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SUMMARY

SIGNIFICANCE
This report is a perspective from an active scientist and an active entrepreneur and commercial leader. It is neither a comprehensive
review nor a narrowly focused treatise. The broad themes and the analogy to the working component of a computer and that of a cell
are meant to draw several important scientific principles and health care themes together into the thesis that regenerative medicine is
a constant throughout life and its management is the next frontier of health care. Mesenchymal stem cells are used as the central
connection in the broad theme, not as multipotent progenitors but rather as an important control element in the natural local regeneration process.

INTRODUCTION
The delivery of health care follows three distinct logics: preventive
care, maintenance, and crisis intervention (e.g., disease, trauma,
tissue failure). How our care-delivery organizations approach
these three different logics, and thereby influence the biopharmaceutical world, is driven by historic precedents and hindsight, not
necessarily forward thinking. The dominant logic has been “take
pills, cure your ills.” For prevention and homeostasis, we take
our multivitamin, statins, extra iron, zinc, and whatever else we
have been told would be a “useful” additive to our diets. In addition, we have decreased our consumption of butter, eggs, red
meat, and so forth and replaced them with “healthy” alternatives,
because we have been told that these will forestall our early demise. The reality for these behavioral modifications is that, first,
we can financially and socially afford these “extras” and modifications, in contrast to those who live on the edge of starvation and
the border of existence. Second, as individuals, we have assumed

we are “optimizing” our unique biology by providing an abundance
of “minimal essential daily requirements,” supposedly in support
of the myriad of chemical pathways that drive and control every
cell in our bodies. This is in complete ignorance of our individual
genetics and accurate predictors of where we are developmentally
and physically on our ever-changing life continuum or life dynamic.
For example, whole milk is good for infants, but skim milk thereafter. However, it is unknown whether the fat in milk does good or
harm to adolescents or those older than 65 years old. Because persons A and B are quite different genetically, should they follow the
dietary and pharmaceutical logic of the “average,” or are they genetically far outside the average?
In the situation of crisis management—a broken femur, an acute
myocardial infarct, or a stroke—one question is whether the standard emergency room procedure will work equally for person A
and person B. Additional questions are which post-treatment pharmaceutical agents should be taken and what complications will
these patients’ unique genetics perpetuate.
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It has been assumed that adult tissues cannot regenerate themselves. With the current understanding that every adult tissue has its own
intrinsic progenitor or stem cell, it is now clear that almost all tissues have regenerative potential partially related to their innate turnover
dynamics. Moreover, it appears that a separate class of local cells originating as perivascular cells appears to provide regulatory oversight
for localized tissue regeneration. The management of this regeneration oversight has a profound influence on the use of specific cells for
cell therapies as a health care delivery tool set. The multipotent mesenchymal stem cell (MSC), now renamed the medicinal signaling cell,
predominantly arises from pericytes released from broken and inflamed blood vessels and appears to function as both an immunomodulatory and a regeneration mediator. MSCs are being tested for their management capabilities to produce therapeutic outcomes in more
than 480 clinical trials for a wide range of clinical conditions. Local MSCs function by managing the body’s primary repair and regeneration
activities. Supplemental MSCs can be provided from either endogenous or exogenous sources of either allogeneic or autologous origin.
This MSC-based therapy has the potential to change how health care is delivered. These medicinal cells are capable of sensing their surroundings. Also, by using its complex signaling circuitry, these cells organize site-specific regenerative responses as if these therapeutic
cells were well-programmed modern computers. Given these facts, it appears that we are entering a new age of cellular medicine. STEM
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These questions are not only an argument for “personalized
medicine” but, more importantly, also raise the issue of whether
treatments started when a patient is 25 years old must change
when that person has reached 35, 55, or 65 years old, because
their physiologies will have also macroscopically changed. Thus,
how do we personally manage our bodies, both on a daily basis
as we continue to develop and age and as we go through various
medical fluctuations and crises?

