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Indication |

Toothless jaws — edentulism




Indication |

Jaw bone atrophies



Indication Il

Carcinoma of the oral cavity
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Cleft lip and/or palate



Bone growth
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Hierarchical organization of bone

Bone ECM <

* mineralized inorganic
components (hydroxyapatite)
— 60-70%

* non-mineralized organic
components (collagen type )

* non-collagenous matrix
proteins (glycoproteins,
proteoglycans, bone
sialoproteins)

20-30% + water

MM Stevens et al.,
Science 2005

osteocytes




Cells of bone tissue:

Osteoclasts / osteoblasts / osteocytes
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Gold standard for autologous bone regeneration

* spongy bone/marrow biopsies

« sufficient bone material is
Cortical bone I’eq u | I’ed
Spongy bone

Marrow

* morbidity of the donor site




Tissue Engineering approach
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Bone marrow

Hematopoietic
stem cells

lymphoid
progenitor cell
myeloid | =
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natural killer
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Bone marrow

Mesenchymal Specialized cells
stromal/stem
cells differentiation - \ V
Adipocytes Chondrocytes Osteocytes
( (adipose (cartilage) (bone)
— tissue)

Self-renewal



Mesenchymal stem cells (MSCs

* adherent mesenchymal stem cells

* Dominici criteria (Cytotherapy 2006).

adherence to plastic)in standard culture conditions

[1

| 2. phenotype V' /ﬁegativ
1H=2%)
CD105 CD45
CD90 CD34
CD73 CD14 or CD11b
CD79a or CD19
HLA-DR (MHC class Il)




MSCs from other tissues

* dental pulp
=  _» Enamel « cord blood
! Dentin » cord Wharton's jelly
_» Pulp « adipose tissue
~« Periodontal « amniotic fluid
ligament

9 e compact bone
-
- Alveolar

bone * periosteum

 synovial membrane
Dental Pulp Stem | |
Cells « articular cartilage

* fetal tissues



Pericytes (P) also known as mural or Rouget cells are closely associated with capillary
endothelial cells (E) with which they share a common basal lamina (BM). Pericytes are
able to differentiate into adipocytes, osteoblasts, fibroblasts, smooth muscle cells and
macrophages.

Pericytes were demonstrated to be CD105+, CD146+ and CD31-, CD34-

G Allta and J.G. Lawrensona, Cell Tissues Organs 2001



Tissue Engineering approach
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Periosteal tissue
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Isolation and
expansion of
periosteal cells |

untreated osteogenic osteogenic
supplement 1 supplement 2
proliferation gene expression analysis protein-
analysis expression
Quantification of analysis

calcium stainings
precipitates
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untreated osteogenic osteogenic
supplement 1 supplement 2
Microarrays v quantitative PCR
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Correlation with the alkaline phosphatase activity

Co supl.1 supl.2
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Tissue Engineering approach
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Cerasorb! ChronOs?

Hydroxyapatite-based materials
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- bioactive inorganic
materials
* biological polymers

« composite materials




Fundamental features of biomaterials for bone

regeneration
BIOMATERIAL FABRICATION PROCESS |
polymers self assembly
caramics phase separation
compaosites freeze drying
metals electrospinning
rapid prototyping
| * |
PROPERTIES
biocampatibility
biodegradability
surface chemistry and topography
pore architecture
mechanical propertias

FUNCTION

mechanical support

cell substrate

nutrition supply

drug delivery

directing cell funclion f lale
transfer mechanical signals

B Willie et al., Soft Mater 2010



3D biomaterials for different stem cell types

Periosteal cell-seeded biomaterials

Collagen

Calcium-
phosphate

Polylactic
acid




Proliferative behaviour of periosteal cells within different
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Osteogenic differentiation of

cell-seeded polylactic acid 3D constructs

Detection of alkaline phosphatase
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RNA extraction from cell-seeded 3D constructs

MagNA Lyser

RNA extraction




Gene expression analysis in cells growing

untreated osteogenic osteogenic
supplement 1 supplement 2

Microarrays

quantitative PCR




Electron microscopy of cell-seeded scaffolds
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Element analysis by EDX spectrometry




