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Abstract 

Naïve adult endogenous stem cell transplants have been used as a substitute for embryonic 

stem cells and/or induced pluripotent stem cells for treating individuals with autoimmune, 

cardiovascular, neurological, orthopedic, pulmonary, renal and systemic chronic diseases and 

traumatic injuries. This is primarily due to the absence of moral and ethical issues, absence of 

teratoma formation when transplanting stem cells in the naïve state, readily available 

populations of stem cells and ease of stem cell isolation for transplant. While a majority of the 

ongoing clinical trials utilize autologous naive adult endogenous stem cells for treating the 

individual with their own stem cells, other trials have utilized similar types of allogenic stem 

cells from donors for the treatment of chronic diseases. For allogeneic naïve endogenous adult 

stem cells to be utilized for transplant, the donor stem cells should be screened to prevent the 
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potential for Graft Versus Host Disease (GvHD) response where the recipient may destroy the 

graft or the graft may destroy the recipient; to prevent inoculation of new infectious diseases 

into the recipient and to prevent transplantation of stem cells with deleterious gene mutations 

into the recipient. This paper describes the various types of adult telomerase negative and 

telomerase positive endogenous stem cells being used for transplantation therapies, disease 

entities they have treated, whether treatments utilized autologous and/or allogeneic stem cells, 

reported outcomes and proposed selection criteria used in the future for allogeneic adult 

endogenous stem cells in regenerative medicine. 
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Introduction 

Multiple studies have demonstrated that stem cells in general and naïve endogenous adult stem 

cells in particular are useful treatments in the field of regenerative medicine [1-15]. Adult 

differentiated cells, e.g., functional parenchymal cells and structural stromal cells, comprise 

approximately 50% of all cells in an adult (post-natal) individual [16]. Examples of functional 

parenchymal cells include exocrine glands, various types of muscle, pneumocytes, hepatocytes, 

pancreatic islet cells, neurons, nephrocytes, endothelial cells, lining cells of the gastrointestinal 

system, etc. Examples of structural stromal cells include loose fibrous connective tissues, 

endoneurium, perineurium, epineurium, endomysium, perimysium, epimysium, cardiac 

skeleton, organ capsules, organ trabeculae, etc. [17]. The remaining 50% of all cells in an adult 

individual are composed of endogenous stem cells [16]. 

 

Endogenous Telomerase Negative Stem Cells 

The endogenous stem cells of an adult can be segregated into two categories based on the 

absence or presence of the enzyme telomerase. Approximately 40% of the adult endogenous 

stem cells are telomerase negative and approximately 10% are telomerase positive [16]. The 

enzyme telomerase is responsible for maintaining telomere number at the ends of the 

chromosomes during cell division. Without telomerase, once all the telomeres are lost, the cell 

undergoes pre-programmed cell senescence and cell death [18]. Telomerase is absent in 

differentiated cells and lineage committed progenitor stem cells [19]. Human telomerase 

negative cells at birth have a lifespan of 70 population doublings before genetically pre-

programmed for cell senescence and cell death [20]. In rodents, telomerase negative cells have 

a lifespan of 6-8 population doublings before genetically pre-programmed for cell senescence 
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and cell death [21]. Examples of endogenous telomerase negative stem cells are mesenchymal 

stem cells (MSCs), Medicinal Signalling Cells (MSCs), Marrow Stromal Cells (MSCs), Very 

Small Embryonic-Like Cells (VSELs), Multilineage Differentiating Stress Enduring Cells 

(MUSE) [14], Multipotent Adult Progenitor Cells (MAPCs), multipotent epidermal stem cells, 

multipotent neural progenitor stem cells, multipotent hematopoietic progenitor stem cells, 

tripotent adipo-chondro-osteo progenitor stem cell, bipotent adipofibroblast progenitor stem 

cell, bipotent hepatic oval progenitor stem cell and unipotent myoblast progenitor stem cell 

[10-12,22-40]. 

