGADAS CONEXINAS EN EL TEJIDO
MUSCULO-ESQUELETICO: UNA BREVE
REVISION CON ENFASIS EN EL TEJIDO
OSEO

Las conexinas (Cxs) son una familia de pro-
teinas transmembrana que forman uniones
en hendidura y hemicanales encargados de
mediar la comunicacion entre células vecinas
y el respectivo medio extracelular en diferen-
tes tejidos. La mayoria de los tejidos y célu-
las expresan una o mas proteinas conexina,
jugando un papel importante en la regulacion
de la proliferacion celular, diferenciacién, ad-
hesién, migracion y muerte celular, entre otras
funciones. Ademas de actuar como un canal,
las conexinas pueden propagar sefales intra-
celulares a través del dominio C-terminal. La
Cx43 es la conexina mas expresada y mejor
estudiada en el tejido 6seo y el musculo, aun-
que las Cx40, Cx45, Cx46, y mas recientemen-
te Cx37, son también detectadas en el hueso.

* Direccidn postal. Department of Anatomy and Cell Biology. Indiana University School of Medicine. 635
Barnhill Drive, MS-5035. Indianapolis, IN 46202. E-mail: pachecor@iupui.edu
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A su vez la expresion de la Cx26, Cx32 y Cx39
ha sido observada en otros tejidos musculo-
esqueléticos. En este manuscrito describimos
la estructura basica de las uniones tipo gap y

Basic structure and functions of gap junc-
tions

The plasma membrane has a variety of
specialized structures that are responsible
for functions at the cellular and molecular
level. Among these different types of mem-
brane specializations are the gap junctions,
also known as nexus junctions, which are a
cluster of membrane channels that provide
a conduit for the passage of ions, such as
Ca?, H*, Na*, K and CI- and other small mole-
cules (up to ~1.5 nm in diameter) from the cy-
toplasm of one cell to another.? As a result,
this type of specialization plays an important
role in mediating communication between dif-
ferent tissues and cells. For example, in the
heart, a conduction system is formed through
gap junction connections, which allow for the
propagation of electrical impulses.®

Findings of the last decade have revealed
that gap junctions are encoded by the gene
family, known as connexins (Cxs). Cxs are
grouped into five subgroups (a, B, y, 6, or ¢
in relation to their sequence and cytoplasmic
loop length and are named based on their
predicted molecular weight (for example,
Cx43 and Cx37 are ~43 and 37kDa in size,
respectively).*

Gap junction channels are formed through
the linkage of two connexon on the plasma
membrane surface of adjacent cells, which
are composed of six transmembrane pro-
teins. These channels allow for direct cell-
cell communication, since the two connexon
evenly align and are closely associated, with
only a narrow gap of 2-4 nm separating them
(Figure 1A). Currently, more than 21 different
Cx proteins have been identified, but only a
few have been extensively studied.! A com-
plex interaction among several types of Cxs

el papel que las Cxs, y en especial la Cx37, tie-
nen en tejidos musculo-esqueléticos.
Palabras clave: conexinas, hueso, Cx37, célu-
las 6seas, uniones en hendidura.

and between connexons provides a variable
array of possible combinations, which modi-
fies the affinity of the channel to certain ions
(Figure 1B).

Depending on the ion concentration, the
pH or extracellular signals, the connexon may
be open or closed, thus regulating the activity
of these molecules (Figure 1C).°> However, the
mechanisms that regulate channel opening
and closure are still unclear.

The composition and quantity of Cxs ex-
pressed on the cellular membrane is different
in each cell type and might vary over time.
Further, while Cxs are expressed in several
tissues and cells, they are not expressed in
the red blood cells, spermatozoids or differen-
tiated skeletal muscles of adult vertebrates.®

The half-life of the intercellular gap junc-
tions is only a couple of hours, upon which
they then either fuse with the lysosome or
are directed to the proteosomal pathway for
degradation. However, even after internaliza-
tion some Cxs can be recycled back to the
membrane.’

In addition to the role of Cxs in facilitating
the exchange of molecules through the forma-
tion of gap junctions; Cxs can also initiate and
propagate biochemical signals through their
different structural domains. Thus, function-
ing not only as a channel, but also as a scaf-
fold, facilitating intracellular signaling (Figure
2).8 For example, opening of Cx43 hemichan-
nels confers, at least in part, the anti-apop-
totic effect mediated by bone antiresorptive
bisphosphonates, mechanical stimulation
and parathyroid hormone in osteoblastic
cells.® Furthermore, opening of these hemi-
channels in osteocytes allow the passage of
prostaglandin E, (PGE,), an important extra-
cellular mediator for bone anabolism.!°
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Figure 1. Schematic illustration of the gap junction structure and the complexity of the interac-
tion between different subunits of connexins and connexons. A. Membranes of two neighboring
cells forming a gap junction composed of a cluster of gap junction channels along the membrane, leav-
ing a 2-4 nm gap. In detail, 6 connexins forming one connexon and establishing association with other
connexon to form a channel. B. Top view of the gap junction closed and open. Schemes adapted from
Biological Science, Prentice Hall; 2nd Edition (2005). C. Hemichannels/connexons can be formed by one
(homomeric) or more types of connexins (heteromeric). Two homomeric or two heteromeric connexons
for a functional gap junction are called homotypic channels whereas heterotypic channels are composed
of different homomeric or heteromeric hemichannels. Scheme adapted from Kumar and Gilula (1996).

Under-investigated connexins and their
roles in bone metabolism

From the 21 different types of Cxs identi-
fied thus far, only a small number have been
described in musculoskeletal tissue and, in
particular, bone tissue.

Of these different Cxs, Cx43 was the first
to be identified and is the most highly stu-
died Cx in bone tissue. Mutations of the Cx43
gene are associated with occulodentodigital
dysplasia (ODDD), a condition characterized
by abnormalities that include weak enamel,

60
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Figure 2. Schematic illustration of transmembrane domains of connexin protein. One connexin

molecule originates four membrane domains (m1 to m4) with two extracellular loops (el 1 and el 2) and

one intracellular (il). Also, connexin molecules have one amino (NH,) and one carboxi (COOH) termini fac-

ing the cytoplasm. Cytoplasmic loop and COOH-terminus present variation in the sequence and length,

whereas NH,-terminus is highly conserved. Scheme adapted from Kumar and Gilula (1996).2

small or missing teeth, and early tooth loss
and broad long bones." It is estimated that
approximately 1,000 people are affected
worldwide; although the actual incidence is
unknown since the majority of cases go un-
diagnosed.