Potential biofunctionalization approaches

@ @ B growth factors
. nanoparticle

. microparticle
F"T biomaterial

SH. Lee et al., Drug Deliv Rev 2007



Enhancing material biofunctionality
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TE approach in the oral and maxillofacial surgery

Biomaterial

Autologous
stem cells

TE-construct
implantation in
the bone defect

Insertionof = -
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Clinical trials with MSCs (n=252)

Musculoskeletal

Other diseases

Morbus
Crohn

Ischemia

Heart disease

Central nerve

Liver diseases system

Autoimmune
diseases

Kramer et al,, Stem Cells International, 2012



Clinical trials with MSCs (n=493)

A MSC-based clinical trials classified by disease type (n=493)
Hematological disease; 26
Lupus Erythematosus; 5.4%) GVHD: 35 (7.2%)

2(0.4%)

Crohn's disease; 13 (2.6%) Diabetes; 27 (5.5%)

Liver disease; 31 (6.3%)
Kidney disease; 9 (1.8%)

Lung disease; 23 (4.8%)

B
Neurclogical disease (n=8T7)
Parkinson's
Disease; 3 Other; 20
Alzheimer's

disease; 4

Squillaro et al, Cell Transplantation, 2016



Clinical trials with MSCs (n=903)

Table 1. Distribution of clinical trials registered at clinicaltrial gov by the medical ficld

Medical speciality #olf CT % Phasel Phase2 Phase3 Phased Total
Traumatology 234 259 T2 137 23 2 234
Pneumology 9% 1.0 43 53 3 0 9
Neurology £ 10.7 3 61 4 1 "
Cardiology #3 92 21 50 12 0 83
Immunology T 6 14 50 14 0 ™
Hepatology 53 59 11 39 2 1 53
Endocrinology 47 52 13 30 El 0 47
Dermatology 3 34 b 2 0 0 3
Gastroenterology 30 & 9 20 1 0 30
Nephrology 2 30 12 15 0 0 n
Hematology 25 28 9 13 2 1 25
Oncology 24 27 10 13 1 0 24
Gynecology 16 1.8 5 1 0 0 16
Psychiatry 16 1.8 2 13 0 1 16
Urology 16 1.8 9 6 1 0 16
Ophthalmology 1 12 3 7 1 0 11
Odontology 10 1.1 2 8 0 0 10
Other 6 0.7 3 3 0 0 6
2718 551 68 6 903

s = o

Rodriguez-Fuentes, Archives of Medical Research 2021



Applications of MSCs

Tissue engineering

Additive therapy for
organ transplantations

anta ioll1r biopsy\

Cell isolation

/

Cell cultivation

Cell proliferation

Regenerative potential
of MSCs

immunoregulatory
potential of MSCs




Acute lymphatic leukemia (ALL)

The most frequent tumor
disease in childhood




Malignant degenerated cell

Hematopoietic stem

cell o @ B-Zellen

- o
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lymphatic \

progenitor
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progenitor
cell

eosinophile
Granulozyten
. basophile Granulozyten

neutrophile Granulozyten
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Therapeutic option — allogenic hematopoietic stem cell

transplantation

Chemo-,
radiotherapy

=

Isolation of hematopoietic stem
cells after G-CSF pre-
treatment




Complication after allogenic hematopoietic stem cell

Graft-versus-host disease (GVHD) is the
most frequent complication (30-40%) after an
allogeneous bone marrow or hematopoietic stem cell
transplantation. The transplanted cells recognize the
host cells as foreign and attack them.

http://en.wikipedia.org/wiki/Graft-versus-host_disease

http://www.google.



Treatment option for GvHD

=mp MSC application

=) 50-60% of treated patients are
responder!!!

Ringden O, Le Blanc K, Best Pract Res Clin Haematol, 2011



Treatment option for kidney transplantation

Autologous MSCs

+ MSC O MSC

acute 7.5% l, 21.6%
rejection
kidney-

7% 69.9%

function 5 OI i

infections 52.8% 1 60.8%

7an et al, JAMA 2012



MSCs inhibit the immune response

T cells

IR 1ol
° \ Anti-
inflammatory

1\\\' response

pro-
inflammatory
response



