
EXOSOMES AND THEIR IMPACT 
ON THE FUTURE OF MEDICINE

Exosomes, miniscule concentrated packets of bio-signals released by  nearly every 
human cell, are one of the most active areas in global medical research, with  potential to 
revolutionize current methods of diagnosis, prognosis, drug delivery and disease treatment.

About Exosomes
Exosomes are lipid-bilayer-enclosed biological nanoparticles with sizes ranging from 30 to 150 nm, 
or about 1/1000th the size of the average cell. They are released into the extracellular space by most 
types of cells when intracellular multivesicular endosomes (MVE) fuse with the cell plasma  membrane. 
They are found in many body fluids including serum, plasma, urine, CSF, saliva, semen, milk, bile, 
ascites and amniotic fluid.  

Exosomes are roving packets of potent messenger molecules. Similar in mechanism to  paracrine 
 signaling utilizing growth factors and cytokines, exosomes are bioactive  constitue nts of the  secretome 
of the cell of origin. Also similar to other bio-signals, they can be taken up and affect the behavior 
of nearby recipient cells or travel through the bloodstream to influence biologic responses of cells 
in distant organs. Extracellular vesicles as signaling modalities, of which exosomes are but one 
type, are ubiquitous in nature and present in all kingdoms of life. (Exosomes, paracrine activity and 
mesenchymal stem cells (MSCs) are discussed in more detail elsewhere below.)
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Exosomes in Health & Disease
Containing cell-of-origin cytoplasmic contents 
including proteins, mRNAs, miRNAs, lipids and 
other macromolecules, the exosome  cargo 
has the potential to affect targeted cellular 
 functions in either healthy or pathological ways. 
Hence, exosomes are intrinsic to normal cellular 
 communication and function, as well as  being  
 incriminated in the genesis and metastatic 
 behavior of malignancies. 

As essential messenger emissaries  functioning 
throughout the body, they are attractive  candidates 
as possible therapeutic envoys. For instance, 
because the blood brain barrier (BBB) prevents 
penetration of 98% of small molecule drugs, and 
exosomes have the ability to cross the BBB under 
inflammatory conditions, it may prove feasible to 
use exosomes in the  treatment of  neurological 
diseases and traumatic  conditions. This could 
have profound  implications in  treatments for 
Parkinson’s and Alzheimer’s  diseases, and 
other neurologic maladies  including stroke and 
traumatic injury. Indeed, recently published 
research, in which certain authors participated, 
demonstrates the value of mesenchymal stem 
cell-derived exosomes in treating a mouse model 
of multiple sclerosis.

Accelerating Exosome Research
Exosomes were originally observed 50 years ago 
when they were assumed to be the means by 
which cells disposed of waste products such as 
unneeded proteins and excess nucleic acids.  The 
recognition of the true nature of what we now call 
exosomes came in 1983, from studies on the loss of 
transferrin during the maturation of reticulocytes 
into erythrocytes. In the past decade, interest in 
exosomes has exploded. There was a  tenfold 
increase in publications from 2006 to 2015.  The 
PubMed search term “exosome”  returns nearly 
10,000 articles for the year 2018. The pace and 
magnitude of exosome research continues to 

accelerate rapidly. Nonetheless, despite 20 years 
of research, the very basics of exosome biology 
are in their infancy and we know little of the part 
they play in normal  cellular physiology, or their 
potential as therapeutic  modalities. 

Focus of Exosome Research
The highly regulated cellular expulsion of 
 exosomes, including the specific composition 
of their cargo and cell-targeting  specificity, 
are of immense biological interes t. They have 
 extremely high potential as non-invasive 
 diagnostic  biomarkers as well as therapeutic 
nanocarriers for targeted drug delivery. As 
biomarkers, they appear useful in evaluating 
normal and pathological biologic processes 
and  monitoring the response to therapeutic 
 intervention. Exosomes can thus provide insights 
on diagnosis,  prognosis, regression or response 
to disease treatments. They possess the potential 
dual function to both diagnose and treat  
human disease. 

Previous studies have demonstrated that the 
in-vivo regenerative effects of stem cells are 
due to paracrine signaling via cytokines and 
growth factors that promotes tissue repair in 
the local environment. Exosomes have been 
shown to play a similar role in this process 
through the intercellular transmission of protein 
and nucleic acid components which in turn 
initiate  downstream effects in neighboring  
targeted cells.

