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Abstract 
The field of regenerative medicine has long sought the “Holy Grail”, a cell that has unlimited proliferation potential, can differentiate into any cell, can 
restore dead and dying cells to normal functional cells, and can be used for anyone, making them a universal regenerative stem cell. Many types of stem cells 
have been suggested to be the Holy Grail. Most notable are three categories of stem cells that have been widely studied since 1990. 1. Embryonic stem cells 
(ESCs) that are isolated from the inner cell mass of developing embryos, 2. Mesenchymal stem cells (MSCs) that were originally isolated from bone marrow 
of post-natal adults, and 3. Induced pluripotent stem cells (iPSCs) that are derived by transfecting embryonic genes, e.g., Oct-4, SOX2, c-Myc, and Klf4, into 
an adult differentiated cell, most notably adult dermal fibroblasts. Each one has advantages and disadvantages. Both ESCs and iPSCS, because of the 
presence of the telomerase enzyme have unlimited proliferation potential. Both ESCs and iPSCs are very plastic, they can differentiate into any somatic cell 
of the body. Unless prevented to do so though, both ESCs and iPSCs will form teratomas (cancerous cells) by spontaneous differentiation. To prevent 
teratoma formation, both ESCs and iPSCs need to be pre-differentiated, which in the process, loses their plasticity for forming multiple cells. The ESCs, by 
virtue of being isolated from the inner cell mass of developing embryos, are allogeneic, expressing self-recognition molecules which will induce a graft 
versus host disease (GvHD) response in the recipient. The iPSCs, being isolated from the same individual, were thought to negate the GvHD response. 
Unfortunately, the transfection process alters the self-recognition molecules to an extent to make them initiate a GvHD response. The MSCs have a limited 
lifespan of 70 population doublings before they senesce and die. MSCs, like all telomerase negative progenitor cells, decrease in number with increasing age 
of the individual. MSCs only form fat, cartilage, and bone, and therefore are not plastic in the ability to form all somatic cell types. Autologous (same 
person) MSCs do not elicit a GvHD, whereas (donor) allogeneic MSCs induce a GvHD due to presence of MHC Class-1 self-recognition cell surface 
molecules. In contrast to the above, we would like to offer a fourth category of stem cells for consideration, endogenous adult telomerase positive stem cells 
(aTPSCs). The aTPSCs retain the telomerase enzyme after birth that endows them unlimited proliferation potential. They are present throughout the lifespan 
of the individual. Collectively, they will form any cell of the conceptus, including all somatic cells of the body, gender-specific gametes, the nucleus 
pulposus of the intervertebral disc, and extraembryonic membranes, placenta and umbilical cord. Their default state is that of a dormant, quiescent, 
hibernating cell. They have to the stimulated by biological agents to do anything, hence, no teratoma formation because there is no spontaneous 
differentiation. They are very tightly controlled with respect to function: proliferation, progression, induction, and anti-differentiation. 
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PODCAST - 1 

1. The Question that started it all:

If adult salamanders can regenerate tissues, why can’t 
humans?  

Can you take us back to that moment? 

Why did you ask that question, and why did it become 
important for your career? 

Actually, the initial question for my Master’s thesis was: if 
juvenile salamanders can regenerate a limb, why can’t adult 
salamanders? 

I read the existing literature on the subject at that time, circa 
1950-1973 [1-12]. The multiple groups that had studied the 
phenomenon of limb regeneration in aquatic juvenile and 
adult newts and aquatic salamanders kept them at 4oC water, 
and fed beef liver daily during daylight hours. They assayed 

limb regeneration every five days for 30 days (newts) to 45 
days (salamanders) for 6-9 time points. The investigators 
concluded that the juvenile aquatic salamanders damaged 
tissues dedifferentiated into the blastema and regenerated the 
limb [2]. 

They also concluded that limb regeneration did not occur in 
adult salamanders, which they kept under the same 
conditions and viewed them at the same time points.  
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From their observations they concluded that adult 
salamanders had lost the ability to regenerate a limb. 

So, for my study, I kept the adult salamanders under the 
same environmental conditions as the juvenile aquatic 
species: 4oC water and fed beef liver daily during daylight 
hours. Using these environmental conditions, all my adult 
salamanders died of starvation before I could even start my 
experiments. So, I went to my Chairman and asked how I 
should proceed. 

He said “what do you know of your model system?” – 
answer “they are adult salamanders”. 

With a twinkle in his eyes, he said “you need to dig deeper 
and find out everything you can about your model system” 

From my own field work observations and further literature 
research, I discovered that adult salamanders: 

1. Are terrestrial, not aquatic, they hide in burrows in the
ground during daylight hours.

2. They come out at night looking for a nocturnal (active at
night) food source, preferably one that moves on its
own.

3. Their preferred food source is cockroaches, although
they were also preferential to night crawlers.

4. Migrate during the first cold rain of the fall, they spawn
to the ponds they were born in to breed (copulate) with
the opposite gender.

5. They did not eat when they were breeding.

6. When breeding was concluded, they return to their
burrows

When I presented my findings to my Chairman, he told me 
four things that have followed me throughout my research 
career. 

1. Know you model system

2. Tissue NEVER lies

3. You need to understand what your model system is
telling you, and act accordingly

4. Just because something hasn’t been reported, does
not mean it doesn’t exist, all it means is that it
hasn’t been discovered yet.

So, I built a large, deep, terraria for all the salamanders, 
similar to environmental conditions in the wild. I released 
night crawlers into their terraria every two days. They 
apparently liked their conditions because weights increased. 
I repeated the experiment with fat, happy, and sassy 
salamanders. I kept the same observation times:  every five 
days. But because it took the adult terrestrial salamanders 
over 370+ days to fully regenerate a limb, I was making 74+ 
observations, depending on the particular species in the 
genus Ambystoma (maculatum, annulatum, tigranum, and 
texanum). 

And I discovered some interesting points (Figure 1): 

Figure 1. Complete limb regeneration in the adult terrestrial salamander, Ambystoma annulatum. Reprinted with permission 
from Young HE, et al. [13-19]. 
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There was the same series of events that occurred in each of 
the four adult salamanders I examined, Ambystoma 
maculatum, annulatum, texanum, tigranum:  

1. After amputation of the limb a transitional scar formed
covering the wound site, basically a band-aid separating
a very hostile external environment from a very delicate
internal environment (O). Next, there was the
appearance of macrophages that appeared underneath
the transitional scar and cleaned out all the debris and
dying cells, making the wound area sterile (P). There
was formation of an apical epidermal ridge of non-
descript cells on top of the transitional scar (B, C).

2. This ridge of cells began secreting a concentration
gradient of sulfated, carboxylated, and neutral
glycoproteins into the area through and underneath the
transitional scar (U & V).

3. Previously very small unobserved cells, now covered in
halos of heparan sulfate-PGs (HS-PG) (Q), broke loose
from the more proximal connective tissues of the
dermis; periosteum; perichondrium; muscle 
endomysium, perimysium, epimysium; nerve 
endoneurium, perineurium, and epineurium; and
connective tissues surrounding the vasculature (R,S)
and migrated to an area beneath the AER (T), eventually
forming the sub-epidermal ridge blastema (SERB) (T- 
X)

4. The very small cells shed the HS-PG coverings and
formed an indistinct mass of very small cells (T).

5. Then the very small cells they began to proliferate and
physically push the AER outward (B-L).

6. This formed a gradient of differentiated tissues:
differentiated tissues of the non-transected limb,
through intermediaries similar to same tissues during
embryonic development, to non-distinct cells of the
“blastema”.

7. As the length of the appendage increased, the more
proximal intermediaries turned into adult differentiated
tissues.

Bottom line from those experiments: 

Adult terrestrial salamanders regenerate perfectly fine, if 
given the appropriate environment, diet, exercise (hunting 
for food), and sleep cycle.  

So, from knowledge of what occurred in adult salamanders 
spawned the question: 

If adult salamanders can regenerate tissues, why can’t 
humans?  

Or better yet, are we keeping humans under the wrong 
environmental conditions for regeneration to occur? 

Why did you ask that question, and why did it become 
important for your career? 

My parents and a close family member, had/have serious 
genetically inherited and acquired health issues. These 
health issues included heart disease and diabetes (father), 
Hashimoto’s disease, Systemic Lupus Erythematosus, 
Pulmonary Fibrosis, SLE-induced glaucoma, and SLE-
induced Dementia (mother), and all of the above ‘inherited’ 
from both parents (close family member). Plus, he was 
diagnosed with Autoimmune Constellation Syndrome. To 
have this diagnosis one has to have a minimum of five 
autoimmune or autoimmune associated diseases. He has 
over 30. To give you an idea of what he had to deal with 
since he was 4 years old (in order of appearance): 
Hashimoto’s disease maintaining a short stature (4’5” tall) 
and overweight to severely obese (250-350 lbs.) from 4-17 
years of age; Sjogren’s disease; Scleroderma; Alopecia; 
multiple allergies to foods, apparel, smoke, environment; 
adult respiratory distress syndrome (ARDS), pericarditis; 
pleuritis; pulmonary fibrosis; Rhinitis; Esophagitis; 
Tracheitis; Gastritis; Ileitis; Celiac Disease; Colitis; Rectifies 
(severe inflammation within the rectum); Hepatitis; 
Rhabdomyositis (severe inflammation of skeletal muscle), 
Rhabdomyolysis (wasting of skeletal muscle, think directed 
sarcopenia); Pancreatitis; Cholecystitis (Gall Bladder); 
Nephritis; Vasculitis; Systemic Lupus Erythematosus; 
osteopenia/osteoporosis (long term prednisone use), torsion 
(spiral) fracture of left leg into multiple pieces (due to a 
twisting fall); sterility; extreme sensitivity to sun light 
(photosensitivity) with resulting formation of keratoses; 
Neuropathies; Bi-Lateral Sciatica; Migraines; Cluster 
Headaches (Suicide Headaches); fibrosed CNs L1-S5 to his 
vertebral column (he said it felt like he was growing a dorsal 
fin from his vertebral column outward); extreme unrelenting 
pain (with the following pain killers given simultaneously 
every four hours: 64-mg of hydromorphone, 4x max dose 
Gabapentin, 2x max dose Baclofen, maxed out 12-hr 
Tylenol, Aspirin, Ibuprofen, and Naproxen, did not give him 
any relief from the pain); OIC (Opioid-induced 
constipation); TIAs (transient ischemic attacks, mini 
strokes); Cardiomyopathies; Tachycardia inducing Heart 
attacks, Autoimmune-induced Type-1 Diabetes; Chronic 
Kidney Disease; Rheumatoid Arthritis; Atrial Fibrillation; 
SLE-induced glaucoma; and cataracts. Suffice it to say, in 
the 70 years that he has been expressing various autoimmune 
and associated diseases, he states that it has been an 
interesting journey [20]. 

If these previously unrecognized primitive cells that I 
discovered in adult salamanders were also present in 
humans, could I restore the health of individuals in my 
family? That started my 50+ year quest.  

2. Why are Salamanders so important?
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Salamanders are the highest order of animal that will 
completely regenerate a limb that is an exact duplicate of the 
histoarchitecture of the limb that was lost. 

What can they do that makes scientists ask bigger 
questions about healing and regeneration? 

Scientists can ask about genetic control of regeneration; 
where are the genes that control the process; is epigenetics 
involved; is methylation involved; how are the biological 
clocks of various organs related to regeneration; are 
components of the ECM (extracellular matrix, e.g., 
collagens, proteoglycans, glycoproteins) involved in the 
process, and if so, how; will the cells involved 
spontaneously form a limb or is it a tightly controlled; are 
there biological factors involved that control the process; 
where are those factors located; how do they interface with 
the primitive cells; what are the characteristics of these cells; 
what techniques can you use to identify them; so on and so 
forth; and lastly, are similar scenarios and components 
present in humans. If so, how can they be used to restore 
damaged tissues in humans.  

For example, for my PhD degree I performed 
glycoconjugate histochemistry on serial sections of the 
regenerating limb tissues to identify particular proteoglycans 
(PGs): chondroitin sulfate-PG, keratan sulfate-PG, dermatan 
sulfate-PG, chondroitin sulfate/keratan sulfate-PG (also 
called Aggrecan), non-sulfate chondroitin-PG, hyaluronic 
acid, sulfated glycoproteins, neutral glycoproteins, and 
carboxylated glycoproteins, and using 
microspectrophotometry, quantify their amounts. I also used 
scanning electron microscopy coupled with glycoconjugate 
histochemistry and X-ray energy dispersive microanalysis to 
quantity ECM components. What I discovered was that each 
tissue in the body, be it fully differentiated, newly forming, 
partially regenerated, or regenerated, had a unique 
glycoconjugate profile, which I called its “fingerprint”. 
From there, I wanted to be able to isolate these 
glycoconjugates in a biologically active form to see what 
effects they would have on the aTPSCs. After obtaining my 
PhD degree (1984), I obtained a postdoctoral fellowship in a 
laboratory that performed glycoconjugate biochemistry to 
isolate and characterize proteoglycans within the ECM [21-
23].  

3. Human Regeneration Question

What does regeneration mean to you?

Regeneration to me means restoration of the damaged and/or 
missing cells and tissues recreating the normal 
histoarchitecture of the lost tissues, and thereby restoring 
normal function. 

4. Early Scientific Environment

When you began exploring this idea, what was the 
scientific field focused on? 

Were people open to the idea that adult humans might 
still have still powerful cells, or was that idea outside the 
mainstream?  

Basically, it was outside mainstream thought processes. This 
was because true adult stem cells had not yet been 
discovered. Therefore, common belief, based of dogma, said 
that these particular stem cells did not exist. 

To be able to receive government funding to study any 
phenomenon, one of my PhD mentors told us that the game 
plan for receiving NIH funding was to do the experiments 
ahead of time, but wait to publish. Write the experiments 
performed as an application for a grant; including 
hypothesis, M&Ms, costs, etc. and submit. When that grant 
was funded, work on experiments for the next grant 
submission. At termination period of the first grant, publish 
the results. So, you would have fulfilled what you set out to 
prove, or disprove. In addition, it was far better to have a 
“story” to tell using multiple technologies, then to perfect a 
single technology and using the same technology on 
multiple tissues. So, my “story” for my research career has 
been the role of aTPSCs in regenerative medicine. 

I isolated aTPSCs from chickens, cloned them from single 
cells using conditioned medium, characterized them, etc., 
and submitted the grant to NIH (circa 1989). 

My “pink sheet” response from the grant reviewers was 
“well written grant, but your data is flawed. Everyone knows 
(dogma) that adult stem cells don’t exist. … But if they did 
exist, you would need to show them in a research animal 
which is preferably a mammal, not a chicken. We would 
suggest a mouse”. 

I published the chicken methodology data: ELICA and 
Isolation protocols to a third-tier journal, Journal of Tissue 
Culture Methods. With respect to this particular journal, one 
would submit their manuscript to the editor of the journal. 
The editor would send your manuscript to one of the 
reviewers to repeat your experiments exactly as written. If 
they could not repeat your experiments and get exactly the 
same results, the manuscript was either rejected outright or 
revised significantly to match the permutations of your 
methodologies to get the experiments to work. Both 
manuscripts were accepted without revision [24,25].  

I then started using mice: Balb-C (standard research mouse) 
and CBF-1 (NIH’s aging model) as my research subjects and 
repeated the experiments. The lifespan of a Balb-C mouse is 
24 months (equivalent to about 60 years of age), whereas the 
lifespan of a CBF-1 mouse is 36-40 months (equivalent to 
about 120 years of age, the pre-programmed limit for 
humans) [21-23].  

I joined Dr. Arnold Caplan’s lab in 1984 (nine years after I 
had discovered the aTPSCs in adult salamanders) for a 
postdoctoral fellowship in glycoconjugate biochemistry. 
Again, I wanted to isolate the glycoconjugates in their 
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biological active form so I could apply them to the aTPSCs 
to determine if they were involved in cellular regeneration. 

Being a biochemist by training, Dr. Caplan was a “lumper” 
with respect to anatomical structures. Being an 
anatomist/histologist/histochemist by training, I was a 
“splitter” with respect to anatomical structures. So, while Dr. 
Caplan viewed skeletal muscle as a single organ, I viewed 
skeletal muscle as a collection of individual tissues. There 
are three levels of structural elements composing skeletal 
muscle the organ. The first level is composed of mature 
myotubes having myosatellite cells (myoblast progenitor 
cells) outside their plasma membrane, but inside their 
basement membrane (consisting of type-IV collagen, 
entactin, nidogen, insoluble fibronectin, etc.), each myotube 
was surrounded by loose fibrous connective tissue (type-1 
and type-12 collagens. Type-12 collagen is the bridge 
molecules between type-1 collagen and its associated GPs 
and PGs of the ECM) termed the endomysium. Embedded 
within the endomysium were capillaries, aTPSCs, 
hyaluronic acid with attached CS-PGs. Collections of these 
myotube structures were bundled together to form fascicles, 
the second level. The connective tissue surrounding the 
bundled fascicles were a moderately dense fibrous 
connective tissue (type-1 and -12 collagens) called the 
perimysium. Embedded within the perimysium are 
arterioles, venioles, small lymphatic vessels, motor end 
plates, sensory muscle spindles, nerve fibers, aTPSCs, and 
hyaluronic acid with attached CS-PGs. At the third level, 
bundles of myotubes came together to form skeletal muscle 
the organ, surrounded by a dense regular connective tissue 
covering termed the epimysium (type-1 and -12 collagens). 
Contained within the epimysium were muscular arteries, 
muscular veins, lymphatics, nerve fibers, Golgi tendon 
organs, aTPSCs, and hyaluronic acid with attached CS-PGs. 
The epimysium is continuous with tendons (connecting 
adjacent muscles to each other or connecting muscle to 
bones) [21-23]. 

I learned to isolate and characterize extracellular matrix PGs 
from Dr. David Carrino in Dr. Caplan’s lab [23] and 
glycoproteins from Dr. Masaki Yanagashita during a visit to 
Dr. Vince Hascall’s lab at NIH NIDR. 

