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Lecture 6: Biodegradable Polymers for Tissue Engineering

Last time: enzymatic degradation of solid polymers
Engineering biological recognition of polymers

Today: Designing polymers for tissue engineering

Reading: ‘Tissue engineering- current challenges and expanding opportunities,’ L.G. Griffith and G.

Naughton, Science 295, 1009 (2002)

Overview of Biomaterials in Tissue Engineering

Let’s review the main approaches and applications in Tissue Engienering before getting into the details of materials for TE

We will review the fundamental approaches that have been taken here and return to this topic later when we discuss
integration of biological molecules in synthetic biomaterials

o TE scaffolds seek to provide a surrogate for natural ECM
o Provide functions of native ECM
o Create a space for new tissue development
o Deliver cells to site
o Direct macroscopic size/shape of new tissue

Tissue Engineering Approaches

e 3 major approaches
o Invitro tissue genesis — in vivo application
o Invivo tissue genesis — in vivo application

Schematic comparison of in vitro and in vivo tissue engineering approaches:

Skin:
IN VITRO SYNTHESIS

bone:
IN VITRO SYNTHESIS

B yer remodeled and ) | A
iyt host regenerated - “ mrr:;::g:l:gd
. Fol i 23 : 5
o £ - fissue A= \ e o cellsT N TR il flos —
. bi-layer r _‘L_'_, e = E e @ m:‘ :‘: m B
3 culture | e | & ! :-_:7 it
soluble e, ke ) soluble  culture
and and
insoluble insoluble IN VIVO SYNTHESIS
regulators IN VIVO SYNTHESIS regulators
e host remodeled a‘l;d
* = egenerate :
cells 1. f‘ e’.“n) i i vz ;2 remodeled and
Ao e i 3 regenerated
| =¥ i e o cells i - o ; .
PR e g I R
' = ; Y
- - - './’
scaffold '"_‘

Lecture 6 — Biodegradable Polymers in Tissue Engineering

~-miirix

10f5



BEH.462/3.962J Molecular Principles of Biomaterials

o Invitro tissue genesis —

Fig. 1. There are three common
closed-system configurations for
cell transplant devices (69, 70)
[figure adapted with permission
from (707]. In vascular devices,
the cells are placed in an exira-
cellular compartment surrounding
a tubular membrane (i.d. —1 mm)
through which blood can flow. In
macrocapsule systems, the cells
are placed in sheaths, rods, or
disks (diameter =0.5 to 1.0 mm).
In microcapsule systems, the
cells are placed in injectable
spherical beads (diameter <0.5
mm). Dewvice biocompatibility is
critical because tissue reaction
can block the flow of nutrients and

wastes to and from the capsule, 6-
Microcapsules are commonly '.\
made of hydrogels—in particular, A

the polysaccharide alginate—be-
cause of the extramely mild con-
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ditions required for gel formation. The alginate can be further coated with polyanions, such as
polylysine, and again with alginate if desired. Such coatings can affect the flow of nutrients and
wastes, mechanical strength, and biocompatibility. Results of in vivo studies with alginate are not
always consistent, possibly because of variations in alginate purity (77). Macrocapsules and vascular
devices often congist of acrylonitrile-vinyl chloride copolymers (69, 70). Microcapsules have
advantages over macrocapsules in that they impose fewer limitations on dittusional flow of nutrients
and wastes and they can be administered by injection. Macrocapsules, on the other hand, are easier
to retrieve should complications occur and are physically more stable than microcapsules.

o Invitro tissue genesis —

in vitro application

e.g. tissue on a chip approaches3:

A Cells organized into tissue-like structures
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Fig. 2. A microfabricated bioreactor for perfusing 3D liver tissue engi-
neered in vitro (54, 55). (A) A cross section showing tissue aggregates
growing attached to the inside walls of the narrow channels of the
silicon-chip scaffold. Culture medium flows across the top of the scaffold
as well as through the narrow channels, enabling tissue aggregates to
extract oxygen and nutrients. The design of the scaffold promotes
self-assembly of the cells into tissues. (B) A bioreactor containing a
0.2-mm-thick silicon-chip scaffold etched with 0.3-mm-diameter chan-

Macroscopic TE Scaffold Structure

Microfabricated

nels. (C) Hepatocytes seeded onto the scaffold of the bioreactor attach to
the walls of the channels {four channels are shown) and reorganize to form
3D structures that are reminiscent of liver cords. Bile canaliculi and tight
junctions can be seen with high-power microscopy (54, 55). Live cells are
green and dead cells are red as visualized with the calcein AM/ethidium
homodimer stain. (D) Scanning electron micrograph showing vessel-like
structures assembled from endothelial cells at the fluid-tissue interface in
the bioreactor channels. [Illustration: Preston Morrighan]

o Early attempts at designing scaffold for tissue engineering simply used forms of processed polymers:

o PGA mesh fibers

e From here, the need for a higher surface area and more ‘enclosed’ structure were recognized and polymer foams

were developed:
o Freeze-dried scaffolds

o particulate-leached scaffolds (Mikos 1994, Lu 2000)
o Supercritical CO,-based scaffolds (Hile et al 2000, J Contrl Rel 66, 177)
o Effervescent salt leaching (Yoon et al 2001, JBMR 42, 396)
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¢ More elegant approaches are now being considered:
o Colloidal crystal templating

