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RESUMO

A associagdo entre envelhecimento e perda Ossea alveolar em humanos € de dificil
avaliacdo e a reparacdo dos tecidos periodontais e constitui um desafio a Odontologia. O
objetivo este estudo foi analisar a resposta do tecido 6sseo alveolar frente a aplicacio
local de células mononucleares adultas autégenas, com andlises morfométricas e andlise
da expressdo da osteocalcina em RT-PCR. Foram utilizados camundongos machos
BALB/c de 3 (n=5) e 9 (n=7) meses de idade. A perda Gssea alveolar foi induzida por
cirurgias de descolamento mucoperiosteo vestibular em mandibulas nas regides de
molares nos lados direito e esquerdo. O lado direito - sitio experimental, com a
aplicag@o de células mononucleares, e o lado esquerdo - sitio controle, com a aplicagdo
de DPBS. Os resultados da perda ¢ssea foram expressos em mm’ e comparados com
teste t de Student pareado. Nas andlises morfométricas aos 3 € 9 meses, a drea da perda
Ossea na face vestibular ndo foi diferente entre os grupos. Entretanto, a perda dssea das
amostras controle aos 3 meses, face lingual foi significativamente maior que as
amostras experimentais (p<0.03). A expressdo da proteina osteocalcina no grupo dos
camundongos de 3 meses foi praticamente inexistente. Enquanto na andlise dos
resultados aos 9 meses a proteina apresenta diferencas significativas de expressao,
demonstrando que de 7 sitios experimentais, 5 deles expressaram mRNA de
osteocalcina. Nas condi¢des deste experimento os resultados evidenciaram a prevengdo
da perda ossea alveolar na face lingual dos camundongos mais jovens e uma
significante expressdo da proteina osteocalcina aos 9 meses.

Palavras-chave: células da medula 6ssea; reabsorcdo Ossea; envelhecimento;
osteocalcina.



ABSTRACT

The association in humans between aging and alveolar bone loss is difficulty to
evaluation and periodontal tissues repair and is a challenge for dentistry. This study
analyzed the behavior of mandibular bone tissue after application of adult autogenous
mononuclear cells using morphometric examination and measurements of osteocalcin
values with RT-PCR. Male BALB/c mice aged 3 (n=5) and 9 months (n=7) were used.
Alveolar bone loss was induced by mucoperiosteal flap surgery of the right and left
molar regions of the mandible. The right side - experimental side and received
applications of adult autogenous mononuclear cells, and the left side - control side and
received applications of DPBS. Results of alveolar bone loss were expressed in mm®
and compared by paired Student t test. Morphometric analyses revealed in 3 and 9-
months-old, area of bone loss in the buccal side were not statistically different between
groups. However, the mean in lingual side of control samples was significantly larger
compared with experimental samples (p<0.03). Osteocalcin expression revealed that the
values of the protein were practically negligible in samples of 3-month-old mice. The
analysis of the 9-month-old mice, however, showed that the protein values were
significantly different: 5 of the 7 experimental samples showed osteocalcin expression
in mRNA. Under the experimental conditions the results showed that alveolar bone loss
was prevented in the lingual side of younger mice, and that values of osteocalcin
expression were significantly different in the samples of 9-month-old mice.

Key words: bone marrow cells; bone resorption; aging; osteocalcin.
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1. REFERENCIAL TEORICO

A estrutura interna do osso estd adaptada as forcas mecanicas, mudando
continuamente durante o crescimento e alteracdes funcionais. Nos ossos maxilares, as
alteracdes estruturais estdo correlacionadas ao crescimento, erup¢do dentdria,
movimentos dentdrios, desgaste e perda dos dentes, e todos estes processos tornam-se
possiveis quando coordenados pelas atividades de reabsor¢do e aposicdo Osseas.
Enquanto o aumento das forgas funcionais conduz & formagdo de novo osso, a
diminuicdo da funcdo leva a uma diminui¢do do volume do osso L

Alguns fatores, sist€émicos e locais, controlam esta atividade de remodelagio
ossea. Os fatores sist€micos sd@o hormdnios (como hormdnio da paratiredide,
calcitonina, insulina, hormonio de crescimento, vitamina D, glicocorticéides, hormodnios
sexuais, hormdnios da tiredide) que atuam em diferentes fases da remodelacio com
funcdes definidas para cada um ?. Os fatores locais sdo secretados pelas células do osso,
sendo algumas citocinas secre¢des de células do sistema imune-hematopoiético
presentes no micro ambiente das trabéculas do osso como: fatores de crescimento
insulinicos (IGFs), fator transformante de crescimento beta (TGF-B), proteinas
morfogenéticas do osso (BMP), fatores de crescimento de fibroblastos (FGF), fatores de
crescimento derivados de plaquetas, e citocinas 2

