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Presence of Cells in Fresh-
Frozen Allogeneic Bone Grafts
from Different Tissue Banks

Libério Franca Coutinho, Juliano Batista do Amaral, Erico Brito dos Santos,
Elizabeth Ferreira Martinez, Victor Angelo M. Montalli, José Luiz Cintra
Junqueira, Vera Cavalcanti de Araujo, Marcelo Henrique Napimoga

Bonereplacement materials have been widely used toreconstructatrophicjawbones.
Based on previous reports demonstrating the presence of viable cellsin bone blocks
even after processing by musculoskeletal tissue banks for orthopedic use, the aim of
this study was to evaluate the presence of cells in bone blocks from three Brazilian
tissuebanksformaxillaryreconstructions. Allsampleswere processed by therespective
tissue banks, according tothe guidelines of the Brazilian National Sanitary Surveillance
Agency. Three samples were removed from each block for subsequent histological
processingand stained usinghematoxylin &eosin.Furtherevaluationincludedsection
staining by the Feulgen method and ultrastructural analysis using scanning electron
microscopy (SEM). Light microscopyimages from allbone samples showed presence
of osteocyte-like cells in all groups and intense Feulgen staining, demonstrating
presence of DNA in bone even after tissue processing. The ultrastructural analysis
showed red blood cellsin lacunae within the bone tissue. In conclusion, despite bone
tissue processing by the musculoskeletal tissue banks, cells may be found within the
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bone used for allogeneic grafts.

Introduction

Oralrehabilitationusingdentalimplantshasbecome
routine in dental practice, although alveolar bone
resorption is still a challenge in the context of implant
dentistry (1,2).

In patients with significant bone loss, anchoring
alternatives suchasthezygomaticbonehasbeenlosing
ground due to the high degree of complexity involved
in such an approach, apart from the risk of morbidity
associated with it. Moreover, bone grafting techniques
using autologous bone from different sites such as the
iliacbone, calvaria, ramus of the mandibleand mentum
have allowed jawbonereconstruction priortoimplant
placement(3,4). Autologousbonehasosteoconductive,
osteoinductiveandosteogenicpropertiesand,intheory,
carries no risks of disease transmission or deleterious
effectsfromanimmunologicalincompatibilityviewpoint.
Itis therefore considered thefirst treatment option for
bone reconstruction (5). Such anapproachis however
riddled with morbidity, including postoperative pain at
the donor site, not to mention the limited availability
of bone tissue, which may hinder its applicability in
most cases (6).

Bone substitute methods such as allografts have

dental implants.

been clinically usedinan attempt to solve the issues of
availability and morbidity, proving to be a useful option
for reconstruction of atrophic jaws. Allogeneic bone
blocksfeatureosteoconduction,thoughtheirosteogenic
properties may be lost during tissue processing for
decontamination and deep-freeze. This will ultimately
cause cell death (7) and decrease immunological
receptors, thus reducingimmunogenicity, which could
otherwise be triggered by the presence of human
leukocyteantigen (HLA) onthe cellmembrane(8).Some
studies have shown, however,thatsomeviablecells(7,9)
oreven functional proteins (10) may persist despite the
decontamination process and deep-freeze, supporting
the literature reports on the presence of anti-HLA
antibodiesin patients receiving orthopedicallogeneic
bone transplants (8,11-13).

The objective of this study was to evaluate the
presenceofcellsinallogeneicboneblocksfromdifferent
tissuebanksinBrazilusinghistochemicaltechniques,due
to the increasing use of bone transplants in Brazil for
maxillofacial reconstruction and subsequentimplant-
supported dental rehabilitation,combined withalack of
scientificreportsonthe presenceofcellsorcellremnants
infresh bone grafts after processing and deep-freezing.
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Material and Methods

This study was approved by the Research Ethics
Committee of the Sdo Leopoldo Mandic Dental School
(registration 1.303.728). Samples of deep-frozen
allogeneic bone blocks were obtained from organ
and musculoskeletal tissue banks from Passo Fundo
(Hospital Séo Vicente de Paulo), Sdo Paulo (Banco de
Tecidos Salvador Arena - Irmandade da Santa Casa de
Misericérdia) and Marilia (Unioss - University Hospital).
All samples were processed by the respective tissue
banks, following the guidelines of the National Sanitary
Surveillance Agency (ANVISA) #220/2006 and the
Brazilian National Transplant System.

Threeboneblocksfromdifferentdonorswereobtained
from each tissue bank. All the characteristic cortico-
medullary bone features were present in the samples.
Using a sterile 2-mm diameter trephine drill (S.I.N
Implantes, Sdo Paulo, SP, Brazil) attached toa handpiece
andanelectricmotor (W&H Dentawerk, Burmoos GmbH
Austria), as well as copious irrigation with sterile saline,
sections were obtained for histological processing and
subsequenthematoxylin-eosin(HE)andFeulgenstainings,
aswellasultrastructuralanalysisunderscanningelectron
microscopy.