Colloidal crystal t
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o Nanofiber-based structures (P. Ma)
@)
o Researchers have also investigated natural materials as scaffolds for tissue engineering- using processed ECM
for tissue engineering (we won’t pursue here, covered in Biomaterials-Tissue Interactions)
o Example materials
= Decellularized tissues (Badylak 1998, Hilbert 1989)
= Collagen-based gels (Ellis et al 1996)
o Advantages:
= Native cues present
= Can preserve natural tissue microstructure
o Disadvantages:
= Poor mechanical properties in some cases
= Difficult to process
= Poor reproducibility
= High cost

Cellular Interactions with Synthetic Degradable Solids Used as Scaffolds?

Review older literature looking directly at cells on PLGA, PLA, etc.

Molecularly-Designed Surfaces for TE

Reconstruction at Scaffold Surfaces
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Controlled Release in Tissue Engineering

Cytokine delivery from scaffolds

Case Study: Induction of vascularization in TE scaffolds

e Structure of vasculature
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Figure 1. Schamatic of scaffold fabrication process and growth fector raleass kinstics. (A) Growth faciors wers
incorporated into polymar scafiolds by sithar mixing with polymar particles before processing into scaffolds (VEGF),
or pra-ancapsulating the facior [PDGF) into polymar microspheres usad io form scaffelds. The VEGF incorporation
spproach resulis in the fector being largsly associstad with the surfsce of the polymer, and subjsct to rapid raleass. In
conirast, the POGF incorporation epproach is predictsd io result in 8 more even distribution of fector throughout the
polymer, with releass regulatad by the dagradation of the polymer usad to form microsphares. The two growth factors.
wars incorporaiad together into the same scaffolds by mixing polymer microspheres containing pre-encapsulated
PDGF with lyophilized VEGF bafora processing into scaffolds. (B) Seanning elactron micrograph of a typical scaffold
ufilized for dual growth factor raleasa. [C) In vifro mleasa kinatics of VEGF from sceffolds fabricatad from PLG (B85:15,
lactidecglycalide), massured using “=ldabsled tracers. (D) In wiro ralesss kinstics of FOGF pre-ancapsulstad in PLG
microspheres (A T5:25, infrinsic viscosity = 069 dl'g; B 75:25, infrinsic viscosity = 0.2 dlig), before scafiold
fabrication. Diats repressnt the maan (m = §), and armor bars reprasant standard deviation [emor bars not visibla are
smaller than the symbal).

controlled release scaffolds induce formation of more blood vessels with larger diameters:
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Figure 3. Sustsined, dual dslivary of VEGF and POGF rapidly forms
dansa vasculature. Sesffiolds incorporating VEGF alons, PDGF alona,
and both VEGF/PDGF wers implantsd 2= described sarlisr. Scafiolds
that rapidly relasss VEGF (Fig. 1C) with & slowsr relsass of PDGF

(Fig. 10, lowsr curve) wers utilizad in thess axparimants. Hematoolin
and eaosin steining of tissus ssctions from subcutsnsous implants (n = 4)

of scafiolds containing VEGF only, after two weasks (A) and four waaks —g . = -
(B); scafiolds conisining PDGF only, afier two wasks (C) and four wesks. e -‘.';,-_?_". Sl
{0); and scafiolds relsesing both VEGF end PDGF, at two weaks (E) and e e -

four wasks (F). The vascular dansity within tissus ssctions was quantifisd Figure 4. Dual defivery of VEGF and PDGF inducss mursl call

in esch condition (3). * indicatss stafistics| significance relative o blank sssociation. o-Smacth muscls sctin staining of tissus ssctions of

at the sam time point [P < 0.05); ** indicates siatistical significance zg:gﬁm"éa'";ﬁmhmgga%’Eﬁ?ﬁ:éﬂ%mmﬁﬁﬁiﬁﬁggé
ralauvalh::‘d'EGF and PDGF (P < 0.05). Magnification for all and POGF (G, H). M fication for phatom phs (A, G, E, G) 400,
phoiomicrographs was 400x. (8. D, F, H) 1,006

DNA delivery from scaffolds

Objective — in situ gene therapy
Microenvironments for Stem Cells

Application Focus: Engineering Vasculature
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