Tissue Engineering

— Atechnology where artificial organs and tissues are constructed in
vitro and transplanted in vivo for the recovery of lost or
malfunctioned organs or tissues.

— The use of a combination of cells, engineering methods and
materials, and suitable biochemical factors to improve or replace
biological functions.

Cell Sources

Autologous: Come from the person that needs the new cells.
Allogeneic: Come from a body from the same species.

Xenogenic: Come from a different species then the organism
they’re going into.

Isogenic (Syngenic): Come from identical twins.

Stem cells: Undifferentiated cells with the ability to divide in
culture and give rise to different forms of specialized cells
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- Permeable for nutrient delivery and gas exchange
. . + Provide appropriate stress environment
+ Biocompatible pprop

. Bioabsorbable - Surface conducive to cell attachment

- Degrade with healing + Promote extracellular matrix production and

+ Highly porous for cell penetration deposition

+ Carry and transmit biomolecular signals



Scaffolds Synthesis - Nanofiber self-assembly

* Nanofiber Self-Assembly

Scaffold Fibres Cell Interaction
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- Usually hydrogel scaffolds
- Low toxicity
- High biocompatibility

Scaffolds Synthesis - Freeze-drying

1)A synthetic polymer is dissolved into a suitable solvent

2) Water is added and the two liquids are mixed in order to obtain an emulsion.

3) Before the two phases separate, the emulsion is cast into a mold and quickly frozen by
immersion into liquid nitrogen.

4) The frozen emulsion is freeze-dried to remove dispersed water and the solvent, thus
leaving a solidified, porous polymeric structure
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Scaffolds Synthesis - 3D bio printing

Layer-by-layer method to deposit bioinks (cells, matrix and
nutrients) to create tissue-like structures that are later used in
medical and tissue engineering fields.

3-D Motion

Bioprinted Cartil

Scaffolds Synthesis - Textile technologies

Maijor limitation: difficulties in obtaining high porosity
and regular pore size
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Scaffolds Synthesis - Electrospinning

1) A solution is fed through a spinneret

2) A high voltage is applied to the tip

3) Electrostatic repulsion within the charged solution, causes it to eject a thin fibrous stream

4) A collector plate with an opposite charge draws in continuous fibers, which form a porous network

Polymer Solution
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Engineering cartilage

Objectives
Immediate functionality (mechanical, metabolic); capacity for further
development and integration

Culture requirements

High initial cell density

Nutrient and gas exchange

Growth factors (TGFbeta, IGF... sequential application)
Hydrodynamically active environment

1.Isolate MSCs

2. Grow and differentiate 3. Seed onto optimized 4. Implant into Patient
MSCs into chondrocytes

scaffold matrix

Airation needle P

MSC-rich
Bone marrow aspirate

Culture in Bioreactor

Engineering cartilage

No consensus on the optimal cell source for orthopedic
cartilage engineering: chondrocytes or MSCs?

The most important function of orthopedic cartilage is to bear weight.
Engineered neo-cartilage should:

1. integrate with the subchondral bone and adjacent cartilage for stable load
distribution and mechanotransduction;

2. match the mechanical properties of the adjacent native cartilage in order to
avoid tissue degradation caused by strain disparity;

3. be resistant to load under large deformations and motions;

4. recapitulate the distinct zonal architecture in order.
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MSCs for cartilage engineering

MSCs

- can be harvested from a
number of sources that do not
affect cartilage activity,

- maintain multipotency after
numerous expansions,

- can be differentiated to
generate both cartilage and
bone, making the tissue-
specific repair of
osteochondral defects
possible

z
£
8

&

Chondrocytes BMSCs

Repair of autologous osteochondral defects by polyglycolic acid (PGA) scaffold loaded with chondrocytes or bone
marrow stromal cells (BMSCs), respectively. Both cells realized cartilage repair with a smooth surface.
Chondrocytes failed to realize tissue-specific repair in the subchondral region. HE: haemotoxylin and eosin; NC:
native cartilage; IF: interface; RC: regenerated cartiage; CB: subchondral bone.