I submitted my next NIH grant (1990) dealing with aTPSCs 
in mice, Balb-C (normal) and CBF-1 (aging). It was denied, 
because Dogma says that adult stem cells do not exist. But if 
adult stem cells did exist, the reviewers stated that I would 
need to show them in a larger mammal, such as a rat. 

I submitted manuscripts concerning aTPSCs in the chicken 
[24,25] and in both normal age mice and aged mouse models 
[21-23]to tier one journals: Cell, Nature, Science, PNAS 
(Proceedings of the National Academy of Science, USA). 
They were either rejected outright because of Dogma – adult 
stem cells do not exist; or stuck in review for over two years. 

I had named the telomerase positive MesoSCs in that 
original paper “adult mesenchymal stem cells”, because they 
could form 37 separate and unique cell types within the 
embryonic mesodermal lineage (mesenchyme). 

The manuscripts were finally released back to me after Dr. 
Arnold Caplan published his seminal “adult mesenchymal 
stem cell” paper (Caplan AI. Mesenchymal stem cells. J 
Orthop Res. 1991; 9:641-650 [26]) showing the discovery of 
an adult stem cell isolated from bone marrow that would 
form 3 cell types: fat, cartilage, and bone. After his 
publication, my submitted manuscripts for chicken and 
mouse endogenous stem cells [24,25] were finally returned 
rejected for not being novel with respect to adult 
mesenchymal stem cells.  

I finally published our work with chicken and mouse 
telomerase positive mesodermal stem cells (TP-MesoSCs), 
calling them “adult pluripotent mesenchymal stem cells” 
because of their ability to form 37 separate cell types [27-
30]. I should have called them mesodermal stem cells, but I 
wanted to demonstrate a distinct difference between 
Caplan’s mesenchymal stem cells which would only three 
cell types (white fat, hyaline cartilage, and intramembranous 
bone) [31,32] and my telomerase positive MesoSCs, which 
would form 37 distinct cell types to several tier-2 journals 
[26-28]. Again, in some articles I originally called them 
pluripotent mesenchymal stem cells for their ability to form 
37 different cell types within the mesodermal lineage, 
instead of just three cell types formed by Caplan’s 
(telomerase negative) tripotent progenitor MSCs, fat, 
cartilage, and bone [26,31,32].  

Based on Caplan’s seminal adult MSC paper [26], adult 
stem cells were finally acknowledged to exist. But they had 
short comings. They had a defined lifespan of 70 population 
doublings before they senesced and died; they decreased in 
number with increasing age of the individual; and they 
would only form three cell types, e.g., (white) fat, (hyaline) 
cartilage, and (intramembranous) bone [26,30-32]. Around 
the same time as Caplan’s MSC publication [26], other 
“adult stem cell” papers were published: adult neural stem 
cells [33-39], adult hematopoietic stem cells [40-46], adult 
liver stem cells [47-52], adult pancreatic stem cells [53 -57], 
adult lung cells [58-63], etc. The organ specific adult stem 
cells correlated with Caplan’s MSCs, e.g., their lifespan 
conformed to Hayflick’s Limit of 70 population doublings 
from birth, they decreased with increasing age of the 
individual, and they only formed organ-specific cell types. 

In 1998, Dr Thomson published on the derivation human 
embryonic stem cells from human blastocysts (ESCs). These 
ESCs were isolated from the inner cell mass of developing 
embryo and were pluripotent in that they could form any 
somatic cell of the body [64]. They were equivalent to the 
differentiation potential of the inner cell mass of the 
developing embryo (Figure. 2) [65]. 
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Figure 2. Lineage Map of unidirectional cell differentiation pathway for cells derived from the embryonic zygote and cells 
derived from adult blastomeres of the 4-cell stage morula. The telomerase positive totipotent stem cells (TSCs) are equivalent 
to the four-cell stage morula; the telomerase positive pluripotent stem cells (PSCs) are equivalent to epiblast; the telomerase 
positive ectodermal stem cells (EctoSCs) are equivalent to the ectodermal germ layer lineage; the telomerase positive 
mesodermal stem cells (MesoSCs) are equivalent to the mesodermal germ layer lineage; and the telomerase positive 
endodermal stem cells (EndoSCs) endodermal germ layer lineage. The Lineage Map was reprinted with permission from 
Young HE, Black Jr AC. Adult Stem Cells. Anatomical Record Part A. 2004; 267A:75-102 [65]. 

ESCs also contained the telomerase enzyme, which allows 
them unlimited proliferation potential [66-69]. 
Unfortunately, there were significant problems with ESCs 
when growing them outside the body (ex vivo) or 
transplanting them as naïve cells into the body. Unless they 
were physically prevented from differentiating with 
leukemia inhibitory factor (LIF) [70-77]; or stimulate to 
premature differentiation [78-82], ESCs will spontaneously 
differentiate into all somatic cells of an individual [83,84]. If 
the ESCs are in the uterus, they complete their normal pre-
programming differentiation process forming an individual 
[84-86]. If they are outside the uterus, the ESCs will form a 
mass of somatic cells with no defined structure, called a 
teratoma cancer [87-91].  

So now the politics. On one hand there were cell specific 
adult stem cells, that conformed to Hayflick’s Limit of 70 
population doublings before they would senesce and die. 
They deceased with increasing age of the individual. Their 
differentiation was growth factor driven, but they weren’t as 
plastic as naïve ESCs [26,31,32,33-63]. 

On the other hand, ESCs would form every somatic cell of 
the body, proving to be very plastic. Containing the 
telomerase enzyme ESCs had essentially an unlimited 
proliferation potential. But, being allogeneic, they would 
express self-recognition markers of the donor and stimulate 
a GvHD, as well as forming teratomas if implanted in their 
naïve state [64-91].   
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So political debate was centered on ESCs versus MSCs, 
which one was better.  

All the while we were publishing with collaborators in 2nd 
and 3rd tier journals on the aTPSCs [92-131].  As well as 
starting preclinical animal models of diseases: Parkinson’s 
disease [114], myocardial infarction [106], pulmonary 
fibrosis [107], and self-renewing immunoprotected 
pancreatic islet organoids for type-1 diabetes [110]. 

The political fall-out about using human embryos to derive 
embryonic stem cells lasted until Yamanaka (2009) 
published his seminal work on induced pluripotent stem 
cells (iPSCs) [132-134]. He placed embryonic genes (Oct-4, 
Sox2, c-Myc, and Klf4) into adult differentiated cells to 
mimic ESCs. And he did it so well with the transfection that 
the iPSCs expressed the same attributes as ESCs. The iPSCs 
expressed the telomerase enzyme [135-145], having an 
unlimited proliferation potential. In the naïve state, their 
inherent plasticity was their ability to form any somatic cell 
type in the body, which occurred spontaneously, just like 
ESCs [146-150]. This spontaneous differentiation occurred 
anywhere, in the culture dish, in an organism, etc., forming a 
teratoma (cancerous tissue) [146-150]. Unfortunately, to 
keep teratomas from forming they needed to pre-
differentiate the cells into a single cell type [146-148]. By 
pre-differentiating the iPSCs or ESCs, they lose the naïve 
plasticity that made them a stem cell of choice for the Holy 
Grail. 

5. What kept you curious?

You have spent decades studying this field. What kept 
you committed to this kind of research when most of the 
stem cell field was focused in other directions? 

My early work with chickens, mice, and rats, demonstrated a 
very unique population of cells, with all the positives of 
ESCs and iPSCs, and “adult stem (progenitor cells)”, but 
none of the negatives: 

1. Telomerase positive, so unlimited proliferation
potential as long as they stay uncommitted to a
particular lineage

2. Present throughout the lifespan of the individual

3. Found within connective tissue niches throughout
the body

4. Will form literally any cell type in the body, e.g.,
all somatic cells, gender-specific gametes, nucleus
pulposus of intervertebral disc, and extraembryonic
membranes, placenta and umbilical cord

5. Proliferation is biological agent driven

6. Differentiation is biological agent driven

7. Anti-differentiation is biological agent driven

8. Once committed, progression is biological agent
driven

We have shown this same activity in 15 species of animals, 
including humans: amphibians (four species of adult 
terrestrial salamanders), reptiles (Komodo Dragon), avians 
(chickens and Wadel Crane), mice (Balb-c, CBF-1), rats 
(outbred Sprague-Dawley, inbred Wistar-Furth), rabbits, 
cats, dogs, sheep, goats, pigs, cows, bear (spectacled), 
horses, and humans (newborn to late geriatric) [151]. 

As I stated previously, this area is very personal to me. My 
family members had/have serious acquired and genetic 
health issues. If these previously unrecognized cells were 
present in humans, could I restore the health of my parents 
and myself, and in the process everyone else? 

To achieve that goal, I like to think backwards (reverse 
chronological order) from my end goal, that gives me a 
straight-line pathway from start to finish:  

End Goal: treating humans (and animals) with gender-
matched universal aTPSCs world-wide. 

24. Wide-spread treatment

23. FDA approval for commercialization

22. Testing CNSP vs Fresh isolate aTPSCs vs TSCs Ex vivo
– determine safety & efficacy

21. Apply for IND from FDA for clinical trials

20. Clinical trials of Ex vivo propagated TP-TSCS – prove
safety and efficacy

19. Apply for IND from FDA for clinical trials

18. Propagation of universal TP-TSCs Ex vivo

17. Clinical trials: Fresh isolate aTPSCs & CNSP to prove
efficacy

16. Apply for IND from FDA for clinical trials

15. Treatment in humans (my family members).

14. Wide-spread IRB-approved clinical trials to prove safety
(and efficacy)

13. Focused IRB-approved clinical trials to prove safety and
efficacy

12. Pre-clinical animal models of disease

11. Characterization studies

10. Biobanking, Storage and Cryopreservation

9. Effects of biological agents on clones of aTPSCs

8. Generation of cell-specific exosomes,

7. Genomic labeling to track cells in vitro and in situ

6. Repetitive Single cell clonogenic analysis
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5. Cell sorting

4. Cell surface marker profiles

3. Propagation

2. Plating

1. Isolation

Since FDA allows experimentation on oneself without 
reprimand, I was the first to receive an autologous transplant 
of aTPSCs (systemic delivery). My HIPPA code number is 
HM00001. My mind set at the time was, if the technology 
failed, I would be dead and the technology would not move 
forward. 

 My group started IRB approved compassionate use clinical 
trials in 2010. First in Parkinson patients, and then in COPD, 
IPF, and cardiomyopathy patients, matching the pre-clinical 
animal model systems [152-156]. 

I was also the first to receive a gender-matched, ABO blood 
group-matched allogeneic aTPSCs, by directed delivery and 
IV delivery. My mind set was the same, if the technology 
failed, I would be dead, and it would not move forward. 

Positive results from the first trials allowed us to expand into 
other diseases: terminal, chronic diseases with no known 
cures, traumatic injuries, chronic orthopedic problems, 
autoimmune diseases, neurodegenerative, pulmonary, 
cardiovascular, and systemic [157-172]. 

It was too late to treat my father, because he passed away 
from a heart attack while I was still characterizing the cells. 
And it was too late to treat my mother, because she passed 
away from pulmonary fibrosis and dementia secondary to 
SLE while we were doing the preclinical animal studies. But 
I was just in time to treat my other family member. We had 
just started the IRB-approved compassionate use clinical 
trials for Parkinson’s disease and pulmonary diseases 
(COPD and IPF). I remember my PCP (board certified 
family physician) coming to me during a break in the phase 
tutorials, we both taught in the same phase. During break he 
put his arm around me and said “Henry, I know what you do 
for your research, go do it on yourself.” “Why?” “You have 
barely two weeks to live. You have already lost two organ 
systems and the remaining systems are operating at less than 
25%. Your body is shutting down. You will be dead within 
two weeks if not sooner if you don’t save yourself.”  

That night I discussed the situation with my wife. The next 
day I went to my chairman with letter in hand “As you know 
I have some serious health issues, I need about two weeks to 
go and get treated. If you don’t agree, here is my letter of 
resignation”. He said “Go for it and your job will be waiting 
for you when you return”.  

And my wife did the same with her employer. “You know 
Henry is sick. He needs treatment or he will die. I need time 

off to take him to get treated. If you don’t agree, here is my 
letter of resignation”. They agreed as well. 

In April of 2011 I had my first full autologous aTPSC 
transplant. Right after that first transplant, I was euphoric, 
absolutely no pain anywhere, I felt like Superman. The next 
day I woke up depressed, the extreme unrelenting pain was 
back. “Someone give me a gun I want to shoot myself”. The 
second day after treatment I woke up “Hey, this is strange, 
less pain than yesterday”. Third day same, less pain than day 
before. By the 7th day after treatment, I was neuropathically 
pain free, and basically have been ever since. But after a 
month, while there was no further downward progression of 
organ failure, I didn’t get any better. So, I had the first of 
nine allogeneic gender-matched, ABO-blood group-matched 
(3) and O-negative (6) aTPSC transplants. Those have been
interspersed with 20 total autologous aTPSC transplants.
With the allogeneic transplants, my signs and symptoms of
neurodegenerative diseases, cardiovascular morbidities,
pulmonary fibrosis, chronic kidney disease, celiac disease,
and SLE-associated morbidities began to reverse and my
organ functions began to increase. I topped out at levels that
were 70% normal for a 20-year-old (acceptable to me).

My current mind set is, if my technologies, using either 
autologous and/or allogeneic aTPSCs, can bring my family 
member back from my death bed and give him a reasonable 
quality of life, then the aTPSCs should help people with 
other health problems as well.  

Part 2. The Stem Cell Categories Most People Know 

6. The Three Main Categories

At a high level can you explain what those three 
categories are: 

ESCs – embryonic stem cells are derived from inner cell 
mass of embryo, they are pluripotent in their ability to form 
all somatic cell types of the body, they contain the 
telomerase enzyme for essentially unlimited proliferation 
potential. Initially published for humans in 1998 by Dr 
James Thomson [64].  

iPSCs – induced pluripotent stem cells were generated by 
taking differentiated adult cells and transfecting into their 
nucleus four embryonic genes (Oct-4, SOX2, c-Myc, and 
Klf4) to have them mimic embryonic stem cells: pluripotent 
in ability to form all somatic cell types of the body, contains 
telomerase enzyme for essentially unlimited proliferation 
potential. Published by Yamanaka in 2009 [132]. 

MSCs – an “adult stem cell” (actually a tripotent progenitor 
cell) originally derived from bone marrow that will form 
three differentiated cell types: fat, cartilage, and bone. MSCs 
are telomerase negative. They have a lifespan of 70 
population doublings before they senesce and die. MSCs 
decrease with increasing age of the individual. Published by 
Arnold Caplan in 1991 [26]. 
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7. Embryonic Stem Cells

What makes embryonic stem cells so important 
clinically? 

Embryonic stem cells were originally designed to study 
embryogenesis in utero: discovering genes and teratogens 
impacting signaling pathways, differentiation steps, etc., to 
determine how one could repair, for example, inborn errors 
of metabolism, spina bifida, Chiari syndrome, microcephaly, 
autism, cleft lip, cleft palate, etc., etc., etc., before the baby 
was born.  

Then someone had the “bright idea” that they could use 
ESCs in adults (post-natal individuals) to repair acquired and 
genetic diseases. 

What limitations have made them difficult to use 
clinically? 

1. First, and foremost, is Politics – “killing an embryo
to acquire ESCs. Embryos have rights too”.

2. Obtaining funding from the government because of
the above to study ESCs.

3. Their spontaneous differentiation into multiple cell
types, necessitates using an inhibitory agent (e.g.,
LIF) to prevent spontaneous differentiation.

4. ESCs formation of teratomas when transplanted in
vivo in a naïve state.

5. ESCs needed to be pre-differentiated before
transplant to prevent teratoma formation.

6. ESCs are allogeneic (non-self).

7. ESCs express self-recognition cell surface
molecules that will induce a graft versus host
disease response in the recipient, HLA-DR markers
for hematopoietic lineage markers and MHC Class-
1 markers for somatic cells that were not in the
hematopoietic lineage.

8. Induced Pluripotent Stem cells

Can you explain what iPSCs are in simple terms?

The induced pluripotent stem cells were generated by taking 
differentiated adult cells, originally dermal 
fibroblasts/fibrocytes, but other cell types have been used as 
well. And using adenoviruses, transfecting four embryonic 
genes (Oct-4, SOX2, c-Myc, and Klf4) into the nucleus of 
the adult differentiated cells, to have them mimic embryonic 
stem cells. After which, they were pluripotent in ability to 
form all somatic cell types of the body, and expressed the 
telomerase enzyme for essentially unlimited proliferation 
potential. 

Why was that discovery such a big deal? 

 iPSCs gave scientists a method to reprogrammed cells to a 
less differentiated cell type, e.g., a pluripotent cell that 

would form all somatic cells of the body. Since they were 
from the person’s own body the self-recognition cell surface 
markers would be the same so there would be no graft versus 
host disease (GvHD) response (theory). 

9. Limits of Reprogramming

What are some of the challenges the field still has to 
solve? 

Are there issues around safety, consistency, tumor risk, 
or clinical practicality? 

Several of the major problems of iPSCs is that they mimic 
ESCs too well and have demonstrated the same inherent 
problems:  

1. They form teratomas when transplanted in vivo
in a naïve state.

2. Since they spontaneously differentiate into
multiple cell types, this necessitates using an
inhibitory agent (LIF or some facsimile) to 
prevent spontaneous differentiation. 

3. They need to be pre-differentiated to prevent
tumor formation.

4. And even though they come from the same
individual, the reprogramming changes the
expression of the self-recognition molecules on 
their cell surfaces making them seem 
allogeneic to the recipient’s immune system, 
which will induce a graft versus host disease 
response in the recipient, destroying the iPSCs.  

5. Labs are propagating the iPSCs at a doubling rate
faster than their cell cycle rate to increase
number of cells generated. Unfortunately, as 
the doubling rate increases the number of 
mutations formed increases, and begins to 
increase exponentially at 10^9 cells.  