Em circunstancias normais, a reabsor¢do Ossea € igual a formag@o, mantendo-se
constantes o volume e a massa ssea. No entanto, com o envelhecimento, ocorre uma
diminui¢do da espessura do osso cortical, aumentando a porosidade da mandibula. A
reducdo do rebordo alveolar pode ter como fatores etiolégicos a nutrigdo, o
desequilibrio hormonal e a osteoporose pds-menopausa. O desequilibrio hormonal que

afeta as mulheres ap6s a menopausa também intensifica a reabsor¢do do rebordo
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alveolar. Na mandibula, esta diminui¢do progressiva de substincia 6ssea reduz a
possibilidade de reabilitagdo efetiva da fungdo bucal .

No entanto, esta atrofia ¢ssea observada durante o envelhecimento ndo se faz de
forma homogénea, pois, antes dos 50 anos, perde-se, sobretudo osso trabecular
(principalmente trabéculas de menor importancia estrutural) e, apds essa idade,
principalmente osso cortical (lamelas de menor importancia estrutural, localizadas na
superficie endosteal) 4

Para o estudo da reabsorcdo dssea alveolar e suas conseqiiéncias, existe um
modelo de reabsor¢do dssea em resposta a separacdo do retalho mucoperidsteo. Este
modelo cirdrgico no osso alveolar revela uma reabsorcdo do aspecto interno do
periodonto deste osso opondo-se as superficies radiculares, podendo progredir em
direcdio a perda total ou parcial das superficies 6ssea vestibular ou lingual do osso °.

Yaffe et al (1994) realizaram um experimento com 60 ratos Wistar com o
objetivo de observar o fendmeno da reabsor¢do Ossea alveolar com descolamento do
retalho mucoperidsteo na regido de molares na mandibula. Os ratos foram divididos em
grupo controle e grupos experimentais: descolamento mucoperidsteo realizado apenas
na face vestibular e descolamento mucoperidsteo realizado nas faces vestibular e
lingual. Os resultados revelaram que a maior parte da atividade de reabsor¢do ocorre
durante a primeira semana com um decréscimo de 22% na retengdo de cdlcio. Nas
andlises histoldgicas esta reabsor¢do foi mais proeminente quando realizado o
descolamento mucoperidsteo nas regides vestibular e lingual. O osso alveolar voltou ao
nivel controle em 120 dias ap6s a cirurgia. Os autores concluiram que o fendmeno de
acelerada reabsorcdo apds o procedimento de descolamento acentua a atividade de

~ oz 06
reabsor¢cdo em uma fase primaria °.
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Na cirurgia de descolamento do retalho mucoperidsteo, durante o procedimento
de dissecagdo, os tecidos moles da papila gengival, incluindo os feixes de fibras
coldgenas, sdo incisadas e o peridsteo € separado do osso alveolar, particularmente na
drea de unido gengival, estendendo-se a drea da jungdo mucogengival .0 rompimento
das fibras coldgenas do peridsteo marginal desencadeia a atuacio dos fibroblastos, que
residem nas fibras, a iniciarem a cascata de eventos e interagdes celulares, promovendo
a reabsor¢@o Ossea alveolar. Uma considerdvel quantidade de atividade osteocléstica é
evidenciada junto a toda extensdo de osso alveolar e também, por toda a superficie do
ligamento periodontal ®’ e uma significante perda Gssea é iniciada no ligamento
periodontal quando a gengiva marginal € cortada e separada do mucoperidsteo pelo
acesso coronal .

Esta atividade de reabsorcdo ocorre no osso adjacente aos dentes da mandibula
e, uma maior atividade de reabsor¢@o ocorre durante a primeira semana de cirurgia, com
um decréscimo de 22% de retencao de cdlcio, e continua nos 21 dias seguintes a cirurgia
de descolamento do retalho mucoperidsteo 69,

Esta cirurgia periodontal estimula a atividade osteocldstica com vérios valores
de perda da crista Ossea alveolar. Fatores locais como infec¢do, trauma oclusal e
geometria 0ssea podem afetar quantitativamente o estidgio de perda 6ssea bem como o
estdgio de regeneracdo. O aumento da mobilidade imediatamente apds a cirurgia
periodontal e a deiscéncia dssea, quando o osso da drea ¢ muito fino, pode ser resultado
do processo de inducdo desta reabsorcdo Ossea alveolar, criando porosidades no o0sso
cortical devido ao rompimento da atividade de reabsor¢@o em vérios sitios 5