Engineering cartilage

Cartilage is avascular, aneural,
alymphatic and contains only a
sparse population of a single cell
type (chondrocyte):

- No spontaneous regeneration

- suitable for tissue engineering

1. Orthopaedic applications: defects in articular joint or

meniscus
2. Head and neck applications: reconstruction of an

auricle, trachea, nose, larynx, or eyelid for aesthetic or
functional purpose

Chondrocytes for cartilage engineering

- logical choice of seed cells

- isolating chondrocytes from joint surface is difficult and
causes secondary injury leading

- non-articular “heterotopic” chondrocytes are easier to
harvest, associated with lower donor-site morbidity, and
possess a higher proliferation rate. However, it remains
unclear whether heterotopic chondrocytes would produce
cartilage with a desired type (such as hyaline cartilage) and
function during defect healing

- chondrocytes tend to de-differentiate in culture

Engineering cartilage: products on
the market
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MACI® (autologous cultured
chondrocytes on porcine collagen
membrane) is an autologous
cellularized scaffold product that is
indicated for the repair of single or
multiple symptomatic, full-thickness
cartilage defects of the adult knee,
with or without bone involvement.

DEFECT WITH BONE
INVOLVEMENT

DEFECT:

2.50m x 1.5¢m = 3.75cm (0.8cm
depth)

PATIENT:

22 years old, gymnast, sports
injury at 15 years old

MEDIAL FEMORAL CONDYLE
DEFECT:

2.7cm x 1.3cm = 3.51cmz2

PATIENT:

28 years old, occupational therapist, runner



. STEP 1: BIOPSY TAKEN
A small biopsy of healthy cartilage is taken
i from a non ht-bearing

ar
area of the patient's knee. -
Typical harvest sites include the STEP 2: BIOPSY PROCESSED
intercondylar notch and the proximal The biopsy is sent to the Vericel cell-
aspect of the medial and/or lateral femoral processing facility in Cambridge
condyle. Massachusetts
A state-of-the-art cell-processing facility
provides optimal product quality and safety.
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STEP 4: MACI DELIVERED

MACI s delivered via courier to the treatment facility for the procedure.

STEP 3: CHONDROCYTES EXTRACTED
AND LOADED

Chondrocytes are extracted from the biopsy, expanded, and,
using proprietary methods are uniformly seeded onto a
resorbable Type I/lll collagen membrane

MACI delivers a controlled, uniform dose of cells with a density of
at least 500,000 cm? on a Type I/lll collagen membrane.
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Paolo Macchiarini: A surgeon’s downfall

BBC World Service, September 2016

A few questions have

Patient Location When oper: Outcome
dogged PaOIO Andemariam Beyene Stockholm  June 2011 Deceased Jan 2014
Macchiarini KezhShoten  London  Sept2oft Deosssed dan 2012

Christopher Lyles Stockholm ~ Nov 2011 Deceased March 2012

. Decision-making around operations.
Had the risk of each operation been Julia Tuulik Krasnodar  June 2012, Aug 2013 Deceased Sept 2014
properly assessed? Were the patients ill

enough to require such drastic Alexander Zozulya  Krasnodar  June 2012, Nov 2013  Deceased Feb 2014

the risks invo&: the patients Yasim Cetir Stockholm  Aug 2012, July 2013 Survives (remains hospitalised)
2. Academic publications. Footage from Hannah Warren Peoria, US  April 2013 Deceased July 2013
surgical cameras conflicted with the
descriptions of the patient in published Sadiq Kanaan Krasnodar  Aug 2013 Deceased (date unknown)
articles. Was the success of the operations
misrepresented, omiting or even Dmitri Onogda. Krasnodar  June 2014 Survives (synthetic trachea removed)

fabricating data in his published articles?

3. Absence of pre-clinical large animal studies

footage from

published result surgical cameras

. STEP 5: DEFECT DEBRIDED
. The defect area is debrided back to healthy, \
) stable cartilage.