6. Permanently mutated cells can have deleterious
effects downstream in the treatment phase.

7. Only correct non-mutated iPSCs need/should to
be selected for human treatments.

8. It takes about 6-12 months to isolate, propagate,
induce, select, and generate sufficient numbers
of specific iPSC cell types for transplant. 
Increasing costs with respect to time, reagents, 
etc.  

9. And lastly, from my own observations and
research: the “body” does not like
differentiated cell types, it views them as 
foreign, even those expressing the same MHC 
Class-1 markers. The body will wall them off 
from the rest of itself and encapsulates it with 
scar tissue. It prefers an undifferentiated cell 
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that it can manipulate and dictate what it 
becomes. 

10. Mesenchymal Stem Cells

MSCs have become the most talked about cell types in 
regenerative medicine. 

What are MSCs? 

And what do you think they can and cannot do? 

Since previous to Caplan’s publication in the journal 
Science, adult stem cells were thought NOT to exist 
(Dogma). Now, here is a paper from a known scientist 
(biochemist) that says that ADULT STEM CELLS do exist 
in the form of mesenchymal stem cells. And that these adult 
stem cells can be isolated from adult bone marrow, and will 
form fat, cartilage, and bone.  

Through my early years of my research, when I 
characterized aTPSCs (TSCs, PSCs, EctoSCs, MesoSCs, 
and EndoSCs), I also characterized the tripotent MSC, 
Caplan’s MSC. I characterized mixed isolates of aTPSCs 
and MSCs, clones of all six cell types derived from single 
cells derived by repetitive single cell clonogenic analyses, 
and from genomically-labeled aTPSCs clones compared to 

the unlabeled clone of MSCs. In this last instance, I sent the 
clones of aTPSCs and MSCs to Cecille Duplaa at INSERM 
in France to genomically label the cells. She tried to 
transfect all the clones with the Lac-Z gene for beta-
galactosidase, but instead of using adenoviruses 
[scientifically accepted method, but sometimes the viruses 
can go “rogue” especially in long term culture of cells], she 
used lipofectin. Lipofectin “transfects” the cells during cell 
division. The more the cells divide during a given time 
frame the higher percentage of cells are transfected. The 
transfection rate for TSCs were 99%; for PSCs 98%; for 
EctoSCs, MesoSCs, and EndoSCs, greater than 95%; and for 
MS <5%. 

With Arnold Caplan being the “lumper” that he was, and me 
being the “splitter” that I am as well as being a trained 
histologist/glycoconjugate 
histochemist/immunocytochemist, I also characterized the 
cell fates of his tripotent progenitor MSC, e.g., “fat (white 
fat), cartilage (hyaline cartilage), bone (intramembranous 
bone)”, using morphological, histochemical, and 
immunocytochemical criteria [130,131,151,173-175]. 

Table 1. Antibodies, Immunocytochemistry, & Histochemistry for Phenotypic Expression Markers 

Antibody Antigen Embryological Origin 

CEA-CAM-1 Carcinoembryonic antigen-cell adhesion molecule-1 Totipotent 

HCEA Human Carcinoembryonic antigen Totipotent 

CEA Carcinoembryonic antigen Totipotent 

CD66e Carcinoembryonic antigen Totipotent 

DH-TuAg1 Spermatogonia Totipotent Gamete 

MC-480 SSEA-1 Pluripotent 

MC-631 SSEA-3 Pluripotent 

MC-813 SSEA-4 Pluripotent 

CD10 Neutral endopeptidase Pluripotent 

AlkPhos Alkaline Phosphatase Pluripotent 

CD56 Neural cell adhesion molecule Ectoderm 

Pax-6 Neurogenic lineage Ectoderm 

FORSE-1 Neuronal precursor cells Ectoderm 

Vimentin Cells of neurogenic lineage Ectoderm 

Nestin Cells of neurogenic lineage Ectoderm 

R401 Nestin-neuronal lineage Ectoderm 

HNES Nestin-neuronal lineage Ectoderm 

MAB353 Nestin-neuronal lineage Ectoderm 
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RT-97 Neurofilaments = neurons Ectoderm 

NF68 Neurofilament-68 = neurons Ectoderm 

S-100 Neurofilaments-100 = neurons Ectoderm 

NF-145 Neurofilaments-145 = neurons Ectoderm 

N-200 Neurofilaments-200 = neurons Ectoderm 

8A2 Neurons Ectoderm 

NG2 Neurons Ectoderm 

TH Tyrosine hydroxylase, precursor to neural transmitters Ectoderm 

SV2 Synaptic vesicles Ectoderm 

DOPA Dopamine, transmitter of dopaminergic neurons Ectoderm 

T8660 Beta-tubulin-III Ectoderm 

Tuj1 Beta-tubulin Ectoderm 

GFAP Glial-fibrillary acidic protein Ectoderm 

CNPase Glial cells = oligodendrocytes & astrocytes Ectoderm 

Rip Oligodendrocytes Ectoderm 

MOSP Oligodendrocyte specific proteins Ectoderm 

MAB Oligodendrocyte marker Ectoderm 

40E-C Radial cells and radial glial cells Ectoderm 

VM-1 Keratinocytes Ectoderm 

M3F7 Type-IV collagen, basement membrane Ectoderm & Mesoderm 

31-2 Laminin, basement membrane Ectoderm & Mesoderm 

5D2-27 Cell adhesion molecule Ectoderm & Mesoderm 

B3/D6 Fibronectin, basement membrane Ectoderm & Mesoderm 

5C6 Type-IV collagen, basemen membrane Ectoderm & Mesoderm 

Anti-type IV Type-IV collagen Ectoderm & Mesoderm 

33-2 Heparan sulfate proteoglycan Ectoderm & Mesoderm 

Anti-HSPG Heparan Sulfate proteoglycan Ectoderm & Mesoderm 

5D4 Keratan sulfate proteoglycan Ectoderm & Mesoderm 

2E8 Laminin, basement membrane Ectoderm & Mesoderm 

D3 Desmin, in all 3 muscle groups Ectoderm & Mesoderm 

Anti-vimentin Vimentin, lens of the eye Ectoderm & Mesoderm 

D76 Desmin, in all 3 muscle groups Ectoderm & Mesoderm 

CD13 Amino endopeptidase Mesoderm 

12/101 Skeletal Muscle Mesoderm 

C3/1 Glycoprotein of myoblast plasma membrane Mesoderm 

OP-137 MyoD Mesoderm 

F5D Myogenin = skeletal muscle Mesoderm 

ALD-66 Slow twitch muscle fibers Mesoderm 
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MF-1 Fast twitch muscle fibers Mesoderm 

MF-5 Myosin light chain-2 of fast muscle Mesoderm 

MF-20 Sarcomeric myosin = skeletal muscle Mesoderm 

MF-30 Neonatal and adult myosin Mesoderm 

ALD58 Myosin heavy chain Mesoderm 

CH1 Myosin tropomyosin Mesoderm 

A4.74 Myosin fast chain Mesoderm 

JLA-20 Actin Mesoderm 

Anti-Myosin Skeletal muscle myosin Mesoderm 

IA4 Smooth muscle alpha actin = smooth muscle Mesoderm 

Calp Calponin Mesoderm 

MAB-3252 Cardiotin = cardiac myocytes Mesoderm 

MAB1548 Myosin heavy chain of cardiac muscle Mesoderm 

M-38 Type 1 collagen Mesoderm 

SP1.D8 Procollagen type-III Mesoderm 

Anti-type-II Type-II collagen Mesoderm 

WV1D1 Bone sialoprotein II = bone Mesoderm 

Anti-OsteC Osteocalcin / Bone Gla-protein Mesoderm 

MP111 Osteopontine = bone Mesoderm 

Von Kossa Stain calcium in bone Mesoderm 

EGTA Leaches Calcium from bone, negative control Mesoderm 

CIIC1 Type-II collagen Mesoderm 

II-4CII Type-II collagen Mesoderm 

Anti-type2 Type-II collagen Mesoderm 

HC-II Human type-II collagen Mesoderm 

D1-9 Type-IX collagen = cartilage Mesoderm 

9/30 Cartilage link protein Mesoderm 

12/21 Cartilage proteoglycan hyaluronate binding region Mesoderm 

12C5 Versican hyaluronate binding region Mesoderm 

H-DC34 Sialomucin-containing hematopoietic/endothelial cells Mesoderm 

CD31 PECAM, Peripheral endothelial cell adhesion molecule Mesoderm 

P1H12 Human endothelial cell surface marker Mesoderm 

P2B1 Peripheral endothelial adhesion molecule Mesoderm 

P8B1 VCAM, vascular cell adhesion molecule Mesoderm 

P2H3 CD62e, E-selectin (vasculature) Mesoderm 

H-endo CD146, Endothelial cells Mesoderm 

H5A4 CD11b, granulocytes, monocytes, NK-cells Mesoderm 

H4C4 CD44, hyaluronate receptor Mesoderm 
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Hermes-1 CD44, hyaluronate receptor Mesoderm 

H5A5 CD45, all hematopoietic cells except RBCs Mesoderm 

H5C6 CD63, macrophages, monocytes, platelets Mesoderm 

HFSP Human fibroblast specific protein Mesoderm 

1B10 Fibroblast-specific protein Mesoderm 

Sudan Black-B Stains fat (adipocytes) Mesoderm 

Oil Red-O Stains fat (adipocytes) Mesoderm 

H-AFP Human alpha-fetoprotein = fetal liver Endoderm 

R-AFP Rat alpha-fetoprotein = fetal liver Endoderm 

DESMO Endodermal epithelial marker of liver Endoderm 

LAP Canalicular cell surface protein of liver Endoderm 

151-Ig Liver epithelial growth factor Endoderm 

HA4c19 Bile canalicular cells of liver Endoderm 

OC2 Progenitor cells, oval cell, & biliary cells of liver Endoderm 

OC3 Progenitor cells & biliary cells of liver Endoderm 

OC4 Progenitor cells & biliary cells of liver Endoderm 

OC5 Progenitor cells & biliary cells of liver Endoderm 

OC10 Progenitor cells & biliary cells of liver Endoderm 

H.4 Intracellular staining of liver hepatocytes Endoderm 

H.1 Liver hepatocytes cell surface marker Endoderm 

DPPIV Progenitor, canalicular, and biliary cells of the liver Endoderm 

OV6 Biliary and oval cells of liver; biliary cells of liver Endoderm 

HESA Human GI (Gastrointestinal) Epithelium Endoderm 

YM-PS087 Glucagon-secreting cells of endocrine pancreas Endoderm 

YM-PS5088 Insulin-secreting cells of endocrine pancreas Endoderm 

11180 Somatostatin-secreting cells of the endocrine pancreas Endoderm 

CK-19 Ductal cells of the exocrine pancreas Endoderm 

ABL-93 Lysosomal membrane glycoprotein Ectoderm, Mesoderm, Endoderm 

22/18 Regeneration cells Ectoderm, Mesoderm, Endoderm 

Telom Telomerase positive cells aTPSCs 

CD90 

Glycosylphosphatidylinositol anchoring membrane protein (Thy-1) Transition: EctoSCs, MesoSCs, and 
EndoSCs to Progenitor Cells 

Thy-1 

Glycosylphosphatidylinositol anchoring membrane protein (CD90) Transition: EctoSCs, MesoSCs, and 
EndoSCs to Progenitor Cells 

(e.g., MSCs) 

CD95 Cells undergoing apoptosis Dead Cells 

PI Propidium Iodide, measure of live cells, flow cytometry Live Cells 

DAPI Fluorescent marker to visualize living and fixed DNA Live & Dead Cells 
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Gal-19 Insect beta-galactosidase genomic marker Cell tracking marker 

Mallory 
Heidenhain One-

Step 

Identifies various cell types by color: 

Type-1 collagen – dark blue 

Type-2 collagen – light blue 

Skeletal muscle – dark magenta 

Cardiac muscle – intermediate magenta 

Smooth muscle – light magenta 

Adipose Tissue - white 

Nerve fibers – lavender 

RBCs - golden 

Cells & Extracellular Matrix 

Alcian Blue Stains anions on carbohydrate & sulfate groups Extracellular Matrix 

AB 1.0 Alcian Blue, pH 1.0 stains sulfate groups on GAGs Extracellular Matrix 

AB 2.5 Alcian Blue, pH 2.5 stains carboxyl groups on GAGs Extracellular Matrix 

Alcec Blue Stains anions on carbohydrate groups Extracellular Matrix 

AcB 1.0 Alcec Blue, pH 1.0 stains sulfate groups on GAGs Extracellular Matrix 

AcB 2.5 Alcec Blue, pH 2.5 stains carboxyl groups on GAGs Extracellular Matrix 

Safranin-O Stains anions on carbohydrate & sulfate groups Extracellular Matrix 

SO 1.0 Safranin-O, pH 1.0 stains sulfate groups on GAGs Extracellular Matrix 

SO 2.5 Safranin-O, pH 2.5 stains carboxyl groups on GAGs Extracellular Matrix 

Enzyme Streptomyces Hyaluronidase, negative staining control to verify 
presence of hyaluronic acid 

Extracellular Matrix 

Enzyme Chondroitinase-AC, negative staining control to verify presence of 
chondroitin sulfate proteoglycans 

Extracellular Matrix 

Enzyme Chondroitinase-ABC, negative control to verify presence of chondroitin 
non-sulfated proteoglycans 

Extracellular Matrix 

Enzyme Keratanase, negative control to verify presence of keratan sulfate 
proteoglycans 

Extracellular Matrix 

Enzyme Heparanase, to verify presence of heparan sulfate proteoglycans Basement Membranes 

PAS Periodic Acid Schiff reaction for glycoproteins with vicinal hydroxyl 
groups 

Extracellular Matrix 

Table 1. Immunocytochemistry with antibodies for cell-
specific phenotypic expression markers and glycoconjugate 
histochemistry to determine “fingerprints” of specific cell 
types. Reprinted with permission from Young HE. A high 
throughput screening assay to quantify, visualize, and 
standardize biological activities: Enzyme-Linked Immuno-
Culture Assay (ELICA). GSC Advanced Research and 
Reviews. 2025; 24(02): 091-114 [173]; Young HE, Speight 
MO. Osteoarthritis Treated with Telomerase-Positive Adult 
Stem Cells in Animals and Humans. Stem Cells Regen Med. 
2020; 4(2):1-11 [158]. 

1. MSCs, specifically, form unilocular white fat. There are
two types of fat: unilocular white fat and multilocular
brown fat.

a. White fat

i. A single large vesicle is present filling
the cytoplasm

ii. It has a single laterally-located
nucleus

1. Lipid within the vesicle
stains with oil-loving dyes,
such as Oil Red-O and Sudan
Black-B

b. Multilocular Brown

i. Is multilocular, having a centrally-
located nucleus
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ii. Multiple small vesicles are contained
within the cytoplasm

iii. Lipid within the vesicle(s) stains with
oil-loving dyes, such as Oil Red-O
and Sudan Black-B.

2. MSCs, specifically, will form hyaline cartilage. There
are five types of cartilage in the body:

a. Fibrocartilage

i. Appearance: Herringbone pattern of
parallel dense regular connective
tissue composed of collagen fibers,
chondrocyte present within large oval-
shaped lacunae

1. Located in symphysis pubis,
menisci, labrum, and annulus
fibrosis of intervertebral disc

ii. Collagen fibers are type-1 and type-12
collagen (bridge molecule)

1. Antibodies: M-38,

2. Mallory Heidenhain One
Step – dark blue

3. Pure chondroitin sulfate
proteoglycans

4. Glycoconjugate
Histochemistry: Alcian Blue
pH 2.5, Alcec Blue 2.5,
Safranin-O pH 2.5 with and
without Chondroitinase-AC

iii. Hyaluronic acid

1. Antibodies: H4C4 (CD44),
Hermes-1 (CD44), 12C5
(HA binding region)

2. Glycoconjugate
Histochemistry: Alcian Blue
pH 2.5, Alcec Blue 2.5,
Safranin-O pH 2.5 with and
without Streptomyces
hyaluronidase

b. Growth Plate Cartilage:

i. Location: metaphyseal portion of
developing long bones during
endochondral ossification and in hard
callus during fracture repair

ii. Appearance: spicules composed of
cartilage cores covered with lamellar
bone, chondrocytes present in large
oval lacunae, osteocytes present in
small irregularly shaped lacunae

iii. Inner Cartilage cores

1. Collagens type-2 and type-9
(bridge molecule)

a. Antibodies: CIIC1,
II-4CII, Anti-type2,
Anti-type-II, HC-
II,D1-9, 9/30, 12/21,
12C5

b. Mallory Heidenhain
One Step: - light
blue

2. Chondroitin sulfate/keratan
sulfate proteoglycans
(Aggrecan)

a. Glycoconjugate
Histochemistry:

i. Chondroiti
n Sulfate
Glycosami
noglycan
chains

1. Alcian Blue pH
2.5, Alcec Blue
2.5, Safranin-O pH
2.5 with and
without
Chondroitinase-
AC

ii. Keratan
Sulfate
Glycosami
noglycan
chains

1. Alcian Blue pH
1.0, Alcec Blue pH
1.0, Safranin-O pH
1.0 with and
without Keratanase

3. Hyaluronic acid

a. Antibodies: H4C4
(CD44), Hermes-1
(CD44), 12C5 (HA
binding region)

b. Glycoconjugate
Histochemistry:
Alcian Blue pH 2.5,
Alcec Blue 2.5,
Safranin-O pH 2.5
with and without
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Streptomyces 
hyaluronidase 

iv. Outer layers of Lamellar bone

1. Collagen fibers are type-1
and type-12 collagen (bridge
molecule)

a. Antibodies: M-38,

b. Mallory Heidenhain
One Step – dark
blue

c. Pure chondroitin
sulfate
proteoglycans

d. Glycoconjugate
Histochemistry:
Alcian Blue pH 2.5,
Alcec Blue 2.5,
Safranin-O pH 2.5
with and without
Chondroitinase-AC