BODY MANAGEMENT

1. As nomads, cave dwellers, and hunter-gatherers, humans
have systematized our discovery of bioactive molecules
(drugs), first verbally through our shamans and medicine
men, to provide plants and other preparations to improve
our health status [3, 4]. For example, primitive women learned
that consuming their placenta directly after child bearing (just
as do many animals) has a nutritive and pharmaceutical value.
These early humans learned that certain dried grasses and
leaves made wonderful medicinal teas and sedatives. Likewise, “locoweed” or cannabis has been used for thousands
of years as a recreational drug. Finally, more recently, nitroglycerin has been used for heart pain since the 1880s [5].
2. As modern biochemists, we have worked out almost all the
body’s metabolism and energy pathways such that we can tell
exactly how many ATPs are generated from that cookie you just
ate or the buttered toast you had for breakfast [6]. Likewise,
a century ago, physicians ground up dog pancreases to provide
a daily therapeutic for patients with diabetes; this was replaced
by purifying the active agent from pig pancreas (i.e., pig insulin).
Now, the biotech industry has found a way to produce and purify
human insulin for use by diabetic patients [7].
3. We have developed the ability to precisely sequence the human genome [8] and, more importantly, we have developed
the technologies summarily referred to as “panomics” to analytically analyze almost every cell function: metabolomics
(cellular metabolism), proteomics (which proteins are made),
lipidomics, epigenomics, methylomics, microbiomics, and so
forth [9]. These technologies allow the quantitative assessment of individual cellular, tissue, and organ functions.
4. Finally, we have developed complex software and computers
with huge memories and lightning-fast computational capabilities to actually model how all the biochemical and signaling
pathways interact and coordinately function (on average)
[10]. Such computers now control robots that can perform complicated surgical procedures more precisely than can humans.
Thus, we have all the hardware, software, and tools to analyze
the physiological status of a living organism, especially humans.
Moreover, the dynamic fluctuations that occur with age, disease,
changing environment, stress, and so on, can be established once
a baseline multimodal database can be established. The management of cellular, tissue, and body functions can thus be accomplished
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PERSONALIZED MANAGEMENT
One part of this encyclopedia of personal information will be data
describing how individual cells function in different environments. The functioning of red blood cells is a good example of
how detailed structural, metabolic, and functional information
has helped us to understand specific diseases and how to better
manage such diseases. The detailed structure and function of one
main component of red blood cells is, of course, the protein hemoglobin [11]. We now know why and how fetal, adult, and sickle
cell hemoglobins function and exactly when, how, and why oxygen binds to and releases from these molecules. Moreover, we
know how to increase the circulating numbers of red blood cells
and the detailed physiological consequences of increasing or decreasing these parameters [12]. By increasing the number of red
blood cells in the circulation, a bicyclist can more easily go up step
hills, because more oxygen will be available to those large leg
muscles that push the bike’s pedals.
However, we know much less about other cell types, with their
diverse molecular constituents. Detailed descriptions of the many
variables of interest need to be amassed and provided in a centralized database. It is important to separate fact from current dogma
because, as discussed in the present report, such dogma is often
not correct and, at best, is misleading. In this context, we focus the
remainder of this essay on one cell type, the mesenchymal stem
cell (MSC), which will allow us to better understand one specific
class of cells that are central to the new management tactics in the
human health care arena. Our studies of the MSCs have generated
the new logic and insight that involves schemes and tactics to help
the body manage its own innate capacities to maintain or regenerate specific tissues and organ systems. In addition, these logics
now extend to using exogenously added MSCs to maximize the
regenerative capabilities of injured, aged, or diseased tissues. In
some cases, these uses will provide curative cell-based therapies
[13, 14]. The switch from the “big pharma” logic, one molecule
cures all, to understanding how to manage the body’s intrinsic tissue regenerative capacity using the natural capabilities of cells such
as MSCs to manage regenerative motifs will change how medicine is
practiced in the future [15]. Because MSCs play a central role in the
natural repair and regeneration of almost all tissues, we strongly
suggest that local MSCs help provide the microenvironment for
local tissue regeneration after localized tissue injury and can be
thought of as controlling the local “regenerator.”

