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ABSTRACT: The field of stem cell biology has been transformed and gained extraordinary
attention in light of its future in regenerative medicine. Human embryonic stem cells have fueled
considerable debate across all social and ethnic backgrounds around the world. This paper reviews
the various stem cell platforms with emphasis on the emerging science of bioengineered cells that
offer embryonic-like properties and the unique promise of regenerative medicine applications for
pediatric medicine. Bioengineered stem cells, through induced pluripotent stem cell technology,
offer a viable and possibly superior alternative to the use of human embryonic stem cells.
Furthermore, this advancing technology demands attention to responsible and ethical research and
implementation in the field of regenerative medicine.

The field of stem cell biology has been transformed and gained extraordinary attention in light of yearly
discoveries that continue to change the scope and future of regenerative medicine. Of note, human
embryonic stem (hES) cells have fueled continued debate across all social and ethnic backgrounds around
the world. This paper reviews current stem cell platforms to emphasize the emerging science of
bioengineered cells that offer embryonic-like properties and the unique promise of regenerative medicine
applications for pediatric medicine. Bioengineered stem cells or induced pluripotent stem cell (iPS)
technology offers a novel, yet viable and possibly superior alternative for medical endeavors as it
essentially eliminates ethical and resource-related concerns posed by hES cells. Furthermore, the
technology offers exciting new potential scientific applications that were never possible with hES cell
technology. While the hope and the hype have generated grand visions, the current limitations of this
technology must be recognized and medical and scientific goals should be the foundation to fuel ongoing
medical advances in regenerative medicine.
Similar to most emerging tools in modern medicine, stem cell technology should be valued only within
established ethical, financial, political, and scientific perspectives.1 The controversy surrounding human
embryo destruction to generate stem cells has roots in the standard ethical concepts of nonmaleficence,
beneficence, justice, and human dignity.2, 3 Years of spirited debate have failed to build consensus
surrounding deeply held differences of belief regarding the nature of embryonic stem (ES) cells.
However, emerging scientific breakthroughs have fundamentally changed these unresolved debates with
the ability to bioengineer equivalent stem cells from patient-specific cells such as ordinary skin cells.
Stem Cell Platforms
There are five primary platforms from which stem cell can be obtained: adult, perinatal, embryonic, and
two types of bioengineered stem cells (embryonic and induced pluripotent). Adult stem (AS) cells are
collected from mature sources such as bone marrow, adipose tissue, and adult organ-specific tissues.
These cells contain multipotent stem cells, or cells that are capable of giving rise to many types of tissues
within different organ systems.4 Focal (local to specific tissues) and systemic (disseminated into the
general circulation as most drugs are given) delivery of adult stem cells have been used for a wide
spectrum of diseases.5-7 The wide range of differentiation capacity and multi-lineage potential of adult
stem cells (to give rise to many different types of tissues) provides a common tool for regenerative
medicine.8 This platform is commonplace for hematopoietic (red and white blood cells) clinical
applications in most academic medical centers today and is also being investigated with increased
frequency in alternative regenerative medicine applications in early phase clinical trials. Furthermore,
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various types of tissue-specific stem cells (cardiac, liver, lung, cartilage, etc) are being discovered and
isolated from adult tissues for the purposes of regenerative medicine beyond the hematopoietic field.
Perinatal stem cells are collected from umbilical cord blood (UCB). By comparison to adult stem cells,
cells isolated from UCB have demonstrated a wider spectrum of developmental capacity due to their
greater flexibility and efficiency at differentiating into distinctive tissues beyond the blood system.9 The
diverse pool of progenitor cells (primitive cells with the ability to grow, divide, and differentiate into a
specific tissue) contained within UCB offers treatment potentials similar to embryonic stem cells.10 These
multipotent stem cells are also increasingly being collected and frozen for long-term biobanking as
speculative "bioinsurance" against unexpected medical conditions that may arise later in the donor’s
life.11 Furthermore, the prevalence of this stem cell source makes them an attractive cell type for
autologous (self-) applications for children who are diagnosed in utero with a congenital disorder.
Embryonic stem cells are collected from early stage embryos in the blastocyst stage after 1-2 weeks of
development. Cells within the early stage embryos are pluripotent (uniquely capable of giving rise to all
mature tissues of the developing body). Remarkably, despite the current funding stream for research on
hES cells, no therapeutic use for these cells has been realized to date; but animal studies in Parkinson’s
disease and spinal injury,12 type 1 diabetes,13 and cardiovascular disease14 have demonstrated improved
function. Clinical trials utilizing hES cells or derivatives are limited to a single Food and Drug
Administration (FDA)-approved clinical trial today. The limitations of this technology are due in part to
the ethical, legal, and societal concerns of harvesting human embryos, but more importantly to the
scientific challenges of safely using this source of cells due to issues in safe collection, manufacture,
delivery, and monitoring of cell products for unintended side effects such as tumor growth.
