Materials with Biological Recognition
(continued)

TODAY: Using materials to mimic cell-cell contacts
start new section: inorganic biomaterials

READING:

ANNOUNCEMENTS:
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Changes in signaling achieved by cytokine
immobilization on surfaces

Image and figure text removed due to copyright reasons.
Please see: Figure 1 in Ito, Y. “Tissue Engineering by Immobilized Growth Factors.” Materials
Science and Engineering C6 (1998): 267-274.
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Surface immobilization can induce new function in
cytokines: case of tethered EGF-triggered neuronal cell

differentiation

Dimeric Receptor

Figure by MIT OCW.
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Signal doesn’t trigger
internalization of receptor; thus
signal lasts longer and triggers
differentiation

Signal triggers internalization of
receptor; short signal triggers
proliferation



NGF vs. EGF signaling in PC12 neuronal cells
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Changing the biological activity of cytokines by surface immobilization:

RIAF Kirse Acuyiny 14 pim)

P8 Activicy

Lecture 13 Spring 2006

(a)

[EELY

B Ly

LY &

Tire {nwnd

an

(Ito 2001)



Materials that mimic cell-cell contacts
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Physiology of the immune
response: cellular level
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Replacing a partner cell with a surface:
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PNMP photoresist
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180 Methylene blue staining of patterned surface:
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Image removed due to copyright reasons.
Please see: Doh, J., and D. J. Irvine. Journal of
the Americal Chemical Society 126, no. 30
(2004): 9170-9171.
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PNMP photoresist
pH-dependent solubility

40 : 40 : 20 (wtwt:wt) of UV exposed photoresist:
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Images removed due to copyright reasons.
Please see: Doh, J., and D. J. Irvine. PNAS 103, no. 15 (2006): 5700-5705.
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In situ tracking of T Cell Receptor
triggering

Image removed due to copyright reasons.
Please see: Molecular probes Web site -
http://probes.invitrogen.com/

Image removed due to copyright reasons.
Please see: Abraham, and Weiss. Nat Rev Immunol 4 (2004): 301-308.
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http://probes.invitrogen.com/

T cell migration on surfaces modulated by activation signals

Anti-CD3

Images removed due to copyright reasons.
Please see: Doh, J., and D. J. Irvine. PNAS 103, no. 15 (2006): 5700-5705.
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T cells self-organize in
response to synapse
arrays

Graph and images removed due to copyright reasons.
Please see: Doh, J., and D. J. Irvine. PNAS 103, no. 15 (2006): 5700-5705.
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Do surface-patterned ligands lead to
full T cell activation?

4 _
= 3 1
£
o))
£ 2 r
o
=
1
0
| d due t aht a-CD3/  a-CD3/SAv Isotype lgG/
mage removed due to copyright reasons.
Please see: Doh, J., and D. J. Irvine. PNAS 103, no. 15 ICAM-1 ICAM-1
(2006): 5700-5705. 12 -
9

IFN-y (ng/ml)

a-CD3/ a-CD3/ SAv Isotype IgG/

Lecture 13: —~ ICAM-1 ICAM-1



T cells assemble immunological synapses on ‘synapse
array’ surfaces

Images removed due to copyright reasons.
Please see: Doh, J., and D. J. Irvine. PNAS 103, no. 15 (2006): 5700-5705.

T cells centrally cluster TCRs and signaling molecules, with a peripheral ring of cytoskeletal components.
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Using protein micropatterned

surfaces to direct immmune cells:
TCR ligands

Adhesion
ligands

Images removed due to copyright reasons.
Please see: Doh, J., and D. J. Irvine. PNAS 103, no. 15 (2006): 5700-5705.
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Images removed due to copyright reasons.
Please see: Doh, J., and D. J. Irvine. PNAS 103, no. 15 (2006): 5700-5705.
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Imparting mobility: patterned
supported lipid bilayers

Lecture 13 Spring 2006

20



Imparting mobility: patterned
supported lipid bilayers

Image removed due to copyright restrictions.
Please see: Figure 1 in Mossman, et al. Science 310 (2005): 1191-1193.

Image removed due to copyright restrictions.
Please see: Figure 1 in Wu, et al. PNAS 101 (2004): 13798-13803.
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Inorganic biomaterials

Last time:

Today:

Reading:

Supplementary Reading:

ANNOUNCEMENTS:

enzymatic recognition of biomaterials
Cytokine signaling from biomaterials

introduction to biomineralization and biomimectic inorganic/organic composites
Interfacial biomineralization

Stephen Mann, ‘Biomineralization: Principles and Concepts in Bioinorganic Materials
Chemistry,” Ch. 3 pp. 24-37, Oxford Univ. Press (2001)
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Inorganic building blocks used by nature

Images removed due to copyright reasons.
Please see: http://ruby.colorado.edu/~smyth/min/minerals.html
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http://ruby.colorado.edu/~smyth/min/minerals.html

Inorganic building blocks used by nature

Image removed due to copyright restrictions.
Please see: Mann, S. "Biomineralization: Principles and Concepts
in Bioinorganic Materials Chemistry." Oxford University Press, 2001.
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Inorganic building blocks used by nature

Table removed due to copyright restrictions.
Please see: Table 2.2 in Mann, S. "Biomineralization: Principles and Concepts in Bioinorganic Materials Chemistry." Oxford University Press, 2001.
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Bioceramics: motivation for studying and mimicking
biomineralization
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Pieter Harting’s original hand drawings of
calcareous microstructures (1872) Lecture 13 Spring 2006
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Bioceramics: motivation for studying and mimicking
biomineralization
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Complex macro- and microstructures of
biological inorganic materials

Images of radiolarian, coccolith, and A. hexacona removed due to copyright restrictions.

Lecture 13 Spring 2006

28



Complex macro- and microstructures of biological
Inorganic materials

i Organized at macro, micro, meso, nano
cartilage

length scales
Trabecula

Compact bone
e

/

Osteén

Periosteum o

)""‘ Concentric ( ))%)
7

Nutrient A @ ' lamella
artery =~ | {¥ Haversian (3-7pm) Apatite
canal mineral crystals
(200-400A long)

Intramedullary
cavity

Micro- to Ultra-
Ultra- to Molecular

Line of
epiphyseal
fusion

Macro -

Hierarchical levels of structural organization in a human long femur. (Adapted with permission from

FIG. 1.
J. B. Park, Biomaterials: An Introduction, Plenum Publ., 1979, p. 105.)

Lecture 13 Spring 2006 29



Paradigms in biomineralization
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