Summary Basic Tissue Engineering
College 1

Regenerative medicine: Seeks to dvise new therapies for patients with severe injuries or chronic diseases in which the body’s own responses do not suffice to restore functional tissue

Organ transplants: Problems – High complexity, work logistics – Immune rejection – Limited donor availability (in general, but  also lack of adequate donors)
Why tissue engineering? 
– Biologically active implants 
– Inclusion of organotypic cells and metabolism 

– Replacement of animal experiments? (– (GrowingAfood?))
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other methods:

· Cell therapy (in vitro prep-> only cells, in vivi integ-> mix transplanted and body cells)

· Scaffold only (in vivo prep-> scaffols , in vitro integ-> cells from body grow into scaffold)

· Scaffold + cells (in vitro prep-> scaffold with cells, in vivo integ -> cells from donor grow out of scaffold & bodycells grow into the scaffold
Scaffold properties: provide appropriate surface for cellular attachment, proliferation an d differentiation; artificial extracellular matrix

· Structure

·  Pore size, porosity

· Pore interconnection

· Alignment

· Mechanical properties

· Cell attachment and ingrowth

· Biocompatibility & biodegradation

· Potential for modification

· …

Biomaterial: Any substance (other than a drug) or combination of substances,  synthetic or natural of origin,  which can be used for any period of time, as a whole or as part of a system which treats, augments, or replaces any tissue, organ or function of the body.
· Any matter, surface or construct that interacts with biological systems
Biocompatibility:
· Structural biocompatibility
· Dynamic formation of a composite system between scaffold material and ingrowing or establishing cells and tissues
· Mimicry of histological architecture and mechanical properties of the target tissue
· Surface biocompatibility
· Controlled surface chemistry to determine wettability and specificity of protein adsorption
· Design of functionality: adhesion / non-adhesion, specific recognition, cell selection, trigger for differentiation
Body reactions to materials and implants

· Inflammatory reactions
· Acute reaction:
· Signs :redness (rubor), hyperthermia (calor), swelling(tumor), and pain (dolor)
· Foreign body reaction
· Chronic reaction:
· Fibrous capsule formation
· Rejection, immune intolerance, allergic reaction
· Change from acute inflammation into wound healing
· Formation of repair tissue
· Remodeling of repair tissue into native tissue.
Basic prerequisite: sterility

Inflammation: general response of immune system to an injury, allergy, surgery or infection. Induces a sequence of events that can heal the injury by regeneration or repair.

	Implant property
	Tissue reaction

	Toxic
	Tissue necrosis

	Inert
	Tissue forms a non-adherent fibrous capsule around the implant

	Bioactive
	Tissue connects with implant

	Inductive (originally only bone)
	Induction of heterotrophic bone growth - also in non-bony environment

	Conductive (originally only bone)
	Material serves as scaffold for the deposition of bone extracellular matrix, but only in osteogenic environment.

	Degradable
	Tissue (native or replacement tissue) replaces the implant within time.
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Scaffolding method polymer foams produced to resemble cancellous bone structure

a) Thermal induced phase serparation (TIPS)

b) Solvent casting and particle leaching

c) Solid freeform fabrication

d) Microsphere sintering

e) Cancellous bone

(zie ook bz)

Scaffold mimicry: take organ from donor -> remove all cells and immunogenic tissue-> remains constitute scaffold (made of for example collagen) that can be seeded
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College 1

· Morphogens are inductive signals that initiate and govern tissue morphogenesis, based on tissue interactions that are dynamic and reciprocal 
·  Stem cells are primordial progenitors with enormous potential 

· Biomaterial scaffolds to mimic ECM
Basic underlying conditions that warrant a treatment Regime 
1 Gross congenital defects with functional consequences

2 Development defects with functional consequences

3 Organic disease leading to body malfunctions

4 Tumours necessitating tissue resection and reconstruction

5 Tissue atrophy

6 Truama requiring replacement of tendon e.g. tendon or temporary support e.g. fracture fixation

7 Psychological conditions

8 the desire for an abnormal situation


Functions of major prosthesis 
1 Load transmission e.g. fracture fixation devices, tendon/ligament replacements, dental implants 
2. As a bearing surface e.g. total joint replacement, chondral/osteochondral defects 
3. For the control of fluid flow 

(i) to simulate normal physiological conditions, such as heart and vascular prostheses, urethral replacements 

(ii) in the abnormal situation, such as ventricular catheter valves used for the control of cerebrospinal fluid
4. For passive space filling e.g. cosmetic surgery, rhinoplasty 
5. For space filling for functional reasons e.g. cranial plates to protect the brain 
6. The generation and application of external stimuli e.g. cardiac pacemakers, specific neuromuscular electrodes
7. Transmission of light - intra ocular prostheses 
8. Transmission of sound - ossicular replacement materials
Implantation -> inflammation -> repair -> restimulation of inflammation -> resorption and cell necrosis and ded differentiation

