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Could change:
Swelling ability
Shape
Size
Poresize
Soulbility

Etc…

Hydrogel preparations
Physical crosslinking
Polyelectrolyte complexation

Hydrogen bonding
Hydrophobic association
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Surface characterisation of
hydrogel scaffolds
Attachment of cell adhesive peptide
(eg.:RGD)

Attachment of growth factors binding moieties
(e.g.:Heparin)
Pre- or post-loading of growth factors

(It could use controlled release mechanism)
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Blood vessel formation into the
porous hydrogel scaffold
Different ways are possible:
Incorporation of growth factors

Seeding endothelial cells

Growth factors encourage existing

The endothelial cells form new

blood vessels in the sorroundiing

blood vessels and combine with

host tissue to grow into the

surrounding blood vessels

scaffold
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Natural polymer-based hydrogels
for tissue engineering
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Basic structure of collagen
hydrogel fibers
collagen fibers self-aggregation and crosslinking (through pyridinium crosslinks)
collagen molecules in a hydrated environment compose tropocollagen triple helixes,
each triple helix results from the self-arranging of three polypeptides strands
In general due to their intrinsic characteristics of biological recognition, including
presentation of receptor-binding ligands and the susceptibility to cell-triggered

proteolytic remodeling and degradation.
drawbacks: the complexities associated with purification, immunogenicity and pathogen
transmission
See on Fiig 8. El-Sherbiny IM, Global Cardiology Science and Practice 2013:38
El-Sherbiny IM, Global Cardiology Science and Practice
2013:38

Synthetic polymers-based
hydrogels for tissue engineering
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Self-assembled peptideamphiphiles (SAPs)
comprise a polypeptide linked to a long chain alkyl tail and also functionalized with cell
adhesion ligand (RGD)
SAPs-based hydrogels can also be used to incorporate bioactive molecules and allow
the controlled release. SAPs-based hydrogels
can also be chemically conjugated to different moieties to allow signaling to cell surface
receptors and to enhance cellular adhesion.
SAPs-based hydrogels are very promising in generating 3D environments for cell
culture and tissue engineering applications
See on Fig 9. El-Sherbiny IM, Global Cardiology Science and Practice 2013:38
El-Sherbiny IM, Global Cardiology Science
and Practice 2013:38

Organ/tissue printing
(a) fiber deposition.
(b) macroscopic view of the dual graft (heterogeneous tissue formation
in a printed construct implanted
in mice) at 6 weeks; dashed line represents the transition zone between
(left) printed MSCs in Matrigel and (right) EPCs in
Matrigel/hematoxylin and eosin staining, scale bar ¼ 200 mm.
See on Fig 15. El-Sherbiny IM, Global Cardiology Science and Practice 2013:38
El-Sherbiny IM, Global Cardiology Science
and Practice 2013:38

Peptide Amphiphiles in Corneal
Tissue Engineering
The outer-, anterior-most surface of the cornea comprises a non-keratinized, multilayered epithelium (blue) supported by a basement membrane and above the Bowman’s
layer (yellow).
The middle stromal tissue comprises 90% of the cornea’s thickness, and is sparsely
populated with keratocytes (green) interspersed within approximately 200 lamellae of
dense, collagen- and proteoglycan-rich extracellular matrix (lines). The innermost
posterior tissue consists of a single layer of endothelial cells (red) supported by the
Descemet’s membrane (grey)
Supramolecular PA nanostructures, nanofibers; micelles;multi-layered nanotapes
hydrophilic outer corona comprised of bioactive peptide (blue) and self-assemblyinducing/spacer sequence (white), a hydrophobic inner core with organized and/or nonorganized PA tails (red and green, respectively)
See on Fig 1. and 2. M. Miotto, J. Funct. Biomater. 2015, 6, 687-707;
M. Miotto, J. Funct. Biomater. 2015,
6, 687-707;

Tissue engineering
Tissue-specific cell isolation
To seed in a well-designed scaffold
To transplant into the the body
Bioreactor for expansion of cells
Signaling molecules
Direct injection or Transplantation (surgery)
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Peptide amphiphiles in corneal
tissue engineering
Bio-fabrication and controlled self-release of live tissues using PA coating templates.
Schematic representation of the method used for the in vitro bio-fabrication and lift-off
of human corneal stromal tissues. Cells isolated from human donors were seeded and
grown on low-attachment plates previously coated with a PA carrying both the MMP1sensitive sequence and the RGDS cell adhesion motive. Cells were cultured in serumfree medium containing retinoic acid (RA) for 90 days and accumulated large quantities
of corneal-specific stromal extracellular matrix. Subsequently, the bio-fabricated tissues
were induced to express MMPs due to RA removal from the medium. In three days, the
tissues expressed enough endogenous MMPs into the culture supernatant to provide the
cue to degrade the adhesive PA coating, and induce their own release. The resulting
free-floating corneal stromal equivalents were scaffold-free, easy to handle, and
retained their shape and structural integrity for more than 18 months in storage.