2. Hyaluronic acid

a. Antibodies: H4C4
(CD44), Hermes-1
(CD44), 12C5 (HA
binding region)

b. Glycoconjugate
Histochemistry:
Alcian Blue pH 2.5,
Alcec Blue 2.5,
Safranin-O pH 2.5
with and without
Streptomyces
hyaluronidase

c. Hyaline cartilage,

i. Location: attachment of ribs to
sternum

ii. Appearance: random pattern of
chondrocytes within large oval
lacunae embedded with an amorphous
extracellular matrix

iii. Extracellular Matrix

1. Collagens type-2 and type-9
(bridge molecule)

a. Antibodies: CIIC1,
II-4CII, Anti-type2,
Anti-type-II, HC-
II,D1-9, 9/30, 12/21,
12C5

b. Mallory Heidenhain
One Step: - light
blue

2. Chondroitin sulfate/keratan
sulfate proteoglycans
(Aggrecan)

a. Glycoconjugate
Histochemistry:

i. Chondroiti
n Sulfate
Glycosami
noglycan
chains

1. Alcian Blue pH
2.5, Alcec Blue
2.5, Safranin-O
pH 2.5 with and
without
Chondroitinase-
AC

ii. Keratan
Sulfate
Glycosami
noglycan
chains

1. Alcian Blue pH
1.0, Alcec Blue
pH 1.0,
Safranin-O pH
1.0 with and
without
Keratanase

3. Hyaluronic acid

a. Antibodies: H4C4
(CD44), Hermes-1
(CD44), 12C5 (HA
binding region)

b. Glycoconjugate
Histochemistry:
Alcian Blue pH 2.5,
Alcec Blue 2.5,
Safranin-O pH 2.5
with and without
Streptomyces
hyaluronidase

d. Elastic cartilage,

i. Location: Pinna of ear, eustachian
tube, epiglottis

ii. Appearance: random pattern of
chondrocytes within large oval
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lacunae embedded with an amorphous 
extracellular matrix containing elastic 
fibers 

iii. Extracellular Matrix

1. Elastic fibers – elastin stain

2. Collagens type-2 and type-9
(bridge molecule)

a. Antibodies: CIIC1,
II-4CII, Anti-type2,
Anti-type-II, HC-II,
D1-9, 9/30, 12/21,
12C5

b. Mallory Heidenhain
One Step: - light
blue

3. Chondroitin sulfate/keratan
sulfate proteoglycans
(Aggrecan)

a. Glycoconjugate
Histochemistry:

i. Chondroiti
n Sulfate
Glycosami
noglycan
chains

1. Alcian Blue pH 2.5, Alcec
Blue 2.5, Safranin-O pH 2.5
with and without
Chondroitinase-AC

ii. Keratan
Sulfate
Glycosami
noglycan
chains

1. Alcian Blue pH 1.0, Alcec
Blue pH 1.0, Safranin-O pH
1.0 with and without
Keratanase

4. Hyaluronic acid

a. Antibodies: H4C4
(CD44), Hermes-1
(CD44), 12C5 (HA
binding region)

b. Glycoconjugate
Histochemistry:
Alcian Blue pH 2.5,
Alcec Blue 2.5,
Safranin-O pH 2.5
with and without

Streptomyces 
hyaluronidase 

e. Articular cartilage

i. Location: covering surface of
articulating bones

ii. Appearance: 5 zones

1. Tangential zone

a. Type-2 and type-9
collagen fibers run
parallel to surface,

b. Collagen fibers 
attach to lubricin,  

i. A highly
sulfated
glycoprotei
n,

ii. forms a 
dipole with 
water, 

iii. provides
lubrication
for
articular
joint

c. ECM consists of
keratan sulfate
proteoglycans only

2. Transitional zone

a. Type-2 and type-9
collagen fibers form
crisscross pattern of
fibers,

b. ECM consists of
chondroitin sulfate
proteoglycans only

3. Radial zone

a. Type-2 and type-9
collagen fibers run
perpendicular to
surface,

b. ECM consists of
chondroitin
sulfate/keratan
sulfate
proteoglycans
attached to
hyaluronic acid 
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through a link 
protein (Aggrecan)  

4. Tidewater Mark

a. Acellular

b. ECM consists of a
jumbled mix of
type-2 and type-9
collagen fibers, and
a mix of chondroitin
sulfate
proteoglycans,
keratan sulfate 
proteoglycans, and 
Aggrecan =
chondroitin 
sulfate/keratan 
sulfate 
proteoglycans 
attached to
hyaluronic acid 
through a link 
protein 

5. Calcified cartilage

a. Chondrocytes
present in
intermediate-sized
oval lacunae.

b. Type-2, type-9,
type-1 and type-12
collagen fibers in a
haphazard
arrangement

c. ECM consists of
Aggrecan =
chondroitin
sulfate/keratan
sulfate
proteoglycans
attached to
hyaluronic acid 
through a link 
protein, and calcium 

d. Amorphous calcium
phosphate

iii. Extracellular Matrix

1. Type-2 and type-9 (bridge
molecule)

a. Antibodies: CIIC1,
II-4CII, Anti-type2,
Anti-type-II, HC-II,

D1-9, 9/30, 12/21, 
12C5 

b. Mallory Heidenhain
One Step: - light
blue

2. Type-1 and type-12 collagen
(bridge molecule)

a. Antibodies: M-38,

b. Mallory Heidenhain
One Step – dark
blue

3. Pure chondroitin sulfate
proteoglycans

a. Glycoconjugate
Histochemistry:
Alcian Blue pH 2.5,
Alcec Blue 2.5,
Safranin-O pH 2.5
with and without
Chondroitinase-AC

4. Pure keratan sulfate 
proteoglycans 

a. Alcian Blue pH 1.0,
Alcec Blue 1.0,
Safranin-O pH 1.0
with and without
Keratanase

5. Chondroitin sulfate/keratan
sulfate proteoglycans
(Aggrecan) double stained:
first at pH 1.0 (Safranin-O)
followed by pH 2.5 (Alcian
blue or Alcec blue)

a. Chondroitin Sulfate
Glycosaminoglycan
chains

i. Alcian Blue pH 2.5,
Alcec Blue 2.5,
Safranin-O pH 2.5
with and without
Chondroitinase-AC

b. Keratan Sulfate 
Glycosaminoglycan 
chains 

i. Alcian Blue pH 1.0, Alcec
Blue pH 1.0, 
Safranin-O pH 
1.0 with and 
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without 
Keratanase 

c.  Chondroitin sulfate/Keratan 
sulfate proteoglycan (Aggrecan) 

i. Safranin-O at pH 1.0
followed by Alcian Blue
(or Alcec Blue) at pH 2.5
with and without 
combined 
Chondroitinase-AC and 
Keratanase 

d. Hyaluronic acid

i. Antibodies: H4C4 
(CD44), Hermes-1 
(CD44), 12C5 (HA 
binding region) 

ii. Glycoconjugate
Histochemistry: Alcian
Blue pH 2.5, Alcec Blue 
2.5, Safranin-O pH 2.5 
with and without 
Streptomyces 
hyaluronidase 

e. Amorphous calcium

i. Von Kossa stain with and
without ethylene-glycine
tetraacetic acid, a 
specific chelator for 
calcium 

3. MSCs, specifically, will form intramembranous bone.
During embryogenesis, bone forms by two mechanisms:

a. Endochondral ossification: mesodermal to
cartilage model to bone, ex.; long bones, bones
of face 

i. Mesodermal cells

ii. Cartilage Model = growth plate
cartilage (see above)

iii. Lamellar Bone

1. Heidenhain staining: Dark
blue

2. Antibodies: M-38

3. Collagens: type-1 and type-
12

4. Proteoglycans: Chondroitin
sulfate-PG

b. Intramembranous ossification [direct mesoderm
to bone]. ex., flat bones found in the calvaria,
and flat portion of scapula. 

i. Mesodermal cells

1. Lamellar Bone

2. Heidenhain staining: Dark
blue 

3. Antibodies: M-38

4. Collagens: type-1 and type-
12

5. Proteoglycans: Chondroitin
sulfate-PG

4. The first reported MSCs were a tripotent progenitor cell
forming three cell types, white fat, hyaline cartilage, and
intramembranous bone.

5. They are absent the telomerase enzyme.

6. They have a lifespan of 70 population doublings before
they senesce and die.

7. They decrease in number with increasing age of the
individual

8. The tripotent progenitor MSCs express CD90, CD105,
CD123, CD166, and MHC Class-1 cell surface markers

9. Allogeneic MSCs when transplanted will induce a
GvHD

a. If individual has competent immune system, it
will kill the MSCs

b. If individual is immunocompromised, MSCs may
kill the individual

10. Since tripotent progenitor mesenchymal stem cells did
not live up to the promise of articular cartilage repair,
Caplan changed the name of the tripotent MSCs to
medicinal secretory cells (MSCs) [176-179].

a. These cells were proposed to release paracrine
factors to modulate inflammation during the
regenerative process 

b. The medicinal MSCs express CD73, CD90,
CD105, and MHC Class-1 cell surface markers
[180-183]. 

c. Since the cell surface markers are not identical,
medicinal MSCs are clearly a different cell
type than the tripotent MSC 

d. If used autologously, maybe function is correct

e. If used allogeneically, MAY induce GvHD,
because of conflicting MHC Class-1 self-
recognition molecules 
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Why MSCs became so popular 

Why do you think MSCs became such a dominant topic 
in regenerative medicine? 

Was it because they were easier to obtain, easier to study, 
safer, or more commercially practical? 

1. Political

Initially, I believe it gave politicians something to compare 
to ESCs. 

Table 2. Comparison of ESCs to MSCs 

Attributes ESCs MSCs 

Plasticity Any somatic cell Fat, Cartilage, Bone 

Telomerase enzyme Present Absent 

Proliferation Potential Unlimited 70 Population Doublings 

Age of Individual Embryo Adult 

Location Inner Cell Mass of Developing 
Embryo 

Adipose Tissue, Bone Marrow, 
Wisdom Teeth, Umbilical Cord, 

Umbilical Cord Blood, any 
organ/tissue with a connective 
tissue compartment and associated 
with white fat, hyaline cartilage, 
and intramembranous bone 

Self-Recognition Molecules Allogeneic Autologous, 

Allogeneic 

Graft Vs Host Disease Yes No – Autologous 

Yes – Allogeneic 

Default State Spontaneous 

Differentiation 

Quiescent 

Controlled by External Entities No Yes 

Teratoma Formation 

In Naïve State 

Yes No 

Pre-Differentiate Yes, otherwise Teratoma 
Formation 

No 

Easier to Study No Yes 

Easier to Process Cells No Yes 

Propagating Ex Vivo for 
transplants 

Yes, but need LIF to prevent 
premature differentiation 

Yes 

11. The Holy Grail Problem

Why has the field struggled to find one perfect stem cell 
category? 

Except for one group of cells, which we will get to in a few 
moments, no isolated cells to date filled all parameters for 
“Holy Grail” Wish List. 
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Table 3. Holy Grail Wish List 

Parameters ESCs/iPSCs MSCs 

Telomerase Positive Yes No 

Unlimited proliferation Potential 

Yes No 

Present throughout lifespan of individual NA Decrease with increasing age 

Absent Self-Recognition Molecules 

No No 

Invisible to Immune System No No 

Will form any somatic cell type Yes No, 

fat, cartilage, bone 

Does NOT spontaneously differentiate 

No Yes 

Pre-differentiation is NOT needed No Yes 

Will NOT form teratomas No Yes 

Function controlled by biological agents No Yes 

Homing receptors for damaged cells ?? Yes 

Naïve state forms what is lost or damaged 

?? Yes 

Does NOT overgrow existing cells/tissues ?? Yes 

Exosome Production Yes Yes 

Currently, can be propagated to large numbers 
without mutations 

No No 

Universal stem cell transplant No No 

Days of shelf-life at 4oC ?? ?? 

Cryopreserved -196 oC -196 oC

Recovery Viability ?? 95% 

Can be Freeze Dried No No 

Restoration Viability No No 

Can withstand 

-196 oC to +200 oC

NYD NYD 

Bio-printed into 3D Constructs for transplant 

NYD NYD 
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Part 3: Introducing aTPSCs as a Fourth Category 

12. What is an adult telomerase positive stem cell?

The aTPSCs are actually a category of cells (8 total, divided 
into 5 subcategories) that are found within all the connective 
tissues of the body after birth. They are unique in that they 
retain the telomerase enzyme after birth of the individual. 
This is unlike differentiated cells and progenitor cells that 
lose the telomeres enzyme at birth [184]. The aTPSCs are 
preprogrammed to heal/replace damaged tissues. Their 
default state in the body is as a dormant quiescent 
hibernating cell within the connective tissues, where they are 
maintained throughout the lifespan of the individual. The 
germ layer lineage stem cells: EctoSCs, MesoSCs, and 
EndoSCs, prefer an aerobic environment (21% Oxygen 

saturation) and are located very close to capillaries. TSCs 
and PSCs prefer an anaerobic environment (5% Oxygen 
saturation) and are located at maximum distance from the 
blood vessels.  

The aTPSCs only become activated when they receive a 
signal (chemokine) released from damaged tissues. At which 
point they begin dividing symmetrically, forming daughter 
cells. The daughter cells undergo reverse diapedesis into the 
bloodstream. From there they home to the damaged tissues 
following an increasing concentration gradient of 
chemokines. Once on site, local metalloproteinases remove 
the blocking molecules from their receptor sites and they 
respond to locally released cues 
(exosomes/secretomes/biological agents) to restore whatever 
tissue is lost (Table 4). 

Table 4. Attributes of Endogenous Adult Telomerase Positive Stem Cells 

Attributes TSCs1 HLSCs2 CLSCs3 PSCs4 GLSCs5 EctoSCs6 MesoSCs7 EndoSCs8

Size, 

microns 

0.1-2.0 >2-4 >4-<6 6-8 >8-<10 10-12 10-12 10-12

0.4% 

Trypan blue 

Entire 

Cell 

Positive9 

Halo10 
Positive, 

Negative 

Corona11, 
Positive 

Negative 

Entire 

Cell 

Negative12 

Entire 

Cell 

Negative 

Entire 

Cell 

Negative 

Entire 

Cell 

Negative 

Entire 

Cell 

Negative 

Cell Surf 

Markers 

Animals 

CEA-
CAM-113 

CEA-CAM-
1high 

SSEA-4low 

CEA-CAM-
1low 

SSEA-4high 
SSEA-414

SSEA-4, 

Thy-115 Thy-1 Thy-1 Thy-1 

Cell Surf 

Markers 

Human 

CD66e16 

CD66ehigh 

CD10low 

CD66elow 

CD10high CD1017 

CD10 

CD9018 

CD56, 

CD90 

MHC-119

CD13, 

CD90 

MHC-1 

??? 

CD90 

MHC-1 

Culture 

Conditions 

Suspen-
sion20 

Substrate 

Adhesion 
21 

Substrate 

Adhesion 

Substrate 

Adhesion 

Substrate 

Adhesion 

Substrate 

Adhesion 

Substrate 

Adhesion 

Substrate 

Adhesion 

Substrate 

Adhesion 

Differentia-tion 

Capabilities22 

All Cells23 Somatic 
Cells only24 

Somatic 
Cells only 

Somatic 
Cells only 

Somatic 
Cells only 

Ectoderm 
Lineage 

Only25 

Mesoderm 

Lineage 

Only26 

Endoderm 

Lineage 

Only27 

Maximum 
Proliferation 

To Date 

>300 Rat

Population

Doublings

>300 Rat

Population

Doublings 

>300 Rat

Population

Doublings

>400 Rat

Population

Doublings

>400 Rat

Population

Doublings

>400 Rat

Population

Doublings 

>690Human

Population

Doublings

>400 Rat

Population

Doublings

Table 4. TSCs1, totipotent stem cells;  HLSCs2, halo-like 
stem cells; CLSCs3, corona-like stem cells; PSCs4, GLSCs5, 
germ layer lineage stem cells; EctoSCs6, ectodermal stem 
cells; MesoSCs7, mesodermal stem cells; EndoSCs8, 
endodermal stem cells; entire cell demonstrating Positive9 

staining for 0.4% Trypan blue; Halo10, complete peripheral 
rim of positive trypan blue staining with central area of cell 
negative for Trypan blue staining; Corona11, crown of 
positive Trypan blue staining, remainder of cell is negative 
for Trypan blue staining; entire cell demonstrating 
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Negative13 staining for 0.4% Trypan Blue; CEA-CAM-113, 
carcinoembryonic antigen-cell adhesion molecule-1; SSEA-
414, stage-specific embryonic antigen-4; Thy-115, N-
glycosylated glycophosphatidylinositol (=CD90); CD66e16, 
carcinoembryonic antigen; CD1017, common acute 
lymphoblastic leukemia antigen (CALLA); CD9018, N-
glycosylated glycophosphatidyl-inositol (=Thy-1); MHC-
119, self-recognition molecule Major Histocompatibility 
Complex-Class-1; Suspension20, cells grow in suspension 
culture only; Substrate Adhesion21, only grows attached to a 
substrate; Differen Cap22, differentiation capabilities; All 
Cells32, will form all somatic cells of the body, the gametes 
(spermatogonia and oogonia), and the nucleus pulposus of 
the intervertebral disc (the only tissue derived from the 
notochord in adults); Somatic Cells Only24, will only form 
somatic cells of the body, will not form gametes, will not 
form nucleus pulposus of the intervertebral disc; Ecto 
Lineage Only25, will only form cells of the ectodermal germ 
layer lineage, will NOT form cells of either the mesodermal 
or the endodermal germ layer linages; Meso Lineage Only26, 
will only form cells of the mesodermal germ layer lineage, 
will NOT form cells of either the ectodermal or the 
endodermal germ cell lineages; Endo Lineage Only27, will 
only form cells of the endodermal germ layer lineage, will 
NOT form cells of either to ectodermal or mesodermal germ 
layer lineages; NYD28, not yet determined. Reprinted with 
permission from Young HE, Speight MO. Characterization 
of endogenous telomerase-positive stem cells for 
regenerative medicine, a review. Stem Cell Regen Med. 
2020; 4(2):1-14 [174]. 