Rivaldo et al (2004) realizaram um estudo com 72 camundongos CFI Mus

domesticus e estes animais foram divididos em trés grupos: machos, fémeas virgens e

fémeas com pari¢des e cada grupo era formado por 24 animais (3, 6, 9 e 12 meses). O
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objetivo foi desenvolver um modelo de estudo para a cirurgia de perda éssea alveolar
em camundongos durante o envelhecimento. Os resultados demonstraram que ocorre
uma reabsor¢do Ossea similar, com exposi¢do de drea radicular, nos camundongos de 3
e 12 meses. Os autores concluiram entdo que o camundongo de 3 meses de idade,
independente do sexo e status reprodutivo, pode ser um modelo util para o estudo da
perda 6ssea alveolar induzida no processo de envelhecimento 10,

Diversas substincias t€ém sido freqiientemente estudadas e utilizadas em
tratamentos topicos, sistémicos, ou a combinagdo de ambos, para prevenir ou minimizar
a perda dssea alveolar 58910,11,12,13,14,15 Atualmente, estudos tém sido realizados com o
objetivo de avaliar e identificar a possibilidade de atuagdo de células tronco na

~ . . D 16,17,18,19
regeneracdo do tecido periodontal e tecido 6sseo alveolar > ">,

O periodonto é um tecido complexo compreendido de dois tecidos duros
(cemento e o0sso) e dois moles (gengiva e ligamento periodontal). E constituido por
populacées heterogéneas de células, como os osteoblastos, fibroblastos e
cementoblastos, e células tronco mesenquimais, que permanecem dentro do ligamento
periodontal e sdo responsiveis pela hosmeostase tecidual, servindo como fonte
renovdvel de células progenitoras gerando tipos celulares locais ao longo da vida adulta.
Em um evento de injdria ao periodonto estas células tronco mesenquimais podem ser
ativadas para uma diferenciacdo terminal e reparagdo ou regeneracdo tecidual para as
dreas de osso alveolar e cemento adjacente ao defeito. Mudangas inflamatérias no
periodonto podem influenciar a distribuicdo das células tronco nestes tecidos 20.21

Kawagushi et al (2004) realizaram um experimento com o objetivo de avaliar o
potencial das células tronco mesenquimais da medula éssea, expandidas pelo sistema de

cultura, na regeneracdo do tecido periodontal in vivo. Foram utilizados 12 cdes (beagle)

fémeas com idades de 12 a 20 meses. Nas regides de segundo, terceiro e quarto pré-
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molares foram criados defeitos de furca grau III. O grupo experimental recebeu
atelocoldgeno com células tronco mesenquimais e o grupo controle gel de coldgeno sem
células tronco mesenquimais. Os resultados demonstraram que no grupo experimental
houve uma significativa formagcdo de novo osso e de ligamento periodontal. A
superficie radicular desnuda foi totalmente coberta por novo cemento. A drea de furca
também apresentou formagdo de cemento por toda a superficie, além de fibras de
Sharpey’s inseridas no cemento. Entretanto, ndo houve completa reconstru¢do do osso
alveolar. Os autores concluiram que o auto-transplante de células tronco mesenquimais
da medula 6ssea é uma possibilidade para a regeneracio do tecido periodontal '°.

As células tronco sdo células multipotentes e usualmente, entre uma célula
tronco e sua progene terminalmente diferenciada existe uma populagéo intermedidria de
progenitores com limitada capacidade proliferativa e restrito potencial de diferenciacio
223 que estdo presentes, especialmente em organismos complexos > As células tronco
e suas células progenitoras sdo definidas pela habilidade de auto-renovagdo podem
constituir diferentes classes de células sob diferentes regulacdes moleculares em
diversos tipos teciduais 3

Uma possivel definicdo para a plasticidade das células tronco é que as células
tronco adultas de um tecido especifico através da incumbéncia de originar uma
linhagem celular pode, sob certas condicdes do micro-ambiente, adquirir a habilidade
para se diferenciar em células de um tecido diferente )

Em organismos de animais mamiferos, existem evidéncias de que os fatores de
crescimento e as interagdes célula-célula podem influenciar no resultado do destino das
decisdes destas células pela multipotencialidade de seus progenitores 2

