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Expression of CD44 in previously
grafted alveolar bone.

Expresiéon del marcador 6seo CD44 en hueso
alveolar previamente injertado.

Abstract: Objetive: To determine the expressions of the bone surface
marker CD44 in samples of alveolar bone previously regenerated with
allograft, xenograft, and mixed, using the technique of guided bone
Material and Methods: This
approved by the institutional research and ethics committee. By means

regeneration. exploratory study was
of intentional sampling and after obtaining informed consent for tissue
donation, 20 samples of alveolar bone previously regenerated with guided
bone regeneration therapy with particulate bone graft and membrane
were taken during implant placement. The samples were stained with
hematoxylin-eosin for histological analysis, and by immunohistochemistry
for the detection of CD44. Results: Sections with hematoxylin-eosin
showed bone tissue with the presence of osteoid matrix and mature bone
matrix of usual appearance. Of the CD44+ samples, 80% were allograft
and 20% xenograft. The samples with allograft-xenograft were negative.
There were no differences in the intensity of CD44 expression between
the positive samples. The marker was expressed in osteocytes, stromal
cells, mononuclear infiltrate, and some histiocytes. Eighty percent of the
CD44+ samples and 100% of the samples in which 60 or more cells were
labelled corresponded to allografts (p=0.000). A total of 67% of the samples
from the anterior sector, and 40% from the posterior sector were CD44+
(p=0.689). Conclusion: This study shows for the first time that guided
bone regeneration using allografts is more efficient for the generation of
mature bone determined by the expression of CD44, compared to the use
of xenografts and mixed allograft-xenograft, regardless of the regenerated
anatomical area.

Keywords: Bone regeneration; CD44 protein, human; osteocytes; dental
implants; allografts; heterografts.

Resumen: Objetivo: Determinar la expresion del marcador de membrana
6seo CD44 en muestras de hueso alveolar previamente regenerado con
aloinjerto, xenoinjerto y mezcla mediante la técnica de regeneracién 6sea
guiada. Material y Métodos: Con aval del Comité de Investigacion y Etica,
se realizd un estudio exploratorio. Por muestreo intencional y firma de
consentimiento informado de donacion, se tomaron durante la colocacion del
implante, 20 muestras de hueso alveolar previamente regenerado con terapia
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de regeneracion 6sea guiada coninjerto 6seo particulado y
membrana. Las muestras fueron tefidas con hematoxilina-
eosina para el anélisis histologico y por inmunohistoquimica
para la deteccion del CD44. Resultados: : Los cortes con
hematoxilina-eosina mostraron tejido ¢seo con presencia
de matriz osteoide y matriz 6sea madura de aspecto usual.
De las muestras CD44+, 80% fueron de aloinjerto y 20%
de xenoinjerto. Las muestras con aloinjerto-xeoninjerto
fueron negativas. No hubo diferencias en la intensidad
de la expresion del CD44 entre las muestras positivas. El
marcador se expresd en osteocitos, células estromales,
infiltrado mononuclear y algunos histiocitos. EI 80% de las

INTRODUCTION.

Edentulism is one of the main causes of alveolar
bone loss. In Colombia, 5.2% of the population suffer
from total edentulism.! Measurements in Colombian
patients show an average bone of 6 mm in the upper
jaw, and 10.9 mm in the lower jaw.?2 Bone loss makes it
difficult to rehabilitate patients with edentulism through
implant placement. These patients require additional
procedures such as guided bone regeneration (GBR),
which relies on the formation of new bone through
bone grafts (autologous, homologous, heterologous
or alloplastic materials), and membranes (resorbable or
non-resorbable).?

Current research assessing the quality of new bone
seek to study and measure four main factors through
histology and histomorphometry procedures:

1) percentage of new bone formation,

2) percentage of graft particles,

3) presence of connective tissue, and

4) percentage of contact of the newly formed
bone with the particles of residual material remaining
from the graft. Comparative results have shown a
higher percentage of new vital bone, less percentage
of residual non-vital bone, and more bone formed in
tissues grafted with allografts than with xenografts.
In both cases, particles of material surrounded by
bone, osteoid and osteoblasts, are observed.* These
histological findings vary according to the type of
material used and the response of each individual.®

The alveolar bone is composed of the lamina dura
and the cancellous or trabecular bone: within its
cellular components are osteoblasts (matrix-generating
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muestras CD44+ y el 100% de las muestras con marcaciéon
de 60 o0 mas células correspondian a aloinjertos (p=0,000).
El 67% de las muestras del sector anterior y el 40% del
sector posterior fueron CD44+ (p=0,689).
Este estudio muestra por primera vez que la regeneracion

Conclusién:

6sea guiada usando aloinjertos, es mas eficiente para la
generacion de hueso maduro determinado por la expresion
de CD44, comparado con el uso de xenoinjertos y mezcla
de aloinjerto-xenoinjerto, independientemente del sector
anatémico regenerado.

