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Abstract

The clinical grand challenge to regenerate complex tissue and
organ systems calls for a paradigm shift that requires a trans-
disciplinary approach. The field of regenerative engineering
puts forward a convergence approach to create a regenerative
toolbox to move beyond individual tissue repair to the regen-
eration of complex tissues and organ systems. Here, we dis-
cuss the regenerative tool box currently under development to
address grand opportunities in complex tissue/organ
regeneration.

Lay Summary

Regenerating damaged tissues rather than repairing or replac-
ing is the holy-grail to address the clinical challenge of organ
damage. Unlike advanced prosthetics, the field of “Regenera-
tive Engineering” aims to completely regenerate complex tis-
sues and organ systems such as a knee or a whole limb.
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The regenerative capability of the adult human body is surpris-
ingly very high. Blood is a paramount example that is contin-
uously regenerated throughout a person’s life. Several other
tissues such as bone have the capability to regenerate to a
certain extent upon injury. Multipotent reserve stem/progenitor
cell populations have been identified throughout the adult hu-
man body and have the capability to assist the regenerative
process [1]. Despite their tremendous potential, the majority
of adult human tissues is incapable of true regeneration and
instead follows a repair process leading to scar tissue formation
that lacks necessary functional and biological properties.
Tissue loss due to injury or disease and the subsequent func-
tional impairment continues to be one of the significant chal-
lenges of modern medicine. Use of prosthetics to replace the
damaged tissue is one of the currently used strategies to address
this issue. The past 50 years or so have seen dramatic advances
in the prosthetic technology; however, the field still suffers from
serious shortcomings such as functional limitations, mechanical
incompatibility, poor host tissue integration, and long-term bio-
compatibility issues [2]. Another well sought after approach to
address the clinical challenge of restoring the function of
damaged/injured organ or tissue is the use of biological grafts.
Current biological grafts include tissue transplanted within an
individual from a donor site to the injury site commonly re-
ferred to as autografts or tissue/organ isolated from another
individual or cadaver, which is referred to as allografts. Among
the biological grafts, autografts are considered the gold standard
due to their excellent biocompatibility and healing potential.
The limited availability of autografts and biological challenges
with allografts such as need for immunosuppression have led to
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the emergence of alternative clinical interventions focused on
regenerating the damaged tissues rather than repairing or re-
placing the tissues [3]. The field of tissue engineering, which
can be defined as the application of biological, chemical, and
engineering principles toward the repair, restoration, and regen-
eration of tissues using biomaterials, cells, and factors alone or
in combination, evolved out of this necessity [4]. The triad
combination strategy put forward by the tissue engineering ap-
proach led to several proof-of-concept technologies and dem-
onstrated the feasibility to repair or regenerate individual tissues
[5]. In spite of the significant advances in tissue engineering in
the past 25 years, the number of tissue-engineered products that
are helping people clinically are relatively low.

Developing innovative strategies to regenerate complex
tissues and organ systems are key to move to the next level
to create translational technologies that can address the clini-
cal grand challenges. For example, from a musculoskeletal
perspective, even though we have the capability to regenerate
small segments of bone and tissues such as ligament, tendon,
and cartilage, the grand clinical challenge lies in regenerating
a functional knee or whole limb [6] http://www.
connecticutmag.com/Blog/Health-Wellness/October-2015/
UConn-Professor-Announces-Goal-to-Regrow-Human-
Limb-in-15-Years/. To address these clinical grand challenges,
a paradigm shift is required. This needs a transdisciplinary use
of cutting edge technologies in biology, material sciences,
physical, chemical, and engineering sciences, combined with
our ability to harness the body’s innate capacity to guide
growth and development. Engaging clinicians early on is
important. These efforts have led to the emergence of a field
termed as “Regenerative Engineering” [7]. Regenerative
Engineering has been defined as the Convergence of
Advanced Materials Sciences, Stem Cell Sciences, Physics,
Developmental Biology, and Clinical Translation for the
regeneration of complex tissues and organ systems. The
tremendous advances we have achieved in these distinct
areas have provided a toolbox that presents the scientists
with exciting possibilities to usher the field of regenerative
engineering forward to develop highly translational
technologies. The excitement in this field lies in the potential of
convergence—the transdisciplinary use of technologies and
science—in moving the field forward toward new solutions for
regeneration in humans. For instance, we now have a deeper
understanding of adult and embryonic stem cells as well as the
capability to obtain adult patient-derived stem cells with tremen-
dous regenerative ability. Similarly, the field of biomaterials sci-
ence has significantly advanced from the level of biodegradable
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polymers and ceramics to custom-designed biomimetic inductive
biomaterials with carefully modulated physical, mechanical, and
biological properties to enhance the natural regenerative process
of the body [8—10]. The emergence of micro- and nanotechnol-
ogies fueled the developments in this area by lending new meth-
odologies to create three-dimensional biomimetic scaffolds [11,
12]. The studies in this area so far enabled us to understand the
cellular sensitivity toward the biological environment and there-
fore the potential to modulate the cellular functions using ad-
vanced biomaterials and biomimetic scaffolds. This along with
the growing evidence of achieving better functional outcome in
larger animals using a biomaterial approach compared to smaller
animals mirrors the translational potential of inductive
biomaterials.

Using top-down and bottom-up approaches, regenerative
engineering could make complex tissue regeneration possible,
conceivably addressing a number of grand challenges, such as
limb regeneration. The bottom-up approach is largely cellular
and is fueled by the tremendous advances we are having in the
field of cell/molecular and developmental biology. Many low-
er amphibians have the remarkable ability to regenerate com-
plex tissue and organ systems such as amputated limbs by the
self-assembly of the proliferating and differentiating cells in
blastema. This highly orchestrated biological process unfolds
through a tightly controlled spatial and temporal expression of
various morphogenetic cues. A deeper understanding of the
regenerative process occurring in the amphibians has the po-
tential to inform us to design novel translational strategies that
can enhance the regenerative capabilities of human [13]. The
top-down approaches are built on the integration of advanced
material science and engineering, cells with high regenerating
ability, physical forces that play a subtle but crucial part in the
process of regeneration, modulating the immune system, as
well as ways to design strategies to identify and present bio-
logically active effector molecules and inducerons (small mol-
ecule inducers of cell differentiation) as the complexity of
multi-tissues and organ systems requires input from each in-
dividual discipline. In short, the design of systems for regen-
eration must take place with a holistic and comprehensive
approach, understanding the contributions of cells, biological
factors, scaffolds, physical forces, and morphogenesis. We
believe that the new journal “Regenerative Engineering and
Translational Medicine” will serve as a platform to discuss the
convergence approach put forward by the field of regenerative
engineering. To move the field beyond individual tissue repair
to the regeneration of complex tissues and organ systems is
the goal of this new field, and its journal.
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