As células tronco sdo responsaveis pela manutencio dos varios tecidos durante o

tempo de vida do animal, porém, quando esta célula entra em seu estado de senescéncia,
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perde sua habilidade de proliferacdo e perde a capacidade de manter um organismo por
toda sua vida *°. O estado de senescéncia destas células tronco mesenquimais pode
também ser evidenciado pela diferenciacdo em adipdcitos, pois com o envelhecimento,
a medula Ossea € parcialmente substituida por tecido adiposo 7,

A densidade celular das células tronco mesenquimais é um importante fator para
a regeneragdo tecidual. Fluidos teciduais suficientes e suprimento sanguineo podem ser
necessdrios para a sobrevivéncia das células tronco mesenquimais apds o transplante e
subseqiiente diferenciacdo em células periodontais e

A finalidade desta pesquisa € a elucidag@o do possivel potencial do tecido 6sseo
ou tecido periodontal de suporte frente a aplicacdo direta de células mononucleares,

excluindo a técnica de expansdo em cultura, promovendo assim maior facilidade

pratica, além da possibilidade de pesquisa em animais na fase adulta e velha.
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2. OBJETIVOS

OBJETIVO GERAL

Verificar a influéncia da inje¢@o local de células mononucleares adultas autdgenas no

defeito 6sseo alveolar induzido em camundongos de 3 e 9 meses de idade.

OBJETIVOS ESPECIFICOS:

- Mensurar a drea de perda 6ssea alveolar (mmz);
- Analisar a presenca de mRNA para proteina da linhagem osteogénica (osteocalcina)

nos locais de reabsor¢do 6ssea alveolar induzida.
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Effect of local application of adult autogenous mononuclear cells on

alveolar bone loss induced by mucoperiosteal flap surgery in mice.

Guimardes MLR 1, Machado DC > , Viezzer C 3, Oliveira RM 4, Hugo FN 5, Padilha
DMP °.

! Biomedical Gerontology Post-graduate Program, Pontifical Catholic University
of Rio Grande do Sul (PUCRS), Porto Alegre, Brazil.

? Institute of Geriatrics and Gerontology, PUCRS.
? Institute of Biomedical Research, PUCRS.
* Faculty of Biosciences, PUCRS.

> Faculty of Dentistry, Piracicaba, University of Campinas, UNICAMP, Sao
Paulo, Brazil.

Introduction

Periodontal regeneration is a challenge in dentistry because periodontal tissue
has a limited regeneration capacity !

Many substances have been tested for the regeneration of periodontal tissue,
such as chitosan and collagen sponge (Park et al. 2003) 2, vitamin C (Bsoul and
Terezhalmy 2004) 3 , bisphosphonates (Yaffe et al. 1995; Tenenbaum et al. 2002) 4’5,
bisacylphosphonates (Yaffe et al. 2000) 6 sodium alendronate applied locally (Meraw et
al. 1999 ; Yaffe et al. 1999; Binderman et al. 2000) 7’8’9, and calcium phosphate cement
(Hayashi et al. 2006) ' .

A model to study induced periodontal tissue loss in rats was developed by Yaffe
et al. (1994) ' and applied in mice by Rivaldo et al. (2005) 12 This model induced
alveolar bone loss in mice through a mucoperiosteal flap surgery in the molar region.
This technique has been used to test substances that may prevent or minimize alveolar

bone loss '%.
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Many types of cells are found in the periodontal ligament, such as
cementoblasts, osteoblasts, fibroblasts, myofibroblasts, endothelial cells, neuron cells
and epithelial cells. Populations of mesenchymal stem cells in periodontal tissues raised
interest in its use in periodontal thelrapy.1

Adult stem cells are functionally multipotent cells capable of unlimited self-

14,15,16,17

renovation , also, they produce at least one type of highly differentiated progeny

15,16 14,17

or many differentiated cellular types of in vivo tissue

The transplantation of mesenchymal stem cells from bone marrow may express a
differentiation potentiality in periodontal tissues, and alveolar bone regeneration may,
therefore, be stimulated by transplantation of mesenchymal stem cells without pre-

induction or treatment for differentiation '°.

The objective of this study was to evaluate the effect of local application of adult
autogenous mononuclear cells on the prevention of mandible alveolar bone loss induced

in mice by mucoperiosteal flap surgery.

