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Someday, these culture systems may be
able to mimic whole organs sufficiently
well to permit their use as surrogates in
toxicology testing (M. Shuler, Cornell).

Signaling proteins that control differen-
tiation of progenitor cells are under inves-
tigation (D. Anderson, CalTech; N.
Mahanthappa, Ontogeny). Whereas most
of the discovery and testing of these pro-
teins has occurred in developing animals,
these proteins are also active in adult tis-
sues, suggesting new pharmacological ap-
proaches for tissue regeneration. For
example, administration of growth factors
or signaling proteins such as those from
the sonic hedgehog family could initiate
repair in bone or the nervous system.

The delivery of novel agents requires pre-
cise spatial as well as temporal control neces-
sitating new delivery strategies—for exam-
ple, gene therapy is being used to target
signaling proteins to specific tissue sites,
such as arteries (A. Clowes, Washington) and
bone (J. Bonadio, Michigan). Novel gene
delivery techniques may be particularly use-
ful: a gene gun is being used to deliver plas-
mids encoding transforming growth factor
B to skin cells (J. Davidson, Vanderbilt). In
vivo gene therapy of skeletal muscle results
in physiological levels of erythropoietin in
the circulation of mice and monkeys (J. Lei-
den, Chicago). Although it is apparent that
novel activities can be introduced into tis-
sues in this fashion, controlling the level of
expression of the transgene and the life span
of genetically-modified cells remains a chal-
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The central importance of new materials
for the construction of artificial matrices
was highlighted in the keynote address by
Robert Langer’ (MIT). Langer described
ways to engineer the correct physical,
chemical, and morphological characteris-
tics into polymeric tissue scaffolds. The
basic principles involved appear to be
quite general: the versatility of synthetic
polymer chemistry and modern polymer
processing technology permit application
of artificial matrices to the repair of a
plethora of tissues including cartilage,
skin, bone, tendon, intestine, and nerve.

Novel materials can be used to present
immobilized signaling peptides* (J. Hubbell,
Swiss Federal Institute of Technology) or
growth factors, which promote the migration
of cells necessary for tissue repair and guide
them to thesite of injury (P. Letourneau, Min-
nesota). Polymeric materials presenting teth-
ered epidermal growth factor signal hepato-
cytes to differentiate’ (L. Griffith, MIT), and
implants that provide controlled delivery of
nerve growth factor enhance the survival of
transplanted neurons® (M. Saltzman, Cornell).
It has long been known that cells depend on
intrinsic signals as they sort into aggregates.
More recent results suggest that this sorting
can also be influenced by adhesion to differ-
ent surfaces (M. Steinberg, Princeton).

Almost every presentation articulated the
need for synergy between materials engi-
neers, biologists and clinicians. Difficulties
in mimicking native tissue responses using
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synthetic approaches, and the need for quan-
titative methods to describe and predict
responses, were articulated by those describ-
ing fundamental studies on receptor-medi-
ated cell migration (D. Lauffenburger, MIT),
cell interactions with matrix (B. Eckes,
Cologne), autocrine signaling (S. Wiley,
Utah), and mechanical loading (the forces
applied during growth) of tissues (A. Banes,
North Carolina; A. Grodzinsky, MIT). The
next generation of engineered tissue will be
more rational in design, as the biological basis
for tissue responses becomes clearer. It may
never be possible (or desirable) to engineer
a human head onto a lion’s body, but less
mythical tissue recombinations are already
on the horizon.
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