Palabra Clave: Regeneracion ésea; receptores de hialuranos;
osteocitos; implantes dentales; aloinjertos; xenoinjertos.

cells), osteocytes (mature osteoblasts), osteoclasts
(bone macrophages, bone resorption). These cells allow
homeostasis in the bone and its constant remodeling.¢
Osteocytes also participate in the synthesis and
mineralization of the osteoid matrix, but their main
function is to control bone remodeling. These cells are
the final stage of the osteoblastic line, time at which
bone maturation is completed, and they are unable to
renew themselves.”
remodeling involves the participation of
osteoblasts and osteoclasts that will generate and
reabsorb mineralized connective tissue from the bone.

Bone

The regulation of this remodeling is complex and
requires hormones and local factors that act in an auto-
and paracrine way. The molecular events that occur are
usually similar to those observed in inflammation and
repair processes.®

Bone formation and resorption are linked through
the RANK ligand/ osteoprotegerin (RANKL/OPG) axis.
RANKL, found in osteoblasts, is a transmembrane
receptor located on osteoclast precursor cells. The
union of RANKL to RANK allows the differentiation
of osteoclasts and the initiation of bone resorption.
OPG competes with RANK, so when OPG binds to
RANKL, the bone resorption process stops. Osteoclast
formation involves the fusion of monocyte precursors
that occur at the site of bone resorption. The CD44
receptor is necessary for this fusion to take place. The
ligand osteoprotegerin is an osteoclast differentiation
factor, like RANK. 8

The mainrole of CD44 is considered to be the balance
between matrix components and osteoprotegerin on
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the cell surface.? It acts as a signaling control center
for cell surface receptors and provides bone cells
with the ability to detect changes in the extracellular
CD44 is expressed
osteoblasts to osteocytes. Macromolecules such as

environment. from mature
hyaluronate (HA), osteopontin (OPN), fibronectin and
collagen (important regulators of bone remodeling),
can bind to CD44 and activate intracellular signals.t®

Therefore, the expression of CD44 in alveolar
bone previously grafted for guided bone regeneration
may be associated with the presence of osteocytes,
activation of macrophages (osteoclasts), and with a
correct and active remodeling process,” which would
determine the quality of the regenerated bone.

The presence of osteocytes can be evidenced by the
expression of the bone marker CD44. This marker is
a glycoprotein with cell-cell and cell-matrix adhesion
functions expressed in a wide variety of cells and has
a large number of known biological functions, within
which, is the ability to bind to macromolecules of the
matrix, such as fibronectin, collagen and hyaluronate,
and its expression in bone cells can be assessed.
Osteoclasts and cells of the periosteum also express
CD44, although not as strongly as osteocytes. During
the early stage of differentiation of the osteocyte, it is
embedded in the bone matrix, at this stage it is when
the expression of the bone marker CD44 occurs.**

Taking into account that the success of osseo-
integration in implantology depends among other
factors on the quality of the regenerated bone, this
research aims to determine the expression of the bone
membrane marker CD44 in samples of alveolar bone
previously regenerated with allograft, xenograft, and
mixed, by means of guided bone regeneration therapy.

MATERIALS AND METHODS.

The present exploratory study was approved by
the Research and Ethics Committee of the School
of Dentistry of the Pontificia Universidad Javeriana,
registration number OD-0160, authorization number
011-2014. Twenty bone samples were taken from
a regenerated alveolar bone, both maxillary and
mandibular of anterior and posterior areas, of patients
previously subjected to a guided bone regeneration
therapy with particulate bone graft and resorbable
membrane, in alveoli with absence of one or two walls.
without

Samples from non-smoking patients,

systemic involvement, and without active periodontal
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disease were included in the study. Samples showing
granulation tissue and regenerative material particles
were excluded.