Whereas Cx43 and Cx45 are expressed at
the surface of plasma membrane,’? Cx46 is
retained in the perinuclear compartment that
is similar to the trans-Golgi compartment of
osteoblastic cells.’®* However, why this Cx is
retained in a specific site and what its role is
in the osteoblasts is still to be investigated.
Moreover, Cx45 and Cx43 are co-localized at
appositional membranes and Cx45 functions
as a dominant negative for Cx43 actions.'*'®
Due to changes in permeability and relative
expression, these proteins can alter the ex-
pression of bone matrix proteins such as os-
teocalcin and bone sialoprotein. Overexpres-

sion of Cx45 decreased dye transfer and of
those matrix proteins aforementioned, where-
as predominance of Cx43 had the opposite
effect.’®'” Furthermore, Cx45 is involved in
matrix production in the different stages of
bone formation in chicken and abundantly ex-
pressed between transitions of preosteoblast
to osteoblast.’® Despite this, characterization
of the bone phenotype in Cx45 global knock-
out did not show gross abnormalities.”” On
the other hand, this gap junction is essential
for organization of blood vessels in embryos
and mice with global deletion of Cx45 die be-
tween E9.5 and E10.5. However, the specific
contribution of Cx45 and Cx46 in bone cells
by using the Cre-loxP system has not been
investigated yet.

Mice globally lacking Cx40 are viable;
however, newborn mice and embryos exhib-
ited defective axial and appendicular bone,
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with abnormal rib development, lower limb
malformations and delayed ossification in
anklebones. This indicates the requirement of
Cx40 in controlling bone development.®
Cx37, the last connexin reported in bone
tissue, is described in a separate topic.

Cx37, the newly identified bone connexin

Mice with a global deletion of Cx37 are
viable and do not display any external gross
abnormalities; however, they exhibit impaired
oocyte maturation and vascular endothelium
architecture. Several studies provided con-
vincing evidence that global Cx37 knockout
mice lack terminally differentiated graafian
follicles, resulting in female infertility due to
lack of ovulation.?22 Since female mice are
infertile, it is possible that they have altered
levels of steroid hormones, especially estro-
gen, which could alter the bone metabolism.
However, mounting evidence have shown that
infertility caused by reduction in Cx37 occurs
due to inability of the granulosa cells of the
ovarian follicle to transport the molecules and
hormones necessary for maturation, even
when stimulated with gonadotropin.20:2!

Gene array studies demonstrated that
GJA4, the gene that encodes the Cx37, is ex-
pressed in bone tissue, particularly in osteo-
blast and osteocytes. In addition, osteocytes
exhibited 5-fold higher expression levels than
osteoblasts,?® showing that Cx37 is not re-
stricted to vascular development and matura-
tion of oocytes.

The direct association between bone mass
and Cx37 was described by Yamada et al.
(2007) and colleagues.?* This study showed
that substitution of the proline amino acid
with a serine at position 1019 in the regulatory
C-terminus domain of the Cx37 protein leads
to misfunction of the protein. Further, patients
with this polymorphism in the male Japanese
population exhibited increased bone mass.?*
Interestingly, women do not reproduce the
same findings, suggesting that the effect of
Cx37 is gender-dependent. However, more

studies are needed to address this discre-
pancy.

More recently, a study conducted in grow-
ing mice lacking Cx37 showed increased spi-
nal and femoral bone mass density in males
and females, although it was less pronounced
in females when compared to males.?? In addi-
tion, this study demonstrated that the cellular
basis of bone gain in Cx37-deficient mice is
due to impairment on osteoclast formation.2?

Inhibition of gap junctions and hemichan-
nels by heptanol, decreased the number of
mature osteoclasts in several studies.’®%-27
Although, due to non-specificity of its block-
age, the contribution of gap junctions and
hemichannels to osteoclast formation is un-
clear. In addition, other types of pharmaco-
logical gap-junctional blockers, such as an-
tiarrhythmic peptides, showed a decrease in
the number of TRAP-positive multinucleated
osteoclasts.?® Blocking the Cx43 gap junc-
tion, results in a lower number of TRAP-posi-
tive cells.?®> However, pharmacological block-
ers are not specific for each type of Cx since
they inhibit groups of Cxs, thus preventing the
ability to observe the contribution of each in-
dividual Cx. Despite the increases in osteo-
clast precursor markers CD11b, CD14, and
RANK in Cx37-deficient mice, mononuclear
precursor fusion is partially inhibited, which
in turn leads to a reduction in the number of
mature osteoclasts. Consistent with these
findings, gap junctions are expressed at high-
er levels in the early stages of differentiation
from bone marrow precursor cells when com-
pared to mature osteoclasts.?” Furthermore,
when Cx37 is absent, mice are predisposed
to atherosclerosis due to an increase in the
number and recruitment of monocyte-macro-
phages.2® These pieces of evidence reveal the
Cx37 is involved in facilitating cell adhesion.

In addition to effects of Cx37 associated
to its channel activity, the C-terminus tail of
the Cx37 is a substrate for GSK-3p (glycogen
synthase kinase 3), more specifically at the
319 amino acid position.®® GSK-3 is involved
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in Wnt/p-catenin signaling and its inhibition
is responsible for stabilization of p-catenin.®!
Moreover, authentic osteocytes and bone ly-
sates from Cx37-deficient mice and MLO-Y4
osteocytic cells silenced for Cx37 exhibited
activation of Wnt/p-catenin signaling (data not
published). These pieces of evidence suggest
that, by a mechanism not clearly understood,
Cx37 might repress the Wnt/p-catenin path-
way and its absence leads to an increase in
the accumulation of p-catenin and conse-
quently contributes to high bone mass.

