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The biological interaction between the jaw bones and dental implant is fundamental for the long-term success of 

dental implant placement. Nevertheless, the insufficient bone volume remains a major clinical problem, 

especially in case of immediate dental implant. Using a canine model, the present study proves the regenerative 

potential of adipose- derived stem cells (ADSCs) to repair peri-implant bone defects occurring in immediate 

dental implant placement. In six labradors, all mandibular premolars and the first molars were extracted 

bilaterally and three months later dental implants were installed with a marginal gap. The marginal defects were 

filled with hydroxyapatite (HA)-based scaffolds previously seeded with ADSCs. After one month of healing, 

specimens were prepared for histological and histomorphometric evaluations. Histological analyses of ground 

sections show that ADSCs significantly increase bone regeneration. Several new vessels, osteoblasts and new 

bone matrix were detected. By contrast, no inflammatory cells have been revealed. ADSCs could be used to 

accelerate bone healing in peri- implant defects in case of immediate dental implant placement. 
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he osseointegration is the direct rigid fixation 

of the dental implant into jaw bones (1). The 

long-term success of implant- supported protheses 

is ensured by the biological interaction between the 

jaw bones and dental implant surfaces. As implant 

surface properties strongly influence the bone 

response, so various techniques of surface treatment 

have been developped and applied to improve 

implant stability during bone regeneration (2-4). 

Nevertheless, a great clinical problem especially in 

case of immediate dental implant placement is 

represented by the insufficient bone volume (5). 

Immediate implant offers several advantages 

compared to the delayed implant, such as time 

reduction for making dentures, which may lead to 

an immediate satisfaction regarding aesthetics and 

T
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function in patients (6). However, a significant 

alveolar bone loss is often present as an immediate 

post-extraction event (5). Several strategies could 

be applied in this case. The gold standard is 

represented by autologous bone grafts, but their 

clinical applications are very limited (7). In this 

view, the use of stem cells could provide a 

promising approach for enhancing osseointegration 

of immediate dental implants, especially for defects 

in which spontaneous repair is not workable (8-12). 

Thus, the in vitro development of engineered bone 

tissue offers a hopeful opportunity to repair the 

peri-implant bone defects. 

Bone tissue engineering requires stem cells 

and an extracellular matrix (ECM) or scaffold, 

where cells can growth in three dimension. To 

accelerate the regeneration of bone tissues, grafts 

need to contain a large number of stem cells or 

differentiated cells and bioactive factors to attract 

osteoprogenitor cells to the defect region. In the 

past years, mesenchymal stem cells (MSCs) 

isolated from bone marrow (BMSCs) have been 

used in regenerative medicine, including bone 

tissue engineering. However, the utility of BMSCs 

in tissue-engineered bone is restricted due to 

complicated recovery procedures and limited cell 

numbers for clinical applications (13-16). 

Therefore, a different cell source that possesses the 

same beneficial functions, while simultaneously 

overcoming their disadvantages, is adipose tissue 

(17-18). Human adipose tissue can be obtained in 

larger quantities compared to the more invasive 

procedure for isolating BMSCs offering moreover 

little patient discomfort (19-20). Stem cells isolated 

from adipose tissue are called (ADSCs) and have 

the same biological properties and characteristics of 

BMSCs. Indeed, ADSCs express the same cell 

surface markers and have the same differentiation 

potentials of BMSCs. Moreover, starting from the 

same raw material,  the quantity of stem cells 

isolated are bigger from adipose tissue than from 

other sources, indicating that ADSC could be an 

important tool for use in regenerative medicine (20-

22). In our previous work, we have yet 

demonstrated the ability of ADSCs seeded onto a 

hydroxyapatite (HA)-based scaffold to generate an 

engineered bone tissue. Furthermore, using a rat 

calvarial defect model, we have demonstrated the 

osseointegration capability of this HA-based bone 

graft (23). In this study, we aimed to apply our 

knowledge in bone tissue engineering in the 

restoration of peri- implant bone defects occurring 

in immediate dental implant placement procedures. 

For this purpose, we have prepared bone substitutes 

cultivating ADSCs on HA-based scaffolds up to 28 

days. Then, we have tested these constructs in vivo 

on a canine model of immediate dental implant 

placement. 

