
a  S c i T e c h n o l  j o u r n a lReview Article

Ehrenzweig et al., J Vet Sci Med Diagn 2017, 6:3
DOI: 10.4172/2325-9590.1000229

International Publisher of Science, 
Technology and Medicine

All articles published in Journal of Veterinary Science & Medical Diagnosis are the property of SciTechnol, and is protected by 
copyright laws. Copyright © 2017, SciTechnol, All Rights Reserved.

Journal of 
Veterinary Science & 

Medical Diagnosis

The Systems Biology of Stem 
Cell Released Molecules: A Novel 
Approach to Optimizing Animal 
Health
Joel Ehrenzweig1*, Peter Friedman2 and Anthony Martin3

Abstract
Veterinary drug and therapeutic development has traditionally 
been based on the theory of “reductionism”, when (1) a clinical 
state is broken down to a defined biochemical pathway underlying 
the condition; (2) a target in the pathway is identified; (3) a drug 
interacting with the target is developed; and (4) the target is modified 
to ameliorate the disease. But biological systems are extremely 
complex, and the reductionist approach to developing therapeutic 
solutions is limited: Diseased or traumatized tissue frequently 
involve multiple underlying pathways. True mitigation of a disease 
process that fully allows the patient healing requires an approach 
that is multifaceted and systems-based.

A resolution to this reductionist conundrum may be found in the 
use of stem cell based therapeutics. Significant data explains how 
stem cells repair and regenerate tissue and modulate the immune 
system: As much as 80% of the beneficial effects of stem cells 
result from their ability to release a multitude of molecules. These 
stem cell released molecules (SRM) modulate the cellular milieu to 
evoke a multitude of responses from neighboring cells. Stem cells 
represent a natural, systems-based biological ‘factory’, producing 
and releasing a host of molecules capable of interacting with the 
system of biomolecular circuits underlying a variety of indications. 
Current research includes efforts to define, stimulate, enhance 
and harness SRM, facilitating the development of new topical 
products and systems-therapeutics. Heretofore, advances in the 
development of SRM-based products have focused exclusively on 
human health applications. This paper discusses the translational 
potential and significant promise of repurposed existing human 
drugs and therapeutics and their application into companion animal 
treatments. 
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treatment [2,3]. Thus pharmaceutical companies are beginning to 
realize that new diagnostic and therapeutic regimens are needed 
beyond those that rely on simple genomics [4]. While research 
and development costs in the pharmaceutical industry continue to 
increase, the number of newly approved drugs is on a steady decline, 
and new paradigms for drug development are being proffered [5-7]. 
Following the rapid emergence of in vitro and in silico screenings, 
including molecular and genetic tools, now there are advances 
in systems-based means necessary to describe the effects of drug 
candidates within the complex biochemical pathways of intact, fully 
assembled living networks [8-11]. The pharmaceutical industry is 
retreating from its overreliance on non-predictive genetic tools [4] 
and focusing instead on systems approach. Big Pharma has accepted 
the need for innovative strategies and technologies so that new drug 
candidates can be identified and developed. 

Systems Based SRM Therapeutics
Rather than reliance on a traditional utilization of narrow 

reductionist methodology that locks single molecule development 
into a constricted target pathway, a system-based therapeutic 
approach is expansive. 

The systems approach relies on an understanding and appreciation 
of a cellular milieu within which stem cells are actively contributing 
to their environment. Desired therapeutic results are achieved by 
the release of SRM consisting of multiple cytokines, growth factors, 
extracellular matrix (ECM) molecules, micro-RNA, antioxidants and 
other molecules that act either on themselves (autocrine actions) 
or on neighboring cells (paracrine actions) (Figure 1). The SRM 
pathways are significantly more robust compared to the route where 
differentiation is the key mechanism for tissue repair. This is further 
discussed herein. Additionally, adult stem cells are recognized to be 
involved in the daily maintenance, regeneration and repair of tissue 
and are likely involved in immune system functions and fighting 
infection [12,13]. 

A clear understanding of stem and progenitor cell biomolecule 
production may: (1) yield new insights into the regulation of cell 
phenotypes; (2) better define the functional role of stem cells in 
tissue maintenance, replication and repair processes; and (3) better 
determine appropriate cell sources for specific tissue repair and 
regenerative applications. The ultimate goal is the development of 
new drugs, biologics and therapeutics. Current research directions 
include efforts to define, stimulate, enhance and harness the SRM and 
their autocrine and paracrine mechanisms for regenerative medicine 
and therapeutic development.

The power of the SRM system versus reductionist therapeutics 
has been reported by Eppler et al. [14]. It was found that a single 
component of intravenously administered SRM, vascular endothelial 
growth factor (VEGF) with a 30-minute half-life, undergoes rapid 
degradation through denaturation, oxidation and proteolysis [15]. 
However, when SRM that contain VEGF are administered in a 
collection that includes extracellular chaperones and antioxidants 
rather than a single molecule, then the resultant half-life is greatly 
extended [16-22]. 

