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Jaw bones regeneration using mesenchymal stem cells. A single-center experience.

PURPOSE: Mesenchymal stem cells (MSC), which are multipotent stromal cells, are considered to be a promising resource
in tissue engineering and tissue regeneration. MSCs have been used to generate new maxillary bone with clinically suc-
cessful results. The aim of this study was to determine the role of MSC in bone regeneration procedures in patients with
benign maxillary lesions.

METHODS: A study was conducted on five patients treated for maxillary bone defects resulting from biopsy of benign
lesions at the University Hospital of Magna Gracia, Catanzaro, Italy from January 2015 to October 2016. MSC from
autologous bone marrow were used for bone regeneration. The bone mineral density was compared, using the Hounsfield
scale, before and after treatment. Follow-up was monthly for six months, and the patients underwent a computed romog-
raphy scan of the maxilla atr 6 montbs.

REsULTS: Five patients, who underwent biopsy of osteolytic odontogenic benign tumors, were included in the study. There
were no intraoperative or postoperative complications. The mean volume of the newly formed bone was 2.44cm3 (range
2,0-3,1) and the mean bone density was 1137 Hounsfield Units (range 898-1355).

CONCLUSIONS: Bone regeneration with MSC from autologous bone marrow appears to be a valid treatment option for
maxillary bone defects.
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Inroduction

Embryonic stem cells are derived from blastocysts and
are considered to be pluripotent cells as they are able to
form all the body s cell lineages. Mesenchymal stem cells
(MSC) are one type of adult stem cells, that are able to
give rise to tissues of mesodermal origin such as dentin,
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bone, or periodontal ligament !. Bone regenerative poten-
tial of MSC was first evaluated in bone defects in ani-
mals 2. Recent studies have evaluated the bone mineral
density, in patients who underwent bone regeneration
with particulate cancellous bone and marrow (PCBM)
and platelet-rich plasma (PRP), with a micro-computed
tomography (CT) scan °. To evaluate the maxillary
defects repaired with regenerated bone we used a soft-
ware algorithm measuring and comparing the three-
dimensional (3D) volume defect and bone density.

Materials and Methods

The present study was conducted on patients who under-
went biopsy of maxillary and mandibular lesions sec-
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ondary to benign dentigerous cyst, followed by bone
regeneration at the University Hospital of Magna
Graecia, Catanzaro, Italy from January 2015 to October
2016. The inclusion criteria were as follows: upper max-
illary or mandibular bone defect from osteolytic odon-
togenic benign tumors, volume defect > 2cm? (calculat-
ed from CT scan using Osirix software), no comorbidi-
ties, no smoker (Fig. 1) Informed consent was obtained
from all patients. The resection methods consisted of
marginal resection performed by the same maxillofacial
team (Fig. 2). MSC from autologous bone were used to
repair the maxillary defects. In all patients 40 ml of bone
marrow (BM) aspirate was obtained from the superior
posterior iliac spine (Fig. 3). RegenKit Extracell
(RegenLab SA Lausanne, Switzerland) was used to obtain
a concentration of autologous stem cells. Preparation of
autologous BM extracted from the iliac crest:

— aspiration of BM from the iliac crest;

— four sampling points (trocar insertion location moved);
— filling volume in Regen THT tubes, 5 ml per tube,
final volume before centrifugation approximately 20 ml;
— only centrifugation 3400 rpm x 8 minutes (greater
recovery of stem cells);

— Centrifuge Regen Centrigel H-19 F

The cells were suspended in separating gel and concen-
trated for engineering. Based on the final volume of
autologous stem cell concentrate (about 14/15 ml) 5ml
of gluconate calcium was added if the cells needed to
be gelled (Fig. 4). We put the mixture in the maxillary

Fig. 1: Intraoperative view.

Fig. 2: Preopetive and postoperative tc scan.

mm Z:-37.449 mm

1 mm Z:-48.7

Fig. 3: tc scan at 6 months with hu evaluation.

Fig. 4: Mesenchymal stem cells with autologous bone.

lesion and closed the defect with absorbable sutures. We
performed a computed tomography (CT) scan at 6
months (Fig. 5) to evaluate:

— volume of newly formed bone;

— bone density using the Hounsfield scale (Osirix soft-

ware)
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TABLE I: Patient data

Patients Location Age years Sex Volume of lesion Bone density surgery Bone density surgery
from CT scan cm? pre-surgery post-surgery
HU — CT scan HU
1 Mandible 49Y F 2,4 161 1167
2 Mandible 41Y F 3,1 195 1355
3 Mandible 55Y M 2,2 55 1284
4 Upper jaw 59Y M 2,0 190 985
5 Upper jaw 43Y F 2,5 254 898

CT= Computed tomography; HU= Hounsfield units

Results

There were 5 patients, 3 women and 2 men with a
mean age of 49,4 years (range 41-59 years). Patient data
is shown in Table 1. The procedure was well tolerated
by all patients. There were no intraoperative or postop-
erative complications. No dehiscence of the surgical
wound or infection of the surgical site was observed.
Pain was well controlled. The patients underwent a clin-
ical follow-up for six months that showed progressive
improvement of the mucosa layer. A CT scan was per-
formed at 6 months and showed excellent bone regen-
eration in all patients. We evaluated the volume of new-
ly formed bone (mean volume 2.44 cm?, range 2.0-3.1)
and bone density quality using the Hounsfield scale. All
patients had very high density new trabecular bone with
a mean density of 1137 Hounsfield units (HU), (range
898-1355), (Table I).