 

Materials and methods 

Human ADSCs isolation 

Human ADSCs were extracted from human 

adipose tissues of five healthy subjects (age: 21-36) 

undergoing cosmetic surgery procedures, following 

the guidelines of the university of Padova’s plastic 

surgery clinic. Written informed consent was 

obtained from all patients, in accordance with the 

Helsinki Declaration. The adipose tissues were 

digested and the cells isolated, expanded and 

seeded as previously described (18). Briefly, the 

adipose tissue was washed with phosphate buffered 

saline (PBS, EuroClone, Milan, Italy) and digested 

using a solution of 0.075% collagenase from 

Clostridium histolyticum type II (Sigma-Aldrich, 

St. Louis, MO, USA) in Hank's balanced salt 

solution (HBSS, Lonza S.r.l., Milano, Italy), at 

room temperature under slow agitation for 3 h. The 

collagenase activity was blocked with an equal 

volume of cDMEM which consisted of Dulbecco’s 

modified Eagle’s medium (DMEM, Lonza S.r.l.) 

supplemented with 10% fetal bovine serum (FBS, 

Bidachem S.p.A., Milano, Italy) and 1% penicillin/ 

streptomycin (P/S, EuroClone). After centrifugation 

for 4 min at 1200 rpm, the pellet was washed in 
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PBS and filtered with a 70 µM cell strainer (BD 

Biosciences, Mississauga, Ontario, Canada). The 

cell suspension was suspended in cDMEM, 

transferred to a 25 cm2 tissue culture flask, then 

incubated at 37 °C and 5% CO2. After 3 days, 

floating cells were discarded and fresh medium was 

added on the adherent cells. At confluence, ADSCs 

were harvested by trypsin treatment, then cultivated 

up to passage 3. 

Biomaterial and ADSCs seeding 

The HA-based scaffolds were supplied in 

granules (Bio-Oss®, spongious bone substitute, 

Geistlich Pharma AG, Wolhusen, Switzerland). The 

granules were coated with 50 mg/mL fibronectin 

(Sigma-Aldrich) at room temperature for 4 h, then 

air-dried overnight in a sterile biosafety cabinet. 

The HA granules were placed in a 1x106 ADSCs 

suspension under vacuum conditions for 60 seconds 

in order to facilitate the cells flow inside the pores. 

After 2 h of incubation at 37 °C with 5% CO2, the 

scaffolds were cultured in cDMEM up to 28 days, 

and the medium was changed twice a week. 

MTT assay 

To determine the proliferation rate of cells 

grown on HA-based scaffolds, the MTT-based 

(methyl thiazolyl-tetrazolium) cytotoxicity assay 

was performed according to the method of Denizot 

and Lang with minor modifications (24). The test is 

based on mitochondria viability, i.e., only 

functional mitochondria can oxidize an MTT 

solution, giving a typical blue-violet end product. 

After harvesting the culture medium, the cells were 

incubated for 3 h at 37 °C in 1 mL of 0.5 mg/mL 

MTT solution prepared in PBS. After removal of 

the MTT solution by pipette, 0.5 mL of 10% 

dimethyl sulfoxide in isopropanol was added for 30 

min at 37 °C. For each sample, absorbance values 

at 570 nm were recorded in duplicate on 200 µL 

aliquots deposited in 96-well plates using a 

multilabel plate reader (Victor 3, Perkin Elmer, 

Waltham, MA, USA). All samples  were  examined 

after 7, 14, 21, and 28 days of culture. 

Nuclear staining 

The ADSCs distribution inside the HA-based 

scaffolds was detected by nuclear staining with 

Hoechst (H33342, Sigma-Aldrich). The samples 

were fixed in 4% phosphate- buffered formalin, pH 

7, at room temperature for 10 min. After a wash in 

PBS, cells were stained with 2 µg/mL Hoechst 

solution in PBS for 5 min. 

Scanning electron microscopy (SEM) 

The HA-based scaffolds seeded with ADSCs 

were fixed with 2.5% glutaraldehyde in 0.1 M 

cacodylate buffer at room temperature for 60 min. 

After a wash in distilled water, samples were 

dehydrated in graded ethanol and then left in 96% 

ethanol overnight. Each sample was left at the 

critical point drying, then covered with a thin layer 

of gold to make it electrically conductive. All 

micrographs were obtained at 30 kV on a JEOL 

6360LV SEM microscope (JEOL, Tokyo, Japan). 

Real-time PCR 

Total RNA was extracted from each sample 

by using the TRIzol® Reagent (Invitrogen, 

Carlsbad, CA, USA). The samples were quantified 

using the NanoDrop spectrophotometer (Nano 

Drop™ 1000, Thermo Scientific, Waltham, MA, 

USA). For the first-strand cDNA synthesis, 500 ng 

of total RNA was reverse transcribed using M-

MLV RT (Moloney Murine Leukemia Virus 

Reverse Transcriptase, Invitrogen, Paisley, UK) 

according to the manufacturer's protocol. Human 

primers were selected for each target gene with 

Primer 3 software. Real-time PCRs were carried out 

using the designed primers at a concentration of 

300 nM and FastStart SYBR Green Master (Roche 

Diagnostics, Mannheim, Germany) on a Rotor-

Gene 3000 (Corbett Research, Sydney, Australia). 