REGENERATION: LESSON TO LEARN
If a newt’s limb is amputated at any level (at the wrist, elbow, or
middle of the humerus), the limb will perfectly regenerate the
missing piece, large or small [16]. The wound sets up a clot, and
the epithelium grows under the clot and covers the exposed mesenchyme, which subsequently forms a ball of cells called the regeneration blastema. If an adult human has a distal digit, including the
nail base and first joint, cut off, it will not normally regenerate. Cases
have been published in which young children (younger than 5 years
old) have regenerated distal digits that had been cut off [17]. The
key to this happening is, first, do not take the child to the emergency
room at the local hospital where stitches will be used to close the
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Our bodies have a perpetual developmental progression in play as
we go from fertilized egg to a senescent adult. The management
blueprint and, indeed, the written record is found in and on our
genetic material neatly packaged into every cell in our body [1, 2].
Anthropologically, we have tried to manage our body’s functions
through the several development phases of our lives. As societal
and evolutionary groups, we have done this in several ways:

by adjusting key nutrients, metabolic intermediates, environmental parameters, and other key variables to control or modulate our
individual bodily functions at any moment of time.

Caplan, Hariri

MSCS AND REGENERATION
Bone marrow has been used since the days of Aristotle to help
repair, regenerate, or reconstruct broken bones. In the late
1980s, Caplan drew up the details shown in the hypothesis diagram pictured in Figure 1 [24]. The thesis represented in this diagram was that special, rare cells in marrow, which Caplan called
“mesenchymal stem cells,” could be separately induced to differentiate into bone, cartilage, muscle, bone marrow stroma, tendon
ligament, fat, and so on. Separate and unique inductive agents
[28] are required for each separate lineage pathway, resulting
in phenotypically distinct differentiated mesenchymal tissue.
The postulate that marrow contains a multipotent progenitor cell,
the mesenchymal stem cell, was against the dogma of the day,
which asserted that only one stem cell was present in the marrow
and that cell was the hematopoietic stem cell. Furthermore, the
dogma of the day asserted that the organs that humans were born
with grew larger, but no new cells appeared (i.e., these organs
were devoid of stem cells). For example, all the cardiac myocytes
that were present at birth were there for life (they grew larger or
smaller, but no new descendants of cardiac stem cells were possible). We now know that tissue-specific progenitors (stem cells)
exist for every tissue in the body, including neurologic, liver, cardiac, and kidney stem cells, to name of few (clearly at odds with
the dogma of the 1980s) [29, 30].
The presence of these tissue-specific progenitors or stem cells
has several ramifications. First, differentiated cells must have
half-lives (i.e., they must expire and must be replaced at specific
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rates by the descendent of the tissue stem cells). In studies of female hearts transplanted into male recipients (or vice versa), host
cells are found in various donor heart structures (cells die and are
replaced; thus, specific host progenitors gave rise to these new
cells) [30]. Second, the loss of stem cells can affect tissue function
or, at the very least, affect the capacity of that tissue to rejuvenate
or regenerate itself. Finally, the genetics governing stem cell numbers, potency, and function can have a profound effect on an individual’s health status. As a specific example, a subset of MSCs in
the marrow act as osteogenic progenitors and are clearly involved
in the maintenance and regeneration potential of the surrounding bone [31]. The marrow MSCs that are leptin receptor positive
can be traced directly into bone-forming cells, and their availability is directly responsible for the observed rate of bone healing
and turnover [32], known to decrease in older individuals.
During the 1990s, we, and others [25, 26, 33], published many
reports describing how MSCs could be induced to form the variety
of mesenchymal tissues shown in Figure 1 [34]. The MSC’s multipotency became its most distinguishing characteristic with its in
vitro ability to form cartilage, fat, or bone tissue required to allow
the designation as an MSC. Because of the dominance of the hematologists and their dogmas, it was presumed that MSCs arose
from the bone marrow connective tissue or stroma [35]. Because
infused MSCs went “back” to the marrow and because cell culture
“lawns” of MSCs provided support for hematopoietic progenitors
and their descendents, some investigators referred to MSCs as
mesenchymal “stromal” cells [35]. Unexplained through the
1990s was how MSCs could be isolated from nonmarrow tissues
such as fat or skin. Then, in 2000, Hariri began to explore the most
vasculogenic tissue found under normal conditions and discovered that the placenta was a virtual MSC factory, containing unexpectedly large numbers of MSCs [36].
Likewise, it became clear that MSCs secreted molecules that
had profound effects on the cell components of the immune system [37]. This raised such questions as why a multipotent progenitor would have the capacity to shutdown T-cell mobility and the
interrogating function, and, in the context of lineage progression
down a tissue pathway (Fig. 1), why would the need to modulate
immune cells exist.