Discussion

Achieving a successful and well-functioning reconstruc-
tion of craniofacial deformities still remains a challenge.
With the recent advances in stem cell research, cell-based
tissue engineering strategies moved from the bench to the
patients’ bedside. MSC, multipotent stromal cells, are con-
sidered to be a promising resource in tissue engineering.
Minimal criteria for identifying these cells have been estab-
lished by the International Society for Cellular Therapy
3. They must be plastic-adherent during culture in stan-
dard conditions, express cell surface markers such as
CD105, CD73 and CD90 and not express CD45, CD34,
CD14, CD11b, CD79a, CD19 or HLA-DR.

They must also be proven to differentiate into osteoblast,
adipocyte and chondroblast lineages. MSC are supposed
to act not only through direct bone formation, but also
due to paracrine effects: releasing cytokines, producing
extracellular matrix and promoting angiogenesis. MSC
in combination with biomaterials have great potential
that has already been proven in animal studies and in
the first studies involving human subjects 4 BM was the
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first source reported to contain MSC and the most thor-
oughly investigated. Differentiation of BM-MSC into
osteogenic, chondrogenic, adipogenic, hepatogenic, car-
diogenic and neurogenic lineages was documented >°. A
hybrid-type bone substitute was created with cryopre-
served MSC and autologous serum, and placed subcu-
taneously in nude mice 7 .The follow-up showed good
osteogenic potential of cryopreserved cells and thus the
possibility of banking them for bone grafting. However,
invasive donation procedures (although with reduced
donor site pain in comparison to traditional autologous
bone grafting), as well as reports concerning age-related
deterioration in proliferation and differentiation capabil-
ities, may hinder the clinical use of BM-MSC 9. The
earliest studies on BM-MSC did not show any decline
in BM-MSC potential with aging 12, but more recent
papers on both human and animal BM-MSC showed
that the stem cells do undergo the process of senescence
and thus their differentiation and proliferation capabili-
ties decrease with advancing donor age 3. Bellows et al.
4 demonstrated reduced self-renewal capability of rat
osteoprogenitors, while Tokalov et al. 1> showed age-relat-
ed decrease of the MSC population in a rat model.
Mareschi et al.'® expanded BM-MSC from both adults
and children, and observed differences in cell growth
with favorable population doubling time in the pediatric
donors and different cell morphology in adults, proba-
bly resulting in decreased proliferation capacity. In anoth-
er experiment, made by Stenderup et al.'’, MSC were
differentiated to the maximal life span and a decrease in
viability and population doubling rate of human adult-
derived MSC was detected with no differences in the
mean telomere length in early passages. MSC derived
from maxillofacial sources are thought to have out-
standing greater proliferative and osteogenic capacity than
other from iliac spine 8. They can be easily obtained
and thus are attractive as an autologous stem cell source.
One of the major advantages of maxilla-derived stem
cells is that their proliferation potential is probably unaf-
fected by donor age, and only population doubling time
seems to increase with donor age . BM-MSC has
already been used in alveolar cleft regeneration in ani-
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mal models 2°2? and in the first clinical cases 3. The
increasing demand for implant-based prosthetic rehabil-
itation in patients with maxillary atrophy or osteolytic
maxillary lesions, as in our study, has led to a search for
an alternative to autologous bone for grafting purposes.
In this context, the use of BM-derived MSC in combi-
nation with autologous bone, for benign osteolytic max-
illary lesions, was investigated as a method to induce
endogenous bone regeneration in a way that can ade-
quately reproduce the osseoinductive effects of autolo-
gous bone. In the present study we evaluated the qual-
ity of maxillary bone regeneration from autologous BM-
MSC. Satisfactory bone formation has been observed
even in previous studies with the use of PRP and PCBM.
Histological examination is the most common method
for evaluating trabecular bone. Micro-CT is used to focus
on bone microstructures without destruction of the spec-
imens. We introduced a method that includes a software
algorithm to evaluate the HU of the new bone based
on CT scan data.

Conclusions

Our results suggest that bone regeneration using MSC
from autologous BM is a valid treatment option for
maxillary bone defects. Further studies with larger patient
cohorts are needed to confirm our findings.
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