Thermal cycling conditions were as follows: 15 min 

denaturation at 95 °C; followed by 40 cycles of 15 s 

denaturation at 95 °C; annealing for 30 s at  

60 °C; and 20 s elongation at 72 °C. Values were 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

25
-1

0-
27

 ]
 

                             3 / 12

http://ijmcmed.org/article-1-358-en.html


Bressan E et al. 

Int J Mol Cell Med Autumn 2015; Vol 4 No 4   200 

normalized to the expression of the β-actin internal 

reference, whose abundance did not change under 

our experimental conditions. Experiments were 

performed with 3 different cell preparations and 

repeated at least 3 times. 

Immediate dental implant placement in the 

canine model 

The research protocol was submitted to and 

approved by the Ethical Committee of the 

University of Medical Sciences, School of 

Dentistry, La Habana, Cuba.  

Six Beagle dogs, with a mean body weight of 

11 kg and a mean age of one year, were provided 

by CENPALAB (Centro Nacional para la 

Producción de Animales de Laboratorio) of La 

Habana, Cuba. The surgical procedures were 

performed at the Centro de Cirugía Experimental 

(CENCEX) Facultad de Medicina "Victoria de 

Girón" Universidad de Ciencias Médicas de la 

Habana (Cuba). 

 All the animals were treated and handled in 

accordance with the “Recommendations for 

Handling Laboratory Animals for Biomedical 

Research” compiled by the Committee on the Safe 

and Ethical Handling Regulation for Laboratory 

Experiments at the University de l’Havana Cuba. 

As previously described (25), during surgical 

procedures the animals were pre-anaesthetized with 

0.04 mg/kg atropin plus 0.04 mg/kg medetomidin 

and 5 mg/kg ketamine, then sedated with isoflurane 

(1.5% – 3%) in oxygen. All mandibular premolars 

and the first molars were extracted bilaterally. 

Three months after the extraction, a crestal incision 

was performed in the premolar-molar region in both 

sides of the mandible. Full-thickness mucoperio-

steal flaps were elevated, and six experimental sites 

were identified in the edentulous alveolar ridges, 

each side of the mandible. The surgical preparation 

of the sites was performed according to the manual 

of the implant system (Sweden & Martina, Due 

Carrare, Padova, Italy). Twist drills were used to 

prepare each recipient site for implants, 10 mm 

long and 3.3 mm in diameter (Premium TM, 

Sweden & Martina). Subsequently, especially 

designed step drills were used to widen the 

marginal 5 mm of the implant bed to 5.4 mm. 

Implants (Premium SP, Sweden & Martina) with 

3.3 mm diameter and 10 mm length were 

subsequently installed with their margin flush to the 

bone crest and healing caps were screwed on the 

implants. Following installation, a marginal gap 

occurred around the implants. The marginal defects 

in the right side of the mandible were filled with 

HA-based scaffolds previously seeded with 

ADSCs. derived from dog’s Bichat bulla, and 

mechanically dissociated; using previously descri-

bed procedures (26). The defects on the left side of 

the mandible were filled with HA-based scaffolds 

alone. The flaps were sutured allowing a fully-

submerge healing. Animals sacrifice was planned 

after 1 month of healing. After surgeries, the 

animals received antibiotic for 8 days (3 ml/48 kg 

enrofloxacin and 2 mg/kg tramadol). The animals 

were housed separately in thermostat-controlled 

cages (22 °C) at the university’s field laboratory 

with a 12 h day/night cycle, unrestrained with free 

access to water and fed with moistened balanced 

dogs’ chow. Postoperatively, the wounds were 

inspected daily for clinical signs of complications. 

Check-ups were performed on regular basis 

throughout the experiment. The animals were 

euthanatized according to the following protocol: 

1000 UI heparin plus 10 mg/kg ketamine, 1mg/kg 

xylazine, 0.2 mg/kg succinylcholine, and 25 meq 

KCl. 

Histological processing 

The histological procedures were performed in 

the laboratory of histology at the Faculty of  dontol-

ogy of the University of La Habana (Cuba).  

The mandibles were removed, dissected and 

fixed in 4% phosphate-buffered formalin, pH 7, for 

10 days, then transferred to a solution of 70% 

ethanol until processing. The specimens were 

dehydrated in increasing concentrations of alcohol 
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up to 100%, infiltrated and embedded in light-

polymerized polyester resin (Technovit 7200VLC, 

Kulzer, Wehrheim, Germany). The specimens were 

then sectioned along longitudinal axis of the 

implants using a diamond disc at about 150 mm 

thick cross section and ground down to about 50-60 

microns thickness. Sections were stained with 

Stevenel’s blue and alizarin red for histo-

morphometric analysis using optic microscopy. 

Immunofluorescence has been performed to track 

the destiny of ADSC cells. Hoechst staining 

(Sigma), PCNA (Sigma) and CD31 (Sigma) 

staining has been used. Briefly, the sections were 

incubated with the primary antibodies in 2% BSA 

solution overnight at 4°C in a humidified chamber. 