A dramatic example illustrating SRM wound healing power, 

Introduction
Billions of dollars have been spent by human pharmaceutical 

companies that continue to rely upon the reductionist approach 
in their search for new, single entity drugs, many based upon the 
expectation that genomic data can identify possible drug candidates. 
However, in our current post genomic era [1], knowing the sequence 
of the genome has limited predictive value in disease diagnosis and 
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when compared to an isolated factor, is platelet derived growth factor 
(PDGF) [16]. SRM formulated to heal lower extremity diabetic ulcers 
has a significantly greater efficacy than a product (Regranex) which 
contains only one molecule (PDGF) [4,16]. Harnessing the power 
of stem cells promises to bring a systems approach to tissue repair, 
where a multitude of molecules are used to effectuate a system, 
or circuit, of mechanisms important for mimicking the healing 
properties inherent in the native tissue.

It has been demonstrated that two or more stem cell types can 
‘home’ into damaged tissue, where each cell type releases a unique 
and often overlapping pool of SRM (labelled as S2RM) that act 
synergistically to induce healing (Figure 2). This S2RM technology 
represents a new, distinct direction in therapeutic development 
[4]. Reverse engineering technology led to the discovery of S2RM 
technology which mimics the natural stem cell healing processes. 
The multiple target pathways that underlie a particular indication 
can now be identified and perturbed for therapeutic molecular 
amelioration. 

Therapeutic Benefits of SRM-Based Products
In 1957 stem cell therapeutics gained a major stake in medicine 

with the advent of intravenous infusion of bone marrow in cancer 
patients [23]. This led to today’s use of purified stem cells rather than 
whole bone marrow taken from the patient before chemotherapy, 
thus avoiding the reintroduction to patients of their own cancer cells.

Academia and major medical teaching centres throughout 
the world have discovered an array of new therapeutic procedures 
involving stem cells, including: treatment for Type 1 diabetes [24]; 
bone tissue repair in osteogenesis imperfect [25]; promotion of tissue 
regeneration in myocardial infarction; and immune modulators in 
the treatment of graft-versus-host disease (GvHD) [26,27]. Organ 
transplant patients routinely benefit from stem cell transplantation: 
It resets the immune system, preventing organ rejection by replacing 
the deadly immunosuppressive drugs normally given to organ 
transplant patients [28].

Therapeutic SRM technologies include the use of SRM from a 
type of progenitor cell within an artificial skin matrix to close diabetic 
foot ulcers and S2RM in a number of other conditions [1,29]. 

Like the advent of gene-splicing in the 1970s and the 1976 delivery 
of human insulin as a commercially viable product that launched the 
biotechnology industry, the potential power of stem cell technology will 
impact on society for regeneration of cells and their therapy for decades. 
These scientific advancements are being experienced by humans every 
day. Interestingly, patients who are “pet parents” now are so aware of the 
benefits derived from stem cell science that they want their companion 
animals to receive similar treatments and medicines.

Current unmet, latent and evolving animal health care needs 
have fueled a demand for innovative technologies and therapies 

Figure 1: The actions of adult stem cells to achieve therapeutic values are carried out through two major pathways: 
•	 Differentiation into new tissue, and
•	 Stem cell released molecules (SRM). Up to 80% of the healing actions of stem cells occur by way of SRM paracrine and autocrine mechanisms 

that are able to generate tissue, modulate the immune system and regulate the stem cell niche.

Figure 2: The synergistic combination of Pool 1 SRM + Pool 2 SRM, 
termed S2RM, contains a fraction of exosomes. 
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for pets. With all its potentials, it makes sense to extend the human 
applications and experiences with SRM technology to meet this 
demand. With the exception of direct stem cell injection into bones 
and joints to facilitate the healing of injuries of these tissues [12], 
as of yet no product utilizing SRM is commercially available to 
veterinary medicine. The opportunity to improve the overall health 
of companion animals through the application of topical, ingestible 
or injectable SRM based products remains unexplored. 

Application of SRM Technology to Companion 
Animals

Stem cells are present in the tissues of all mammalian species. 
SRM are highly conserved communication tools: They convey 
functional information to the cells and tissues with which they come 
in contact, acting to induce tissue repair and regeneration, and 
modulation of the immune system. SRM is a bio-inspired system 
therapeutic that mimics the endogenous stem cell healing in the body. 
With up to 80% of the therapeutic function of adult stem cells in the 
body resulting from release of SRM, as opposed to differentiation 
of the stem cell into mature tissue, SRM technology can be readily 
integrated into a variety of treatments for all mammalian species, 
including companion animals. 

Utilizing adult human stem cells as their SRM source, several topical 
products incorporating SRM technology have been developed for skin, 
hair and eye conditions in people. Already tested for safety and with 
proven efficacy, these products have significant therapeutic potentials 
in the treatment of parallel indications in canines. Examples discussed 
include allergic dermatitis, alopecia and keratitis sicca in dogs.