ALL MSCS ARE PERICYTES
These questions can now be addressed, because, we and others,
have determined that most MSCs arise from perivascular cells,
pericytes, as shown in Figure 1, after the addition of this arrow
from pericyte to MSC in 2010 [38–42]. The identification of pericytes as the source of MSCs easily explains how MSCs can be isolated from every vascularized tissue of the human body [38]. We
now know that when a blood vessel is injured or inflamed, the
pericyte detaches from the basement membrane of that blood
vessel or sinusoid to become an MSC. This newly formed MSC
responds to the local environment by secreting site-specific bioactive molecules that have two very different functions. From the
front of the MSCs (facing away from the damaged tissue), a curtain
of molecules is secreted that stops the body’s overaggressive immune system from surveying the injured tissue behind the MSC
[43]. This is the body’s first line of defense against the establishment of a chronic autoimmune reaction. Thus, MSCs are naturally
and intensely immunomodulatory; in a simplistic sense, MSCs
have been called the “guardians of inflammation” [44]. Indeed,
this curtain from human MSCs appears to function in rodent
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wound. In rural England, where the distal digit regenerations were
reported, no stitches were applied. Instead, a clean bandage was
applied, a large clot formed, the epithelia grew under the clot,
and a blastema must have formed to supply the cells required
for regeneration of the distal structures.
The lessons learned: no stitches, let the clot form, and provide
conditions in which the epithelia will grow under the clot and bring
about the formation of the mesenchymal blastema, which contains
MSCs. In a mouse model, the placement of a decellularized and
carefully processed extracellular matrix (ECM), with its full array
of associated bioactive molecules, was sufficient to result in the formation of a proper blastema, sufficient to regenerate the severed
distal digit [18]. In contrast, no regeneration could be observed in
the unsupplemented control [18]. Thus, in an adult animal incapable of regenerating the distal digit, a sufficient number of tissue progenitors can be brought into a blastema structure responsible for
digit regeneration. In this context, as discussed below, local MSCs
provide the local environment to support regeneration but might
not differentiate into various limb phenotypes. Thus, the management of the body’s regenerative capacity can result in the formation
of structures not normally possible. Where are these progenitors
coming from and what are the signals released by the implanted
ECM and the local MSCs that can control these progenitors? Clearly,
this is an intricate cell management process.
In the context of not using stitches to close large wounds, one of
the outcomes of stitching is the formation of thick scars in adults.
As pointed out below, MSCs inhibit scar formation. In this case, it
appears that the MSCs inhibit the formative aspects of the production of scar tissue. The implication is that the MSCs can reduce the
volume of existing scar tissue by inhibiting the formative aspects of
the normal tissue turnover. This would be especially important in
MSC treatment of lung, kidney, and liver fibrosis [19–23].
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models of disease without immunosuppression of the rodent
hosts. From the back of the MSCs toward the damaged tissue,
a different set of bioactive molecules are secreted that function
as “trophic” agents [37], which are grouped into 4 categories that
contribute to a regenerative microenvironment. The first group
consists of molecules that inhibit ischemia-stimulated apoptosis
(a broken blood vessel cannot deliver oxygen to the surrounding
tissue, thus stimulating ischemia-caused cell death). The second
group consists of molecules that inhibit the formation of scar tissue. The third group consists of molecules, such as vascular endothelial growth factor, that bring in endothelial cells to form new