The following primary antibodies were used: rabbit 

polyclonal anti-human CD31 (1∶1000, AB1858, 

Millipore Corporation, MA, USA), rabbit 

polyclonal anti- human PCNA antibody (1∶100, 

ab71822, Abcam). Immuno-fluorescence staining 

was performed using the secondary antibodies 

DyLight 549-labeled anti- rabbit IgG (H+L) (KPL, 

Gaithersburg, MD, USA), DyLight 488-labeled 

anti-mouse IgG (KPL), and DyLight 549-labeled 

anti-chicken IgG (H+L) (KPL), which were diluted 

1∶1000 in 2% BSA for 1 hour at room temperature. 

Nuclear staining was performed with 2 µg/ml 

Hoechst H33342 (Sigma-Aldrich) solution for 2 

min. 

Histological assessment 

Histomorphometric analysis was performed on 

3 sections from each sample chosen randomly and 

observed under Leitz Orthoplan light microscope 

(LM, Leica Microsystem Inc., Bannockburn, IL, 

USA) equipped with a computerized image analy-

zer system (Qwin, Leica Microsystem Imaging 

Solution Ltd, Cambridge, UK). Five photographs 

were taken from each section. The standard region 

of interest (ROI) has been selected in a region of 

1218 × 898µm (1.09×106 µm2) including porous 

HA. The pore area inside the HA sample was then 

examined for growth and bone maturation using the 

Leica Qwin software. Each sample was analyzed 

separately (absolute value) regarding the effect of 

ADSC supplementation or its absence. 

Statistical analyzes 

One-way analysis of variance (ANOVA) was 

used for data analyzes. The Leveneı´s test was used 

to demonstrate the equal variances of the variables. 

Repeated-measures ANOVA with post- hoc 

analysis using Bonferroni’s multiple comparison 

was performed. T-tests were used to determine 

significant differences (P< 0.05). Repeteability was 

calculated as the standard deviation of the 

difference between measurements. All statistical 

analyses were performed in SPSS 16.0 software 

(SPSS Inc, Chicago, Illinois, USA) (license of the 

University of Padua, Italy). 

 

Results 

ADSCs seeding into HA-based scaffolds 

ADSCs amplified in cDMEM up to passage 3 

were harvested by trypsin treatment and then 

seeded into HA-based scaffold. The ADSCs-seeded 

scaffolds were maintained in cDMEM without any 

differen-tiation factor in incubator at controlled 

temperature and carbon dioxide up to 28 days. The 

proliferation of ADSCs into HA-based scaffold was 

evaluated by means of the MTT assay performed at 

7, 14, 21, and 28 days (Fig. 1). The increasing 

values registered by MTT assay confirmed the 

presence of alive ADSCs able to proliferate into the 

HA-based scaffold during the 28 days of culture. 

Morphological analyses of the HA-based scaffolds 

seeded with ADSCs were also performed after 28 

days of culture. Nuclear staining with Hoechst, a 

blue fluorescent dye, showed cells attached on 

scaffold surfaces and even into inner pores of the 

substrate (Fig. 2A). This behavior is also observed 

in SEM images where ADSCs appeared with a 

spindle shape in a continuous cell layer (Fig. 2B). 

Stem cells features of ADSCs have been 
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Fig. 1. MTT assay of ADSCs cultured onto HA-based scaffolds up to 28 days. The proliferation of ADSCs was evaluated at 7, 14, 21, and 
28 days. 

Fig. 2. Morphological analyzes of ADSCs cultured into HA-based scaffolds up to 28 days. (A) Nuclei of ADSCs seeded into HA-based 
scaffolds are stained with Hoechst blue fluorescent dye. The cells are attached on surface and into the inner pores of the HA-based scaffold. 
(B) SEM images of ADSCs showing cells with a spindle shape in a continuous layer. 

Fig. 3. Gene expression profile by means of real-time PCR. ADSCs seeded into HA-based scaffold expressed the MSCs markers CD73, CD90 
and CD105, but not CD34 (marker of hematopoietic phenotype). 

investigated by gene expression profiling with 

Real-time PCR. The mRNAs of ADSCs seeded into 

HA-based scaffold in the absence of differen-tiative 

factors were extracted and molecular markers of 

MSCs phenotype were investigated. The real-time 

PCR showed a well-defined expression for
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CD73, CD90 and CD105, whereas no expression for 

CD34 has been revealed (Fig. 3). 