M. Miotto, J. Funct. Biomater. 2015,
6, 687-707;

Peptide amphiphiles in corneal
tissue engineering
Schematic representation of the effect of Fmoc-RGDS PA on collagen gel contraction
under different culture conditions. Human corneal stromal fibroblasts were encapsulated
within uncompressed collagen gels that have been functionalized with the fibril-forming
Fmoc-RGDS PA (+fPA), or produced without it (CTR). The relative contraction of

collagen gels after seven days in serum-free medium (SFM) was negligible, but
significantly minimized by the presence of the structural PA in serum-containing media
alone (+FBS) or supplemented with 50 μM of soluble PA (+sPA) or cyclic RGD peptide
(+cRGD)
See on Fig 4. M. Miotto, J. Funct. Biomater. 2015, 6, 687-707;
M. Miotto, J. Funct. Biomater. 2015, 6,
687-707;

Dental MSCs for Pulp-dentin
Regeneration
Revascularization leads to resolution of apical periodontitis with disorganized radioopaque changes within the root canal system.

(A) radiographic signs of apical periodontitis(left second premolar (B) Postoperative
radiograph of completed revascularization procedure with final restoration and presence
of continued apical pathosis. (C) One-year radiographic recall showing resolution of
apical periodontitis and apical closure. Note presence of nonspecific radio-opaque
calcific tissue within canal space (arrow). (D) Radiographic sequence of another
revascularization case performed on a maxillary right central incisor exhibiting
immature root formation associated with a wide-open apex. (E) Six-month radiographic
review. Acute swelling and symptomology had resolved after initial visit. After 6 mo (F)
and 1 y (G) following the revascularization procedure, recall radiographs show
resolution of apical periodontitis and advanced root formation. However, lumen of the
root canal is filled with disorganized radio-opaque calcified hard tissue (arrows).
See on Fig 1. Y. Cao, J. Dent Res, 2015;94(11) 1544–1551.
Y. Cao, J. Dent Res, 2015;94(11) 1544–1551.

Revascularized pulp tissues
(A)Preoperative radiograph of mandibular right first molar displaying gross coronal
caries and apical periodontitis. (B) Fourteen-month postoperative radiograph after
revascularization procedure showing root maturation and periradicular healing. Note
disorganized radio-opaque calcified tissues in the distal canal. (C) Histologic section
showing ectopic bone formation within the lumen of the distal canal. Note absence of
organized palisading odontoblastic layer. (D) Boxed area from panel C enlarged. (E)
Mesial canal space exhibiting ectopic bone formation (white arrow) and layered
cementum formation onto the existing dentinal surface (black arrows).

See on Fig 2. Y. Cao, J. Dent Res, 2015;94(11) 1544–1551.
Y. Cao, J. Dent Res, 2015;94(11) 1544–1551.

Western blott, and microscopy
Overexpression of ΔNp63α in normal human epidermal keratinocytes (NHEKs) led to
epithelial-mesenchyme transition (EMT) and acquisition of stemness.
(A) Western blotting was performed with NHEKs expressing ΔNp63α
(NHEK/ΔNp63α) and the control cells (NHEK/LXSN) for the markers of epithelial
phenotypes, including E-cadherin (E-Cad) and cytokeratin 14.

(B) The EMT cells demonstrated distinct morphology from sebocytes, as well as
transdifferentiation capacities into osteogenic cells producing mineralized matrix and
adipogenic cells.
Original magnification, 100×. (C) Western blotting revealed induced expression of a
reprogramming factor Nanog in NHEK/ΔNp63α but not in the control cells
(NHEK/LXSN). As controls, we included dental mesenchymal stem cells (MSCs) and
mouse embryonic stem cells. GAPDH was used as loading control.
See on Fig 3. Y. Cao, J. Dent Res, 2015;94(11) 1544–1551.

Y. Cao, J. Dent Res, 2015;94(11) 1544–1551.

Epithelial-mesenchyme transition
(EMT) stem cell characteristics I.
(A) Western blotting was performed with normal human epidermal keratinocyte

(NHEK) transients transfected with siRNA targeting p63 (Si-p63) at 3, 6, and 10 d
posttransfection, along with those treated with nonspecific siRNA (Si-Cont). Whole cell
lysate of NHEK/ΔNp63α (EMT) was used as comparison. (B) NHEK/Si-Cont and
NHEK/Si-p63 cells were maintained in culture and serially passaged in culture
condition suitable for mesenchymal stem cells (MSCs). NHEK/Si-Cont cells underwent
terminal differentiation (arrows), while NHEK/Si-p63 cells exhibiting EMT phenotype
continued to proliferate, maintaining the spindle-shaped morphology. (C) NHEK/Si-p63
cells demonstrate alkaline phosphatase activity, along with the MSCs from pulp and
periodontal ligament (PDL), while the control cells did not.
See on Fig 4. Y. Cao, J. Dent Res, 2015;94(11) 1544–1551.
Y. Cao, J. Dent Res, 2015;94(11) 1544–1551.