Materials and Methods

Study design

This study was carried out in after approval by Research Ethics Committee of
Pontifical Catholic University of Rio Grande do Sul (PUCRS). Animals were obtained
from, maintained at, and handled by the Foundation for Health Research of Rio Grande
do Sul during the experimental phase. A total of 32 BALB/c male mice were used in
this study. Of these, eight mice, four from each age group, were bone marrow donors.
The other 24, ten 3-month-old and fourteen 9-month-old mice, were recipient mice and

were used for morphometric and osteocalcin expression analyses. After weaning, the
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mice were kept in individual cages and received distilled water and food ad libitum.
Standard conditions of light (12/12 light/dark cycles) and temperature (20°C) were kept
during the experiment. Animals were monitored daily. Mice were weighed before
surgery for induction of alveolar bone loss, before injection with mononuclear cells or

DPBS, and before euthanasia.

Procedure to obtain mononuclear cells

Donors mice were weighed, anesthetized using IM 100 g/L ketamine (Francotar,
Virbac) and 2% aqueous solution of 2-(2,6- xylidine)-5,6-dihydro-4-H-1,3-thiazine
hydrochloride (Rompun, Bayer) in a 1:1 ratio at a dose of 1.0 ml/g, and killed.
Immediately after that, the mice were washed with 70% ethanol and their right and left
femurs were removed. After the extraction of the bones (femur), femoral epiphyses
were removed and the inner bone (diaphysis) was washed with sterile DPBS. The cell
suspension was placed in Eppendorf tubes and centrifuged for 10 seconds at 1.200 rpm.
After that, the cells were washed again with sterile DPBS and centrifuged for 3 minutes
at 1.500 rpm. The layer of red blood cells was discarded and the remaining cells were
placed in another tube. These cells were washed again with DPBS and placed in
Lymphoprep suspension (Nycomed Pharma AS) for mononuclear cell separation. This
solution was centrifuged for 30 minutes at 400 g. After that, the mononuclear cell layer
was transferred to another tube and placed in an insulin syringe (1 ml syringe, Luer Slip,
BD Plastipak, Brazil). These mononuclear cells were immediately and directly injected
in the region of the alveolar bone lesion, approximately 20 pul was injected in each site,
with a concentrated cell at 4.6x10* cells/ml for the 3-month-old mice and 3.4x10*

cells/ml for the 9-month-old mice.
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Induction of alveolar bone loss and treatment with stem cells

At 3 or 9 months of age, recipient mice were weighed and intramuscularly
anesthetized. A mucoperiosteal flap was raised on the buccal aspect of mandibular right
and left molars to induce alveolar bone loss. The mucosa was separated from the
underlying bone after an incision in the marginal gingiva with the aid of a small
elevator, and was immediately placed back without any suture. Seven days after the
surgery, during the period of accelerated bone resorption (Yaffe et al., 1994 '), the mice
were anesthetized as described above and a solution containing mononuclear cells was
injected in the right side of the mandible, whereas the left side received an injection of

the same amount of DPBS.

Samples processing

Twenty-one days after the surgical procedure, during the period of maximum
alveolar bone loss (Yaffe et al., 1994 11), animals were killed under anesthesia.

Under a stereomicroscope (B201, Olympus, Tokyo, Japan), mandibles were
divided along the medium line, soft tissue was removed, and all other organic materials
were removed with the help of sodium hypochlorite at 12% applied with a brush.
Specimens were stored in 70% alcohol. Each half mandible was stained with 4%
toluidine blue to disclose root-exposed areas, limits of enamel, cementum, and evident
bone. Samples were photographed with a digital camera (Sony Cyber shot DSC-W5:
5.1 mega pixels, 2.5" LCD screen, 3X optical zoom, Japan) with 4x magnification and
standardized light and position under a stereomicroscope. Photographs were analyzed
with image analysis software (USTHSCSA, Image Tool 2.02, UTHSCSA, San Antonio,

USA) .
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Bone Loss Analysis

One independent and previously trained examiner performed two measurements
of each sample at an interval of one week. In the buccal aspect, the area of alveolar bone
loss was measured in the first molar region, whereas in the lingual aspect, the area of
alveolar bone loss was measured in the region of root exposure of first and second
molars using the landmarks suggested by Tatakis and Guglielmoni 2000 2% and modified

by Rivaldo et al. 2005 '? (Figure 1 - A and B).

Figure 1. [llustration of the landmarks used to define the area of alveolar bone loss.
A) Bone loss, lingual surface; B) Bone loss, buccal surface.