Dental implant placement in the canine model 

A canine model has been employed to assess the 

bone regeneration activity of ADSCs. Six dental 

implants were installed in the alveolar ridges on each 

side of mandible with a marginal gap around the 

implants. The marginal defects in the right side of the 

mandible were filled with HA-based scaffolds 

previously seeded with ADSCs up to 28 days (test 

condition). Conversely, the defects in the left side of 

the mandible were filled with HA-based scaffolds 

alone (control condition). Histological analyses of 

ground sections stained with Stevenel's blue and 

alizarin red revealed in both conditions the 

occurrence of bone regeneration around the implants 

after 1 month of healing (area indicated by yellow 

arrowheads: test condition in Fig. 4A; control 

condition in Fig. 4B). In both conditions, new ECM 

rich in collagen fibers has been deposited (black 

asterisks in Fig. 4C and Fig. 4D). In particular, the 

HA-based scaffold enriched with ADSCs showed the 

presence of several vessels (black arrows in Fig 4C 

and Fig. 4E) embedded in the new ECM; on the 

contrary, vessels could not be detected in the HA-

based scaffold alone (Fig.4D and Fig. 4F). In the test 

condition, a regenerated bone tissue (dark red in Fig. 

4C) was present at interface between implant and 

HA-based scaffold (white arrows in Fig. 4C). 

Presumably, the presence of ADSCs has considerably 

stimulated the osteogenic population (black 

arrowheads in Fig. 4E) mainly around the HA-based 

scaffolds (light red in Fig. 4E) to produce new bone 

matrix (dark red in Fig. 4E). Conversely, in the 

control condition, an ECM of collagen fibers (black 

asterisks in Fig 4D) was lay down at interface 

between implant and HA-based scaffold (white 

arrows in Fig. 4D), however, osteogenic cells were 

not detected (Fig. 4F). The destiny of ADSCs has 

been followed by immunofluorescence analysis. 

Results reported on fig. 5 revealed that all samples 

were highly populated by dog cells as blue point 

(related to the blue staining of the nuclei with 

Hoechst) revealed. Around the HA granules also in 

this case, blue stained big points (yellow arrows) 

are shown. Around the HA samples, a rime of cells 

stained in red is well evident. These cells are human 

ADSCs positive for PCNA, a specific antibody for 

human nuclei. In this way, human stem cells were 

marked and we found that inside a dog population 

(blue nuclei), after 1 month, human ADSCs (nuclei 

stained in red) are still present,. The presence of 

cells with red nuclei around the HA scaffolds 

confirm the involvement of ADSCs in the new bone 

formation (NBF) process. Interestingly, the vessels 

present in the tissue (stained in green, thanks to the 

positivity of CD31 marker which is specific to 

endothelial cells) show both blue and red nuclei 

establishing that ADSCs participate also to the new 

vascularization process. No sign of inflammatory 

process was detected after thirty days after surgery 

(Table 1 and fig. 6). In both conditions, polymor-

phic nuclear cells (i.e. granulocytes), phagocytic 

cells (including macro-phages and monocyte-

derived giant cells), and non-phagocytic cells 

(comprising lymphocytes, plasma cells, and mast 

cells) were absent. The defects filled with HA-

based scaffolds alone (white bars) showed a scarce 

amount of fibroblasts, endothelial cells, collagen 

fibers and NBF. By contrast, the defects filled with 

HA-based scaffolds previously seeded with ADSCs 

(black bars) showed a larger amount of endothelial 

cells and collagen fibers. In addition, the formation 

of new bone is more evident. Histomorphological 

analyses related to the NBF has been performed and 

reported on Table 2. Evidently, the bigger values on 

NBF are in the site on which ADSCs are present. 

 

Discussion 

Often, the installation of dental implants is 

hampered by alveolar bone loss, especially in 

immediate implant placement. In order to reduce 
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Fig. 4. Staining with Stevenel's blue and alizarin red of marginal defects filled with (A, C, and E) HA-based scaffold previously seeded with 
ADSCs (test condition) or (B, D, and F) HA-based scaffold alone (control condition) after 1 month of healing. In both conditions, a bone 
regeneration area (yellow arrowhead in A and B) is present around the implants. At interface between implant and scaffold (white arrows in 
C and D) of the test condition new bone tissue (dark red in C) is present, whereas a new ECM rich in collagen fibers (asterisk in D) is present 
in control condition. In the defect filled with HA-based scaffold previously seeded with ADSCs several vessels (black arrows in C and E) 
embedded in new ECM (asterisk in C and E) and osteoblastic cells (black arrowhead in E) producing new bone matrix (dark red in E) are 
present. In the defect filled with HA-based scaffold alone a new ECM rich in collagen fibers (asterisk in D and F) is present, but vessels and 
osteogenic cells are absent. 