Bioengineered stem cells are generated in the laboratory. Bioengineered embryonic stem cells , originated
with the concept of cloning (somatic cell nuclear transfer), first demonstrated in mammals in 1997 with
the creation of “Dolly” the sheep.15 The technology involves the transfer of a somatic or ordinary cell
nucleus into an enucleated oocyte (egg cell without a nucleus). The artificial embryo created by this
process produce a cloned zygote (two cell embryo) from which cloned ES cells can be collected within a
few weeks of development in the laboratory.16 Once enucleated, the tissue cell DNA is reset to its original
embryonic state, thus creating an artificial stem cell with true pluripotent capabilities.17, 18 This first
generation technology to re-establish a pluripotent stem cell from a mature adult tissue cell (in
combination with a donor oocyte) fully creates a natural embryo which can give rise within the natural
environment to a live-birth offspring, as was the case with “Dolly” the sheep. This still raises many of the
ethical questions involved in the collection and use of human embryonic tissues.
Induced pluripotent stem cells (iPS) An alternative, completely embryo-independent, strategy to
bioengineer stem cells has recently been discovered known as “nuclear reprogramming” that converts
ordinary fibroblast cells into embryonic-like stem cells by introducing only a few pieces of DNA
manufactured in the laboratory. The DNA is specific for transgenes of stemness factors (Oct4, Sox2, cMyc, and Klf4) that are naturally expressed as proteins in ES cells. This biomedical breakthrough, which
forces ordinary cells to naturally express proteins, is sufficient to transform the cells into what looks and
functions as do ES cells. This approach is an innovative technology to achieve fundamental pluripotency
(stem cells with unlimited differentiation capacity) using just ordinary cells from an individual to create
autologous (self)-cell types that function equivalently to hES cells. These cells are called induced
pluripotent stem cells (iPS).19 The regenerative diagnostic and therapeutic applications of iPS cells for
specific patient populations have been demonstrated in various laboratory-based model systems that
include sickle cell anemia,20 Parkinson’s disease,21 hemophilia A,22 and ischemic heart disease.23, 24
It is important to realize that iPS cell technology is not yet ready for clinical applications. Protocols for
nuclear reprogramming may result in partially reprogrammed cells with dysfunctional immature cells that
contaminate the ideal therapeutic potential of these stem cells.25, 26 Selected iPS cells have indeed
mimicked the fundamental features of hES cells in many aspects as they are capable of giving rise to or
differentiating into all cell types of the adult body, such as brain tissue, cardiac tissue, liver cells, etc.
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However, restricting subpopulations to specific applications for specific diseases and specific patient
populations remains a major challenge for the field to address prior to further clinical translation of this
emerging science.
In principle, induced pluripotent stem cells offer unique biological advantages. A major advantage of
using reprogrammed somatic cells is that they can possibly avoid the need for allogenic (non-self)
transplantation, eliminating the need for immunosuppressive therapy. Then too, iPS cells contain an
unlimited capacity to be generated from individual patients whereas hES cells have restrictions as they
must be derived from embryos discarded after in vitro fertilization (IVF).27, 28 The skin donation process
for iPS cell production is a safer and less invasive alternative for patients than egg donation during IVF.29
Perhaps most significant, iPS cells avoid the complications of embryo utilization which require the
acquisition and consumption of human embryos to produce hES cells. Therefore, the practical and ethical
limitations inherent to hES cells are completely eliminated with the emergence of bioengineered iPS cells.
However, the challenges of safety, and appropriate clinical applications, still remain to be addressed.
Future of Stem Cell Clinical Applications
With the emergence of the technology to bioengineer pluripotent stem cells from an individual’s ordinary
somatic cells comes the revolutionary ability to provide genetically identical cells that match to donor
cells. There are a growing number of potential uses for this biotechnology in patient-specific therapies,
diagnostic tools, and research models for human disease.27, 30-37 Remarkably, clinical applications showing
success today and promising the greatest potential for tomorrow are predominately utilizing adult bone
marrow derived stem cells or UCB derived stem cells, not embryonic stem cells. These applications have
been pioneered especially by hematology for autologous (self) or allogeneic (non-self) hematopoietic
stem cell transplantations. Oncologists have transformed our ability to treat cancer with
chemotherapeutics, but the unfortunate and often most limiting side effect has been bone marrow failure
among other serious side effects. This dilemma can be efficiently remedied with routine hematopoietic
stem cells re-infused following successful chemotherapeutics.
Therefore, the successful bioengineered stem cell technology of today is primed to advance regenerative
medicine beyond hematology to stem cell-based therapies for many organ systems such as the heart,
lungs, liver, and joints. Today, adult blood and UCB provides the source of stem cells used in hundreds of
clinical trials in the USA under the guidance of the FDA. These studies range from degenerative adult
disease (such as heart disease, neurodegenerative diseases, autoimmune diseases, and lung diseases) to the
standard of practice for blood diseases such as lymphoma and leukemia (cancer of the blood). Tomorrow,
we are likely to see a growing list of applications that could also utilize next generation technology such
as tissue-directed adult stem cells, and even personalized stem cells, as a product of bioengineering.
These successes will come without the use human embryonic stem cells and therefore will not require the
harvesting of embryos to achieve regenerative outcomes. Therefore, the ethical, legal, and societal
concerns surrounding embryonic stem cells can be scientifically addressed and fully avoided with
emerging technologies thus offering distinctive and more certain movement forward for regenerative
medicine.
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