13. Breaking down the name

The name has three important parts, explain what each 
part means. 

Adult: the aTPSCs are found in adult (post-natal, after birth) 
animals. They have been identified in 15 species of animals, 
including humans. To be more precise, they have been 
discovered amphibians (four species of Ambystoma 
maculatum, annulatum, tigranum, texanum), reptiles 
(Komodo Dragon), avians (chickens and Wadel Crane), 
mice, rats, rabbits, cats, dog, sheep, goats, pigs, cows, 
spectacled bears, horses, and humans. This suggests they are 
a conserved cell population throughout phylogeny. 

Telomerase positive: aTPSCs retain an enzyme called 
telomerase. Every cell at birth has 70 telomeres at the ends 
of each of their chromosomes. Telomeres protect the 
chromosomes from damage. With each cell division one 
telomere is lost from each chromosome (Hayflick’s Limit). 
With the telomerase enzyme, after each cell division, a 
telomere is added back to the ends of the chromosomes. This 
gives the cells an unlimited proliferation potential. I like to 
say unlimited, but I only took out a human MesoSC to 690 
population doublings (20-year experiment) before the 
experiment was terminated. At least every 100 population 
doublings (Z100, Z200, Z300, Z400, Z500, Z600, and Z690) 

the cells were tested for karyotypic analysis, response to our 
library of biological agents (proliferative, inductive, 
progressive, and anti-differentiative) as assessed by the 
ELICA, identified cell surface markers, karyotyped the cells 
to determine mutation formation, other characterization 
parameters and compared to our Z1 MesoSCs from the same 
batch of cells. The original human MesoSCs were isolated, 
allowed to proliferate, labeled as Z1, aliquoted at 10^6 cells 
per ml and cryopreserved using 7.5% ultra-pure DMSO and 
slow frozen (one degree per minute) and stored at -70oC. A 
Z1 aliquot was thawed at 37oC, the DMSO removed, plated 
onto type-1 collagen substrate coated plates, and tested side-
by-side with the Z### cells. We could detect no differences 
between Z1 and any of the Z### with respect to all the 
parameters examined [106].     

Stem Cell: There are actually three general categories of 
cells in the body [184].  

First, are the functional/differentiated cells composed of 
parenchyma (active functional part of an organ) and the 
stroma (the connective framework of an organ). They are 
telomerase negative, and conform to Hayflick’s limit of 70 
population doublings before they senesce and die. They 
compose about 40% of the 37+ trillion cells in the body. 
Examples of functional cells are pancreatic islet cells, lung 
pneumocytes, dopaminergic neurons, thyroid follicle cells, 
rods and cones in the eye, and adipocytes. Usually, any cell 
with a “cyte” suffix is considered a functional cell. 

Second, are the maintenance/progenitor cells. Their function 
is to maintain the activities of the differentiated cells. When 
the differentiated cells wear out, senesce, and die, they are 
replaced with the progenitor cells. The progenitor cells are 
telomerase negative, and conform to Hayflick’s limit of 70 
population doublings before they senesce and die. They 
compose about 49% of the 37+ trillion cells in the body. 
Examples of progenitor cells are the multipotent 
hematopoietic stem cells, tripotent mesenchymal stem cells, 
bipotent adipofibroblasts, and unipotent adipoblast. Usually, 
any cell with a “blast” suffix is considered a 
maintenance/progenitor cell. 

Third, are the healing cells/true stem cells. There are eight 
categories of true stem cells: TSCs, HLSCs, CLSCs, PSCs, 
GLSCs, EctoSCs, MesoSCs, and EndoSCs, divided into five 
subcategories: totipotent (TSCs), pluripotent (HLSCs, 
CLSCs, PSCs, and GLSCs), and germ layer lineage specific 
(EctoSCs, MesoSCs, and EndoSCs) (Table 4). Their sole 
function is to heal damaged tissues, restoring the 
histoarchitecture of the tissue, thereby restoring function. 
The true stem cells are telomerase positive and therefore 
have an unlimited proliferation potential. They compose 
about 1% of the 37+ trillion cells of the body, and can be 
further divided as 0.3% for each germ layer lineage stem 
cell, 0.09% for the pluripotent stem cells, and 0.01% for the 
totipotent stem cells.  
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15. Why “Adult” Matters

Why is it important that these cells are found in the adult 
body? 

Actually, the aTPSCs first appear during embryogenesis. 

Figure 3. Scanning electron micrograph of male embryo, somewhere between 8-cell stage and morula (solid ball of 
blastomeres). Note (9) large cells, called blastomeres. Reprinted with permission from  

http://google.com/images/embryonic stem cells. 

At the four-cell stage the developing morula divides 
asymmetrically to form two different populations of cells, 
based on function. The larger blastomeres are pre-
programmed for spontaneous development of the 
embryo/fetus within the uterus that will become an 
individual. The blastomeres form all tissues of the conceptus 
(embryo and extraembryonic membranes), e.g., the 
notochord, gametes, all somatic cells, the placenta, and their 
attachment to the embryo/fetus, the umbilical cord. The very 
small TSCs are pre-programmed for healing, and are tightly 
regulated by external factors. 

Both 4-cell stage blastomeres and TSCs are totipotent, 
forming all somatic cells of the body, the notochord, gender-
specific gametes, and the extra-embryonic membranes 

(placenta and umbilical cord). Just before derivation of the 
16-cell stage morula, the 15th blastomere differentiates into
the notochord (the primary inducer of the embryo, secreting
sonic hedgehog glycoproteins), and the 16th blastomere
which differentiates into gender-specific gametes.

A blastula forms, composed of the trophoblast, e.g., extra-
embryonic membranes (future placenta and umbilical cord) 
and inner cell mass. The pluripotent stem cells (PSCs) 
appear within the inner cell mass, from which ESCs and 
iPSCs were derived. The function of the PSCs is to form all 
somatic cells of the body, under tightly controlled 
conditions. The function of the ESCs and iPSCS is the same, 
formation of all somatic cells of the body, but by 
spontaneous differentiation. 

http://google.com/images/embryonic%20stem%20cells
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The germ layer lineage stem cells (EctoSCs, MesoSCs, and 
EndoSCs) appear within their respective germ layer linages: 
EctoSCs in ectoderm, MesoSCs in mesoderm, and EndoSCs 
in endoderm. Their function is to form ONLY those cell 
types within their respect germ layer lineages. Meaning 
EctoSCs will only form ectodermal-derived cells and will 
not form mesodermal cells or endodermal cells; MesoSCs 
will only form mesodermal-derived cells and will not form 
ectodermal cells or endodermal cells; and EndoSCs will only 
form endodermal-derived cells and will not form ectodermal 
cells or mesodermal cells. In other words, trans-
differentiation between germ layer lineages does NOT occur 
naturally. 

At birth, the cells that are or will become the 
functional/differentiated cells and the 
maintenance/progenitor cells lose the telomerase enzyme 
and assume Hayflick’s Limit of 70 population doublings 
before they senesce and die. 

At birth, there are cells that have been preprogrammed to 
heal damaged tissues, the aTPSCs. While few in number, 
they retain the telomerase enzyme to have unlimited 
proliferation potential as long as they remain 
undifferentiated. Once they start the differentiation process, 
they lose the telomerase enzyme and conform to Hayflick’s 
Limit, until they senesce and die.  

In short, each one of us are carrying our own first aid kit 
which is present throughout your entire lifespan. Whenever 
the cells are needed, they are activated, proliferate, home to 
the damaged cells/tissue and heal, either by repair or 
regeneration, restoring the original histoarchitecture of the 
damaged tissues and subsequent function of the organ/tissue.  

How does that make them different from embryonic 
stem cells? 

Embryonic stem cells (derived from the inner cell mass, 
therefore pluripotent) are pre-programmed to spontaneously 
form all somatic cells of the body. They will do this either in 
the uterus (normal embryogenesis) or outside the uterus 
(teratoma formation). 

aTPSCs are preprogrammed to HEAL damaged cells and 
tissues. The healing process is very tightly controlled by an 
orchestrated series of biological agents. Activation by 
chemokines, proliferation with symmetrical divisions 
stimulated by PDGFs, anti-differentiation by ADF bound to 
receptor sites to prevent premature differentiation, reverse 
diapedesis of daughter cells into bloodstream, homing to 
damaged tissue site following concentration gradients of 
chemokines, metalloproteinase removal of ADF blocking 
cell surface receptors, continued proliferation stimulated by 
PDGFs, local exosomes/secretomes attaching to receptors to 
dictate blueprint for cellular repair of multiple cell types, 
induction to differentiate into specific cell types, and 
progression factors to accelerate phenotypic expression of 
those cell types: thereby forming functional cells for the 

particular tissue; blood vessels, nerve fibers (Schwann cells 
forming myelin sheaths, sensory nerve endings, motor end 
plates), and lymphatic vessels all contained with the 
connective tissue stroma; and cell specific multipotent, 
tripotent, bipotent, and unipotent maintenance progenitor 
cells to maintain the organ. 

16. Why “telomerase positive” matters

What is telomerase?

Telomerase is an enzyme that adds one telomere to each 
chromosome after losing a telomere during cell division. 
Basically, it re-sets the biological clock of 70 population 
doublings after each cell division cycle [185]. 

Why does telomerase matter when we talk about cell 
division, aging, and repair? 

All somatic cells of the body have a biological clock that 
starts at 70 population doublings with the birth of a human 
individual. As one ages: i.e., grows in length and width, the 
somatic cells divide, losing one telomere at each cell 
division. Adverse life style choices can accelerate cell 
division in some organs leading to a biological clock of the 
organ that is less than the chronological age of the 
individual. Examples would be excessive alcohol 
consumption leading to liver damage; tachycardia leading to 
heart failure; and smoking leading to COPD.  

Because the aTPSCs exist in a dormant, hibernating, 
quiescent state, they are not compromised by adverse 
lifestyle choices, as are telomerase negative somatic cells. 
Only when they are activated and begin to divide, can the 
cells be affected by adverse lifestyle choices. In our 
Informed Consent Guidelines (which we will cover in later 
podcasts) we have a list of specific dos and don’ts that effect 
whether a treatment will be a success or a failure [159]. 
When someone self-treats with aTPSCs (using CNSP) [186] 
or treated exogenously with fresh isolates of aTPSCs [187], 
they are adding newborn cells (with a starting Hayflick’s 
Limit of 70 population doublings) to an older individual. 
These newborn cells recapitulate the developmental stages 
of newborn, adolescent, puberal, maturation, sexually 
mature, etc., as their cell doubling numbers increase. This is 
seen as a recapitulation of the ECM, PEMs, and functional 
activities with respect to the different age groups.  

For example, if a 70-year-old with white hair was treated 
with enough aTPSCs, their white hair would revert back to 
their original hair color. We have seen this phenomenon 
with multiple individuals after treatment with aTPSCs. If 
autologous aTPSCs were used, their hair color would revert 
back to their own original hair color, if allogeneic aTPSCs 
were used, their hair color would revert back to the original 
hair color of the donor [186,187].   

17. Why “Stem Cells” matter

What makes these cells true stem cells?
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The aTPSCs are uniquely different from ESCs, iPSCs, 
MSCs, iPSCs, MUSE, VSELs, MIAMIs, MAPCs [175], in 
so many ways: from locations, to existence, preferential 
environmental conditions, isolation, plating, media 
composition, propagation without mutations, cell surface 
markers, response to biological agents (proliferation, 
progression, induction, anti-differentiation), differentiation 
potential, sizes, Trypan blue staining, telomerase positivity, 

unlimited proliferation potential, will form any somatic cell 
type in the body (plus extra cell types for TSCs), ease of 
directed transplantations, safety, and efficacy. 

What ability they have that ordinary adult cells cannot 
do? They check “YES” on all the Holy Grail wish list, 
except the last two, which have not as yet been studied, as 
well as additional points (Table 5). 

Table 5. Holy Grail Wish List (completed) 

Attributes TSCs ESCs MSCs 

Telomerase Positive YES Yes No 

Unlimited proliferation Potential 

YES Yes No 

Present throughout lifespan of 
individual 

YES NA Decrease with increasing 
age 

Absent Self-Recognition Molecules 

YES No No 

Invisible to Immune System YES No No 

Will form any somatic cell type YES Yes No, 

fat, cartilage, bone 

Does NOT spontaneously differentiate 

YES No Yes 

Pre-differentiation is NOT needed YES No Yes 

Will NOT form teratomas YES No Yes 

Function controlled by biological 
agents 

YES No Yes 

Homing receptors for damaged cells YES ?? Yes 

Naïve state forms what is lost or 
damaged 

YES ?? Yes 

Does NOT overgrow existing 
cells/tissues 

YES ?? Yes 

Exosome Production YES Yes Yes 

Currently, can be propagated to large 
numbers without mutations 

YES No No 

Universal stem cell transplant YES No No 

Days of shelf-life at 4oC 40 ?? ?? 
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Cryopreserved -80oC -196 oC -196 oC

Recovery Viability 99% ?? 95% 

Can be Freeze Dried NYD No No 

Restoration Viability NYD No No 

Can withstand 

-196 oC to +200 oC

NYD NYD NYD 

Bio-printed into 3D Constructs for 
transplant 

NYD 

NYD NYD 

Additional Aspects 

Trypan Blue Staining YES No No 

Size, microns 0.1-2 15-30 50-100

Traverse Blood-Brain Barrier YES No No 

Enter Thebesian System of Heart YES No No 

Heal heart from inside outward YES No No 

Replace all cells in damaged brains YES No ?? 

Allogeneic cells can add new immune 
system without bone marrow ablation 

YES No ?? 

Restore eyesight in dry macular 
degeneration 

YES No ?? 

Reduce pain and increase ambulation 
in osteoarthritis 

YES ?? ?? 

18. A fourth Stem cell category

Why do you think that aTPSCs should be viewed as a 
fourth category of stem cells? 

They are different from any stem cells currently in use, be 
they ESCs, iPSCs, or Progenitor stem cells (e.g., MSCs, 
MUSE, VSELs, MIAMIs, MAPCs) [175]. See also Table 5.  

19. What makes them different

What separates the aTPSCs from the other categories?

See Table 5 above, of Holy Grail Wish List + Additional 
Aspects 

Is it their origin, telomerase activity, their potency, their 
location in the body, their safety profile, or all of the 
above? 

All of the above and more, see Table 5 with respect to 
biological functional activities. 

Function of Biological Agents on aTPSCs 

Genomically-labeled clonal populations of adult telomerase 
positive stem cells, e.g., TSCs, PSCs, EctoSCs, MesoSCs, 

EndoSCs, and an unlabeled clone of telomerase negative 
progenitor cells, MSCs, were incubated with various 
biological agents to determine their function [Table 6]. Four 
categories of biological agents were recognized: anti-
differentiating agents, proliferative agents, progression 
agents, and inducing agents. Ninety-six well plates were 
utilized to devise a high throughput screening assay for the 
testing system. One thousand cells were plated per well on a 
1% type-1 collagen substratum for the aTPSCs and on 
uncoated bare plastic for the tripotent progenitor MSCs. The 
cells were washed with incomplete culture medium and then 
incubated with particular agents [175] at physiological 
concentration, nanogram to microgram quantities per ml, in 
complete medium containing 10% heat inactivated serum. 
Medium was changed, dependent on the color of the 
medium [188]. We utilized 108 immunocytochemical and 
histochemical staining procedures for specific phenotypic 
expression markers [Table 3], using an enzyme-linked 
immuno-culture assay (ELICA) [173], and/or 
radioimmunoassay (RIAs) [189], to screen aTPSCs and 
MSC with biological agents to determine their functionality. 
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Table 5.1. Biological Agents Incubated with TSCs, PSCs, EctoSCs, MesoSCs, EndoSCs, and MSCs to Determine Function 
Activities. 

Agent Name Activity 
Anti-Differentiation 

LIF Leukemia Inhibitory Factor Inhibits differentiation of TSCs, PSCs, EctoSCs, MesoSCs, and EndoSCs. Has 
slight inhibitory effect on MSCs 

ADF Anti-Differentiation Factor Inhibits differentiation of TSCs, PSCs, EctoSCs, MesoSCs, and EndoSCs. Has 
slight inhibitory effect on MSCs 

CAF Caffeine Inhibits differentiation of TSCs, PSCs, EctoSCs, MesoSCs, and EndoSCs. Has 
NO inhibitory effect on MSCs 

SIF Scar Inhibitory factor Inhibits differentiation of TSCs, PSCs, and MesoSCs from scar tissue 
formation (abnormal fibroblast/fibrocyte and abnormal ECM), both in vitro and in 

vivo. No effect on EctoSCs, EndoSCs, or MSCs. 
Proliferation 

PDGF-AA Platelet-Derived Growth Factor-
AA 

Induces proliferation in TSCs, PSCs, EctoSCs, MesoSCs, EndoSCs, and MSCs 

PDGF-AB Platelet-Derived Growth Factor-
AB 

Induces proliferation in TSCs, PSCs, EctoSCs, MesoSCs, EndoSCs, and MSCs 

PDGF-BB Platelet-Derived Growth Factor-
BB 

Induces proliferation in TSCs, PSCs, EctoSCs, MesoSCs, EndoSCs, and MSCs 

Progression 
IGF-1 Insulin-Like Growth Factor-1 Acts as a progression agent to accelerate differentiation with subsequent 

expression of phenotypic markers in MSCs, indicative of fat, cartilage, and bone. 
Has NO effect on TSCs, PSCs, EctoSCs, MesoSCs, and EndoSCs. 

IGF-2 Insulin-Like Growth Factor-2 Acts as a progression agent to accelerate differentiation with subsequent 
expression of phenotypic markers in MSCs, indicative of fat, cartilage, and bone. 

Has NO effect on TSCs, PSCs, EctoSCs, MesoSCs, and EndoSCs. 
INS Insulin Acts as a progression agent to accelerate differentiation with subsequent 

expression of phenotypic markers in MSCs, indicative of fat, cartilage, and bone. 
Has NO effect on TSCs, PSCs, EctoSCs, MesoSCs, and EndoSCs. 