• Development of bioactive and biodegradable materials were employed with controlled reactions 
• Some biomaterials form chemical bonds with tissues stabilising the implant e.g. Hydroxyapatite or Tricalcium phosphate coatings 
• Some biomaterial resorption is acceptable in the body when implant is no longer required e.g. PLLA sutures, drug delivery capsules 
• Most recently use of biological components (cells, biomolecules) within tissue engineered implants
Design of a biomaterial

· Non toxic

· Effects on physiological environment has on the material

· Effects the material may have on the physiological environment

· Biocompatibility between the material and its environment

· Compatibility between mechanical and physical properties of the two systems

· Fabrication methods

· Reproducibility and quality controls
· Others: surgically convenient to use, capable of fixation with adjacent host tissue, minimize trauma in surrounding tissues, radiographicall visible, specific functional requirements, stay for a lifetime.

· Long term: Material design, Implant shape, Biomechanical factors, Tissue response / Adaptation, The health / condition of the patient *, The effectiveness of the clinical procedure
Tissue response

· Acute 

· Inflammatory and remodelling processes 

· Chronic response (undesirable) 

· Infection - early (poor sterilization) or late 
· Geometric factors e.g. implants with sharp angles 
· Release of toxic products e.g. monomers from bone cement, Cr 2+ from 316L stainless steel 
· Chronic response 

· Adaptation (desirable) Long term stability may result where the implant actively invokes a tissue response 

· Modulus matching 

· Bone ingrowth 

· Biodegradable polymers
Methods of testing

· Material response: Chemical, mechanical
· Host response: in vitro testing, in vivo testing

Transplantation limits: Donor shortage, immunological rejection, transmissible infective agents in animals and humans, not available for all organs/tissues, ethical issues

Tissue engineering companies:

· Skin:

· Organogenesis ApligrafTM - skin construct containing collagen gel seeded with allogenic HUFFs with a confluent surface layer of keratinocytes 
· Advanced Tissue Sciences (ATS) TransCyte - FDA approval for treatment of third-degree burns DermagraftTC - dermal substitute of PGA/polyglactin seeded with allogenic HUFFS 
· Fidia Advanced Biomaterials Epidermal replacement consisting of bioresorbable polymers as keratinocyte delivery system 
· Integra Dermal replacement consisting of bovine collagen cross-linked with chondroitin-6-sulphate on a silicon backing sheet
· Cartilage

· Genzyme Carticel - autologous chondrocytes injected under periosteum patch 
· Verigen – ATI - autologous chondrocytes injected under biomaterial cover 
· ATS/ Smith and Nephew – Product based on PLA and polyglactin seeded with banked allogenic chondrocytes (young cells)
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Cells: Many issues including: Cells have finite lifespan - then expire, Multi-step lineage pathways generate newly. differentiated cells, Newly differentiated cells replace expired cells , fabricate ECM and neo-tissue Considerations Availability, Source, Protein expression level Response to physiological stimuli Long term maintenance of function
	Intelligent scaffolds, Multifactorial Delivery Vehicles:

· Hold or attract cells

· Influence cell development

· Reserve space for regeneration

· Inhibit inflammatory events and immunoprotective

· Breakdown into active factors

· Encapsulate morphogens, cytokines and MMPs

· Provide mechanical stability

· Facilitate integration

· Contribute to final events.
	Manufacturing processes:

· Tested cells from working cell banks

· Automatic injection into tissue bioreactors

· Computerized system to monitor growth conditions including pH, CO2 and glucose utilization

· Tissues are frozen

· Quality control for matrix properties and cell viability

· Processed in bioreactors until clinical use


TE medical products require innovative regulatory strategies:
• Safety characterisation - novel biomaterials 
• Biological complexity - biological components lead to product variability and testing complexity 
• FDA Multi-centre review - combination products require Inter-centre review 
• Guidance and Standards -  need for standard characterisation of cell/tissue methods methods (STM/SOPs), reference materials and guidance
College 3

Ex vivo (out of living- Experimentationn or measurements done in or on tissue from an organism in an external environment with the minimum alteration of natural conditions

In situ (on site or in position?)  experimentation/measurements in the patient.

In vitro (in glass) experimentation/measurements outside their biological context, usually in the laboratory

In vivo (within the living) experimentation/measurements usually in animals including humans

In silico (in silicon) performed on computer or via computer simulation

Isograft -> identical twin donor

Autograft -> own donor, compatible
Allograft -> other individual, same species donor

Xenograft-> donor from other species genetically and immunogically incompatible
Alloplastic -> involving implanted non biological material.