STEP 6: TEMPLATE CREATED

To ensure precise sizing, use sterile materials to create a template of the defect.
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STEP 7: MACI IMPLANTED A
The MACI implant is secured in place using fibrin sealant. Suture fixation is not required.
The MACI implant can be easily cut and shaped to the appropriate size.
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Engineering cartilage for head and neck defects

Clinical transplantation of a tissue-engineered airway

Paoi jorini Phiipp jungebluth T M

i, LovisaE Rees Tristan A Cogan. Amanda Dodson. Joume Martorelt

Silvia Rallin Pier Paclo Parnigotto, Sally € Dickinson, Anthony P Hollander, Sara Mantero, Maria Teresa Conconi, Martin A Rirchall

Rt 3008, 373 023 30

The first tissue-engineered airway transplantation: 5-year
follow-up results

Do Barole. Oriol Sitda,

ot 2004 3 20844

Engineering cartilage for nose
reconstruction

Engineered autologous cartilage tissue for nasal
reconstruction after tumour resection: an observational
first-in-human trial

SarioFukco”, SytveMice”. 2 Francine Wolf. Gernae Joret Anva Marsana
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Figure 3: Surgical procedure
in one patient

(A) Two-layer defect after wide
local excision of the skin
cancer on the alar lobule.

(B) Tissue engineered cartilage
cut to the right shape and
ready for implantation; this
patient needed cartilage
support to achieve stability in
thealar lobule (labelled AC)
and at the upper lateral site
(labelled ULC). (C,D) Tissue
engineered cartilage was
inserted to replace the
structural support and secured
by absorbable sutures.

(E) Reconstruction of the outer
layer with a paramedian
forehead flap. (F) Division of
the flap pedicle 2 weeks after
reconstruction. (G) Intra-
operative appearance of the
implanted engineered tissue
during refinements 6 months
after reconstruction.

(H) Follow-up 1year after
reconstruction.
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A 3D bioprinting system to produce human-scale
tissue constructs with structural integrity

Miywn. ek Kang. Sang B Lov, In Kap Koy Carbon Kemgla, biwes | Vouo & Amthesay Atale
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"In situ bone tissue ing via
Medicine (2017).

diated gene delivery to progenitor cells in mini-pigs," Science Translational

Engineering cartilage for ear reconstruction

MEDPOR: the patient’s own skin is )
grafted over a polyethylene framework

Rib Cartilage Ear Construction

Since the early 1990s, tissue
engineering has become
increasingly popular in the field of
reconstructive surgery. In particular,
‘when an in-vitro-manufactured
auricular-shaped cartilage implant
was implanted on the back of a nude
mouse, reconstructive surgeons
were intrigued and patients'
expectations were raised

e cartinge ahel two weeks. 1 Cuuse

Engineering bone
Objectives

Immediate functionality (mechanical, metabolic)
Capacity for further development and integration
Functional hierarchy

Culture requirements Lo ) [ermimed
Nutrient and gas
exchange

Regulatory molecules
(dex, BMP-2, etc)
Hydrodynamically
active environment
(interstitial flow)

MSCs of oral origin

Table 1: Mesenchymal Stem Cells from dental tissues

Name Site Dateol Authors Country Tnstitution
discover
DPSGs Dental Pulp. 20005 Gronthos, M. Mankan, J. Brahim, PG USA. National Institute on Dental Research,
ey, 5.5t Bethesda, Maryland  National Institutes of Health
SHED 203 thos, M. Zhao, B.Lu,  USA. National Institute on Dental Research,
Deciduous Tecth G. Robey, 5. Shi Bethesda, Maryland  National Institutes of Health
PDLSCs  PeriodontalLiga- 2000 B.M.Sco, M. Miura, . Gronthos, M. US: National Institute on Dental Research,

A 5A.
Bartold,S. Batouli, | Brahim, M. Young, ~ Bethesda, Maryland  National Institutes of Health
P.G. Robey, C.Y. Wang, . Shi.