Canine atopic dermatitis (CAD) is a chronic, allergic skin disease that 
shares many similarities with atopic dermatitis and eczema in humans29. 
While there is utilization of SRM in skin care products developed and 
commercialized to improve the appearance and skin health for people, 
there have been no attempts to apply SRM-based products in veterinary 
medicine for this very common skin condition in animals.

The topical test product used contains the SRM technology for 
the delivery of key growth factors, anti-oxidants and other molecules 
found in natural human skin: TGF-b [transforming growth factor 
beta]; PDGF [platelet derived growth factor]; GM-CSF [granulocyte-
macrophage colony-stimulating factor]; and Interleukins (IL3, IL6-
8), anti-oxidants and other protein molecules [1-3]. Along with 
a multitude of growth factors and other protein molecules, the 
highest concentration of antioxidants in the body is contained in the 
epidermis, the protective barrier for the living dermal layer and the 
internal body.

With age, the concentration of growth factors and antioxidants 
in the skin declines considerably, and without its protective capacity, 
skin damage increases. Growth factors cannot be replaced in the skin 
through oral ingestion of antioxidants. But topically applied SRM 
growth factors and antioxidants can restore an effective antioxidant 
barrier, reducing further damage and allowing for regeneration of 
skin tissue.

Canine Topical Application Pilot Study 
In a pilot study, an SRM-formulated topical skin application 

was applied to 40 dogs exhibiting a variety of skin conditions, 
including dry, atopic dermatitis and moist eczema (‘hot spots’). A 
preliminary review indicated an overall reduction in skin irritation, 
with significant hot spot improvement over a two-week course of 
daily treatments. 

The direct skin application of SRM-containing products, termed 
‘endogenous topical nutraceuticals’ (ETN), can maintain and 
improve the overall health and condition of pets affected by allergic 
dermatitis, flea allergy dermatitis (FAD) and a host of common skin 
conditions.

While the effectiveness of topical SRM in people is typically 
measured in the reduction of ‘fine lines and wrinkles’, the functional 
outcome of ETN is an overall improvement in the health, vitality 
and fitness of the skin and a reduction in environmental dermal 
insult. ETN stimulates the underlying layers of the skin to build 
new collagen, fibronectin and elastin. It then orchestrates enhanced 
natural healing through antimicrobial activity of peptide LL37 and 
antifungals present in the SRM [25].

An SRM formulation similar to that used to treat the human 
alopecia has been developed and tested in dogs (n=6) that presented 
with a variety of hair loss conditions. In all cases, hair regrowth 
began within two weeks of treatment initiation, with several owners 
reporting reduced shedding. Research has shown that SRM acts to 
nourish the hair follicle and mend the stem cell niche of the hair 
follicle (Figure 4).

Keratitis Sicca Treatment
Keratoconjunctivitis sicca (KCS, or ‘dry eye syndrome’) 

is characterized in both humans and canines by deficient tear 
production leading to severe drying and inflammation of the cornea 
and conjunctiva. A sterile, therapeutic ophthalmic drop was designed 
to treat KCS in humans, with an SRM composition of cultured stem 
cells that included growth factors, cytokines and additional elements 
supporting wound healing. The drops have since been shown to be 

               Before                        8 Weeks                                       6 Months

Figure 3: Topical product exhibits improved quality and appearance of skin. 
These images exemplify the ability of SRM technology to improve overall 
skin health.  

  
                 Before Treatment    3 Months after Treatment 

Figure 4: Alopecia treatment illustrates ETN capacity to regrow hair. After a 
one-week regimen of daily topical SRM applications, followed by applications 
every other day for the next 30 days, treatment was discontinued and hair 
allowed to grow in.
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safe and effective in patients presenting with dry eye, glaucoma and 
allergies. Human ophthalmologists reported success in 80+% of 
patients using the treatment for KCS. 

Brachiocephalic canine breeds, including pugs, Boston terriers 
and boxers, are particularly prone to dry eye syndrome. Dog breeders 
and professional handlers reported success rates averaging 70% in 
resolving dry eye in treated dogs (Figure 5). 

Conclusion
SRM technology is based on the identification, selection, culture 

and stimulation of suitable stem cells to capture the molecules they 
release.

This systems-based approach to therapeutics mimics the body’s 
normal stem cell cascade by utilizing a full complement of stem cell 
molecules. Injected or applied topically to a patient, they initiate 
tissue regeneration and healing. Having determined that human-
derived SRM is both safe and effective for use in animals, additional 
therapeutic indications have been identified and are in various stages 
of research and development. 

Given the significant, positive responses achieved when SRM is 
used as a topical product in dogs, a complete line of skin care SRM-
based products will soon be commercially available as additional 
innovative treatment modalities targeting canine, feline and equine 
ophthalmology, dermatology and orthopedics.
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