Although little work has been done to fur-
ther understand the action of Cx37 in bone,
this Cx has emerged as a potential candidate
for the development of mimetic peptides,
which could be used to selectively target os-
teoclast precursors and thus reduce bone re-
sorption.

Connexins in other musculoskeletal tissues

Cartilage

Cartilage is an elastic connective tissue
composed of collagen fibers, proteoglycans,
and elastin fibers, which are produced by
chondrocytes.

Studies have demonstrated the expres-
sion of various different Cxs in chondrocytes.
In human primary costal and articular carti-
lage, chondrocytes express Cx32 and Cx46,
as well as, Cx43 and Cx45, which form het-
erotypic channels, and modulate rapid Cx43
channel gating properties likely through Cx45
docking induced conformational changes.® In
addition, studies examining an animal model,
in which Cx29 was replaced by the LacZ re-
porter; found that Cx29 is expressed in chon-
drocytes of the intercalated discs and in the
epiphysis of developing bones.3?

Ligament

In ligaments, a fibrous avascular tissue
composed of cells and extracellular matrix
that connects bones or cartilage to one anoth-
er, the expression of numerous Cxs has been

detected. Periodontal ligament fibroblasts
(PDLFs) express a variety of different Cxs,
including Cx32, Cx40, Cx43, and Cx45,34%7
which are differentially localized with Cx40/43
and Cx32/45 forming heteromeric channels.
Immunohistochemical analysis observed
punctuated expression of Cx40/43, suggest-
ing these forms might exist in the membrane
and primarily form gap junction channels,
whereas Cx32/45 are ubiquitously expressed
in all cells and are present in both the cyto-
plasm and the cell membrane.?*¥ Previous
work has demonstrated that Cx40 and Cx45
are involved in regulating the contractile func-
tion of PDLFs, while Cx43 may be involved in
regulating their secretory function.?*%" Further,
in cultured and intact human PDLFs, Cx43
was shown to be expressed only when cell-
cell contact was established, whereas Cx32
was expressed in the cytoplasm regardless
of whether there was cell-cell contact.3+%
Cx43 expression and gap junction channels
were also detected in medial collateral liga-
ments.34-%7

Tendon

Tendons are tough bands of fibrous con-
nective tissue, made of collagen similar to lig-
aments, which connect muscles to bone and
are capable of withstanding tension. Cx43,
Cx32 and Cx26 expression has been detected
in tendons;®* and studies have demonstrated
the essential role of gap junction intercellular
communication in stimulating strain induced
collagen synthesis by tendocytes.?® In addi-
tion to their expression in human tendons,
Cx43 and Cx32 have also been observed
in sheep,*® equine,*" and avian*? tendons.
These two Cxs are differentially localized and
are unable to form heteromeric channels.*®
Within the cellular rows, Cx32 is expressed
between tenocyte bodies, whereas Cx43 is
present both between cell bodies and at the
regions where the lateral and longitudinal cel-
lular processes connect.*? Further these two
Cxs differentially modulate tenocyte collagen
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secretion in response to mechanical stimula-
tion, where Cx43 is inhibitory, while Cx32 is
stimulatory.*2

Skeletal muscle

Skeletal muscle, a striated muscle tissue
that is attached to bones by tendons, is made
up of myofibers, which are formed through the
activation, proliferation, and differentiation of
myogenic satellite cells.**** During myogen-
esis, satellite cells proliferate into myocytes,
which differentiate into myoblasts and then
fuse to form myotubes. Following myotube
maturation, completion of myogenesis results
in a newly formed muscle myofiber.*5 All three
myogenic cell types express Cx40, Cx43, and
Cx45, whereas only myotubes express Cx39.
Previous studies have demonstrated that in
the absence of Cx43 or Cx45, differentiation
is delayed both in vitro and in vivo, and re-
moval of Cx43 leads to decreased myogenin
expression, as well as, reduced cell fusion;
suggesting that Cx43 plays a role in myoblast
differentiation.**4” On the other hand, Cx39,
which does not form gap junction channels
and may or may not form hemichannels, is in-
volved in the muscle differentiation process,
but not in the process of myogenic differen-
tiation.*® Further, myogenesis is enhanced in
Cx39-deficient murine embryos and Cx43 ex-
pression is increased, suggesting that Cx43
may compensate for the loss of Cx39 dur-
ing myogenesis and muscle regeneration.t
These studies demonstrate the contribution
of Cx proteins in myogenesis; however, it is
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HIPERCALCEMIA HIPOCALCIURICA FAMILIAR EN UNA PACIENTE
CON MUTACION DEL RECEPTOR DE CALCIO: FORMA ATIPICA DE
PRESENTACION Y TRATAMIENTO CON CINACALCET

Maria Belén Bosco,™ Maria Diehl,' Ana Maria Galich,' Victor Jager,' Eduardo Massaro,? Luisa Plantalech’

1. Seccion Osteopatias, Servicio de Endocrinologia y Medicina Nuclear, 2. Seccion Cabeza y
Cuello, Servicio de Cirugia del Hospital Italiano de Buenos Aires.

Resumen

El hiperparatiroidismo familiar y la hiper-
calcemia hipocalciurica familiar (HHF) consti-
tuyen un subgrupo heterogéneo de trastornos
con herencia mendeliana, que representan en
conjunto el 5% de las causas de hipercalce-
mia PTH dependiente. La HHF se asocia con
mutaciones del gen del receptor sensor de
calcio (CaSR). Esta entidad se manifiesta, en
la mayoria de los casos, con la presentacion
asintomatica y familiar de hipercalcemia e hi-
pocalciuria y valores elevados o normales de
hormona paratiroidea (PTH).

Los avances en la biologia molecular han
contribuido al diagndstico, evaluacién del fe-
notipo de cada entidad y eleccién del trata-
miento.

Se describe el caso de una paciente con
hipercalcemia estudiada a partir de una tumo-
racién de cuello asociada con una glandula
paratiroides quistica. Luego de un exhausti-
vo proceso diagndstico se hallé en el estudio
genético una mutacién inactivante en el gen
CaSR. Teniendo en cuenta la presencia de la
relacion clearance calcio/clearance creatinina
<0,01 y la falta de respuesta al tratamiento
quirdrgico, se considerd la entidad de HHF
con forma de presentacion atipica.