Epithelial-mesenchyme transition
(EMT) stem cell characteristics II.
(D) NHEK/Si-p63 cells exhibiting the EMT phenotype were induced to differentiate
into cells producing mineralized matrix detected by alizarin S red staining. BM, bone
marrow; NHOF, normal human oral keratinocyte. (E) NHEK/Si-p63 cells with the EMT
phenotype demonstrate adipogenic differentiation capacity when assessed by oil red
staining (red droplets).
These cells, named NHEK/Sip63, also demonstrated acquisition of stem characteristics.
It appears that p63 is critical for establishing the epithelial identity of NHEKs.
Clinically, these unique cell
populations may represent an alternative source of autologous MSCs for patients
who lack adequate tissue availability for MSCs, since these iMSCs can be easily
obtained from skin.
See on Fig 4. Y. Cao, J. Dent Res, 2015;94(11) 1544–1551.
Y. Cao, J. Dent Res, 2015;94(11) 1544–1551.

3D-printed Bioresorbable
Scaffold for Periodontal Repair
A customized scaffold was 3D printed using medical-grade polycaprolactone to fit the
periosseous defect using a prototyped model of the defect from the patient’s cone beam

computed tomography scan. The scaffold’s internal region consisted of extended
pegs for the support and guidance of periodontal ligament formation, perforations
for fixation, and an internal compartment for delivery of recombinant human
platelet-derived growth factor BB, as shown in the cross-sectional view.
See on Fig 1. G. Rasperini, J.Dent Res. 2015;Suppl. 94, 9, suppl no. 2 153S.

G. Rasperini, J.Dent Res. 2015;Suppl. 94, 9,
suppl no. 2 153S.

3D-printed Bioresorbable
Scaffold for Periodontal Repair
Planning II
Micro–computed tomography scans of the polycaprolactone scaffold
fitted into the prototyped defect model (see coronal, middle, apical

views) were used to determine the topographic adaptation of the scaffold
to the root surface. PDL, periodontal ligament.
See on Fig 1. G. Rasperini, J.Dent Res. 2015;Suppl. 94, 9, suppl no. 2 153S.

G. Rasperini, J.Dent Res. 2015;Suppl. 94, 9, suppl no. 2 153S.

3D-printed Bioresorbable
Scaffold for Periodontal Repair
Application I.

G. Rasperini, J.Dent Res. 2015;Suppl. 94, 9, suppl no. 2 153S.

3D-printed Bioresorbable
Scaffold for Periodontal Repair
Application II.

G. Rasperini, J.Dent Res. 2015;Suppl. 94, 9, suppl no. 2 153S.

TE applications demonstrations
Lab Grown Lung 2008 (0.25) https://youtu.be/lfqxbwbjw00
Artificial human ear growing in mice, Rate My Science 2012 (2.33)
https://youtu.be/7QlWBnL0zjU
The heart makers (5.52) https://youtu.be/pd3TFB0wOI0
https://www.nibib.nih.gov/science-education/science-topics/tissue-engineering-andregenerative medicine Human Livers in Mice Aid Therapeutics 2012 (2.49)
https://youtu.be/Gd0n6Hl_i_0
Tissue Engineering -- Building Body Parts 2008 (7.47) https://youtu.be/ofiLcTs7_Ys
Tissue Engineering: New Approaches And Advancements 2011, (12.49)
https://youtu.be/YiKI3ppo0pM
Tissue Engineering: Biology - Scaffolds - Materials Science 2009, (47.14)
https://youtu.be/PNNiK9dgJXo

Cells and Gels for Tissue Engineering and Regenerative Medicine 2011 (47.10)
https://youtu.be/a1CNotI7b60
Anthony Atala: Growing new organs 2010 (17.52) https://youtu.be/7SfRgg9botI
Anthony Atala: Printing a human kidney 2011, (17.24) https://youtu.be/9RMx31GnNXY

TE applications demonstrations
II
Could Printed Organs Be The Key To Immortality? 2015 (7.53) https://youtu.be/kpNR7Atvn-A
Science for All Seasons: Building liver tissue for disease modeling and therapy 2014 (57.31)
https://youtu.be/jRbKEl9v72w
Sangeeta Bhatia Part 1: Engineering Tissue Replacements 2011 (39.03)
https://youtu.be/8p2CYTPGiYE

Sangeeta Bhatia Part 2: Microscale Liver Tissue Engineering 2011
(29.59) https://youtu.be/JHXPxAkYrQ8
https://www.youtube.com/user/ibioseminars
Michael Dustin (Oxford, NYU School of Medicine) 1: The Immunological Synapse: Antigen
Recognition Mar 14, 2016 (36.57) https://youtu.be/b-kzPVdfTCM
Robert S. Langer (MIT) Part 2: Drug Delivery Technology: Present and Future 2015 (37.15)
https://youtu.be/o4moymWepUg
Robert S. Langer (MIT) Part 3: Biomaterials for Drug Delivery Systems and Tissue Engineering
2015 (26.50) https://youtu.be/ZOgobBrGYVM
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