Induction 
BMP-2 Bone morphogenetic protein-2 Induces endochondral ossification in TSCs, PSCs, MesoSCs, MSCs; no 

inductive effect on EctoSCs or EndoSCs. 
OMP/CM Osteogenic morphogenetic 

protein/Conditioned Medium 
Induces membranous ossification in TSCs, PSCs, MesoSCs; no inductive 

effect on EctoSCs, EndoSCs, or MSCs. 
CMP/CM Cartilage morphogenetic protein/ 

Conditioned Medium 
Induces cartilage formation in TSCs, PSCs, MesoSCs, and MSCs (hyaline 

cartilage); no inductive effect on EctoSCs or EndoSCs. 
AdipMP/

CM 
Adipocyte morphogenetic protein/ 

Conditioned Medium 
Induces formation of white adipose tissue (fat) formation in TSCs, PSCs, 

MesoSCs, MSCs; no inductive effect on EctoSCs or EndoSCs. 
BMP-4 Bone morphogenetic protein-4 Induces endothelial cell formation in TSCs, PSCs, MesoSCs; no inductive 

effect on EctoSCs, EndoSCs, or MSCs. Slight proliferative effect on MSCs 
a-FGF Acidic fibroblast growth factor Induces endothelial cell formation in TSCs, PSCs, MesoSCs; no inductive 

effect on EctoSCs, EndoSCs, or MSCs. Slight proliferative effect on MSCs 
ECGF Endothelial cell growth factor Induces endothelial cell formation in TSCs, PSCs, MesoSCs; no inductive 

effect on EctoSCs, EndoSCs, or MSCs. Slight proliferative effect on MSCs 
VEGF Vascular endothelial 

growth factor 
Induces endothelial cell formation in TSCs, PSCs, MesoSCs; no inductive 

effect on EctoSCs, EndoSCs, or MSCs. Slight proliferative effect on MSCs 
BVMP/C

M 
Blood Vessel 

Morphogenetic protein/ 
Conditioned Medium 

Induces vasculogenesis in TSCs, PSCs, and MesoSC; no inductive effect on 
EctoSCs, EndoSCs, or MSCs. Slight proliferative effect on MSCs. 

FMP/CM Fibroblast morphogenetic protein/ 
Conditioned Medium 

Induces normal fibroblast/fibrocyte formation in TSCs, PSCs, MesoSCs; no 
inductive effect on EctoSCs, EndoSCs, or MSCs. Slight proliferative effect on 

MSCs. 
ScFMP Scar Fibroblast morphogenetic 

protein 
Induces abnormal fibroblast/fibrocyte formation with aberrant extracellular 

matrix, equivalent in all respects to scar tissue formation in vivo in TSCs, PSCs, 
MesoSCs; no inductive effect on EctoSCs, EndoSCs, or MSCs. 

TGF-b Transforming growth factor beta Induces scar tissue formation in TSCs, PSCs, MesoSCs; no inductive effect on 
EctoSCs, EndoSCs, or MSCs. Slight proliferative effect on MSCs 

b-FGF Basic fibroblast growth factor Induces scar tissue formation in TSCs, PSCs, MesoSCs; no inductive effect on 
EctoSCs, EndoSCs, or MSCs. Slight proliferative effect on MSCs 
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EPO Erythropoietin In conjunction with c-Kit & IL-6, induces formation of RBCs in TSCs, PSCs, 
MesoSCs; no inductive effect on EctoSCs, EndoSCs, or MSCs. Slight 

proliferative effect on MSCs 
c-Kit c-Kit In conjunction with EPO & IL-6, induces formation of RBCs in TSCs, PSCs, 

MesoSCs; no inductive effect on EctoSCs, EndoSCs, or MSCs. Slight 
proliferative effect on MSCs 

IL-6 Interleukin-6 In conjunction with EPO & c-Kit, induces formation of RBCs in TSCs, PSCs, 
MesoSCs; no inductive effect on EctoSCs, EndoSCs, or MSCs. Slight 

proliferative effect on MSCs 
NGF Nerve growth factor Induces formation of neuronal lineage cells (neurons, oligodendrocytes, 

astrocytes, Schwann cells, ganglion cells) in TSCs, PSCs, EctoSCs; no inductive 
effect on MesoSCs, EndoSCs, or MSCs 

BrnMP/C
M 

Brain Morphogenetic Protein/ 
Conditioned Medium 

Induces formation of neurons, astrocytes, and oligodendrocytes in TSCs, PSCs, 
and EctoSCs; no inductive effect on MesoSCs, EndoSCs, or MSCs. 

HGF Hepatocyte growth factor Induces formation of liver lineage cells (oval cells, canalicular cells, biliary 
cells) in TSCs, PSCs, EndoSCs; no inductive effect on MesoSCs, EctoSCs, or 

MSCs 
LivMP/C

M 
Liver Morphogenetic 

Protein/ Conditioned Medium 
Induces formation of multiple liver cells (oval cells, canalicular cells, biliary 

cells) in TSCs, PSCs, and EndoSCs; no inductive effect on EctoSCs, MesoSCs, or 
MSCs 

LngMP/C
M 

Lung Morphogenetic Protein/ 
Conditioned Medium 

Induces formation of type-1 alveolar cells in TSCs, PSCs, and EndoSCs; no 
inductive effect on EctoSCs, MesoSCs, or MSCs 

PanMP/C
M 

Pancreatic Morphogenetic 
Protein/ Conditioned Medium 

Induces formation of pancreatic ductal cells, alpha-cells, beta-cells, and delta-
cells in TSCs, PSCs, and EndoSCs; no inductive effect on EctoSCs, MesoSCs, or 

MSCs. 
KerMP/C

M 
Keratinocyte 

Morphogenetic Protein/ 
Conditioned Medium 

Induces keratinocytes in TSCs, PSCs, and EctoSCs; no inductive effect on 
MesoSCs, EndoSCs, or MSCs. 

SpCM Spermatogonia 
Conditioned Medium 

Induces spermatogonia in TSCs; no inductive effect on PSCs, MesoSCs, or 
MSCs. 

SkMMP/C
M 

Skeletal Muscle Morphogenetic 
Protein/ Conditioned Medium 

Induces skeletal muscle cells in TSCs, PSCs, and MesoSCs; no inductive effect 
on EctoSCs, EndoSCs, or MSCs. 

SmMP/C
M 

Smooth muscle morphogenetic 
protein/ Conditioned Medium 

Induces smooth muscle cells in TSCs, PSCs, and MesoSCs; no inductive effect 
on EctoSCs, EndoSCs, or MSCs. 

CdMMP/
CM 

Cardiac muscle morphogenetic 
protein/ Conditioned Medium 

Induces cardiac muscle cells in TSCs, PSCs, and MesoSCs; no inductive effect 
on EctoSCs, EndoSCs, or MSCs. 

TenMP/C
M 

Tendon morphogenetic protein/ 
Conditioned Medium 

Induces tendon formation in TSCs, PSCs, MesoSCs; no inductive effect on 
EctoSCs, EndoSCs, or MSCs 

LigMP/C
M 

Ligament morphogenetic protein/ 
Conditioned Medium 

Induces ligament formation in TSCs, PSCs, MesoSCs; no inductive effect on 
EctoSCs, EndoSCs, or MSCs 

Table 5.1. Reprinted with permission Young, et al. Adult reserve stem cells and their potential for tissue engineering. Cell 
Biochem Biophys. 2004; 40(1):1-80 [106]; Young HE. Carcinoembryonic antigen-cell adhesion molecule-1 and stage-
specific embryonic antigen-4 are present in the reproductive organs of adult mammals. GSC Advanced Research and 
Reviews. 2025; 23(03): 149-157 [130]. 

Part 4. Telomerase, aging, and Hayflick’s Limit 

20. Hayflick’s Limit

For a general audience can you explain what the 
Hayflick’s Limit? 

Hayflick (1965) published that the maximum number of 
population doublings that would occur in adult human cells 
was 70 (from birth). This became known as Hayflick’s Limit 
[190].   

Why do most adult cells only divide certain number of 
times? 

Adult cells, e.g., functional cells and maintenance cells were 
preprogrammed during embryogenesis to lose the telomerase 

enzyme at birth and assume a lifespan of 70 population 
doublings before senescence and cell death. This has come 
to be known as Hayflick’s Limit.  

21. The Biological Clock

Is it fair to say that most cells in the body have a 
biological clock? 

Yes, every cell in the body (e.g., healing cells, progenitor 
cells, and differentiative cells) has a biological clock of 70 
population doublings. 

What sets aTPSCs apart from differentiated cells and 
progenitor cells is the presence of the telomerase enzyme 
that re-sets their biological clock to 70 population doublings 
after each cell division. 
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If so, what happens when the clock runs out? 

For somatic cells, when the clock runs down to zero, the cell 
senesces and dies. 

22. Telomerase-Positive versus Telomerase-Negative

What is the difference between a telomerase positive cell 
and a telomerase negative cell (with respect to function)? 

An aTPSC has the ability to form multiple cell types. The 
extreme case are the TSCs, which will form all somatic cells 
of the body, gender-specific gametes, nucleus pulposis of 
intervertebral disc, placenta, and umbilical cord. 
Intermediate case are the PSCs which will form all somatic 
cells of the body, and then the germ layer lineage stem cells 
that will only form cells types within their respective germ 
layer lineages (Figure. 4). 

Figure 4. Identification of eight categories of aTPSCs and their unidirectional differentiation potentials into telomerase 
negative progenitor cells and telomerase negative differentiated cells using specific objective assays of cell surface markers 
and inherent phenotypic expression markers. Reprinted with permission from Young HE, Speight MO. Characterization of 
endogenous telomerase-positive stem cells for regenerative medicine, a review. Stem Cell Regen Med 2020; 4(2):1-14 [174]. 

Telomerase negative differentiated cells and progenitor cells 
will ONLY form several to one specific cell type. 

Why does the difference matter in regenerative 
medicine? 

In regenerative medicine one wants to form multiple cell 
types to completely restore the histoarchitecture of the 
tissue/organ and thereby restore its function. 

If you use a differentiated cell (ex, cardiomyocyte) induced 
from an iPSC, to repair a myocardial infarction, it may 
function short term. But, with no connective tissue cardiac 
skeleton to attach to, you only have fibrillation of the heart 
muscle, there is no coordinated contraction of pumping 
blood from the heart. Likewise, if the vasculature is not 
restored the newly transplanted cell will die because of 
absence of nutrients and removal of waste products. 

In a second example, if you use a progenitor cell (tripotent 
MSC, that only forms white fat, hyaline cartilage, and 
intramembranous none) and place it into an articular joint, if 
you are lucky only hyaline cartilage will form. But hyaline 
cartilage is not designed for weight bearing, sheer force, 
tension, and other functions of articular cartilage, and it will 
fail. 

If you want to regenerate all cell types to restore an organ, 
one needs a cell or cells that has/have that capability, 
aTPSCs.  

23. Cell Division without Exhaustion

The videos describe aTPSCs as being able to divide 
without the same limits as ordinary adult cells. 

How should people understand the idea without 
misunderstanding it? 
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Every somatic cell in the body has a biological clock of 70 
population doublings. Once their biological clock reaches 
zero, the cell senesces and dies 

What sets aTPSCs apart from differentiated cells and 
progenitor cells is that their biological clock is re-set to 70 
population doublings after each cell division. This gives 
them to have an unlimited proliferation potential as long as 
the cells stay undifferentiated. Once these cells commit to a 
specific cell lineage, they lose the telomerase enzyme, and 
assume all the characteristics of progenitor cells, including 
having a biological clock of 70 population doublings.  

24. Addressing the Cancer Question

When people hear that a cell can continue to divide, they 
may immediately think of cancer cells. 

How do you explain the difference between normal 
telomerase positive cells and a cancer cell. 

aTPSCs are tightly controlled using specific proliferation 
agents (PDGFs). If you want the aTPSCs to proliferate, add 
PDGF. If you want them to stop proliferating, remove the 
PDGF. It is that simple. 

Cancer cells have gate keeper genes (P53 and P16, among 
others) that control the ability of the cell to stop division 
during the cell cycle. If the gate keeper genes are mutated so 
they do not function, there is uncontrolled cellular 
proliferation. Once it is turned on, it usually cannot be 
turned off [191].  

25. Controlled Potential

Is the key difference that aTPSCs are controlled by the 
body’s normal biological signals? 

There are four biological activities that we have detected: 
proliferation controlled by PDGFs; progression controlled 
by IGF-1, IGF-2 and insulin; induction controlled by 
multiple cell-specific inductive agents (recombinant 
proteins, morphogenetic proteins, and cell-specific 
exosomes/secretomes); and anti-differentiation, controlled 
by either LIF (cell number specific), ADF (inductive factor 
concentration specific), Caffeine (>95-mg/day), or SIF (scar 
inhibitory factor) (Table 5) [106,130,175]. 

How should we think about the balance between 
regenerative potential and biological control? 

Biological control allows regenerative potential to occur 
through a well-tuned orchestrated series of steps leading to 
complete restoration of the damaged cells/tissues, thus 
restoring function.  

Part 5: Where are aTPSCs Found in the Body 

26. Location in the adult body

At a high level, where are aTPSCs located in the adult 
human body? 

Maternal aTPSCs are located within specific connective 
tissue niches throughout the body. Because the germ layer 
lineage stem cells, EctoSCs, MesoSCs, and EndoSCs, prefer 
an oxygenated (aerobic) environment, they are located 
nearest to the capillaries throughout the connective tissues. 
And, because the TSCs and PSCs are preferential to a 
deoxygenated environment (anaerobic), they are located 
further away from the capillary vascular supply. 

27. Connective Tissue

The video describes the cells being located in the 
connective tissues 

Why is the connective tissue such an important place for 
a repair system to exist? 

Every organ and tissue in the body is composed of 
parenchyma (active/functional part of the organ) and stroma 
(the connective tissue framework of the organ). Located in 
the connective tissue stroma, gives the aTPSCs immediate 
access to any trauma that occurs with respect to the organ. 
Initially, organ area-resident TSCs, PSCs, and MesoSCs are 
involved in the formation of the transitional scar (band-aid to 
wall off an external hostile environment from the fragile 
internal environment). This occurs under the direction of 
TGF-beta and basic-FGF, released from platelets. Later, 
when these two biological agents dissipate, additional 
aTPSCs, migrating through the ECM and arriving via the 
vasculature, are involved in the later stages of tissue repair. 
Regenerating/restoring the damaged area to its original 
histoarchitecture. 

28. The body’s Repair Network

Is it fair to think that aTPSCs are a part of the body’s 
normal repair network? 

What would you add to make the analogy more scientific 
accurate? 

Yes, they form the majority of the cells involved in the 
normal repair (healing) network. 

Progenitor/maintenance cells are programmed to replace 
worn out functional cells. 

Differentiated/functional cells are programmed for specific 
functions for every organ throughout the body.  

29. Why They stay silent

The videos use the term quiescent, meaning the cells are 
resting or quiet. 

Why would the body keep powerful stem cells in a quiet 
state most of the time? 

Think about it. Why would you need activated aTPSCs if the 
person was healthy (HF16, HF17)? You wouldn’t. They are 
activated when there is either a chronic disease (HM1) or a 
catastrophic injury (HF14, HF15) to the body. And the body 
decides what exactly that means (Figure. 5). 
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Figure 5. Adult telomerase positive totipotent stem cells measure in 5cc’s of blood from various individuals, e.g., chronic 
disease (HM1), asthma (HM11); 24 hours after traumatic injury (MH15), 24 hours after personal best record of power lifter 
(Mf14) [175]. 

30. Activation at a high level

Without getting too deep into the methodology, what 
kinds of signals normally tell the body that repair is 
needed? 

Are we talking about injury, inflammation, tissue stress, 
or damage signals? 

When a tissue is damaged, creating dead tissue, 
inflammation occurs. This process recruits cells of the innate 
immune system (macrophages, NK-cells, neutrophils) to 
migrate to the damaged tissue site and remove the dead and 
dying cells from the area. This occurs beneath the 
transitional scar, eventually forming a sterile area for 
restoration of the tissues to occur. During the innate immune 
system phase, substances called chemokines (ADF, 
migratory factors, and others), are released from the 
damaged tissues into the surrounding area (ECM and 
vasculature) in a concentration gradient 360-degree fashion 
along an X, Y, and Z axis. As the chemokines come in 
contact with quiescent aTPSCs the activation process occurs: 

first, there is proliferation: symmetrical division of the 
resident maternal cell into a migrating daughter cell and a 
resident maternal cell; second, there is masking of the 
exosome/secretory receptors with ADF during their journey 
to the wound site to prevent premature differentiation; third, 
there is migration of the aTPSC daughter cells through the 
adjacent ECM and reverse diapedesis of the daughter cells 
into the bloodstream to arrive at the wound site.  

Part 6. Potency and Differentiation 

31. Levels of stem cell potential

The videos mentioned words like totipotent and 
pluripotent. 

Can you explain those terms in simple language? 

Totipotent means a cell has the ability to form all somatic 
cells of the body, gender-specific gametes (sperm and ova), 
the nucleus pulposus of the intervertebral disc (the only adult 
functional derivative of the notochord), and the extra-
embryonic membranes (placenta and umbilical cord). 
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Examples: Zygote, 4-cell stage blastomeres, and TP-TSCs 
(Figure. 4) [174]. 

Pluripotent means a cell has the ability to form all somatic 
cells of the body. Examples: cells of the inner cell mass of 
the developing embryo; epiblast; ESCs, iPSCs, and TP-PSCs 
(Figure. 4) [174]. 

32. The Stem Cell Hierarchy

How should people think about the hierarchy of stem 
cells? 

Is it like starting with a more flexible cell that becomes 
more specialized over time? 

Actually, the aTPSCs demonstrate a similar hierarchy as the 
developing zygote that eventually forms the embryo/fetus. 

Lineage Map of Embryonic Development (Figure. 2). 

 The most primitive aTPSC is the TSC (totipotent stem cell) 
it has the most plasticity at forming all cell types (Figure. 4). 