* E-mail: maria.bosco@hospitalitaliano.org.ar

La paciente, sin tratamiento, presentaba
un progresivo incremento de la calcemia lue-
go de la cirugia de las glandulas paratiroides,
que no se controlé con el uso de bifosfona-
tos y evoluciondé con episodios de mareos y
desmayos frecuentes sin causa neurologica o
cardiovascular detectada. Por lo tanto, se ini-
cio el tratamiento con cinacalcet, con el cual
se obtuvo una buena respuesta terapéutica:
descenso de la calcemia y mejoria de la sin-
tomatologia luego de un afio de su comienzo.

El cinacalcet es una herramienta terapéutica
de importancia en estos raros casos de HHF.
Palabras clave: hipercalcemia hipocalciurica
familiar, receptor sensor de calcio, cinacalcet.

Abstract

FAMILIAL HYPOCALCIURIC HYPERCAL-
CEMIA IN A PATIENT WITH CALCIUM-
SENSING RECEPTOR MUTATION: ATY-
PICAL CLINICAL PRESENTATION AND
TREATMENT WITH CINACALCET

Familial  hyperparathyroidism including
familial hypocalciuric hypercalcemia (FHH)
is an heterogeneous subgroup of disorders
with Mendelian inheritance, that account for
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5% of PTH dependent hypercalcemia. FHH
is associated with mutations of the calcium
receptor (CaSR) gene. This entity is manifested
by hypercalcemia with hypocalciuria and high
or normal levels of parathyroid hormone (PTH)
generally asymptomatic and with familial
presentation.

Advances in molecular biology have
contributed to the diagnosis, evaluation of the
phenotype of each entity and the choice of
treatment.

We describe a patient with hypercalcemia
diagnosed following the finding of a neck
tumor associated with cystic parathyroids.
After an exhaustive diagnostic process, an
inactivating mutation in the CaSR gene was
found. Considering the presence of a ratio

Introduccion

La hipercalcemia hipocalcidrica familiar
(HHF) y la neoplasia endocrina multiple tipo 1
(MEN 1) representan el 2% de las causas de
hipercalcemia familiar asociada a un exceso
de hormona paratiroidea.!

La HHF es de herencia autosémica do-
minante y genéticamente heterogénea, con
amplia variacion en la presentacion clinica. En
general, las manifestaciones son leves o asin-
tomaticas y se expresan en varios miembros
de una familia; su forma clasica se caracteriza
por presentar hipercalcemia leve a moderada,
niveles de hormona paratiroidea (PTH) nor-
males o ligeramente elevados y calciuria baja.
La cirugia de las glandulas paratiroides no re-
suelve esta entidad. A su vez, se describié en
cada tipo de HHF un gran espectro de pre-
sentaciones clinicas. La HHF se asocia con
mutaciones inactivantes del receptor sensor
de calcio (CaSR); se describen también muta-
ciones en otros genes involucrados en la mo-
dulacién de la sintesis y secrecion de PTH.!

El CaSR es un receptor acoplado a la pro-
teina G y desempefia un papel clave en la

familiar y tratamiento con cinacalcet

clearance calcium / clearance creatinine <0.01
and the lack of response to surgical treatment,
HHF entity with atypical presentation was
considered.

The patient exhibited progressive increase
in serum calcium following parathyroid
surgery, which was not controlled with the use
of bisphosphonates and evolved into episodes
of frequent dizziness and fainting, without
neurological or cardiovascular causes. Treat-
ment with cinacalcet was initiated, with a good
therapeutic response. The use of cinacalcet is
a useful therapeutic tool in these rare cases
of FHH.

Keywords: familial hypocalciuric hypercalce-
mia, calcium sensing receptor, cinacalcet.

homeostasis del calcio extracelular; se en-
cuentra en las glandulas paratiroides y en el
rindn. La pérdida de la funcién del receptor
se manifiesta por el incremento de la sintesis
y secrecion de PTH y aumento de la reab-
sorciéon renal de calcio y, en consecuencia,
mayores niveles de calcemia e hipocalciuria.

La HHF tipo 1 (OMIM #145980) es la for-
ma mas comun; se observa en el 60% de los
casos y se debe a una mutacién con pérdi-
da de funcién del gen CaSR (cromosoma 3
g.21.1)."2 En ella se describieron también mu-
taciones con pérdida de funcién en otros dos
genes: el gen GNA711 y el AP2S 1, que codifican
para la proteina G alphali y la subunidad sig-
ma 1 del complejo adaptador 2, como causan-
tes del HHF tipo 2 (OMIM #145981) y 3 (OMIM
#600740), respectivamente. La proteina G alpha
11 esta relacionada con la sefializacion intrace-
lular del CaSR en la secrecion de PTH, mientras
que AP2S1 es crucial en la endocitosis mediada
por clatrina de proteinas de la membrana plas-
matica en la célula paratiroidea.?”

Las mutaciones inactivantes del receptor
de calcio no son exclusivas de la HHF: se
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verificaron también en el hiperparatiroidismo
neonatal grave y leve-moderado (mutaciones
homocigotas autosdmicas recesivas o hete-
rocigotas) y en el hiperparatiroidismo familiar
aislado.”®

El cinacalcet es un modulador alostéri-
co del CaSR que aumenta la sensibilidad al
calcio extracelular y disminuye la sintesis y
secrecion de PTH. Su uso fue aprobado por
la FDA de los Estados Unidos para el trata-
miento del hiperparatiroidismo en pacientes
con enfermedad renal crénica y de la hiper-
calcemia en pacientes con carcinoma para-
tiroideo.® Por otra parte, en el afio 2008 fue
aceptado por la Agencia Europea de Medi-
camentos, para el tratamiento de la hipercal-
cemia en pacientes con hiperparatiroidismo
primario persistente (HPTP) posparatiroidec-
tomia o cuando hay dificultades o contraindi-
caciones para la cirugia.®®

Los moduladores alostéricos como el ci-
nacalcet se unen con el receptor de calcio
pero no activan ni inhiben al receptor de for-
ma directa sino que potencian o atenuan la
regulacion fisiolégica por sus ligandos en-
ddégenos, como el calcio idnico.®'® Este ago-
nista tiene un sitio de unién con el receptor
de calcio en el dominio 7 transmembrana del
CaSR.™ Con este principio se propuso su
empleo para corregir defectos en la homeos-
tasis del calcio relacionados con mutaciones
inactivantes del CaSR, como es el caso de la
HHF. Sin embargo, existen reportes aislados
de casos y la experiencia terapéutica en es-
tos pacientes es limitada.%-1?