scAP Apical Papilla 2006 W.Sonoyama, Y. Liu, D. Fang, T. Yamaza, USA. Universityof Southern California School of
B, Seo, . Zhang, H. Liu,S. Gronthos,  Los Angeles, California ~ Dentisry;
CY. Wang, 5. Wang, 5 Shi JAPAN, ‘Okayama University Graduate School of

Bl Ve, Deniney and Pharmoeenist
Drscs Denlfolicke 2005 C Moreck, W, G | Sehiethol . GERMANY, e v —
St 0 Ko, C ML C Sl o e s e
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= Stem cells from human
= Dontal pulp stom . jciiated teeth (SHED)
cells (DPSCs)
= Dental folicule
stem colis (OFSCs)




Dental pulp stem cells
gy for bone regeneration

Oental Pulp

HUMAN MANDIBLE BONE DEFECT REPAIR BY THE GRAFTING OF DENTAL
PULPST CELLS AND COLL BIOCOMPLEXES

European Cells and Materias Vol 18 2009 (pages 75-53) DO 10.22203/eCM 01807

Need for Ligament Tissue
Engineering

Knee ligaments cannot self
repair

High injury rate, especially the
anterior cruciate ligament (ACL)

> 200,000 ACL
surgeries/year

> 5 billion dollars
Surgery options

Disease transfer

Tissue rejection

Poor mechanical strength
(current synthetic grafts)

Primary choice of cells for ACL regeneration:

1. mesenchymal stem cells (MSC)
2. ACL fibroblasts

Inolatud ASCS
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Engineering ligament

Objectives
Immediate functionality (mechanical, metabolic)

Capacity for bonding with adjacent bones

[ture requiremen
High initial cell density
Nutrient and gas exchange
Physical signals
Perfusion
Mechanical stimulation (ligament-like)

Classical approach Tissue engineering approach

Semitendinosus

Mechanical stimulation of silk grafts with a
bioreactor system

A’
A: The silk-based anterior cruciate B
ligament (ACL) scaffold is produced
of Bombyx mori silk fibers in a wire-
rope design

B: The scaffold is seeded with
ASCs for 24 h and then
transferred into bioreactor and
cultured under linear and
rotational displacement for 10
days.

21 The mechanically stimulated
ACL scaffolds show sheets of
extracellular matrix. The arrow
in the bottom panel indicates
an artefact of scanning electron
microscopy preparation. In this
area, the covering extracellular
matrix sheet has been flushed
away due to too intense
flushing, allowing the view to
the underlying silk fibers.

Adipose-derived stem cells cultured on silk-based ligament grafts produce sheets of
extracellular matrix proteins under mechanical stimulation via a bioreactor system
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German spin-off TissUse is producing chips with two or four organs on each

Tissue Engineering, Organoids and Precision Medicine

Cerebral organoids model human brain
development and nucrocephaly
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In vitro or cultured meat

FROM PIG TOPLATE
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Tissue Engineering for Precision Medicine in Cancer

This Unit measures metabolic
activity, such as glucose and
lactate fluxes, oxygen levels and

Abrain-on-a-chip can be seeded with A mammary-gland-on-a-chip,

human blood vessels, stem-cell- which can be seeded with

derived neutrons and astrocytes healthy or cancerous cells.
acidication rates.

HOOKE D U P Bioengineers have connected multiple organs-on-chips to replicate human
physiology. They hope to use the set-up to study the spread of metastatic breast cancer to the brain.

In vitro or cultured meat

Cultured meat, also called clean meat or in vitro meat, is

meat grown in cell culture, using many of the same tissue
engineering techniques traditionally used in regenerative
medicine, instead of inside animals.

- First peer-reviewed journal article published in 2005 in Tissue Engineering.

- In 2008, PETA (People for the Ethical Treatment of Animals) offered a $1 million
prize to the first company to bring lab-grown chicken meat to consumers by
2012

Start-ups producing cultured meat

1. Memphis meat (San Francisco, Silicon Valley)

- beef metballs
- chicken tenders
- duck a l'orange

2. Supermeat (Israel)

‘ Click to support us on » [




https://thechicken kitchen