MSCs have been the topic of intensive  research 
for their regenerative paracrine effects on wound 
healing, especially diabetic wound healing. MSCs 
derived from human umbilical cord (UC-MSCs) 
have been shown to facilitate wound repair and 
upregulate angiogenesis which is important in 
re-establishing local vasculature following tissue 
wounding. Exosomes secreted from UC-MSCs 
have also been shown to facilitate pro-angiogenic 
paracrine signaling. Thus,  regenerative treatment 
in ischemic tissue environments in various disease 
models can be therapeutic targets of these types 
of exosomes.

Exosome Isolation Techniques
Exosomes are tiny, delicate and comprise a 
very small volume of the conditioned  media 



obtained from laboratory cell culture of MSCs. 
 Sophisticated methods are required to  isolate and 
concentrate them. The most  common  isolation 
technique involves the use of  ultracentrifugation 
in which conditioned media is exposed to long 
duration centrifugal  forces in excess of 100,000 
times gravity. During  centrifugation, pure 
exosome nanoparticles are separated from the 
larger extracellular  vesicles (>100 nm) found 
in the media. A major  obstacle to developing a 
commercially  feasible and scalable method of 
exosome  isolation using ultracentrifugation is the 
relatively small  starting volumes of conditioned 
media available for processing under most 
laboratory  circumstances.  The authors are actively 
 exploring a novel  isolation technique based on 
tangential flow filtration (TFF), whereby flowing 
culture  conditioned media passes through a series 
of filter membranes, resulting in a concentrated 
exosome isolate. This technique is amenable to 
smaller scale isolation, making commercialization 
of exosome technology feasible, regardless 
of whether its intended purpose is diagnostic 
or therapeutic. Exosome quality and quantity  
are preserved.

Exosome Engineering 
& Cargo Modification
Using both proprietary and published methods, 
the authors have demonstrated an ability to 
modify or engineer the molecular cargo of 
exosomes derived from UC-MSCs. Furthermore, 
a diverse spectrum of scientific publications 
has shown that such engineered and modified 
exosomes confer augmented paracrine effects,  
i.e. more powerful and more potent downstream 

impact on targeted cellular behavior. This has 
important, and potentially revolutionary, impact 
on the diagnostic, prognostic and therapeutic 
uses of exosomes discussed above.  Stem cells 
are obtained from umbilical cords donated by 
patients at  an Orange County, California medical 
facility. Full pertinent medical safety information is 
provided on both mother and infant.  

Years of experience in the laboratory culture of 
bone marrow mesenchymal stem cells (for high 
science skincare, hair restoration, and vaginal 
health products) provides team members 
with valuable knowledge into methods useful 
in the modification of exosome content. 
Alterations in oxygen, nitrogen and carbon 
dioxide concentration, pathway stimulants and 
inhibitors, external energy delivery using light, 
electromagnetic waves, ultrasound, etc., have 
potential use. Nearly a decade of conditioned 
media bio-signal assays provides a historical 
database of observed effects, also useful in 
exosome manipulations.

Application in 
Type I Diabetes Mellitus
Importantly and specific to XOStem, a commercial 
enterprise in which the authors participate, it has 
direct applicability to well-developed proprietary 
technology created over the past two-decades. 
Technology that is far along in making possible 
the creation of an implantable “artificial pancreas” 
to treat and potentially “cure” Type 1 diabetes 
mellitus, first in animals, and after adequate proof 
of safety and efficacy, in humans.

The device is made of biocompatible material 
with chambers into which insulin producing cells 
are placed. These cells must be supplied with 
nutrients and oxygen to remain viable, potentially 
for many months or years. For this reason, the 
device is surgically implanted subcutaneously 
a certain period of time prior to being “loaded” 
with insulin-producing cells. During this period 
new tissue, including new vascular structures, 
grow into the device, thereby making the delivery 
of nutrients and oxygen available to sustain the 
transplanted cells. 

The insulin producing cells currently are xenograft 
islet cells (e.g. porcine) immunologically isolated 
from rejection with a proprietary hydrogel 



protective barrier. Other candidate insulin-
producing cells include mesenchymal stem cells 
induced to produce insulin, and even to clump 
into what is termed “organoids”, morphologically 
similar to how islet cells exist in clusters in vivo.

Research & Partnership Opportunities
XOStem intends to be a leader in the field of 
exosome science and translation into safe effective 
treatments for a variety of conditions and diseases. 