It can differentiate into gametes, NP of IVD, placenta, and 
PSCs 

Then follow through the diagram to more specialized 
functional cells 

33. Differentiation

What does differentiation mean?

Differentiation means a transition from a more primitive cell 
to a more specialized cell 

How does a cell become more specialized? 

There is a series of transitions, from left to right (Figure. 6). 

Diagrammatic Summation of Unidirectional 
Differentiation of aTPSCs 

Figure 6. Summary of unidirectional differentiation potentials of aTPSCs with respect to subcategories, size, Trypan blue 
staining, cell surface markers, expressed genes, growth in culture, and differentiation potential. Reprinted with permission of 
Young HE, Speight MO. Characterization of endogenous telomerase-positive stem cells for regenerative medicine, a review. 
Stem Cell Regen Med 2020; 4(2):1-14. JSCR -20-047 [174]. 

The differentiation of aTPSCs to differentiated cells is a 
transition through multiple cell types, based on size, Trypan 
blue staining, cell surface markers, expressed genes, 
adherent growth in culture, appearance in culture, and 
differentiation potential (Figure. 6) [174].  

34. A one-way path

The videos described differentiation as a one-way path

Can you explain what that means? 

Once a cell becomes specialized, what does that mean? 

In the simplest of terms, it means that the specialized cell 
has lost the capacity to form other specialized cell types, 
progenitor cells, or stem cells (Figure. 6). In other words, it 
is unidirectional. 

35. Repair vs Replacement
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At the general level, when the body repairs a tissue, it is 
replacing damaged cells, supporting existing cells, 
changing the local environment, or some combination? 

The pre-programmed job of progenitor cells is to replace 
worn out differentiated cells to maintain function of the 
organ/tissue. 

The job of the stem cells (aTPSCs) is to repair a traumatic 
insult to the body replacing what was damaged or lost.  

36. Why potency matters

Yes, potency matters.

Why does the level of potency matter in regenerative 
medicine? 

Most organs and tissues are a combination cells from 
ectoderm, mesoderm, and/or endoderm germ layer linages.  

The more potent (less differentiated) a stem cell is the better 
able it is to replace all the damaged tissues, whether they are 
ectodermal, mesodermal, and/or endodermal in origin. 

For example, if one needed to repair a lung the basic cells 
involved would be pneumocytes (endoderm), blood vessels 
(mesoderm), and nerves (ectoderm). 

A cell that forms only fat, cartilage, and bone (tripotent 
progenitor MSC) would not form any of these cell types and 
therefore should not be used. 

On the other hand, due to size and differentiation potentials; 
pneumocytes can be formed from TSCs and PSCs; blood 
vessels can be formed from TSCs, PSCs, and MesoSCs; and 
nerves can be formed from TSCs, PSCS, and EctoSCs. This 
was the methodology we used to regenerate lung tissue for 
COPD and IPF patients  

Why is it important to understand what a stem cell can 
realistically become? 

The originally labeled “adult stem cells” were actually 
telomerase negative progenitor cells specialized for specific 
cell types or specific lineages of cells: 

1. Mesenchymal stem cells – form unilocular white
fat, hyaline cartilage, and intramembranous bone

2. Hematopoietic stem cells – form all hematopoietic
associated cells: RBCs, immune cells of innate
system and humoral/adaptive system, and platelets

3. Neural Stem Cells – forming all neuronal-
associated cells

4. Hepatic stem cells – forming all liver associated
cell types

5. In contrast, the true stem cells are telomerase
positive and can form multiple cell types, see flow
charts (Figures. 4, 6).

Part 7. Why the field has overlooked aTPSCs 

37. Why haven’t more people heard about aTPSCs

A skeptical physician might ask:

If these cells are so important, why haven’t I heard about 
them? 

How would you answer that? 

1. Politics

Because of existing dogma, true adult stem cells were 
thought not to exist (Dogma). 

Therefore, to regenerate new cells to replace dead and dying 
cells, one needed to find a stem cell population that could 
perform that function. 

In 1991, Arnold Caplan published in article in Science 
concerning the discovery of mesenchymal stem cells 
(MSCs) from bone marrow in adults. These stem cells would 
form fat, cartilage, and bone. The MSCs had a defined 
lifespan of 70 population doublings before it would senesce 
and die. The adult stem cells decreased with increasing age 
of the individual.  

Other adult progenitor cells were published: hematopoietic, 
neural, hepatic, etc., with the same basic attributes as MSCs. 
These were progenitor cells, masquerading as stem cells, 
were designated as “adult stem cells” to fit that narrative. 

In 1998, James Thomson published an article in Science 
concerning the derivation of human embryonic stem cells 
from the inner cell mass of the developing embryo. These 
were stem cells that were pluripotent and could 
spontaneously form all cells in the body. They also 
expressed the telomerase enzyme, which allowed them 
unlimited proliferation. 

Since there was a moratorium on studying humans 
undergoing embryogenesis, Dr. Thomson’s original game 
plan was to use these cells to study differentiation during 
embryogenesis, to be able to correct health problems in 
individuals before birth. 

Then someone had the “bright idea” that these same ESCs 
could repair damage in adults after birth. 

That bright idea created a “firestorm” with the Vatican, right 
politically-leaning individuals, etc., stating that it is morally 
and ethically WRONG to destroy one potential human being 
to heal another, embryos have rights too. 

Then the debate was on, which one is better ESCs or Adult 
stem cells. 

By order of the sitting POTUS, NIH denied funding for ESC 
research in any form, so these adult stem cells, with MSCs in 
the forefront became the NIH fundable stem cells of choice. 

Next, other adult stem cells, such as VSELs, MUSE, 
MIAMIs, and MAPCs, as variations of the MSCs. They are 
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apparently a type of lineage-committed progenitor cell, that 
are telomerase negative, have a 70-population doubling 
biological clock, and decrease in number with increasing age 
of the individual [175]. 

38. Scientific Momentum

Do you think the field became more focused on certain 
categories, like ESCs, iPSCs, and MSCs, and simply did 
not look closely enough at this fourth category.  

Where articles are published 

Key point here is where the research was published: Science, 
Nature, Cell, PNAS, JAMA, 

Most scientists, physicians, lay people, at least in USA, only 
read articles from these journals with the mindset that they 
are the most important work why waste their time with 
lesser journals. And these journals published on ESCs, 
iPSCs, and MSCs. 

I publish my research in 2nd, 3rd, and 4th, tier journals. 

a. Usually, these journals are not political

b. The journal does not hold the manuscript
hostage for excessive amounts of time so
others can be first to publish

c. The reviewers don’t make outlandish
demands to stall the publication of the
manuscript

d. The journals actually peer review the
research methods to determine if the
hypotheses match the conclusions

e. Most of my papers have been accepted
without revisions

f. I have been publishing my research from
1977-present

39. Technical Challenges

Were aTPSCs difficult to identify or study because they 
are rare? 

No, I already knew what to look for and where to find them 
from my work with adult salamanders, that wasn’t the 
problem 

Did the technology or methodology have to catch up 
before they could be properly characterized? 

The problem was that existing technology and 
methodologies were not available at the time I stated my 
studies, nor during my studies. 

So, I developed what I needed when I needed it. 

I screened the Developmental Hybridoma Bank of 
Monoclonal antibodies for ones that would attach to these 

cells: CEA-CAM-1 (TSCs), SSEA-4 (PSCS), Thy-1 
(EctoSCs, MesoSCs, and EndoSCs) 

Unfortunately, not all antibodies worked with the same 
fixatives or any fixatives, so I developed the ELICA fixative 
[173]:  

- works with all antibodies,

- has the fast penetration rate of formaldehyde

- has the quality of TEM morphology of glutaraldehyde

- prevents autolysis of tissues

- Can be used for frozen sections, paraffin-embedded
sections, TEM, SEM, etc.

I developed the ELICA – a high throughput screening assay 
that [173]:  

- measured ng quantities of phenotypic expression
markers

- photographic evidence of which cells were expressing
the PEMs

- measure ng of DNA in each well,

- all within the same well of 96-well plates.

Since the aTPSCs did not follow the Guidelines of ATCC 
“Bible” for the isolation and culturing of cells, I had to 
develop everything from scratch: Isolation, Buffer 
specificities, Medium, Plating, Propagation, Release from 
culture vessels, Activation Ex Vivo, Replating, 
Cryopreservation, Viability testing [192-198]. 

I screened Beckton-Dickinson (BD) Cluster of 
Differentiation markers for human cells. Then performed 
cell sorting with the antibodies [175,194]: 

- Cell surface markers for human cells: CD66e (TSCs),
CD10 (PSCs), CD90 (GLSCs)

- Cell sorting

- Flow cytometry

- FACS

- Differentiation analysis

40. Language and Classification

Do you think part of the problem is that the stem cell 
terminology has become confusing? 

Yes. Best example is the acronym MSCs 

Originally MSCs (mesenchymal stem cells) were a tripotent 
progenitor cell that would form fat, cartilage, and bone. 
They are CD90, CD105, CD123, CD166, MHC Class-1 
positive. 

Name change to MSCs (medicinal secretory cells) that 
modulated the immune system during repair, they are CD73, 
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CD90, CD105, and MHC Class-1 positive. Clearly a 
different cell from the original tripotent MSC.  

Then there are MSCs (marrow stromal cells) that support 
cells undergoing hematopoiesis. The are CD29, CD90, 
CD146, CD166, CD271, MHC Class-1. Also, a different cell 
from the original tripotent MSC 

But all use the same acronym MSC 

If a clinician is not familiar with the differences in MSCs in 
the literature, they may isolate the medicinal MSCs using the 
protocol for the tripotent MSC. And then use the tripotent 
MSC to modulate the immune response during repair of 
damaged tissues. 

This occurred and presented at a meeting of the FDA by 
patients having failed treatments. 

1. A clinic injected both eyes on same day with MSCs
(tripotent instead of medicinal) to restore vision in
individuals with dry macular degeneration – caused
bilateral blindness because of cartilage nodule
formation within the eye globes in multiple people.

2. Another clinic injected MSCs (tripotent instead of
medicinal) into eyelids for cosmetics. Every time
individual blinked there was a clicking sound –
formed bone plates within the eyelids.

3. Another clinic performed the liposuction technique
to isolate MSCs from fat, did not remove the fat
cells before IV injection, caused a fat emboli to
form killing the patient

How should the field become more precise in how it 
names and classifies cells? 

Personal opinion, the stem cells should be named according 
to their unique characteristics and functional capabilities. 
For the aTPSCs that would be: 

- TB+/TP/TSCs – Trypan blue positive/ telomerase
positive/totipotent stem cells,

- TB+/TP/HLSCs - Trypan blue positive/telomerase
positive/halo-like pluripotent stem cells

- TB+/TP/CLSCs – Trypan blue positive/telomerase
positive/halo-like pluripotent stem cells

- TB-/TP/PSCs – Trypan blue negative/telomerase
positive/ pluripotent stem cells

41. The MSC Conversation

Many doctors are familiar with MSCs

What is the simplest way to explain that aTPSCs are not 
the same thing as MSCs? 

Table 6. Comparison Contrast of aTPSCs vs Tripotent MSC 
vs Medicinal MSC. 

Characteristics aTPSCs Tripotent 
MSC 

Medicinal 
MSC 

Size, microns 0.1-12 15-30 15-30

Telomerase Present Absent Absent 

Proliferation Unlimited 70 Pop. 
Doub. 

70 Pop. 
Doub. 

Lifespan Present 
Throughout 

Decrease 
with age 

Decrease 
with age 

Unique CD 
Markers 

CD66e, 
CD10 

CD105, 
CD123, 
CD166 

CD73 

Repair All somatic 
cells 

Fat, 
cartilage, 
bone 

Immune 
Support 

Regeneration All somatic 
cells 

Fat, 
cartilage, 
bone 

Immune 
Support 

# Cell types 
formed 

70+ 3 none 

42. Avoiding Hype

The stem cell field has a lot of hype

How do we introduce a new stem cell category 
responsibly without over promising? 

We publish the findings from human clinical trials and let 
the data speak for itself. 
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Table 7. Results from IRB-Approved Clinical Study Protocols for Fresh Isolate aTPSCs. 
Trials Clinical 

Trial 

Sample 

Size, 
n= 

Adverse 

Events 

Description Efficacy 

1 Osteoarthritis 6 None Decreased pain, increased ambulation 100% 

2 

Systemic Lupus 1 None 

Rescued from death, increased organ functioning from less than 25% to ~80%, 10+ 
years 

100% 

3 

Idiopathic Pulmonary Fibrosis 

2 None 

Increased pulmonary function in one participant from 14% to 27%, and then stabilized 
at 25% for 8+ years. In other participant from <25% to ~70% for almost 10+ years 

100% 

4 

Chronic Obstructive Pulmonary 
Disease 

51 None 

48 participants demonstrated increase in lung function, one participant for 8+ years. 
Three participants showed no effect to treatment, but did not follow informed consent 

guidelines 94% 

5 

Celiac Disease 1 None 

Completely reversed symptoms of celiac disease, went from 1:73 titer to 1:<1 titer 
during treatment period. Reverted when treatments stopped 

100% 

6 

Cardiovascular Disease 2 None 

One participant had myocardial infarction six years prior to treatment initiation. 1st 
Treatment raised cardiac output from <25% to 35%, 2nd Treatment from 35% to 45%; 

Other participant raised cardiac output from <25% to ~70% 

100% 

7 Cardiovascular Disease with CN-SP 
only 

1 None 

One participant with <10% cardiac output, ingested CN-SP only. Within 6 months, 
cardiac output rose to 35%. +6 more months, cardiac output >45%. 

100% 

8 Age-Related Dry Macular 
Degeneration 

4 None 

Two participants completely reversed symptoms. Other two participants Treatments did 
not work, but they did not follow informed consent guidelines 

50% 

9 

Alzheimer’s Disease 4 None 

Two participants completely reversed symptoms. Other two participants Treatments did 
not work, but they did not follow informed consent guidelines 

50% 

10 

Parkinson’s Disease 12 None 

10/12 showed reversal of symptoms 1st month after Treatment. At 7 & 14-months post-
Tx 2/12 regressed at slower rate than before treatments began; 4/12 remained in stasis; 

4/12 normal or near normal. 2/10 – no response, did not follow protocol 

66% 

11 Traumatic Blindness 1 None From completely blind to shades of black and gray (partial restoration of ‘night’ vision) 
after two Treatments. 

100% 

12 Traumatic Spinal Cord Injury 

1 None 

From complete paraplegia from T12 and below, to regain of bladder/bowel function 
after two treatments. 

100% 

13 Chronic Inflammatory 
Demyelinating Polyneuropathy 

3 None 

Inability to walk prior to treatments. 2/3 demonstrated ability to walk unassisted/ 1/3, no 
change – did not following informed consent guidelines 

66% 

14 Stroke 1 None Decreased cognition pre-treatment. Post-treatments showed increasing gain of cognitive 
function 

100% 

15 

Traumatic Brain Injury 1 None 

Decreased cognitive function, no ambulation on limbs on one side of body. After two 
treatments showed increased cognition & ability to move all limbs 

100% 

16 

Multiple Sclerosis 

3 None 

1st participant pre-treatment: decreased cognitive function, motorized wheelchair and on 
ventilator 24/7; Post x 2 treatments – increased cognitive function, walk with leg braces, 

drove vehicle, breathing own for 4+ years. 

2nd & 3rd participants – no effect, did not follow informed consent guidelines 

33% 

17 Amyotrophic Lateral Sclerosis 

2 None 

Two participants – one showed stasis to slow decline for 4+ years; other currently in 
stasis for 11+ years 

100% 

18 Chronic Kidney Disease 1 None Reversed symptoms of kidney failure and restored kidney function for 3+ years 100% 

Totals     97     Safe   Average Efficacy 86% 
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Table 7. Clinical trial results using fresh isolates of aTPSCs 
demonstrated that cumulative treatment of 97 people with 
100% safety and 86% efficacious at reversing their signs and 
symptoms. Reprinted with permission from Young HE. 
Fresh Isolate Adult Telomerase Positive Stem Cells: An 
addition to Embryonic Stem Cells (ESCs), Induced 
Pluripotent Stem Cells (iPSCs), and/or Mesenchymal Stem 
Cells (MSCs) for Regenerative Medicine. GSC Advanced 
Research and Reviews. 2023; 16(1):066-081 [187]. 

Combinatorial Nutraceutical Supplement Pill (CNSP) 
aTPSC Therapy 

CNSP was designed to try and mimic the fresh isolate 
aTPSC therapy, but in situ without the stem cells ever 
leaving the body to be activated. The fresh isolate aTPSC 
therapy utilizes a bolus of activated stem cells given at 
directed sites and by intravenous infusion. The CNSP 
therapy utilizes a continuous release of activated aTPSCs 
mobilized into the bloodstream 24/7. 

Individuals were requested to ingest CNSP continuously 
throughout their respective trial. CNSP was designed to 1. 
induce proliferation of connective tissue resident aTPSCs, 2. 
mobilize the proliferated aTPSCs into the bloodstream, 3. 
increase circulation throughout the body, 4. unmask homing 
receptors for damaged tissues, 5. unmask receptors for local 
environmental inductive agents (exosomes), 6. support a 
strong innate immune system, and 7. prevent tissue 
overgrowth. The dosage of CNSP is based on body weight 
of the individual. One capsule per fifty pounds body weight 
equals maintenance dose, whereas one capsule per 25 
pounds body weight equals healing dose. Individuals were 
requested to ramp-up dosage of CNSP to optimal dosage for 
individual. Week one, one capsule of CNSP per day. Week 
two, two capsules of CNSP per day. Week three, three 
capsules of CNSP, so on and so forth to optimal healing 
dose. And then optimum healing dose thereafter [Table 8]. 