Se presenta el caso clinico de una mujer
de 18 afios con una tumoracién en cuello.
Luego de un exhaustivo estudio se arribé al
diagnéstico de HHF tipo 1, confirmado por el
analisis genético, y se indico el uso de cina-
calcet con buena respuesta terapéutica du-
rante un afio de seguimiento.

Caso clinico
Una paciente de 18 afios consulta por
presentar una tumoracion en el cuello de re-
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ciente apariciéon. Refiere como antecedente
cierto retraso madurativo-afectivo; comple-
t6 los estudios secundarios; se desconoce
su historia familiar; es hija adoptiva.

En el examen fisico se palpa una tumo-
racion laterocervical derecha de casi 3 cm.

La ecografia cervical describe una lesién
quistica posteroinferior derecha de 30 mm
en el sitio de la glandula paratiroides. La
puncién de esta confirma ese origen por la
mediciéon de PTH > 2000 pg/ml en liquido
de aguja. Coincide con la presencia de hi-
percalcemia (Ca) 11,5/12,9 (8,5-10,5) mg/dl,
hipofosfatemia 1,5/2,5 (2,5-4,5) mg/dI, ele-
vacién de PTH 275,6 (15-68) pg/ml, con ni-
veles adecuados de 250H vitamina D (> 30)
ng/ml, calciuria 115 (50-200) mg/24 horas.
La ecografia renal no mostraba litiasis y la
densitometria 6ésea era normal.

Se decide realizar la cirugia de la masa
laterocervical. En el acto quirdrgico se re-
seca el tumor visible inferior derecho, sin
obtenerse cambios en la PTH luego de su
extirpacion; se continda la exploracion v,
luego de la reseccién de tres y media glan-
dulas paratiroides, se obtiene un descenso
adecuado de PTH intraquirargica (178,2 pg
a 37,5 pg). La anatomia patoldgica confirma
la presencia de hiperplasia en dos de éstas
con degeneracion quistica visible en una de
ellas; en las restantes (una glandula comple-
ta y el fragmento de la otra), el estudio es
normal.

A pesar de la cirugia, la paciente per-
siste con hipercalcemia en niveles de 12,5/
11,9 mg/dl (Figura 1) con PTH 89/79 pg/ml
(Figura 2). Se descartan paratiroides super-
numerarias en estudios de imagenes, in-
cluyendo PET con 11C-metionina. También
se excluyeron las neoplasias endocrinas
multiples (MEN 1 y 2) y el hiperparatiroi-
dismo asociado con tumores de mandibula
(HPT-JP), mediante el estudio de efectores
clinicos: mediciones de otros sistemas hor-
monales, radiografias, ecografias e historia
clinica.
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Figura 1. Evolucion de la calcemia (A) e indice calcio/creatinina urinario (B) precirugia y poscirugia de pa-

ratiroides en una paciente con mutacion del CaSR asociada con HHF tipo 1. Cx: cirugia

275
250
i
200
175
E
‘E 150
Z 15 _
= o Inicic de
Cinacalcet
75
50
25
—
L]
eng-11 jul-11 ene=12 jul-12 ene-13 jul-13 ere-14 jul-14 ene-1% jul-15 ene=15 jul-16 ene-17
=#—=PTH pgfml =—@=Rango Minimg = Rango Miximo

Figura 2. Niveles de PTH en una paciente con mutacién inactivante del CaSR asociada con HHF tipo 1,

precirugia y poscirugia de paratiroides y tratamiento con cinacalcet. Cx: cirugia

En su evolucién se constatan hipercalce-
mia y niveles de magnesio en suero normales
altos (2,5 mg%, 2,3 mg%); se observa baja
excrecién urinaria de calcio determinado por
el indice calciuria/creatininuria = 0,06; la re-
lacion de la clearance de calcio/clearance de
creatinina (RCCC) = 0,005 y el RCCC pre-qui-
rdrgico 0,003 (este analizado en forma retros-
pectiva), datos sugerentes del diagndstico de
HHF, por lo que —ante tal sospecha y la falta

de datos familiares— se solicita el estudio ge-
nético del gen CaSR, buscando mutaciones
relacionadas con esta entidad.

Se realizé el estudio molecular por amplifi-
cacion de ADN de una muestra de sangre pe-
riférica por reaccion en cadena de la polime-
rasa (PCR) para el analisis por secuenciacion
bidireccional directa de los exones 2 a 7 y un
minimo de 10 pb de la secuencia de intrones.
El estudio genético hallé una mutacién R185Q
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en heterocigosis en el exén 4 del gen CaSR
expresada a nivel de la proteina, por reempla-
zo del coddn arginina por glutamina en la po-
sicion del aminoacido 185 (c.554 G>A).

La paciente presentaba valores de calcio
sérico aumentado (valor maximo Cap= 12,8
mg/dl), que no descendia con la toma de
comprimidos ni infusiones de bifosfonatos, y
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ademas episodios de mareos, sudoracion y
desmayos frecuentes, que alteraban su cali-
dad de vida, sin una causa cardiovascular ni
neurolégica atribuible a pesar de exhaustivas
evaluaciones.

Luego de una revision de la experiencia de
varios autores, se inicio el tratamiento con com-
primidos de cinacalcet 30 mg diarios (Tabla 1).