Our FDA, GLP and ISO qualified laboratory is 
state of the art. Our PhD and MD team are global 
leaders in their fields. We welcome inquiries 
into collaborative opportunities in research and 
development, either by providing high quality 
fully characterized exosomes for specific research 
projects by academic and/or commercial  entities, 
or co-development of products for market, both 
consumer and medical.
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• Exosomes Derived from Human Umbilical Cord Mesenchymal Stem Cells 
Alleviate Liver Fibrosis Link: https://www.liebertpub.com/doi/10.1089/
scd.2012.0395
• Mesenchymal stem cells-derived exosomal microRNAs contribute to wound 
inflammation Link: https://doi.org/10.1089/scd.2012.0395
• Mesenchymal stem cells-derived exosomal microRNAs contribute to 
wound inflammation Link: https://www.sciencedirect.com/science/article/pii/
S2352396416301736
• Umbilical Cord-Derived Mesenchymal Stem Cell-Derived Exosomal 
MicroRNAs Suppress Myofibroblast Differentiation by Inhibiting the 
Transforming Growth Factor-β/SMAD2 Pathway During Wound Healing Link: 
https://stemcellsjournals.onlinelibrary.wiley.com/doi/full/10.5966/sctm.2015-
0367
• Exosomes released by human umbilical cord mesenchymal stem cells 
protect against cisplatin-induced renal oxidative stress and apoptosis in vivo 
and in vitro. Link: https://stemcellres.biomedcentral.com/articles/10.1186/
scrt194
• Exosomes Derived from Human Umbilical Cord Mesenchymal Stem Cells 
Relieve Acute Myocardial Ischemic Injury. Link: https://www.hindawi.com/
journals/sci/2015/761643/abs/
• MicroRNA-34a modulates genes involved in cellular motility and oxidative 
phosphorylation in neural precursors derived from human umbilical cord 
mesenchymal stem cells. Link: https://bmcmedgenomics.biomedcentral.
com/articles/10.1186/1755-8794-4-65
• Human Umbilical Cord Mesenchymal Stem Cell Exosomes Enhance 
Angiogenesis Through the Wnt4/β-Catenin Pathway Link: https://
stemcellsjournals.onlinelibrary.wiley.com/doi/full/10.5966/sctm.2014-
0267%4010.1002/%28ISSN%292157-6580.Most-Influential-Articles
• Regenerating the injured kidney with human umbilical cord mesenchymal 
stem cell-derived exosomes. Link: https://stemcellres.biomedcentral.com/
articles/10.1186/scrt187
• Exosomes Derived from Akt-Modified Human Umbilical Cord 
Mesenchymal Stem Cells Improve Cardiac Regeneration and Promote 
Angiogenesis via Activating Platelet-Derived Growth Factor D. Link: https://
stemcellsjournals.onlinelibrary.wiley.com/doi/abs/10.5966/sctm.2016-
0038%4010.1002/%28ISSN%292157-6580.SCTM_Best_of_2017 
• Safety evaluation of exosomes derived from human umbilical cord 
mesenchymal stromal cell. Link: https://www.sciencedirect.com/science/
article/abs/pii/S1465324915011500
• Exosome Derived From Human Umbilical Cord Mesenchymal Stem Cell 
Mediates MiR-181c Attenuating Burn-induced Excessive Inflammation. Link: 
https://www.sciencedirect.com/science/article/pii/S2352396416301736
• Exosomes from Human Umbilical Cord Mesenchymal Stem Cells: 
Identification, Purification, and Biological Characteristics. Link: https://www.
hindawi.com/journals/sci/2016/1929536/abs/
• Proangiogenic Compositions of Microvesicles Derived from Human 
Umbilical Cord Mesenchymal Stem Cells. Link: https://journals.plos.org/
plosone/article?id=10.1371/journal.pone.0115316
• Human umbilical cord mesenchymal stem cell-derived extracellular vesicles 
promote lung adenocarcinoma growth by transferring miR-410. Link: https://
www.nature.com/articles/s41419-018-0323-5
• Microvesicles derived from human umbilical cord Wharton’s jelly 
mesenchymal stem cells attenuate bladder tumor cell growth in vitro and 
in vivo. Link: https://journals.plos.org/plosone/article?id=10.1371/journal.
pone.0061366
• Exosomes Derived from Human Umbilical Cord Mesenchymal Stem Cells 
Relieve Inflammatory Bowel Disease in Mice. Link: https://www.hindawi.com/
journals/bmri/2017/5356760/abs/
• Exosomes derived from human umbilical cord mesenchymal stem cells 
protect against cisplatin-induced ovarian granulosa cell stress and apoptosis 
in vitro. Link: https://www.nature.com/articles/s41598-017-02786-x