The bone grafts used were cancellous allograft with
a particle size ranging from 0.5 mm to 1 mm (Puros®),
resorbable collagen membranes (Biomend®).
Regarding the xenograft material, particle size ranged

and

from 0.5 mm to 1 mm (Bioss®). For the allograft-
xenograft mix, ratios of 3:1 were used.

At the appointment for implant placement, the
patient was asked to donate hard tissue after signing
the corresponding informed consent. For each patient
from whom the sample was obtained, the following
data were recorded: age, sex, type of graft (allograft,
xenograft or mixed), and the area in which the
regeneration was performed, classified into anterior
segment and posterior segment. The sample was taken
with a 2 mm diameter trephine bur (Salvin®), at a depth
of 5 mm in the previously grafted area.

Immediately after collection, the samples were
immersed in 10% formaldehyde buffer solution and
transferred to the pathology laboratory of Hospital
Universitario San lIgnacio, where the tests were
performed. After fixationfor 24 to 72 hours, the samples
were decalcified with 7% ethylenediaminetetraacetic
acid, pH 7.0 at 37°C, dehydrated in ethanol gradients,
and embedded in paraffin wax at 60°C to form blocks.
The latter were subsequently cut to a thickness of 5
ium. Prior to immunohistochemistry, the quality of the
sample was evaluated by staining with hematoxylin-
eosin, under a light microscope with 10 and 40 X
magnification, to evaluate the presence of new and
mature bone, and residual bone graft particles.

For staining, the samples were deparaffinized at a
temperature of 95°C - 99°C for 20 minutes and washed
3 times with xylol for 3 minutes each. After hydration
with alcohol at different concentrations (27%, 80%,
70%), they were stained with hematoxylin for 4 to
6 minutes. The slides were washed and immersed
in ammonia water solution to be then stained with
eosin for 2 to 4 minutes. Finally, the samples were
dehydrated 3 times with alcohol, rinsed 3 times with
xylol, and liquid synthetic resin was added to mount
the coverslip for reading.

Immunohistochemical analysis for the detection of
CD44

For the test, anti-CD44
(Bio-genex ref: MU310-UC) was used as the primary

immunohistochemical
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antibody. Antigen-antibody reaction was developed
with the EnVision FLEX/HRP kit (Dako).

The paraffin embedded samples were cut to a thi-
ckness of 3um. Initially, antigen recovery was carried
out for 30 minutes at a constant temperature of 22°C
in a Dako PT Link (Dako Colorado INC.) preheated to
65°C. Subsequently, the plates remained immersed in a
washing solution (TRIS saline buffer with Tween 20), pH
7.6 (+0.1), and the assembly was carried out on the Dako
Autostainer Link 48. For CD44 labeling, staining started
with a buffer wash.

Excess liquid was removed, and 100 ul of the
peroxidase blocking reagent (EnVision Flex Peroxidase-
Blocking Reagent) was added for 5 minutes. It was washed
again, and 100 pul of anti-CD44 antibody diluted 1:40
in antibody diluent solution (EnVision FLEX Antibody
Diluent) was added and incubated for 20 minutes. After
the washing process, 100 ul of EnVision FLEX+ Mouse
(LINKER) were added for 15 minutes, it was washed
and the reagent containing the enzyme (EnVision FLEX/
HRP) was added and incubated for 20 minutes. For the
development, two washes with washing solution were
carried out, incubating in the buffer during the second
wash for 5 minutes.

Finally, 200ul of the substrate (EnVision FLEX
Substrate Working Solution) were added for 10
minutes, washed with the wash buffer and then with
distilled water. Harris hematoxylin (EnVision TM FLEX
Hematoxylin) was used for contrast, the samples were
dehydrated with ethanol at increasing concentrations,
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covered with resin and coverslips, for reading with a
light microscope.

Analysis of data

Initially, the intensity of the labeling was determined
using a scale from 1 to 4, where 1 was negative, and 4
was the highest intensity. In the samples positive for
CD44, the percentage of positive cells per field was
established in three categories: less than 30%, between
30-60%, and >60%.

The presence of CD44-positive cells was considered
an indicator of mature bone suitable for implant
placement. The results are presented in a descriptive
way in summary measures for the quantitative variables,
and the expression of CD44 for each one of the positive
samples. The bivariate analysis was performed using
Fisher's exact test (p<0.05).

RESULTS.