the time of the bone healing around the implant  

and induce better osseointegration of the implant, 

several studies were performed in the last decade 

(27). Much attention was paid to changing the  

shape of implants and modifying the surface 

properties of the dental implants, but the develop-

ment of engineered bone tissue could offer a new  

tool for peri-implant bone defect repair. The bone 

healing process around the implant is a biolo- 

gical event strongly similar to bone healing  

process involved after a bone injury repair  

and involves several important steps such as 

immune system activation, angiogenesis, osteo-

genesis. Moreover, tooth extraction and the 

following dental implant position induces an  

acute injury, recruiting MSCs derived from wound 

site to contribute to the process of bone 

regeneration (28-30). 
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Fig. 5 ADSCs destiny analysis by immunofluorescence staining: Nuclei are stained in blue with Hoechst; dog cells are stained as blue point. 
Around the HA granules, blue stained big points (yellow arrows) are shown.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

First studies on MSCs were carried out in 1960s  

by Friedenstein et al. who found that the bone 

marrow is MSCs' reservoir. Moreover, for the  

first time they characterized them by observing that 

these cells are plastic-adherent, have fibroblast- 

like morphological feature and can be committed 

into chondrocytes, adipocytes and osteoblasts. 

Afterw-ards, several research has demontrated that 

MSC treatment could be very useful for bone  

repair (31). 

 

Table 1. Histomorphometric analysis of defects filled with HA-based scaffolds alone or previously seeded 
with ADSCs for 28 days. 

 HA-based scaffolds 
alone 

HA-based scaffolds 
with ADSCs 

Polymorphic nuclear cellsa - - 

Phagocytic cellsb - - 

Non-phagocytic cellsc - - 

Fibroblasts + + 

Endothelial cells + ++ 

Collagen fibers + ++ 

New bone +  ++ 
Cells were scored from not present (-) to abundantly present (+++). a Polymorphic nuclear cells include i.e. granulocytes; b Phagocytic 
cells include macrophages and monocyte- derived giant cells; c Non-phagocytic cells include lymphocytes, plasma cells and mast cells. 

Table 2. Histomorphological analyses related to the NBF 

DOG  NBF in presence of ADSCs NBF in absence of ADSCs 

1 146937/µm2 96542/µm2 
2 152985/µm2 109007/µm2 
3 135982/µm2 105874/µm2 
4 112345/µm2 98765/µm2 
5 142367/µm2 97623/µm2 
6 135987/µm2 119002/µm2 
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Fig. 6. Histological feature of quantitative analyzes of cell population present in the samples treated and not with stem cells. Cells were scored 
from not present (0) to abundantly present (3). White bars are related to the scaffolds alone and black bars are related to the samples treated 
with stem cells. Repeated-measures ANOVA with a post-hoc analysis using Bonferroni’s multiple comparison. T tests were used to determine 
significant differences (P< 0.05). * P< 0.05; * * P< 0.01; * * * P< 0.001. Repeatability was calculated as the standard deviation of the 
difference between measurements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

During this process, osteoinductive molecules 

are involved to support the cellular migration and 

differentiation of the new progenitor cells required 

for the bone helaing (32). In this context, MSCs are 

one of the most important cell types influenced by 

these osteoinductive molecules (33). Their important 

role on bone regeneration process makes them an 

important tool to encourage tissue repair process 

primarily in cases of lack of adequate supply of 

autologous bone graft or unsuitable allograft use. 

Moreover, MSCs show also immunosuppressive 

behavior by suppressing the proliferation of T-cells in 

the presence of alloantigens and inhibiting the 

function of B cells (34). Thank to these interesting 

properties and encouraging research results the bone 

regeneration process supported by MSCs is becoming 

clinicaly possible (35). 

Much has already been done in the field of 

regenerative medicine, where the use of stem cells 

has allowed the regeneration of different tissues, 

including the bone tissue. Several studies related to 

the application of stem cells applied to bone defect 

repair showed that MSCs can fill the defect region 

producing novel extracellular matrix component 

and cytokine ensuring quick good therapeutic 

effects (36). 

In light of such considerations, we have tested 

the hypothesis that stem cells isolated from adipose 

tissue can promote osseointegration between dental 

implants and engineered bone tissue. It has been 

widely demonstrated that ADSCs are multipotent 

stem cells with the capacity to differentiate into 

different lineages, such as bone, cartilage, fat and 

endothelial cells (37). These features make ADSCs 

the ideal cells to apply in regenerative medicine by 

means of tissue engineering strategies. To reach this 

purpose, we have implanted HA-based scaffolds 

enriched with ADSCs in alveolar bone defects 

during procedures of immediate dental implant 

placement in canine models. 

Our results showed that ADSCs are able to 

adhere and proliferate into the HA-based scaffold, 

and to preserve the MSCs features. Once HA-based 

scaffolds enriched with ADSCs were inserted into 

marginal defect around dental implant, several new 

vessels and new bone matrix were detected. By 
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contrast, no inflammatory cells have been revealed. 