• 3,3--Diindolylmethane stimulates exosomal Wnt11 autocrine signaling in 
human umbilical cord mesenchymal stem cells to enhance wound healing. 
Link:https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5436520/ 
• Exosomes released from human induced pluripotent stem cells-derived 
MSCs facilitate cutaneous wound healing by promoting collagen synthesis 
and angiogenesis. Link: https://translational-medicine.biomedcentral.com/
articles/10.1186/s12967-015-0417-0
• Knockdown of TGF-β1 expression in human umbilical cord mesenchymal 
stem cells reverts their exosome-mediated EMT promoting effect on 
lung cancer cells. https://www.sciencedirect.com/science/article/pii/
S0304383518302933
• Extracellular Vesicles Released from Human Umbilical Cord-Derived 
Mesenchymal Stromal Cells Prevent Life-Threatening Acute Graft-Versus-
Host Disease in a Mouse Model of Allogeneic Hematopoietic Stem Cell 
Transplantation. Link: https://www.liebertpub.com/doi/full/10.1089/
scd.2016.0107
• Exosomes secreted by human-induced pluripotent stem cell-derived 
mesenchymal stem cells attenuate limb ischemia by promoting angiogenesis 
in mice. Link:https://stemcellres.biomedcentral.com/articles/10.1186/scrt546 
• Systemic Administration of Exosomes Released from Mesenchymal Stromal 
Cells Promote Functional Recovery and Neurovascular Plasticity After Stroke 
in Rats. Link:https://journals.sagepub.com/doi/full/10.1038/jcbfm.2013.152
• Extracellular vesicles derived from human bone marrow mesenchymal stem 
cells promote angiogenesis in a rat myocardial infarction model. Link: https://
link.springer.com/article/10.1007/s00109-013-1110-5
• Study of immunomodulatory function of exosomes derived from human 
umbilical cord mesenchymal stem cells. Link: https://europepmc.org/
abstract/med/26711615
• Exosomes derived from human umbilical cord mesenchymal stem cells 
improve myocardial repair via upregulation of Smad7. Link: https://www.
spandidos-publications.com/ijmm/41/5/3063
• Exosomes derived from human umbilical cord blood mesenchymal stem 
cells stimulates rejuvenation of human skin. Link: https://www.sciencedirect.
com/science/article/pii/S0006291X1731817X
• The Effects of Secretion Factors from Umbilical Cord Derived Mesenchymal 
Stem Cells on Osteogenic Differentiation of Mesenchymal Stem Cells. Link: 
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0120593
• Isolation and characterization of mesenchymal stem cells from human 
umbilical cord blood: Reevaluation of critical factors for successful isolation 
and high ability to proliferate and differentiate to chondrocytes as compared 
to mesenchymal stem cells from bone marrow and adipose tissue. Link: 
https://onlinelibrary.wiley.com/doi/full/10.1002/jcb.23042
• hucMSC exosome-derived GPX1 is required for the recovery of hepatic 
oxidant injury. Link: https://www.sciencedirect.com/science/article/pii/
S1525001616454274
• HucMSC-exosome mediated-Wnt4 signaling is required for cutaneous 
wound healing. Link: https://stemcellsjournals.onlinelibrary.wiley.com/
doi/abs/10.1002/stem.1771%4010.1002/%28ISSN%291549-4918.
TopTenArticlesontheBiologyofEmbryonicandInducedPluripotentStemCells
• Extracellular membrane vesicles from umbilical cord blood-derived 
MSC protect against ischemic acute kidney injury, a feature that is lost 
after inflammatory conditioning. Link: https://www.tandfonline.com/doi/
full/10.3402/jev.v2i0.21927
• Umbilical cord mesenchymal stem cells derived extracellular vesicles can 
safely ameliorate the progression of chronic kidney diseases. Link: https://
biomaterialsres.biomedcentral.com/articles/10.1186/s40824-016-0068-0
• The Protein Content of Extracellular Vesicles Derived from Expanded 
Human Umbilical Cord Blood-Derived CD133+ and Human Bone Marrow-
Derived Mesenchymal Stem Cells Partially Explains Why both Sources are 
Advantageous for Regenerative Medicine. Link: https://link.springer.com/
article/10.1007/s12015-016-9715-z
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