Statistical analysis

Results are described in square millimeters. The paired Student t test was used to
analyze differences between the areas of alveolar bone loss (buccal or lingual surfaces)
of the mandibular sides of mice that received mononuclear cells or DPBS. One way
analysis of variance was used to analyze differences across the different times when

mice were weighed. The value to reject the null hypothesis was set at p<0.05.
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Procedure for mRNA expression osteocalcin analysis

Ribonucleic acid extraction (RNA) and purification of messenger RNA (mRNA)

The region of first and second molars of the alveolar bone tissue was extracted
and macerate for local extraction of bone cells. Total RNA of these cells was isolated,
and a Trizol LS (Invitrogen, USA) reagent solution was added to them. The samples
were washed once with 1 ml DPBS. After that, 200 ul DPBS and 800 ul Trizol LS
were added, and the samples were incubated for 5 minutes at room temperature for
nuclear and cellular membrane destruction and nucleic acid liberation. After incubation,
was added 160 pl/tube cold chloroform. The samples were homogenized for 15
seconds, incubated for 10 minutes at room temperature, and centrifuged (Eppendorf
5417R, USA) at 14.000 rpm for 15 minutes at 4°C. When centrifugation was complete,
the supernatant were transfer to a new tube, to which 400ul cold isopropyl alcohol was
added, and incubated for at least two hours at -20°C. After that, the samples were
centrifuged for 10 minutes under the same conditions. The precipitates were washed
with 500 pul 75% cold ethanol and centrifuged at 14.000 rpm for 15 minutes at 4°C.

The supernatant was aspirated and the tubes were kept for about 30 minutes at
room temperature for the precipitate to evaporate. Once evaporated, RNAs were soluble
in 20 pl of H,O diethylpyrocarbonate (DEPC 0.1%, Invitrogen, USA) and treated with
1ul RNase inhibitor (40 U/ul; Invitrogen, USA). The integrity of total RNA samples
extract was analyzed in 1.5% agar gel stained with bromide ethidium (EtBr), after
electrophoresis in TAE buffer.

Before reverse transcription and to avoid possible contamination of total RNA
extract by DNA, the samples were treated with deoxyribonuclease I enzyme (DNase 1
124 U/ul, Invitrogen, USA), which cleaves single- and double-stranded DNA bands that

contain 5° phosphate ends. Therefore, 20ul of each total RNA extraction was digested
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with 10 U of the enzyme in 22 pl final volume. The samples were incubated at room
temperature for 15 minutes. After that, the enzyme was inactivated by addition of 1ul of

25 mM EDTA and incubated for 10 minutes at 65°C.

Reverse transcription to obtain cDNAs

After treated with DNase I, a reverse transcription reaction was performed for
the first band syntheses of complementary DNA (cDNA) using a Superscript Il enzyme
and originator oligonucleotides oligos-dT},.;s (Invitrogen, USA). For each reaction, 22
pul RNA total extraction, 0.5 pl Superscript II enzyme (200 U/ul; Invitrogen, USA),
0.2ul oligos- dTjz.13, 4.5 ul DTT (0.1 M; Invitrogen, USA), 4.5 ul dNTPs (100 mM;
Invitrogen, USA), 4.5 ul MgCl, (50 mM), and 9 pl enzyme buffer (5x; Invitrogen,
USA) were added. Volume of reaction solution was brought to 45 ul by adding MQ
water. The samples were incubated in a termocycler (Peltier Thermocycler, MJ
Research, USA) for 10 minutes at 25°C, 45 minutes at 42°C, and 3 minutes at 99°C.
After that, 5 U of ribonuclease H inhibitor (2 U/ul; Invitrogen, USA) was added to each
tube, and the samples were incubated at 37°C for 20 minutes. cDNAs were stored at -

20°C until use for PCR reaction.

Polymerase chain reaction (PCR) for Osteocalcin

PCR products for osteocalcin are a fragment of 371 bp amplified with 5" CAA
GTC CCA CAC AGC AGC TT (forward) and 3° AAA GCC GAG CTG CCA GAGTT
(reverse) oligonucleotide primers. The reaction mixture contained 1 pl cDNA
correspondent for each sample, 1 uM dNTPs, 0.5 U TAQ DNA polymerase, 1.5 ul
MgCl,, 5 ul TP10x, 0.5 ul of direct primer, 0.5 pl of reverse primer, 0.5 pl of TAQ

DNA polymerase and 40 pul H,O.
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PCR was performed in a termocycler under the following conditions: 95°C for 3
minutes, 30 consecutive cycles at 95°C for 30 seconds, 55°C for 45 seconds and 72°C
for 1 minute. A final cycle at 72°C for 5 minutes was used to ensure amplicons full
extension.

PCR products were separated by horizontal electrophoresis in 2% agar gel in

TAE buffer, stained with bromide ethidium, and visualized under UV light.