Table 8. Results from IRB-Approved Clinical Study Protocols for aTPSC Therapy with CNSP. 
Trials Clinical 

Trial 

Sample 

Size, 
n= 

Adverse 

Events 

Description Efficacy 

1 Degenerative Disc Disease, 
Back Pain, Scoliosis 

1 None Individual presented with back pain and scoliosis secondary to 
degenerative disc disease. Treated with fresh isolates, chiropractic 

manipulations, and CNSP – complete resolution of symptoms. 100% 

2 Lupus-Induced Glaucoma 1 None CNSP + surgery to reduce internal eye pressures from 30+ bilateral to 
normal: right eye 10 and left eye 12, CNSP maintaining eye pressures, 2+ 

years and counting 100% 

3 Back Pain 1 None Fresh Isolates + Chiropractic manipulations + CNSP resulted in reduced 
pain 

100% 

4 Degenerative Disc Disease 1 None Fresh Isolates + Chiropractic manipulations + CNSP resulted in 
restoration of articular cartilage at facet joints; restoration of topography 

of intervertebral discs; allow restoration of movement 100% 

5 Induced Scoliosis 1 None Fresh isolates + chiropractic manipulations + CNSP resulted in restoration 
of vertical alignment of vertebral column 

100% 

6 Systemic Lupus Erythematosus 
(SLE) 

1 None Fresh isolates + CNSP maintaining stasis – 24+ months and counting 100% 

7 Idiopathic Pulmonary Fibrosis 
(IPF) 

1 None Fresh isolates + CNSP maintaining FEV1 at ~70%, with O2 saturation at 
99-100%, 24+ months and counting 

100% 

8 Cardiomyopathy 1 None Maintaining cardiac output at ~70% with S/D of 106/50 with HR of 60, 
24+ months and counting 

100% 

9 Vision 20 None Increased color acuity, colors are brighter and sharper 100% 

10 Brain Fog 20 None Decreased brain fog 100% 

11 Cognition 20 None Increased cognition 100% 

12 Energy Level 20 None Increased energy levels 100% 

13 Fatigue/Tiredness 20 None Less Fatigue and tiredness 100% 

14 Generalized Aches & Pains 20 None Gone, systemic pain free 100% 

15 Depression 20 None Decreased depression 100% 
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16 Outlook on Life 20 None Better outlook on life 100% 

17 Weight Loss 2 None Weight loss, 30 lbs. in female and 15 lbs. in male – 6 months post CNSP 
ingestion 

100% 

18 T12 Paraplegic, loss of both 
motor and sensory functions 

below waist 

1 None Regained sensory input from waist to top of knees; can move thighs, both 
flexion and extension – 6 months after starting CNSP 

100% 

19 Hip Pain 1 None No more hip pain one week after starting CNSP, continues pain free – 24+ 
months on CNSP 

100% 

20 Power Lifter 1 None Decrease in times between obtaining best personal records – 12+ months 
on CNSP 

100% 

21 Post Myocardial Infarction 1 None <10% cardiac output after MI, could not walk ten steps without passing 
out, placed on national heart registry for transplant. Within 6 months on 

CNSP, cardiac output raised to 35%. +6 more months, cardiac output 
>45%. Playing 9-holes golf weather permitting. 100% 

22 Open heart surgery to replace 
mitral valve 

1 None Maintaining stasis after heart surgery – 9+ years 

100% 

23 Shingles 1 None Reduced pain, itching, burning sensations. On a pain scale of 0 to 10; 
before treatment subjective pain was 10/10; currently subjective pain is 

2/10 

100% 

24 Squamous Cell Carcinoma 1 None 100% healing of wound after excision of cancer 100% 

25 Injured Shoulder / Rotator Cuff 1 None Reduced pain to about 5% and increased function to 90% 100% 

26 Rheumatoid Arthritis 1 None Reduced pain, increased ambulation 100% 

27 Hair color 2 None Returning to original adolescent hair color 100% 

28 Wrinkles & Crepe Skin 2 None Returning to original adolescent facial topography 100% 

Total 43 Safe Average Efficacy 100% 

Table 8. Clinical trial results using CNSP for the activation 
of aTPSCs in situ demonstrated that cumulative treatment of 
43 people with 100% safety and 100% efficacious at 
reversing their signs and symptoms. Reprinted with 
permission from Young HE. Combinatorial nutraceutical 
supplement pill (CNSP) stimulates naïve adult telomerase 
positive stem cells in-situ to reverse signs and symptoms in 
multiple health conditions. GSC Advan Res Rev. 2024; 
20(02): 047-056 [201]. 

Total cumulative results from fresh isolates & CNSP for 140 
participants showed that the treatments were safe 100% of 
the time, average efficacy is 89%. Reprinted with permission 
from Young HE. Fresh Isolate Adult Telomerase Positive 
Stem Cells: An addition to Embryonic Stem Cells (ESCs), 
Induced Pluripotent Stem Cells (iPSCs), and/or 
Mesenchymal Stem Cells (MSCs) for Regenerative 
Medicine. GSC Advanced Research and Reviews. 2023; 
16(1):066-081 [187]; Young HE. Combinatorial 
nutraceutical supplement pill (CNSP) stimulates naïve adult 
telomerase positive stem cells in-situ to reverse signs and 
symptoms in multiple health conditions. GSC Advan Res 
Rev. 2024; 20(02): 047-056 [201].  

Therefore, endogenous adult telomerase positive stem cells 
and/or CNSP are both safe and effective at reversing the 
signs and symptoms in 46 health concerns in adult humans 
[Table 7, Table 8]. 

Part 8: Safety, responsibility, and Scientific Standards 

43. Safety as a core question

Why introducing any stem cell category, safety is one of 
the first questions. 

In its classical form, the Hippocratic Oath includes 
commitments to: 

• Swear by healing deities (e.g., Apollo, Asclepius)
and treat one’s teacher as a parent-like figure,
sharing knowledge only with properly bound
pupils.

• Use diet and other measures for the benefit of the
sick and to “do no harm,” including refusing to
provide deadly drugs or abortive remedies.

• Live and practice in purity and avoid sexual
exploitation of patients.

• Refrain from surgery for conditions such as bladder
stones, instead deferring to specialists.

• Maintain strict confidentiality regarding what is
seen or heard in the course of treatment.

• Accept blessings if the oath is kept, and curses if it
is violated.
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At a high level, what safety questions should scientists 
and physicians ask about aTPSCs? 

Table 9. Safety Questions to be Asked. 

Questions ?? Answers 

Do aTPSCs spontaneously 
differentiate 

No, they are under tight biological 
control 

Are aTPSCs tightly 
controlled 

Yes, they are under tight 
biological control 

How are aTPSCs controlled With biological agents: 
proliferation, progression, 

induction, and anti-differentiation 

What is their naïve default 
state 

Quiescent, hibernating, dormant 
cells 

Will aTPSCs form tumors None seen in 50+ years 

Will aTPSCs mutate Only when doubling times is less 
than cell cycle time 

Will aTPSCs form 
something other than what 

is wanted 

The body chooses to use activated 
aTPSCs as it sees fit. Life 

threating injuries are treated first, 
then other injuries are treated in 
reverse chronological order of 

appearance 

44. Tumor formation

One concern with highly potent cells is tumor formation

Without going into disease-specific details, what should 
people understand about how aTPSCs differ from ESCs 
in this area, and I might add that iPSCs react the same as 
ESCs 

Table 10. Comparison / Contrast of aTPSCs vs ESCs/iPSCs. 

Characteristics aTPSCs ESCs / iPSCs 

Default state of 
naïve cells 

Quiescent, dormant 
cells 

Spontaneous 
differentiation 

Transplanted in 
naïve state 

Controlled by 
biological agents* 

Spontaneous 
differentiation into 
all cell types of the 

body 

End Result aTPSCs 
restore/regenerate the 
damaged and missing 

tissues 

Teratoma 
formation 

*aTPSCs are tightly controlled at each step of their repair
process.

a. Tissue damage releases chemokines in a
concentration gradient fashion

i. Highest concentration at the
wound site

ii. Lowest concentration at the
furthest point from the wound site

b. Chemokines activate aTPSCs

i. PDGFs stimulate symmetrical
proliferation of aTPSCs forming
resident maternal cell and
migratory daughter cell

ii. Other agents activate homing
receptors for chemokine
concentration gradient to home to
wound site

iii. ADF prevents premature
differentiation of daughter
aTPSCs during their migration to
wound site

c. Migration of aTPSCs to wound site by two
mechanisms

i. Direct migration through the
ECM for adjacent aTPSCs to
wound site

ii. Migration through the vasculature
for aTPSCs located at a distance
from the wound site

d. PDGFs maintain proliferation at wound
site

e. Metalloproteinases activate receptors for
exosomes, by removing ADF, to allow
induced differentiation to occur

f. Locally-released exosomes / secretomes
bind to aTPSC receptors to dictate their
differentiation into the required cell types
to repair the damage

45. Autologous Cells

One major theme in regenerative medicine is whether 
cells come from the patient or a donor 

Can you explain why using a patient on cells may 
matter? 

Every somatic cell in the body contains cell surface self-
recognition molecules for the body’s immune system to 
recognize whether a cell or any other entity (ECM, proteins, 
bacteria, viruses, fungi, mold, etc.) are self or non-self: 
hematopoietic cells express HLA-DR molecules, while other 
somatic cells express MHC Class-1 cell surface self-
recognition molecules. 

A progenitor stem cell, or GLSCs, EctoSCs, MesoSCs, and 
EndoSCs, from the same person exhibit the same self-
recognition molecules and therefore is not destroyed by the 
immune system 
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46. Immune compatibility

At a simple level, why does the immune system care 
whether cells are self or non-self? 

A non-self-cell (or any other entity: bacteria, viruses, 
parasites, fungi, mold, drugs, etc.) can pose a serious threat 
to the life of the individual. Therefore, the immune system 
(actually two systems) first destroys the invader with 
prejudice (innate immune system), chopping it up into small 
pieces to remember its characteristics (adaptive immune 
system) in case it ever appears in the future.  

47. Graft vs HD

Can you explain GvHD is plain English?

GvHD is the body’s response to a foreign invader

- If the individual’s immune systems (innate and/or
adaptive) are intact, the foreign invader is destroyed
with prejudice

- If the individual’s immune system is compromised, the
foreign invader could destroy the patient

What does it teach us about the limits of using cells from 
a different person? 

If we use cells from a different individual, the self-
recognition molecules need to either match the patient’s self-
recognition molecules to prevent GvHD: 

- Identical twin

- Matching as many MHC Class-1 and HLA-DR
molecules as possible

- Genetically altering the self-recognition molecules to be
acceptable by immune system

Or do not express self-recognition molecules in the 
undifferentiated state 

- aTPSC – TSCs

- aTPSC – PSCs

48. Responsible Translation

What is the difference between a scientific discovery, an 
early clinical observation, and an accepted medical 
treatment? 

Scientific Discovery 

Is first to see an event, such as telomerase positive stem cells 
in regenerating adult salamander limbs 

Early Clinical Observation 

IRB approved clinical application for compassionate use 
and/or right to try for treatment to a few patients to 
determine 

- If is it safe for patients

- Does it positively change normally expected outcome:
by >10% efficacy

Accepted Medical Treatment 

- FDA IND (Investigational New Drug) for clinical trials

- FDA approval for commercialization

- JAMA approval for acceptable treatment

Why is the distinction important?

Prevents adverse harm to the patients

49. What evidence is needed

Before any new regenerative approach is widely 
accepted, what kind of evidence does the medical 
community need to see? 

1. Preclinical studies in disease models in animals to see if
it actually works

2. Early IRB-approved clinical studies in a small cohort of
patients to determine safety and efficacy

3. Placebo-controlled clinical trials on larger number of
patients to determine safety, any adverse side effects,
and efficacy of treatment vs controls

50. What physicians should be careful about

What should physicians be careful about when they hear 
exciting claims in regenerative medicine? 

1. Have the studies been done in humans rather than
animals?

2. Have the studies been published in the scientific
literature?

3. Do physicians have access to those publications?

a. Do the investigators understand the model they
are working with

b. Do conclusions match results, based on materials
and methods

Part 9. The Big Picture of Regenerative Medicine 

51. Outside vs Inside Medicine

The videos introduce the idea of moving from an outside-
in model to an inside-out model. 

Do you agree with that framing? 

Yes, I do, in two respects: 

1. At the whole-body level using pharmacological agents

2. At the organ level using endogenous aTPSCs

How would you explain it?
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1. At the whole-body level using pharmacological
agents from outside the body are used to treat the
inside of the body

2. At the organ level we use endogenous aTPSCs,
specifically the TSCs to heal the organ from the
inside outward via the Thebesian vascular system

3. The larger aTPSCs (PSCs, GLSCs) to heal the
organ from the outside inward via the coronary
vasculature system

4. Nuratraceuticals, building blocks, minerals, 
vitamins, sleep, exercise, meditation, and drugs to
support the healing of the body

52. Unlocking Existing Biology

Is the future of regenerative medicine learning how to 
work with repair systems the body already has. 

- Yes, to have a chance at successful regeneration requires
an understanding of the model system (human body) which
one is working with. The body has perfected repair /
regeneration over multiple millenniums.

53. The Body has a Regenerative System

Do you think modern medicine has underestimated the 
body’s built-in capacity for repair? 

- Yes, until recently, pre-1950’s (initiation of bone marrow
transplants) the body was not thought to be able to repair
itself.

- Scar tissue formation was considered normal healing

- Physicians did everything in their power to stimulate scar
tissue formation

1. Cauterize entire areas

2. Debride dead areas of tissue removing the transitional scar

3. Create flaps of tissue to cover an amputated wound site

54. Where aTPSCs fit in the future

If the field begins to take aTPSCs seriously, how could 
that change the way researchers think about 
regenerative medicine? 

Put your thinking caps on. Imagine what would be possible 
if you had access to a particular type of cell that was a 
universal donor and could be used for anyone, it is 
immunoprotected (invisible to immune system), it could 
proliferate to mass quantities (10^690+ doublings), could be 
changed into any cell type using specific inductive agents, it 
could be implanted as newborn cells in any aged individual. 
Basically, any living thing is possible. 

The only limits to the capabilities of the aTPSCs are your 
imagination. 

55. A new Framework

Could aTPSCs change the framework from “What cells 
can we add to the body?” to “What repair systems 
already exist in the body” 

Short answer – YES 

56. The right cell for the right condition

Can you introduce the idea that different conditions may 
require different cell populations? 

Analogies to building a house: you built a two-story brick 
house in “tornado alley”, two years later a tornado 
completely destroys your house, the following is a potential 
sequence of events needed to restore your house to its 
original configuration. 

1. Need an architect to redraw house plans (exosomes /
secretomes)

2. Contract with demolition crew to haul off debris (innate
immune system)

3. Need Subcontractor to stake out area for house and
placement of plumbing and electrical systems hook-ups

4. Hire subcontractor to pour cement pad with 1’ extension
for footers (for brick) (aTPSCs with TGF-b and b-FGF
to form transitional scar)

5. Subcontract with framers to frame 2-story house
(connective tissue stroma)

6. Subcontract with roofers

7. Subcontract with bricklayers

8. Subcontract with plumbers to attach plumbing for
kitchen, bathrooms, laundry room, outside faucets to
existing tubing (vasculature)

9. Subcontract with electricians to wire the house for
lighting, appliances, electrical outlets (nervous system)

10. Subcontract with window installers

11. Subcontract with door installers

You need to subcontract with different people to do specific 
jobs 

- If you need a plumber, you do not ask a bricklayer

- If you need an electrician, you don’t ask a roofer

- If you need windows installed, you don’t ask a plumber

- Specific people to do specific jobs

Same with stem cells – you need specific cells to do specific 
jobs. What is unique about aTPSCs, especially TSCs and 
PSCs is that they can provide whatever cells are needed.  

57. Why this series matters

This series introduces the aTPSCs, their capabilities, how to 
isolate and propagate the cells, and their use in IRB-
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approved compassionate use / right to try human clinical 
trials.  

Part 10. Closing Reflections 

To reiterate Table 4. aTPSCs, especially TSCS, fit all the 
wish list criteria for the “Holy Grail” for regenerative 
medicine, and answer all the HYPE associated with the Holy 
Grail. 

Table 4. Holy Grail Wish List (completed). 
Attributes TSCs ESCs MSCs 

Telomerase Positive YES Yes No 

Unlimited proliferation Potential 

YES Yes No 

Present throughout lifespan of individual YES NA Decrease with increasing age 

Absent Self-Recognition Molecules 

YES No No 

Invisible to Immune System YES No No 

Will form any somatic cell type YES Yes No, 

fat, cartilage, bone 

Does NOT spontaneously differentiate 

YES No Yes 

Pre-differentiation is NOT needed YES No Yes 

Will NOT form teratomas YES No Yes 

Function controlled by biological agents YES No Yes 

Homing receptors for damaged cells YES ?? Yes 

Naïve state forms what is lost or damaged 

YES ?? Yes 

Does NOT overgrow existing cells/tissues YES ?? Yes 

Exosome Production YES Yes Yes 

Currently, can be propagated to large numbers 
without mutations 

YES No No 

Universal stem cell transplant YES No No 

Days of shelf-life at 4oC 40 ?? ?? 

Cryopreserved -80oC -196 oC -196 oC 

Recovery Viability 99% ?? 95% 

Can be Freeze Dried NYD No No 

Restoration Viability NYD No No 

Can withstand 

-196 oC to +200 oC 

NYD NYD NYD 

Bio-printed into 3D Constructs for transplant NYD 

NYD NYD 

Additional Aspects 

Trypan Blue Staining YES No No 

Size, microns 0.1-2 15-30 50-100 
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Traverse Blood-Brain Barrier YES No No 

Enter Thebesian System of Heart YES No No 

Heal heart from inside outward YES No No 

Replace all cells in damaged brains YES No ?? 

Allogeneic cells can add new immune system 
without bone marrow ablation 

YES No ?? 

Restore eyesight in dry macular degeneration 

YES No ?? 

Reduce pain and increase ambulation in 
osteoarthritis 

YES ?? ?? 

CONCLUSION 

The endogenous adult telomeres positive stem cells 
(aTPSCs), especially the totipotent stem cells (TSCS), fit all 
the wish list criteria for the “Holy Grail” for regenerative 
medicine, and can perform all the HYPE associated with the 
Holy Grail. 
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