For histological analysis, specimens were fixed in
PBS-buffered 4% formaldehyde solution for 24 h and
then decalcified in 20% formic acid solution at room
temperaturefor7days.Thespecimensweresubsequently
dehydrated, clearedinxyleneandembeddedin paraffin.
Five-micrometer-thick sections were gradually taken
fromthe center of the specimens and stained with H&E
ortheFeulgenmethod,followingthestandard operating
procedures of the histopathology laboratory of the
Sao Leopoldo Mandic Dental School. A section from a
fibrous hyperplastic lesion obtained from the pathology
department of the Sdo Leopoldo Mandic Dental School
was used as positive control for the presence of DNA, as
detected by the Feulgen staining method.

Theobservationsand photomicrographswere made
using epi-illumination under a light microscope (Zeiss
Axiophot,CarlZeiss, Gottingen,Germany) equippedwith
an Axiocam digital camera and using the AxioVision
software (Carl Zeiss).

Forthe ultrastructural analysis, samples were fixedin
4%formaldehydesolutionand0.1%glutaraldehydein0.1
M cacodylate buffer,pH 7.4 for 1 hatroom temperature.
They were next rinsed in the buffer solution at 0.05 M
priortofurtherdehydrationinincreasing concentrations
of ethanol to critical pointand HMDS. The samples were
then mounted on aluminum stubs and sputter coated
with gold for assessment under a Scanning Electron
Microscope (JEOL Neoscope JCM-5000, Tokyo, Japan).

2

Microscopicanalysesweredescriptiveandqualitative,
basedontheevidenceofbonetissue,hematopoieticbone
marrow and osteocytes.

Results
Histological Analysis

Photomicrographs from the bone samples stained
with H&E and Feulgen are shown in Figures 1 and 2,
respectively.Allspecimens presented cortico-medullary
bone containing lacunae filled occasionally with
osteocytes. Additionally, hematopoietic bone marrow
tissue was also present (Fig. 1).

Feulgen staining confirmed the presence of DNA
in all tissue samples (Fig. 2). There was presence of
hematopoietic bone marrow and there were stained
nuclei in all samples.

Ultrastructural Analysis

SEM photomicrographs are shown in Figure 3. The
lacunae observed within the cortico-medullary bone
tissue were filled with erythrocytes.

Discussion

Autologous bone grafts are regarded as the gold
standard and despite their wide use, they are associated
with considerable postoperative morbidity, with pain at
the donor site as one of the most common complaints
by patients, ranginginintensity from moderatetosevere
in 99% of patientsin the first post-operative weeks (14).
Allogeneic boneis considered a second line treatment
option for grafting, due mainly to its osteoconductive
properties (15) and high implant survival rates (16,17).
The antigenicity andimmune response associated with
allogenic bone grafts remain poorly understood (8,18)
and so, largely controversial.

There are several options available for allogeneic
grafting, which include fresh frozen bone, fresh
lyophilized bone and demineralized lyophilized bone
(16). The antigenicity of the graft may be reduced by
manipulation of the material so that it is well tolerated
and the risk of cross-infection is minimized. The least
immunogenicallogeneicbiomaterial currentlyavailable
is the lyophilized demineralized bone graft, which is
particulateandtherefore haslimited use, especiallywhen
maxillofacial reconstruction is required.

The present study evaluated samples of fresh frozen
bonegraftsfromthreetissue banksin Brazil using optical
and scanning electron microscopy.Inall samples, there
was organic matter, represented by medullary tissue,
cellular debris, red blood cellsand DNA within the bone
tissue.Alsowithinthebonematrixtherewasbonemarrow
and osteocytes occupying individually their respective
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lacunae.Althoughitwasexpectedthatcryopreservation explains the recent findings that 33% of individuals
should remove all viable cells from the allograft, the whoreceived allogeneic bone blocks for reconstruction
findings from the present study demonstrate that the of the atrophic maxilla were sensitized with anti-HLA
processinginvolvedin preparingfreshdeep-frozenbone (13). Corroborating these findings, Simpson et al. (9)
grafts preserved blood structuresand donor cells, which demonstrated the potential of osteoblastic cells to be