Of the total of 20 samples collected, one was
excluded because it contained particles of the material
used for regeneration. The results are then shown for
19 samples from patients with a mean age of 59.4+7.8
years, of which 15 were female and 4 male (Table 1).
The mean time for taking the sample was 8.58 months
(range 5-16 months) for allograft use, 11.75 months
(6-22 months) for xenograft, and 7.67 months (5-10
months) for the allograft-xenograft mix. The most widely
used type of graft was allograft with twelve samples,
followed by four xenograft-regenerated samples, and
the allograft-xenograft mix with three samples.

Figure 1. Representative photomicrographs of the analyses in previously regenerated bone.

A.Sample stained with hematoxylin-eosin (40x). B. Sample positive for the expression of the CD44 marker (40x). C. Negative sample for
the expression of the CD44 marker (40x).
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Table 1. Characteristics of samples analyzed for CD44.

Age Sex Type of graft Regeneration Post-graft healing Intensity %CD44
site time (months) of staining + cells
72 Male Allograft Anterior 6 3 <30
70 Female Allograft Anterior 4 >60
60 Female Allograft Anterior 16 3 <30
62 Female Allograft Posterior 6 2 30-60
71 Female Allograft Anterior 2 <30
53 Female Allograft Posterior 6 4 30-60
50 Female Allograft Posterior 10 4 30-60
53 Female Allograft Anterior 12 3 <30
67 Male Allograft Posterior Negative
58 Male Allograft Posterior 6 Negative
64 Female Allograft Posterior 12 Negative
50 Female Allograft Posterior 10 Negative
49 Female Xenograft Anterior 10 4 <30
65 Female Xenograft Posterior 2 <30
50 Male Xenograft Posterior Negative 0
63 Female Xenograft Anterior 22 Negative 0
64 Female Allograft-xenograft Anterior 10 Negative 0
51 Female Allograft-xenograft Anterior 8 Negative 0
56 Female Allograft-xenograft Posterior Negative 0

Nine samples corresponded to regeneration in the

anterior segment, and 10 samples in the posterior
segment. The initial evaluation of the quality of the
samples by means of hematoxylin-eosin staining
showed bone tissue sections with the presence
of osteoid matrix and mature bone matrix of usual
appearance (Figure 1A).

In the immunohistochemical analysis, 10 of the 19
samples were positive for the expression of the CD44
marker. In addition to the expression of the marker
in osteocytes, positive stromal cells were found in
the mononuclear infiltrate and in some histiocytes
(Figure 1B). Figure 1C shows a negative sample for the
expression of the marker.

The characteristics of the 10 CD44-positive
samples are presented in Table 1. Most of them were
obtained from females; 80% of the CD44+ samples,
and 100% of the samples with 30 or more cells labelled
corresponded to allografts (p=0.000). Regarding the
intensity of expression, a similar behavior was observed
between the two types of grafts. No differences were

found in the comparison of regenerated areas, nor a
relationship between healing time and the presence
or absence of the marker. None of the samples taken
from areas regenerated with allograft-xenograft

showed expression of CD44.

DISCUSSION.

One of the current therapies to treat edentulism is
the placement of dental implants, although one of its
main problems is insufficient bone volume. When an
extraction is performed, the lamina dura or fascicular
bone, measuring approximately 400um, is lost. Taking
into account that about 80% of the population has a
vestibular table of less than 1mm, an extraction leads
to loss of the table and bone resorption in both height
and thickness 213

This is why it is required to increase bone volume
using guided bone regeneration for the functionality of
the dental implant placement. One of the objectives of
this procedure is for the newly formed alveolar bone,
where the placement of a dental implant is planned,
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to share physical and histological characteristics with
the mature native bone. This maturation phase may be
evidenced by the presence of osteocytes, since this
cell represents the final stage of the osteoblastic line”
through the use of a marker such as CD44 ' which is
the aim of this study.

The higher frequency
intensity of CD44 positive cells in tissues taken from
regenerated sites with allografts, compared with
xenografts, or the combination of the two. Allografts
contain bone morphogenetic proteins (BMP) in low
proportions, which gives them osteoinductive and
osteoconductive properties, making them a suitable
material for oral regenerative treatments.* Thirteen
different morphogenetic proteins (BMP1-BMP13) have
been identified that act as osteoinductive components
and promote bone neoformation.®®

However,someallograft samplesand mostxenografts
were negative for CD44 expression. Allografts have
a faster resorption rate of 3 to 6 months,**® which
leads to a reduction in the time to start bone activity,
compared to xenografts that have a slower resorption
rate of 4 to 12 months.® These wide ranges can make a
difference in the goal of ensuring that the regeneration
procedure leads to the production of mature bone
for implant placement. In addition to the difficulty of
standardizing the different time ranges that depend on
the type of material used, in this study, not all patients
were available to take the sample at the indicated time,
which meant that the average time was higher than
that indicated by consensus. Although this is one of
the limitations of the study, no relationship was found
between the graft healing time and the presence or
absence of the CD44 marker.