Thus, bone regeneration process observed in our 

experimental data, is mediated by the transplanted 

ADSCs that may act by starting to recruit endogenous 

stem cell by means of trophic factor secretion without 

triggering any inflammatory response (38). In conclu-

sion, our HA-based scaffold enriched with ADSCs 

could be a feasible and effective engineered bone 

tissue to use to accelerate bone healing in peri-

implant defects. 

Acknowledgment 

This research was supported by funds from 

University of Padua, Progetto di Ateneo awarded to 

Barbara Zavan, and by funds from Sweden & 

Martina SRL, Due Carrare, Padova, Italia, and by 

ARDEC, Ariminum Odontologica SRL, Rimini, 

Italia. 

The competent contributions of Dr. Víctor M. 

Rodríguez Sosa, Director y Profesor Auxiliar del 

Centro de Cirugía Experimental (CENCEX) Facultad 

de Medicina "Victoria de Girón" Universidad de 

Ciencias Médicas de la Habana (Cuba) and of his 

staff in the management of the experimental phases 

are highly appreciated. 

Conflict of interests 

The authors declared no conflict of interests. 

 

References  

1.Jayesh RS, Dhinakarsamy V. Osseointegration. J Pharm 

Bioallied Sci 2015;7(Suppl 1):S226-9. 

2. Novaes AB, Jr., de Souza SL, de Barros RR, et al. Influence of 

implant surfaces on osseointegration. Braz Dent J 2010;21:471-81. 

3. Feller L, Jadwat Y, Khammissa RA, et al. Cellular responses 

evoked by different surface characteristics of intraosseous titanium 

implants. Biomed Res Int 2015;2015:171945. 

4. Bressan E, Sbricoli L, Guazzo R, et al. Nanostructured surfaces 

of dental implants. Int J Mol Sci 2013;14:1918-31. 

5. Zou D, He J, Zhang K, et al. The bone-forming effects of HIF-

1alpha-transduced BMSCs promote osseointegration with dental 

implant in canine mandible. PLoS One 2012;7:e32355. 

6. Boix   D,   Gauthier   O,   Guicheux   J,   et   al.   Alveolar   bone 

 regeneration for immediate implant placement using an 

injectable bone substitute: an experimental study in dogs. J 

Periodontol 2004;75:663-71. 

7. Sjostrom M, Sennerby L, Nilson H, et al. Reconstruction of 

the atrophic edentulous maxilla with free iliac crest grafts and 

implants: a 3-year report of a prospective clinical study. Clin 

Implant Dent Relat Res 2007;9:46-59. 

8. Gardin C, Ferroni L, Favero L, et al. Nanostructured 

biomaterials for tissue engineered bone tissue reconstruction. Int 

J Mol Sci 2012;13:737-57. 

9. Laschke MW, Menger MD. Adipose tissue-derived 

microvascular fragments: natural vascularization units for 

regenerative medicine. Trends Biotechnol 2015;33:442-8. 

10. Minteer DM, Marra KG, Rubin JP. Adipose stem cells: 

biology, safety, regulation, and regenerative potential. Clin Plast 

Surg 2015;42:169-79. 

11. Monaco E, Bionaz M, Rodriguez-Zas S, et al. 

Transcriptomics comparison between porcine adipose and bone 

marrow mesenchymal stem cells during in vitro osteogenic and 

adipogenic differentiation. PLoS One 2012;7:e32481. 

12. Senarath-Yapa K, McArdle A, Renda A, et al. Adipose-

derived stem cells: a review of signaling networks governing cell 

fate and regenerative potential in the context of craniofacial and 

long bone skeletal repair. Int J Mol Sci 2014;15:9314-30. 

13. Wen Y, Jiang B, Cui J, et al. Superior osteogenic capacity of 

different mesenchymal stem cells for bone tissue engineering. 

Oral Surg Oral Med Oral Pathol Oral Radiol 2013;116:e324-32. 

14. Tobita M, Mizuno H. Adipose-derived stem cells and 

periodontal tissue engineering. Int J Oral Maxillofac Implants 

2013;28:e487-93. 

15. Nuttall ME, Shah F, Singh V, et al. Adipocytes and the 

regulation of bone remodeling: a balancing act. Calcif Tissue Int 

2014;94:78-87. 

16. Pikula M, Marek-Trzonkowska N, Wardowska A, et al. 

Adipose tissue-derived stem cells in clinical applications. Expert 

Opin Biol Ther 2013;13:1357-70. 

17. Bortolotti F, Ukovich L, Razban V, et al. In vivo therapeutic 

potential of mesenchymal stromal cells depends on the source 

and the isolation procedure. Stem Cell Reports 2015;4:332-9. 

18. Gardin C, Ferroni L, Bressan E, et al. Adult stem cells 

properties in terms of commitment, aging and biological safety 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

25
-1

0-
27

 ]
 

                            11 / 12

http://ijmcmed.org/article-1-358-en.html


Bressan E et al. 