Allogeneic bones present cells

Figure 1. Photomicrograph of a cortico-medullary bone fragment. The lacunae are filled with osteocytes (arrows) and hematopoietic marrow
tissue. A,B: Tissue bank of Marilia (Unioss); C,D: tissue bank of Santa Casa de Misericérdia (Sdo Paulo); E,F: Sdo Vicente de Paulo Hospital. HE.
Scale: A, C, E=25 Mm; B, D, F=12 Mm.
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cultivated from freshly frozen allograft specimens for
at least six months in a bone bank.
Despiteallograftdecontamination,osteocytelacunae
may remain completelyintact,including hydroxyapatite
crystalsthatareknowntocontributetoDNA preservation
(19).Inthe present study, purplish-red Feulgen staining
was observedinall allografts, both in osteocytesandin
bone marrow cells adjacent to the bone matrix. Before
this, the state of conservation of old bone samples
was analyzed using histochemical techniques and it
demonstrated thatFeulgenstainingwas positiveinafew
casesonly, suggesting that not all osteocytes preserved
their DNA (20).Their well-preserved samples with a high
degreeofFeulgenpositivity,however,demonstratedgood
condition of the bone tissue and consequently yielded
good quality DNA,asdemonstrated byamplification.Ina
previousstudy,fourdifferentallogeneicbonegraftswere
compared histologically, in which remnants of organic

tissue were detected in all samples, such as adipocytes,
fibroblasts, osteocytes and chondrocytes, as well as
presence of DNA samples, which ranged from 10.2 to
56.2 ng/mL (21). Although there is evidence that DNA
may induceanimmuneresponse, cytosolic DNA may be
the trigger of a strong immune response through the
cGAMP synthase enzyme (22).

Previous studies have shown the developmentofan
immune response against bone grafts, especially with
respectto HLA incompatibility both inanimals (23) and
humans (8,11,24,25). In allograft recipients, donor cell
growthcanberesponsibleforanentire spectrumof post-
implantationimmuneresponses, whichmay explainthe
inconsistentbehaviorofallograftsinrevisionarthroplasty
(9,13). Notwithstanding the high success rate reported
for the bone allograft survival, a systematic review
demonstrated low level of scientific evidence articles
with shortfollow-up time regarding clinical efficacy and

Figure 2. Photomicrograph of a cortico-medullary bone fragment. A,B. DNA is present in all samples, as demonstrated by stained nuclei (arrows),
including in hematopoietic marrow tissue. A: fibrous hyperplasia (positive control); B: Tissue bank of Marilia (Unioss); C: Tissue bank of Santa
Casa de Misericérdia (Sao Paulo); D: Sao Vicente de Paulo Hospital. Feulgen's staining. Scale: 12 um.
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predictability of block allograft for restoration of vertical immunological follow-up of patients transplanted with
and/or horizontal bone defects (26). tissue bank boneforthe purpose of subsequentimplant

Although allogeneic bone grafting procedures installationarerequired(12),especiallywhenthepresence
are considered safe as regards cross-infection and ofintactcellswithinbone structuresisevidenteven after
reconstructive surgery, longitudinal studies involving processing and deep-freezing, as observed in this study.
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Figure 3. Scanning electron micrographs from bone fragments. Notice the presence of lacunae of bone tissue filled with red blood cells in all
samples. A,B Tissue bank of Marilia (Unioss); C,D: Tissue bank of Santa Casa de Misericordia (Sao Paulo); E,F: Sdo Vicente de Paulo Hospital.
Scale:A,C,E=2.5Mm;B,D,F=5pm.
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Insummary, frozen bone grafts from three tissue banks
inBrazilharboredwholecellsevenaftertissue processing
and deep-freezing.

Resumo

Substitutososseostémsidoamplamenteutilizadosparareconstrucaode
ossos maxilares atréficos. Umavez que relatos anteriores demonstram
aexisténciade células vidveis em blocos 6sseos apds processamento
pelos bancos de tecidos musculo-esqueléticos para uso ortopédico, o
objetivo deste trabalhofoiavaliara presenca de células provenientes
de trés bancos de tecidos musculo-esqueléticos do Brasil. Todas as
amostrasforamprocessadaspelosrespectivosbancosseguindoasnormas
da Agéncia Nacional de Vigilancia Sanitéria brasileira. Foi realizada
a retirada de 3 amostras de cada bloco, que foram destinadas para
processamento histoldgico e subsequente coloragcao porhematoxilina
e eosina e Feugen e andlise ultra-estrutural através de microscopia
eletronica de varredura (MEV). Asimagens de microscopia de luzde
todososfragmentosdeenxertosdsseosmostraram presencadecélulas
do tipo ostedcito em todos os grupos avaliados, bem como intensa
coloragdo por Feulgen, demonstrando a presenca de DNA nos 0ssos
mesmo apds o processamento realizado. As andlises ultraestruturais
evidenciaram a presenca de hemadcias nas lacunas do tecido dsseo.
Conclui-sequemesmoapdsosprocessamentosrealizadospelosbancos
detecidos musculo-esqueléticos é possivel encontrar célulasnosossos
utilizados para enxertia alégena.
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