blood vessels. The MSCs can then revert to their pericyte phenotype and attach to these new, fragile vessels to stabilize them. Indeed, it has been shown that MSC engraftment into injured
marrow involves the MSCs taking up a perivascular location
[45]. The final group includes molecules that function as mitogens
for tissue-specific progenitors. In summary, we further hypothesize that these secretory or paracrine activities of MSCs will themselves change as a function of time and the local milieu.
With this information available, Caplan [13] has suggested that
the acronym MSCs be retained for this class of cells, but that it
should stand for “medicinal signaling cells.” Clearly, the major function of MSCs in vivo is not as multipotent progenitor stem cells, but
as cells that help to manage repair and/or regeneration at sites of
injury [14, 15, 40, 41]. What confuses this issue is that within the
MSC population from bone marrow are cells that readily form
osteoblasts but within the MSC population from fat are cells that
readily form adipocytes and some MSCs from muscle readily form
muscle, and so on. Thus, Figure 1 shows an oversimplified hypothesis diagram that represents this general class of cells but is not related to how and why MSCs (medicinally) function in vivo.
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The management of these composite trophic activities is an inherent capacity of MSCs independent of the tissue of origin. Each
tissue houses MSCs/pericytes that have different chemistries because of the local environments in which they are housed. The small
amount of data now available suggest they all have the same
sensory and response elements (immunomodulatory and trophic)
even when expanded in culture under very different culture conditions [46–49]. We were struck by this latter fact, because the differing variables, such as plating density, culture medium constituents,
multiple passages, low or high oxygen, and so forth, used to culture
expand MSCs from various tissues do not destroy this core capacity
of immunomodulation and trophic activity, which seems to be
hard-wired into these cells. In contrast, the progenitor or stem cell
capacity is lost after only a few passages in culture.
The optimization of the use of MSC-based therapies is far
from current practice [50]. A huge number of variables must be
addressed. Simply stated, the detailed characteristics of both
the effector MSCs and the responding host cells must be both
quantitatively and qualitatively known. The key elements that require immediate experimental attention are how and when to deliver the proper dose of the optimized MSCs to a known injury or
diseased tissue site [51–54]. For instance, if a patient experiences
an acute myocardial infarct and MSCs are the therapy of choice,
the optimal delivery route must be known. Current clinical trials
involve two approaches: either venous delivery or corkscrew
catheter directly into the ischemic heart tissue [55, 56]. In the first
case, the cells must be protected from their first entrance into the
blood stream where they will be coated with deleterious serum
proteins [53]. This protection must either enhance or introduce
heart-specific targeting molecules to ensure that the MSCs properly dock in the heart. One question is whether the MSCs must
S TEM C ELLS T RANSLATIONAL M EDICINE
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Figure 1. The mesengenic process was first envisioned in the late 1980s as a pathway for marrow MSCs to differentiate into a number of mesodermal cell types that could contribute to the fabrication of bone, cartilage, muscle, marrow stroma, tendon/ligament, fat, or other connective
tissues [13, 19]. It is now clear that MSCs can be isolated from many tissues, because they are derived from perivascular cells, pericytes [25, 26].
Abbreviations: MSC, mesenchymal stem cell; T/L, tendon/ligament. (Adapted from [27].)
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while influencing human longevity, with the objective of not only
living longer but also and more importantly forestalling catastrophic
health status collapse.