Int J Mol Cell Med Autumn 2015; Vol 4 No 4   208 

of grit-blasted and Acid-etched ti dental implants surfaces. Int J 

Mol Cell Med 2014;3:225-36. 

19. Casadei A, Epis R, Ferroni L, et al. Adipose tissue 

regeneration: a state of the art. J Biomed Biotechnol 

2012;2012:462543. 

20. Sousa BR, Parreira RC, Fonseca EA, et al. Human adult stem 

cells from diverse origins: an overview from multiparametric 

immunophenotyping to clinical applications. Cytometry A 

2014;85:43-77. 

21. Nicoletti GF, De Francesco F, D'Andrea F, et al. Methods and 

procedures in adipose stem cells: state of the art and perspective 

for translation medicine. J Cell Physiol 2015;230:489-95. 

22. Beane OS, Fonseca VC, Cooper LL, et al. Impact of aging on 

the regenerative properties of bone marrow-, muscle-, and adipose-

derived mesenchymal stem/stromal cells. PLoS One 

2014;9:e115963. 

23. Gardin C, Bressan E, Ferroni L. In vitro concurrent endothelial 

and osteogenic commitment of adipose-derived stem cells and their 

genomical analyses through comparative genomic hybridization 

array: novel strategies to increase the successful engraftment of 

tissue-engineered bone grafts. Stem Cells Dev 2012;21:767-77. 

24. Pozzuoli A, Gardin C, Aldegheri R. Genetical stability and 

osteogenic ability of mesenchimal stem cells on demineralized 

bone matrices. J Osseointegr 2015;7:2-7. 

25. Sivolella S, Bressan E, Salata LA. Osteogenesis at implants 

without primary bone contact - an experimental  study  in  dogs 

Clin Oral Implants Res 2012;23:542-9. 

26. Graziano A, d’Aquino R, Laino G, et al. Human CD34+ stem 

cells produce bone nodules in vivo. Cell Prolif. 2008;  

41:1-11.  

27. Agarwal R, Garcia AJ. Biomaterial strategies for engineering 

implants for enhanced osseointegration and bone repair. Adv Drug 

Deliv Rev 2015. 

28. Romagnoli C, Brandi ML. Adipose mesenchymal stem cells in 

the field of bone tissue engineering. World J Stem Cells 

2014;6:144-52. 

29.  Chen   X,   Li   J,   Wang   E,   et   al.   Dynamic   compression  

combined with SOX-9 overexpression in rabbit adipose-derived 

mesenchymal stem cells cultured in a three-dimensional gradual 

porous PLGA composite scaffold upregulates HIF-1alpha 

expression. J Biomed Mater Res A 2015. 

30. Semyari  H,  Rajipour  M,  Sabetkish  S,  et  al.  Evaluating  

the bone regeneration in calvarial defect using osteoblasts 

differentiated from adipose-derived mesenchymal stem cells on 

three different scaffolds: an animal study. Cell Tissue Bank 

2015. 

31. Hung BP, Hutton DL, Kozielski KL, et al. Platelet-Derived 

Growth Factor BB Enhances Osteogenesis of Adipose-Derived 

But Not Bone Marrow-Derived Mesenchymal Stromal/Stem 

Cells. Stem Cells 2015;33:2773-84. 

32. Liao HT, Chen CT. Osteogenic potential: Comparison 

between bone marrow and adipose-derived mesenchymal stem 

cells. World J Stem Cells 2014;6:288-95. 

33. Wyles CC, Houdek MT, Crespo-Diaz RJ, et al. Adipose-

derived Mesenchymal Stem Cells Are Phenotypically Superior 

for Regeneration in the Setting of Osteonecrosis of the Femoral 

Head. Clin Orthop Relat Res 2015;473:3080-90. 

34. De Francesco F, Ricci G, D'Andrea F, et al. Human Adipose 

Stem Cells: From Bench to Bed-Side. Tissue Eng Part B  

Rev 2015. 

35. Yang HJ, Kim KJ, Kim MK, et al. The stem cell potential 

and multipotency of human adipose tissue-derived stem cells 

vary by cell donor and are different from those of other types of 

stem cells. Cells Tissues Organs 2014;199:373-83. 

36. Harrison RH, St-Pierre JP, Stevens MM. Tissue engineering 

and regenerative medicine: a year in review. Tissue Eng Part B 

Rev 2014;20:1-16. 

37. Fang X, Murakami H, Demura S, et al. A novel method to 

apply osteogenic potential of adipose derived stem cells in 

orthopaedic surgery. PLoS One 2014;9:e88874. 

38. Bressan E, Carraro A, Ferroni L, et al. Nanotechnology to 

drive stem cell commitment. Nanomedicine (Lond) 2013;8:469-

86. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

25
-1

0-
27

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

http://ijmcmed.org/article-1-358-en.html
http://www.tcpdf.org