If we consider that the positive expression of
CD44 can be taken as a marker of bone maturation,
it is relevant to redefine healing times based on the
expression of this marker. None of the allograft and
xenograft mixtures was positive for CD44. If for these
cases the healing time is taken from the allograft,
some xenograft particles may remain and slow down
the maturation of the new bone by requiring longer
resorption times, and even persisting for more than 10
years in the regenerated area.*?

It is important to take into account the half-life and
the apoptosis process of osteocytes since these two
factors can influence the non-expression of the CD44
marker in regenerated tissue samples. The osteocyte
is a metabolically underactive mature cell that has a
half-life of 150 days, after which it regresses and dies

results showed a and
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(20). Osteocytes reside both in the mineralized bone
matrix and in small gaps, and that is why they are
not considered migratory cells, which facilitates their
identification. Sixty-five percent of osteocytes die by
apoptosis during the process of repair of the cavity
eroded by osteoclasts.?®

Recently, CD44-positive bone marrow-derived cells
have been shown to be essential for the repair of bone
defects in an animal model using tissue-engineered
constructs.?* This confirms the use of the CD44 marker
as a way to assess bone quality in tissue regeneration
models. It must also be considered that graft materials
act as a scaffold for the new bone formation, but this
does not imply that the migration of cells takes place,
which is why not all osteoblasts will end up converted
into osteocytes.?!

There are few articles that study the expression
of CD44. Most of the studies were carried out in
animals, and only one studied the expression of CD44
in regenerated bone in humans, in which xenograft
samples used in sinus lift regenerations are analyzed.
The samples were taken 6 months after the sinus floor
elevation was performed, with a positive labeling of
74% .22 However, itis not possible to make a comparison
with the present results since it does not meet the
criteria for classical regeneration of the alveolar ridge,
as it is being done at the expense of a defect described
as ideal for vertical regeneration such as Highmore's
antrum, or maxillary sinus.

For clinicians it is important to have some type of
parameter to establish the degree of bone maturation,
which ensures a predictable bone resorption/apposition
dynamics such as that seen in non-regenerated native
bones, which allows to achieve adequate stability of the
implant in the bone, support the subsequent loading of
that implant, and resist the occlusal forces to which the
implant is subjected when in function.

Few published studies show the impact of the type of
graft on the performance of implants. In the systematic
review published by Chavda et al.,2® they draw a general
conclusion that there are no differences in the success
of implants between the types of materials for alveolar
ridge augmentation. However, the analysis of the
available literature shows very few articles that look
for these relationships, and the few that exist present
controversial results, diversity of procedures, patients
(age and smoking habit, for example), and types of
grafts used.

These authors suggest conducting comparative
studies especially between grafts from non-autogenous
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sources such as allo- and xenografts. Therefore, more
studies are required to establish the most efficient
type of graft in restoring lost alveolar bone, with a
behavior similar to that of native or healed alveolar
bone without any type of regeneration, both from the
biological point of view, and in the clinical relevance of
associating the type of graft with implant failure.

The selection of the bone graft has been defined
by commercial rather than biological criteria, possibly
more by the quantitative availability than by the search
for the reconstruction of the alveolar process in a more
natural way.

Traditionally, different mixtures of bone grafts of the
autologous type (from the same patient), homologous
(from a human bone bank) and heterologous (from
other species such as pigs or bovines) have been used,
with the only parameter of observing bone in the
biopsies through histological tests, without confirming
if itis a suitable, mature bone that allows the placement
of dental implants, and subsequently, determine its
capacity to bear load and stay healthy for long periods
of time. The authors of this study consider that the
approach used in this research is a good starting point
to begin to establish clearer protocols, by providing
a valuable biological explanation of the best way to
regenerate alveolar bone.

CONCLUSION.

Guided bone regeneration using allografts is more
efficient for the generation of mature bone determined
by the expression of CD44, compared to the use of
xenografts and allograft-xenograft mix, regardless of
the regenerated anatomical sector. These results may
be a starting point for the study of the ideal maturation
times of this previously grafted bone.
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