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s an example of the burgeoning

importance of stem cell therapy,
this past month the California Institute
for Regenerative Medicine (CIRM) has
approved $70 million to create a new
network of stem cell clinical trial cen-
ters. Much work in the last decade has
been devoted to developing the use of
autologous and allogeneic adult stem cell
transplants to treat a number of condi-
tions, including heart attack, dementia,
wounds, and immune system-related
diseases. The standard model teaches us
that adult stem cells exists throughout
most of the body and provide a means
to regenerate and repair most tissues
through replication and differentiation.
Although we have often witnessed the
medical cart placed in front of the sci-
entific horse in the development of stem
cell therapies outside of academic cir-
cles, great strides have been made, such
as the use of purified stem cells' instead
of whole bone marrow transplants in
cancer patients, where physicians avoid
re-injecting the patients with their own
cancer cells.? We most often think of
stem cell therapy acting to regenerate
tissue through replication and then dif-
ferentiation, but recent studies point
to the dramatic effects adult stem cells
exert in the repair of various tissues
through the release of paracrine and
autocrine substances, and not simply
through differentiation. Indeed, up to
80% of the therapeutic effect of adult
stem cells has been shown to be through
paracrine mediated actions.” That is,
the collected types of molecules released
by the stem cells, called the secretome,
or stem cell released molecules (SRM),
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number in the 100s, including proteins,
microRNA, growth factors, antioxi-
dants, proteasomes, and exosomes, and
target a multitude of biological path-
ways through paracrine actions. The
composition of the different molecule
types in SRM is state dependent, and
varies with cell type and conditions
such as age and environment.

So what are some of the paracrine
actions of the adult stem cell secretome?
1. Antimicrobial*

2. The switching of differentiated cells to
back to progenitor cells’

3. Whnt signaling to control stem cell
niche organization®

4. Building extracellular matrix (ECM)
in most tissues’

5. Modulation of the immune system®

6. Wound healing’

7. Regeneration of bone'

8. Reversal of stress urinary incontinence'
9. Regenerate functional intestine'?

10. Enhancing recovery from traumatic
brain injury"
11. Exosome release, a multipotent
therapeutic'

12. Proteasome release for clearing mis-
folded proteins®

Development of therapeutics using
the SRM of adult stem cell types leads
us to a very different kind of therapeu-
tic development than those offered by
the development of small molecules or
biologics.

Indeed, as in physics, where reduc-
tionism is being replaced with a system-
atic view of particles as an integral part
of a collective, predictive, and coher-
ent electrodynamic universe described
by Mead,’® biology and therapeutic
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Figure 1. Molecules do the work. A model shows the injection of SRM (molecules) directly to the
injured tissue, vs. the injection of cells that then indirectly release the SRM (molecules) to the
injured tissue. Direct injection of the SRM to the tissue allows for a precise dosing schedule in space
and time, whereas injection of cells into the tissue is highly variable.

development are being viewed at multi-
ple levels beyond the genome, explained
well by Noble,” where even multiple
somatic genes exists,'® using a systems
approach.”” As Ernst Mach taught us, and
what Einstein called Mach’s Principle,?
motion can only have meaning when
what it is that’s moving is moving rela-
tive to other matter in the universe. And
in biology, one molecule or one structure
can only have meaning when viewed in
relation to the other parts of the biologi-
cal system. Indeed tissue models such as
tensegrity exemplify the importance of
the system where one part of the system
is physically and chemically connected
to the most other parts of the system,
and involved in many cellular functions
including chromatin rearrangement,*
ion channel flux control,? triggering the
cell fate of stem cells,? and the tensional
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tuning of stem cells to the adjacent soft
tissue physical state.”

The systems biology approach is lead-
ing to the path of developing therapeu-
tics that interact with the system, with
reverse engineering of the many para-
crine factors that stem cells release being
instructive for the development of “sys-
726 The development of
SRM as a systems therapeutic is in con-
tradistinction to the reductionist method
of developing targeted small molecule

tems therapeutics.

drugs that interact with only one defined
target. Further, because multiple types of
stem cells are normally involved in tissue
maintenance and repair, the SRM from
different cell types is utilized to form a
more potent version of the SRM.?® Using
a reductionist approach where just one
of the molecules in SRM, instead of the
total mix, has proven ineffective in a
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number of trials for therapeutic develop-
ment and has led to the downfall of at
least one public company.”

The advantages of using the SRM for
therapeutic development rather than the
stem cells themselves are numerous. For
example, stem cells may die or not home
into the site of damaged tissue yielding
an unknown dosing regimen, whereas
the SRM can be dosed directly to the site
of damage in a dosing regimen that can
be controlled and defined in space and
time. And the molecules can be opti-
mally harvested under controlled labo-
ratory conditions, producing the SRM
from multiple cell types, to produce a
set of state dependent molecules with the
desired composition.

Consider wound healing and can-
cer, their common mechanistic under-
pinnings of a disordered extracellular
matrix (ECM) and described as “tumors:
wounds that never heal,”?® are controlled
significantly by SRM acting on the ECM.
Then the observation that highly inva-
sive fetal surgery produces no scarring,”
rather a perfectly reformed ECM, and is
not mediated by conditions of the womb
such as hypoxia, but instead is mediated
by an intrinsic primordial state of the
fetal tissue,? and therefore presumably a
primordial SRM state, leads us to believe
that SRM, in a primordial state, may be
developed as a therapeutic for indications
where a deregulated ECM is evident. The
system of molecules within this frame-
work to build ECM in a more organized,
scarless manner exists at a minimum of
2 levels where the SRM of mesenchymal
stem cells establishes the instruction set
to build the niche for the fibroblasts,
and the SRM of the fibroblasts provides
instructions to build and regulate the
ECM niche with primordial, scar-less
Developing  SRM-based
therapeutics with the molecules provid-

capabilities.

ing instruction sets in a fetal, primordial
manner may lead to a more perfect union
of the ECM relevant to the many dis-
eases and indications where a deregulated
ECM is involved, such as cancer. (Fig. 1)
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