Tabla. Revision de publicaciones sobre el uso de cinacalcet segun genotipo y presentacion fenotipica

en pacientes con hipercalcemia hipocalciurica familiar e hiperparatiroidismo neonatal. Modificado de

Mayr B y col.”®

Fenotipo N Ef’ =) Motivo de Dosis de Reaccion .
Genotipo pacientes a:,'g:/ tratamiento cinacalcet adversa FERETETEES
FHH1 (CASR)

R220W/wt 5 35-52 z:?ecsfeztii:zop 30-60 mg No 25-27
R220Q/wt 1 6 g;%zsr:gzs‘;é":i°°s 30 mg No 28
C568Y/wt 1 22  pancreatitis 60 mg No 29
C582R/wt 1 44  HPTp 60 mg No 30
G613R/wt 1 53  vértigo/constipacion 30 mg No 26
F809L/wt 1 26  psicosis/OP 30 mg No 31
T972M/wt 1 68 HPTp 90 mg h'ﬁgfggz'g” 32
FHH3 (AP2S1)

R15C/wt 1 nr hipercalcemia 30-60 mg No 33
R15H/wt 1 nr hipercalcemia 30-60 mg No 33
R15L/wt 2 2 hipercalcemia 60 mg No 33-34
NHPT (CASR)

R185Q/wt 3 7d  hipercalcemia variable No 35-36
R185Q/wt 1 2d  hipercalcemia 0,4 mg/kg  hipocalcemia 37

FHH= familial hipercalcemia hypocalciuric; FHH1 = vinculada a mutaciones del receptor de calcio; FHH3 = se ads-
cribe a alteraciones del complejo AP2S1; NHPT (CaSR) = neonatal hyperparathyroidism vinculado a mutaciones de
receptor de calcio; wt: wild type; nr: sin registro; OP: osteoporosis, HPTp: hiperparatiroidismo primario.

La paciente presentd6 descenso de la

calcemia (10,6-10 mg/dl) y de la PTH (78-
55 pg/ml) y mejoria del cuadro clinico con
buena tolerancia a la medicacién, sin mos-
trar hasta el momento, luego de un afio de

iniciado el tratamiento, ninguna reaccion
adversa al cinacalcet. Presenta ademas ni-
veles de calciuria dentro de parametros nor-
males desde que se instaurd el cinacalcet
(Figura 3).
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Figura 3. Niveles de calcemia (A) e indice calcio/creatinina urinario (B) pretratamiento y postratamiento

con cinacalcet 30 mg en una paciente con una mutacién inactivante del CaSR asociada con HHF tipo 1.

Discusion

Se describe el caso clinico de una paciente
con un tumor quistico de paratiroides palpa-
ble, cuyos valores de calciuria se encontra-
ban, en un principio, en el limite inferior del
rango normal. Luego de disminuir la masa
paratiroidea tras la cirugia, la calciuria fue en
descenso y oriento el diagnéstico de HHF1 de
presentacion atipica.

Se interpretd, en primera instancia, como
un cuadro de hiperparatiroidismo primario,
por la presencia de tumor, elevados niveles
de calcemia y PTH. Posteriormente se con-
sider6 la entidad HHF teniendo en cuenta la
persistencia de la hipercalcemia, a pesar de la
reseccion de 3 ¥z glandulas paratiroides, nive-
les circulantes de la PTH en rangos mas mo-
derados, calciurias bajas con RCCC menor de
0,01 y niveles de magnesio sérico normales
altos, sin patologia demostrable a nivel 6seo
ni renal. El estudio genético del receptor de
calcio fue solicitado porque se desconocian
antecedentes de su familia biolégica. Se hallo
la mutacion R185Q en el exén 4 del receptor
de calcio.

La confirmacién de la HHF esta deter-
minada, en primera instancia, por el RCCC
< 0,01y la busqueda de mutaciones del CaSR,

por secuenciacién del gen.®"1% Para algunos
autores, la presencia familiar de la patologia
omitiria el estudio genético y se indicaria en
casos de RCCC entre 0,01-0,02, en casos in-
dices de HPTP familiar, en casos atipicos sin
familiares para investigar (como esta paciente)
y en infantes o nifios < 10 afios en quienes el
HPT neonatal y la HHF son causas comunes
de hipercalcemia PTH-dependiente.™

El diagnoéstico diferencial de la HHF debe
realizarse con el HPTP asintomatico con va-
lores normales circulantes de vitamina D. Te-
niendo en cuenta que la mutaciéon del CaSR
incrementa la reabsorcién tubular de calcio,
los niveles de calciuria, el indice calcio/crea-
tinina urinario y especialmente la RCCC son
los parametros discriminatorios por exce-
lencia entre ambas patologias. El estudio de
Christensen y col. comparé estos distintos
indices de excrecién de calcio entre pacien-
tes con HHF e HPTP asintomatico y demostré
que el RCCC es el parametro mas sensible; el
punto de corte en ese estudio fue de RCCC
< 0,0115 con una especificidad diagnostica
de 0,88 y una sensibilidad de 0,80, lo que de-
termina una imbricacién aproximada del 10%
de ambas patologias.'®

La discriminacion diagndstica entre HHF e
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HPTP es muchas veces dificil pero de suma
importancia pues evita cirugias innecesarias
en la primera entidad.

Los casos tipicos de HHF 1 reportados
en la literatura son distintos del descripto
aqui.’”"® Esta entidad también es conocida
como hipercalcemia familiar “benigna”,’ ya
que las manifestaciones clinicas relacionadas
con ella son infrecuentes y esta poblacién de-
sarrolla una vida normal. Hasta el momento,
en relacion con la HHF 1, no se han reporta-
do —a nuestro entender- casos de tumoracién
cervical palpable asociada con paratiroides
quistica, como el de la paciente que presenta-
mos, que pone en duda el diagnostico clasico
de esta enfermedad.