Stem cells

· Can make identical copies of themselves(proliferation)

· Ability to form other cell types (differentiation)

· Embryonic stem cells: responsible for embryonic and fetal development and growth

· Adult stem cells: responsible for growth, tissue maintenance and repair
· Potency:

· Totipotent -> can form an entire organism ( only fertilized oocyte and cells after the first cleavage)

· Pluripotent -> cells are able to form all three germ layers (including germ cells, but not cells from placenta etc.

· Oligopotent -> cells can differentiate into two or more lineages ( neural stem cells can differentiate into a subset of neurons in the brain)

· Unipotency -> ability to form cells from a single lineage (spermatogonial stem cells)

Cell differentiation induction

· Change in cell culture medium, (adding growth factors, cytokines, proteins or cell signaling -> transcriptional response)

· Change culture environment (3D pellet instead of 2D adherent culture, culture cells in co culture with other cell types: cross –talk, oxygen concentration, mechanical loading)

Epigenetics, IPS cells

· All differentiated cells originate from the same fertilized egg

· Same genetic material – but are not equal – influence of environment

· Different gene expression patterns – coordinated by epigenetic mechanisms: without altering the DNA sequence, through DNA methylation and histone modification
· iPS cells: induced pluripotent stem cells

·  via retrovirus: introduction of 4 transcription factors in mouse fibroblasts (oct-4, Sox2 (maintain pluripotency) and C-Myc, Klf-f (maintain embryonic phenotype and proliferation)

Embryonic Stem cells (ES)

· Mouse ES

· Model system to study embryonic development and differentiation

· Ability to create genetically modified mice (knock-out mice, models for human diseases)

· Human ES

· Still far from applicable for therapies (feeder cells, time, animal serum, purification, teratoma formation)

· Ethical issues (use of embryo’s) and political issues

Adult Stem cells: Discovery approx. 50 years ago in bone marrow, Tissue categories:
· High turnover, high regenerative capacity :blood, skin , gut

· Low turnover, high regenerative potential: skeletal muscle

· Low turnover, low regenerative potential: brain, heart
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Stem cell niche: cellular microenvironment that supports stem cells and enables them to maintain tissue homeostasis.
· Shelter from differentiation stimuli

· Shelter from apoptotic signaling

· Protected reservoir of stem cells

· Protection from over reactivity

Cell attachment (+ migration)
· Focal adhesion

· Extracellular matrix ligand

· Cell-surface-integrin receptor

· Actin cytoskeleton
Cell attachment can be improved by modifyin scaffold surface

· 2 layered surface: small pinches with an additional wax layer (very hydrophobic)

· Only 2-3% of drop surface touches the leaf surface

Fibronectin/RGD
· Glycoprotein of the ECM that binds to integrins and to ECM components

· Dimer, linked by a pair of disulfide bonds

· Important for cell adhesion, growth, migration and differentiation (-> wound healing, embryonic developmend)

RGD-arg-gly-asp tripeptide van 3 amino acids, cellular recognition

Morphogenesis: the biological process that causes an organism to develop its shape. It is one of three fundamental aspects of developmental biology along with the control of cell growth and cellular differentiation

Use of intrinsic repair mechanisms in regeneration

· Usually recapitulate processes of organ formatin during embryogenesis or tissue repair

· To repair damaged tissue, its important to understand: cell origin, growth factors, mechanism to induce precursor cells, subsequent steps in organ formation, interaction between cells and their environment.

Isolation and characterization of stem cells. Surface markers (pos/neg), differentiation potential (2D/3D)

· Osteogenic (alizarin red)

· Adipogenic (oil red)

· Chondrogenic (toluidine blue)

Epithelial mesenchymal transition (EMT)

· Differentiation is not a one-way street: epithelial cells can loose polarity and cell-cell adhesion and gain migration and invasive properties and become mesenchymal stem cells again

· Critical in embryogenese: gastrulation, neural crest formation, heart valve formation, wound healing, organ fibrosis, initiation of cancer metastasis.

TE

· Instead of implanting a functional implant

· Manipulation of autologous tissue regeneration

· Enhance stem cell recruitment

· Generation of implantable stem cell niches

Cellular signaling


Signal: ligand molecular ligand

· Response: proliferation, differentiation, migration, cytokine production, matrix production

Drug delivery

· Functionalization : cell attachment, scaffold degradation

· Induction of cells : proliferation, differentiation, migration

· Preventive, nutrition : antibiotics, nutrients
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