MANAGEMENT OF RESIDENT MSCS
Children have a huge capacity to regenerate injured or diseased tissues. The thesis we have developed would contend that this results
from the very high relative vascular densities and, thus, large relative numbers of pericytes and, hence, large numbers of local MSCs
to help coordinate tissue regeneration and recovery. As we grow
older, the relative vascular density in various tissues decreases. This
is most easily quantified by accessing the vascular density in a skin
biopsy. The presence and depth of the rete ridges in the papillary
dermis is an excellent marker of age and, indeed, a marker for diabetes, for which the vascular density is about one half that of
age-matched specimens. The question, thus, becomes how to increase the local concentrations of pericytes/MSCs in adult fields
of tissue injury or disease or, in other words, how to manage the
body’s local regenerative potential.
One such pharmaceutical approach involves the discovery that
the molecule stromal cell-derived factor 1 (SDF-1) is a powerful
and natural chemotactic agent for MSCs, and its local delivery
could serve to cause the migration of MSCs to increase local levels
at sites of injury or disease. In experimental acute myocardial
infarcts (AMI), it is known that the injured heart tissue secretes
SDF-1 during the first few days after the injury (by 1 week, almost
none can be detected). The presence of SDF-1 at the sites of injury
causes venous-introduced exogenous MSCs to accumulate and
dock in the injured heart tissue.
Given these observations, Penn [59], and others, have started
clinical trials in which the local management of SDF-1 levels is being
used therapeutically in cases of AMI and skin wound treatment.
Penn has produced a plasmid that is directly introduced into the injured tissue. The plasmid enters local cells and codes for the production of SDF-1, which is secreted to stimulate the therapeutic
cascade, presumably involving the attraction and accumulation
of local MSCs. The plasmid can be assumed to be active for a short
time before it is inactivated by natural cellular machinery.
Although the SDF-1 plasmid is a “drug” approach, this drug is
designed to manage the body’s local MSCs and, thus, circumvent
the use of exogenous MSCs. Again, this is a complex and relatively
uncharted sequela of events. It can be anticipated that in the human
population, a subset of patients will be nonresponders to either or
both SDF-1 or MSC-based therapies. As suggested, an encyclopedia
of data on the genomics and panomics will allow us to develop tailored treatment by adjusting the doses and potency characteristics
of the responding MSCs. Likewise, by adding exogenous MSCs or
managing the local endogenous MSC numbers or their positions,
we will be able to exert a profound effect on plastic surgeries
and the size of all surgical incisions [63, 64].