Results

Animals weight results

The mean weight of the 3 and 9 months-old mice on analysis of variance, before

surgery, before injections and before euthanasia weren’t statistically significant.

Morphometric analysis of alveolar bone

3- and 9-month-old BALB/c mice showed large root exposure in molar regions

caused by alveolar bone loss induced after mucoperiosteal flap surgery (Figures 2 and

3).
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Figures 2. Pictures of buccal surfaces (superior pictures) and lingual surfaces (inferior
pictures) in control groups (left side) and experimental groups (right side) in 3-month-
old mice.
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Control samples Experimental samples

Figures 3. Pictures of buccal surfaces (superior pictures) and lingual surfaces (inferior
pictures) in control groups (left side) and experimental groups (right side) in 9-month-
old mice.

Table 1 shows that root exposure caused by alveolar bone loss in lingual surface
of the control side of 3-month-old mice was larger than in the lingual surface of the
experimental side. No other significantly differences were found between buccal

surfaces of 3- and 9-month-old mice or lingual surfaces of 9-month-old mice.
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Table 1. Mean (£ standard deviation) root exposure area in molar region of mice (in

mmz).
AGE DPBS MONONUCLEAR P
CELLS
3 Months ( n=5) buccal area 0.22 (+0.05) 0.24 (£0.05) 0.57
lingual area 0.35 (+0.05) 0.27 (20.04) 0.03*
9 Months (n=7) buccal area 0.33 (20.07) 0.34 (£0.08) 0.9
lingual area 0.43 (+0.05) 0.34 (£0.1) 0.09

*p < 0.05

In animals that received mononuclear cells, root exposure areas did not differ

between buccal and lingual surfaces of 3- and 9-month-old mice (Tables 2 and 3). In the

control group, larger root exposure areas were found in the lingual surfaces of both 3-

and 9-month-old animals.

Table 2. Mean (+ standard deviation) root exposure area in buccal and lingual surfaces
of molar region of 3-month-old mice (in mmz).

3 MONTHS buccal area lingual area P
(n=5)
DPBS 0.22 (+0.05) 0.35 (£0.05) 0.001*
MONONUCLEAR 0.24 (+0.05) 0.27 (£0.04) 0.16
CELLS
*p<0.05
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Table 3. Mean (+ standard deviation) root exposure area in buccal and lingual surfaces
of molar region of 9-month-old mice (in mm?).

9 MONTHS buccal area lingual area P
(n=7)
DPBS 0.33 (+0.08) 0.43 (x0.05) 0.001%*
MONONUCLEAR 0.34 (+0.08) 0.34 (x0.1) 0.9
CELLS
*p <0.05

Analysis of osteocalcin expression

The analysis results for osteocalcin expression after application of adult
autogenous mononuclear cells in area of alveolar bone loss caused by mucoperiosteal
flap surgery showed that mRNA osteocalcin expression quantity was different in the
groups under study.

In the group of 3-month-old mice, osteocalcin expression was practically absent.
Expression was found in only one of the five experimental samples analyzed. In the
group of 9-month-old mice, the analysis of expression showed significant differences
where five between of seven experimental samples showed increase mRNA expression

(Table 4).

28



Table 4. mRNA osteocalcin expression in BALB/c mice submitted to bone alveolar loss

and treaded with adult autogenous mononuclear cells or DPBS.

3MONTHS | 9 MONTHS
(n=5) (n=7)

MONONUCLEAR |- |[=|= |=|+ |+ |- ||+ |+ |+ ]|+
CELLS

DPBS

Discussion

In this study, we evaluated the effect of local application of adult autogenous
mononuclear cells on areas of induced alveolar bone loss in the molar region of the
mandible of 3- and 9-month-old mice.

Morphometric analysis revealed that alveolar bone loss exposed molar roots of
3- and 9-month-old animals, which confirmed the results that Yaffe et al. (1994) '
found in rats and Rivaldo et al. (2005) 12 found in mice.

In the control sides of 3- and 9-month-old animals, alveolar bone loss was larger
on the lingual aspect, which was also found in previous studies 11213 Bone loss did
not differ between buccal and lingual aspects in the animals that received local
application of mononuclear cells.