El diagndstico diferencial se realiza con el
HPT neonatal, el HPT familiar aislado y algu-
nos casos de HPT esporadico.?'7-1°

El HPT neonatal clasico descripto es
el grave con mutaciones homocigotas del
CaSR; sin embargo, se describieron también
formas heterocigotas, por herencia paterna,
por mutaciones de novo, con fenotipos diver-
sos. La mutacion R185Q que presenta nues-
tra paciente ha sido descripta en esta entidad.
En nuestro caso clinico desconocemos si la
familia bioldgica tiene HHF y, en presencia de
la mutacion R185Q, corresponde especular si
no se trata de un HPT neonatal, heterocigota
con fenotipo leve. No obstante, cabe destacar
que en el HPT neonatal se presenta con al-
teraciones Oseas, renales y neurolégicas, que
no muestra esta paciente. 01820

En el HPTP familiar aislado con mutaciones
del CaSR se observé la presencia de hipercal-
ciuria, o normocalciuria, litiasis, osteoporosis
e hipercalcemia. Se describe en esos pacien-
tes hiperplasia leve y difusa en las glandulas
paratiroideas y resolucion posquirirgica del
cuadro clinico.’ Por otra parte Frank-Raue y
col. demostraron la mutacién CaSR en 8 de
134 pacientes operados por HPTP, 4 casos
eran HHF y los restantes HPTP por presencia
de un adenoma. La cirugia beneficié a estos
pacientes.'® A diferencia de lo que ocurre en
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el HPT familiar aislado o esporadico, nuestra
paciente persistié con la hipercalcemia aso-
ciada a PTH, sin observarse problemas 6seos
o renales.

Otra posible diferencia hay que establecer-
la con el cuadro asociado de HHF e HPTP. Se
han descripto pacientes con ambas entidades
en casos aislados o miembros de familias. La
cirugia verificd la presencia de un adenoma
de paratiroides; los sintomas clinicos mejora-
ron pero se observé persistencia de hipercal-
cemia leve, PTH normal o ligeramente elevada
e hipocalciuria en el posoperatorio. En estos
pacientes se comprobaron mutaciones del
CaSR y se consider6 la coexistencia de dos
patologias.?'??

El estudio anatomopatolégico de nuestra
paciente mostré6 dos glandulas paratiroides
normales y dos con hiperplasia de las célu-
las principales, una de ellas quistica. No se
encontré adenoma como los referidos en la
literatura de pacientes con ambas patologias
(HPTP y HHF). A diferencia de esos casos,
no se advirtié descenso de la calcemia a ran-
gos mas leves o moderados. Sin embargo, se
objetivd disminucién de los niveles de PTH
compatibles con HHF que se adscribe a la
reseccion de 3 2 glandulas paratiroides. La
hipercalcemia sin modificaciones poscirugia
incrementa nuestra sospecha de HHF; se pre-
sume un papel principal de la reabsorcion del
calcio urinario y otros mecanismos menos co-
nocidos como la accién ésea y la modulacion
de la secrecién de calcitonina por el CaSR in-
dependiente de la PTH.®

La clasica descripcién de la patologia de
las glandulas paratiroides del HHF realizada
en pacientes operados o en autopsias corres-
ponde a leve hiperplasia difusa o a glandulas
normales.?® Pero no se describié hiperplasia
asociada a quistes. Especulamos que es una
manifestacion mas grave de HHF a nivel de
las glandulas paratiroides, aunque no pode-
mos descartar otras mutaciones genéticas
somaticas asociadas.

Por lo expuesto, consideramos que la pa-
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ciente tiene una presentacion atipica y grave
de la entidad denominada HHF, pero desco-
nocemos si presenta una mutacién de novo o
si su caracter es hereditario.

El estudio molecular de esta rara entidad,
cuya prevalencia es de 2 a 3 casos cada
100.000 personas, confirma el diagndstico,
permite el asesoramiento genético y evalla la
correlacion entre el genotipo y el fenotipo.’

La mutacién que presenta la paciente,
R185Q en heterocigosis en el exon 4 del gen
CaSR (c.554 G>A), se publicoé asociada con
el fenotipo de HHF1, asi como también en el
HPT neonatal. En este tipo de mutacion se
observa hipercalcemia mas elevada por una
importante accion inhibitoria negativa del re-
ceptor de calcio con la mutacion R185Q so-
bre el normal.%2°

En nuestro medio, Sarli y col. observa-
ron una mutacién similar en una mujer adulta
asintomatica con hipocalciuria e hipercalce-
mia con valores elevados; no se observaron
alteraciones genéticas en familiares de primer
grado y se consideré una mutacién de novo.?*

En la HHF de tipo 1 y 3 y en el HPT neo-
natal se reporté el uso de cinacalcet como
opcion terapéutica para pacientes con im-
portante sintomatologia: pancreatitis, vértigo,
psicosis, calcificaciones del timpano, sindro-
me hipercalcémico?>% (Tabla 1).

Se prescribié esta medicaciéon a nuestra
paciente porque presentaba pérdidas de co-
nocimiento e hipercalcemia elevada, que se
subsanaron con el tratamiento. Por falta de
medicacion, en un breve periodo, reaparecie-
ron los sintomas, asociados a un incremento
de la calcemia (datos no mostrados), razén
por la cual sostenemos que la prescripcion
es eficaz y suponemos que debe recibirla por
tiempo prolongado. La mutacién que presenta
la paciente en el exén 4 codifica una parte de
la region extracelular de la proteina; esta mu-
tacion no impide la accion del cinacalcet que
se une al CaSR en la regién transmembrana.

La dosis de cinacalcet en adultos tiene una
variacion de 30-90 mg. En las comunicacio-
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nes se describen mejoria clinica y de labora-
torio desde el inicio del tratamiento.%” Los
efectos adversos fueron nauseas, hipotension
e hipocalcemia,®>®” que mejoraron luego del
descenso de la dosis de cinacalcet. El mayor
tiempo de uso publicado es de tres afios, con
buena respuesta.?>% Se desconocen compli-
caciones a largo plazo y pérdida de efecto de
la medicacion.

Por lo expuesto, acorde con estas publica-
ciones y la experiencia en la paciente aqui pre-
sentada, el cinacalcet podria sugerirse como
la primera opcién terapéutica en pacientes
con HHF 1 o 3 e hipercalcemia sintomatica.
Los pacientes tienen significativa mejoria del
cuadro desde el inicio del tratamiento, algu-
nos de ellos con reacciones adversas que fue-
ron revertidas tras el descenso de la dosis de
cinacalcet. 2%

Conclusion

Se destaca la variabilidad de la presenta-
cion fenotipica y genotipica en los pacientes
con HHF.