LONGEVITY
Personalized medicine, cell-based therapies, and quantitative panomics will give rise to, and stimulate adoption of, new logics for health
care. Such logics will allow us to grow old more gracefully. This does
not mean that these new logics will allow us to live forever, but it
might allow us to delay or arrest the degenerative processes that
lead to the decay in cognitive performance, impairment of mobility,
and accumulation of subtle, but clinically significant, functional

©AlphaMed Press 2015

Downloaded from http://stemcellstm.alphamedpress.org/ at Infotrieve on July 14, 2015

also dock in the lymph nodes servicing the heart to perform their
natural immunomodulatory function. In the second case, the
coating of the MSCs will be quite different to ensure cell survival
and docking within the catheter-damaged heart tissue. These are
not trivial technical issues.
In the context of therapeutic cells, the postpartum placenta is recognized as an abundant source of a variety of stem and progenitor
cells [36, 57]. A deeper understanding of how these cell constituents
originate, propagate, populate, and, ultimately, migrate from the
placenta to the developing fetus and mimic and support the broad
range of activities seen from stem cells has emerged from the work
at the Cellular Therapeutics Division of the Celgene Corporation,
which has brought several unique placental-derived stem cell products to the clinic. This trafficking of placental cells is comparable to
the trafficking observed in rodent parabiosis experiments [58]. The
trafficking phenomenon also illustrates a general principle that certain stem/progenitor/therapeutic cells are mobilized and dock at tissue sites of injury. This trafficking of fetal and adult cells requires that
the cells have unique targeting and docking functions [51, 52, 59].
This intrinsic functionality is observed in the therapeutic properties
of adult MSCs, regardless of the tissue of origin.
We see MSCs and stem/pericytes cells as sensory [60] (highly
receptive to local biologic information), synthetic (capable of producing biomolecules in response to the received information),
and secretory (capable of fabricating and delivering those biomolecules) units characterized by their innate therapeutic potential.
These units or cells have acquired these unique capabilities
through evolution and provide the organism with unique, highly
adaptive, survival characteristics. In the analogy to a computer
proposed by Hariri [61], these stem and progenitor cells have a design in which the nucleus houses the operational software, resident in the DNA of the chromosomes, at the core of a complex
processor and complex information transferring apparatus within
the cell cytoplasm (Fig. 2). Hariri proposed that an important way
in which these stem and progenitor cells differ from differentiated, specialized cells is in the quality of the software. He further
proposed that stem and progenitor cells have, as a fundamental
characteristic, access to the entire transcribable genome, or as an
analogy, all the code needed to run the complete computer program. As stem cells differentiate, a series of gene silencing events
work to transform the cell from a general, versatile, but inefficient,
phenotype to a specialized, less versatile, but highly efficient,
form [1]. This means that a stem cell has all the “software” to produce the entire transcribable proteome but that specialized cells,
such as a neuron, have refined their DNA, or “computer code” to
just retain certain synthetic abilities necessary to perform those
specialized functions. We see in this design, the membrane
of the cell serving as the site for input/output: input similar to
how a computer keyboard functions, and output similar to
how peripheral devices provide connectivity. Thus, the therapeutic output of cell-based therapies relies both on the docking
or sensing and on the cellular output in the form of secreted factors [62], which exert their effects in our genomically controlled
endocrine or paracrine regeneration/repair capacity. By the
time humans reach the age of 40–50 years, this regenerative and
repair potential is greatly diminished and accounts for “late-onset”
diseases or tissue dysfunction. The medical challenge is to learn
how to optimize the remaining innate regenerative potential and
to understand how to supplement these unique functionalities.
Such supplementation should not be viewed as the “fountain-of
youth,” but rather as a means of enhancing a “good health” status
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abnormalities in every organ system, synonymous with the frail,
aged condition. These new logics will lead to treatment protocols
to decrease osteoporosis, eliminate rheumatoid arthritis, and decrease the destructive effects of osteoarthritis, diabetes, macular degeneration, multiple sclerosis, and so forth. Cell-based therapies will
change how medicine is practiced. For example, a person in rural
Ohio experiences an AMI. The helicopter picks the patient up and
brings him to an urban medical center for treatment. In 5–10 years,
that same patient might drive to a local clinic or urgent care center
and be given an infusion of MSCs intravenously as the total or firstline treatment [65]. In such cases, it might be that patients “bank”
frozen bags of their own MSCs for use in crisis management. Stem
cell banking is certainly not new; an individual’s cord blood has been
banked for almost 3 decades. In this context, one could imagine several types of adult MSC banks. However, from a business approach,
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CONCLUSION
Managing the body’s natural repair and regeneration capacities
is the new frontier for modern medicine and the basis for the
science of cell therapies. Body management is now, and the
use and study of MSCs is but one avenue being pursued. Long
live the body.
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to typing commands into the computer, which initiates a translational
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the code elements housed and modified within multiple elements
of the hard drive. Touch the keys, receive a response—expose the cell
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the allogeneic repositories of companies such as Mesoblast or
Athersys might provide the cell therapies of choice just in terms
of the cost of goods for mass-produced therapeutic cells versus autologous cell banks. These stem cell treatments will be cost, resource, and time efficient for patients and the society as whole.
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be explained [68].
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