When the groups were compared with each other, the lingual sides of mandibles
of 3-month-old mice that received the mononuclear cells showed less alveolar bone

loss.
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The expression of osteocalcin (OC), a non-collagenous protein of the bone
matrix synthesized by osteoblasts, was also analyzed in this study. OC is a marker of
bone turnover when resorption and formation are coupled, and it is elevated in cases of
rapid turnover, such as in fracture repair 2

Our findings confirmed a difference in bone behavior between younger and
older animals '* **. In 9-month-old mice, a later beginning of repair could explain the
high osteocalcin expression 3 weeks after mucoperiostal flap, which was not observed
in 3-month-old animals. Reinhardt et al. (2004) found a high negative correlation
between OC/ALB ratios found in bone wash and subsequent bone density in healing.
They suggest that sites with high bone turnover may heal slowly >*.

A study by Srouji and Livne (2005) reported that an osteogenic subpopulation of
bone marrow mesenquimal stem cells selected in vitro produced a bone specific matrix
that was positive for osteocalcin ** Their finding may confirm our detection of an initial
healing stage in 9-month-old mice, which is marked by a larger root exposure, not
different from the one found in control samples, and a higher expression of osteocalcin.
Our findings suggest that repair may be delayed in older animals when compared with
younger recipient mice.

It is unclear whether the application of adult autogenous mononuclear cells
prevented the resorption induced by a mucoperiosteal flap or accelerated the repair in
younger animals. Further studies to analyze the behavior of alveolar bone repair after
application of adult autogenous mononuclear cells in stages before 3 weeks may help to
clarify this question.

One of the limitations of this study was that we worked with a small number of

animals, which might have compromised results, particularly the morphometric analysis
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of 9-month-old animals. Another limitation was the fact that we were not able to
perform specific tests to determine the fate or differentiation of implanted cells.

Another difficulty was the size of the experimental animals used in this study.
Although they are easy to handle, the final area of surgical lesion was less than 0.5 mm,
which decreased the number of cells injected and increased the possibility of application
erTors.

In summary, the results of this study showed that BALB/c mice that underwent
mucoperiosteal flap surgery suffered alveolar bone loss. Measurements of root exposure
showed that the side of 3-month-old animals that received a local application of adult
autogenous mononuclear cells from bone marrow had less alveolar bone loss than the
control side. The technique used in this study is based on the extraction of mononuclear
cells with no stem cell separation or differentiation, and it is easy, fast and less
expensive than traditional techniques to study cell implantation in the process of

alveolar bone repair.
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3. CONSIDERACOES FINAIS

O objetivo da terapia periodontal é a regeneracdo dos tecidos periodontais
perdidos e a reconstru¢do dos tecidos envolvidos. A formagdo de tecido conectivo
anexo, cemento com insercao de fibras coldgenas, em superficies radiculares desnudas e
o crescimento de novo osso alveolar podem ser alcangados com terapias regenerativas
através da utilizacdo de substitutos dsseos diversos, em procedimentos cirdrgicos
periodontais para possiveis cicatrizac¢do e regeneragdo de feridas cirdrgicas )

A engenharia tecidual déssea € uma terapia alternativa para promover a
cicatrizacdo 6ssea, utilizando métodos diversos para a regeneracio e reparacdo do tecido
0sseo com uma variada combinagdo de polimeros, células e fatores de indugfo para
estimular ativamente a formacdo do tecido *°.

Eventos associados com a regeneracdo periodontal envolvem o recrutamento de
derivados locais de células progenitoras para o sitio ao qual ocorrerd a diferenciacéo
subseqiiente em células do ligamento periodontal, cementoblastos ou osteoblastos »

O objetivo da terapia periodontal ndo € apenas impedir o avanco da doenga
periodontal, mas também na regeneracao do tecido periodontal destruido e habilitar para
sua funcdo normal .

A facilidade na aplicacdo da técnica sugerida no presente experimento e da
praticidade na extracdo das células mononucleares sem a necessidade de separacdo das
células tronco ou diferenciacdo das mesmas, pode tornar esta pesquisa relevante
servindo como uma opg¢do mais rdpida e menos dispendiosa para o estudo da influéncia

e interferéncia destas células no processo de reconstitui¢do ou recuperacdo do tecido

osseo alveolar.
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Estudos futuros com andlise de diferentes proteinas dsseas, verificando os
processos de reabsorcdo ou formacgdo dssea, e andlises histologicas, deverdo ser

realizados.

A engenharia tecidual, regeneracdo, e remodelacdo tecidual sio modalidades
terapéuticas desenvolvidas com grande potencial, mas estas modalidades regenerativas
ndo sdo tio efetivas ou previsiveis em experimentos clinicos. Entender melhor a atuacéo
dos fatores de crescimento, citocinas, moléculas da matrix extracelular e suas atuacdes
em mediacdes celulares restabelece processos que podem tornar estas terapias

clinicamente viaveis.
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