Esta entidad se sospecha por la presencia
de hipercalcemia con PTH anormalmente ele-
vada e hipocalciuria expresada por la relacion
clearance de calcio/clearance de creatinina
< 0,01 y se debe diferenciar de otras entida-
des como el HPT primario asintomatico, el
HPT familiar aislado y el HPT neonatal de for-
ma leve.

La paciente aqui presentada tenia mani-
festaciones atipicas de HHF 1 (hipercalcemia
elevada, hiperplasia quistica de la glandula
paratiroides). No se resolvié su cuadro clinico
con la cirugia. El tratamiento con cinacalcet
mejord su sintomatologia inespecifica y des-
cendio la calcemia.

La indicacién quirdrgica no se aconseja
como tratamiento, excepto en casos especia-
les; sin embargo, en la actualidad, el uso de
cinacalcet es eficaz en pacientes sintomati-
COS Y Se propone como primera opcion.

Ampliar el conocimiento sobre esta entidad
poco comun es importante a nivel asistencial

76

Actualizaciones en Osteologia, VOL. 13 - N° 1 - 2017



Bosco MB, et al: Hipercalcemia hipocalcitrica

y de investigacion. Dada la escasa frecuen-
cia de la enfermedad, proponemos establecer
bases de registros de pacientes, para que el
aporte reciproco permita esclarecer zonas os-
curas de esta patologia.
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CARTAS AL COMITE DE REDACCION / Letter to the Editor

PREVALENCIA DE OSTEOPOROSIS EN MUJERES ARGENTINAS

POSTMENOPAUSICAS.

Sra. Directora,

En la Argentina y en base a estudios realiza-
dos en la Capital Federal pero en nimero limi-
tado de mujeres, se consideraba que la preva-
lencia de osteoporosis es de 25%.

Un reciente trabajo informa los hallazgos de
la evaluacién densitométrica por DXA en dos
sitios anatémicos (columna lumbar y fémur pro-
ximal) en 5.448 mujeres de mas de 50 afios de
edad residentes en la ciudad de Buenos Aires,
Argentina.? El estudio se realizd entre 2012 y
2014 y se invitd a las participantes mediante avi-
so periodistico. Utilizando el clasico criterio de
la OMS 18,7% de las mujeres estudiadas tenian
osteoporosis en uno u otro sitio. Si se conside-
raba solo la densidad mineral ésea (DMO) del
cuello femoral, la prevalencia de osteoporosis
era baja hasta la edad de 70 afios, aumentan-
do después. Por el contrario, considerando la
DMO lumbar la tasa de osteoporosis era rela-
tivamente alta hasta los 70 afios, nivelandose
después. Si se tomaba en cuenta el valor de
DMO en la cadera total, la prevalencia de os-
teoporosis aumentaba marginal y no significa-
tivamente (+0,7%). Los autores hacen notar que

Referencias

1. Schurman A, Bagur A, Claus-Hermberg H, et al.
Guias 2012 para el diagnéstico, la prevencion
y el tratamiento de la osteoporosis. Medicina
(B Aires) 2013; 73:55-74.

2. Mautalen C, Schianchi A, Sigal D, et al. Prevalen-
ce of osteoporosis in women in Buenos Aires ba-
sed on bone mineral density at the lumbar spine
and femur. J Clin Densitom 2016; 19:471-6.

3. Gupta SK. Editorial: Prevalence of osteoporosis

* Correo electronico: asanvir@gmail.com

si se estudiara la poblacién femenina de esta
franja etaria solo con densitometria de cadera,
el diagnéstico de osteoporosis quedaria oculto
en la mitad de las mujeres, de ahi laimportancia
de efectuar la evaluacion densitométrica en am-
bos sitios. La tasa de prevalencia de osteoporo-
sis es semejante a la reportada en la poblacién
blanca de los Estados Unidos y Canada. Este
articulo merecidé una nota editorial en el mismo
ndmero de la revista.?

El importante trabajo que comentamos co-
rrije hacia abajo esa estimacién, y brinda una
solida base para orientar futuros estudios epi-
demiolégicos y para evaluar el impacto econé-
mico de la osteoporosis, en la actualidad y en
el futuro.*

Dr. Ariel Sanchez*
Centro de Endocrinologia.
Rosario. Argentina
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4. Spivacow FR, Sanchez A. Epidemiology, costs,
and burden of osteoporosis in Argentina, 2009.
Arch Osteoporos 2010; 5:1-6. Epidemiologia y
costos financieros de la osteoporosis en la Ar-
gentina, 2009. Actual Osteol 2010; 6:184-93 (do-
ble publicacién).
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AUTHOR GUIDELINES

Submission of a manuscript to “Actualizaciones
en Osteologia” is regarded as a tacit declaration
that has not been submitted at the same time or ac-
cepted for publication elsewhere. In the guidelines
for the preparation of manuscripts, “Actualizacio-
nes en Osteologia” follows the requirements of
the International Committee of Medical Journal
Editors (ICMJE) in the most recent version available
in http://www.icmje.org.

Manuscripts should be prepared using Word on A4
paper with margins of at least 20 mm, simple spa-
cing, in letter font type Arial 10, or other of a
similar size. The manuscript -in Spanish or
in English- should be submitted by email to
actualizaciones@osteologia.org.ar. Pages must
be consecutively numbered starting with the title
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Symbols: only standard abbreviations should be
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Manuscripts that do not conform to “Actualizacio-
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quirements for manuscript organization, format, and
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must be written in bold type. The recommended maxi-
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ommended maximum text extension of 6,000 words
and up to 5 figures and 5 tables will be accepted. It
is suggested not to include more than 60 references.
Brief Communications and Case Reports should
have a recommended maximum of 3,000 words of
text extension and up to 4 figures and 4 tables will be
accepted. It is suggested not to include more than 30
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including tables or figures, must also be included.
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In Original papers and Case Reports record in-
formed consent by patients. Ethical standards and
guidelines followed will be indicated and statistical
methods will be described (in Originals).

Letters to the editor and Editorials have a recom-
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separating the Table title, another for the headings of
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Figures should be submitted separately from the
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planatory legend. The required format of images
is “.jpg or .tif” no less than 300 dpi resolution. Im-
ages in Word files will not be accepted. In the mi-
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