 

Endogenous Telomerase Positive Stem Cells 

In contrast, for stem cells that are telomerase positive the number of telomeres at the ends of 

the chromosomes are restored after each cell division, giving the cell an almost unlimited 

proliferation potential as long as the cell remains undifferentiated [18]. Telomerase is present 

in gametes (sperm and ova), tumor cells and a small proportion (10%) of naïve adult 

endogenous stem cells, e.g., Ectodermal Stem Cells (EctoSCs), Mesodermal Stem Cells 

(MesoSCs), Endodermal Stem Cells (EndoSCs), Pluripotent Stem Cells (PSCs) and Totipotent 

Stem Cells (TSCs) [41-45]. In long term studies, a mesodermal stem cell clone demonstrated 

population doubling numbers of 2690, a pluripotent stem cell clone demonstrated population 

doubling numbers > 2400 and a totipotent stem cell clone demonstrated population doubling 

numbers > 2300 [42]. Throughout these studies, at start of the experiments and at every 200-300 

population doublings thereafter, clones of MesoSCs, PSCs and TSCs were analyzed for any 

changes in karyotypic expression, confirmation of Hayflick’s Limit once induced to a particular 

cell lineage and induction of downstream differentiated cell types [18,20]. The lower number 

of cell doublings for totipotent stem cells and pluripotent stem cells was due to when the 

telomerase positive stem cell (e.g., MesoSC, PSC, TSC) was isolated, purified and/or cloned 

from single cells and their respective population doubling experiments initiated, rather than 

their absolute number of population doublings. In any case, cell doublings > 70 (Hayflick’s 

Limit) suggest potential for essentially unlimited proliferation potential [42]. 
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Figure 1: Lineage map of embryonic development. Reprinted with permission from Young 

HE, Black Jr AC. Adult stem cells. Anat. Rec. 2004; 276A:75-102. 

 

Of the 10% stem cells that are telomerase positive, ~3% are Ectodermal Stem Cells (EctoSCs) 

and will only form cells of the ectoderm germ layer lineage, e.g., surface ectoderm-, neural 

ectoderm- and neural crest-derived cells (Fig. 1). The EctoSCs will not cross over, i.e., will not 

transdifferentiate, into cells of either the mesodermal germ layer lineage or the endodermal 

germ layer lineage (Fig. 2), or dedifferentiate into pluripotent stem cells or totipotent stem cells. 

Approximately 3% of the telomerase positive stem cells are Mesodermal Stem Cells 

(MesoSCs) and will only form cells of the mesoderm germ layer lineage, e.g., lateral plate 

mesoderm-, intermediate mesoderm- and paraxial mesodermal-derived cells (Fig. 1). MesoSCs 

will not cross over, i.e., will not transdifferentiate, into cells of either the ectodermal germ layer 

lineage or the endodermal germ layer lineage (Fig. 2) or dedifferentiate into pluripotent stem 

cells or totipotent stem cells. Approximately 3% of the telomerase positive stem cells are 

Endodermal Stem Cells (EndoSCs) and will only form cells of the Endoderm germ layer 

lineage (Fig. 1). EndoSCs will not cross over, i.e., will not transdifferentiate, into cells of either 

the ectodermal germ layer lineage or the mesodermal germ layer lineage (Fig. 2) or 

dedifferentiate into pluripotent stem cells or totipotent stem cells. Approximately 0.9% of the 

telomerase positive stem cells are Pluripotent Stem Cells (PSCs), equivalent to the Epiblast 

(Fig. 1). They will form all cell types of the body across all three germ layer lineages, but will 

not form gametes (sperm or ova) and will not form the nucleus pulposus of the intervertebral 
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discs, the only adult structure of the notochord (Fig. 2), or dedifferentiate into totipotent stem 

cells. The remaining telomerase positive stem cells approximate 0.1% of all stem cells in the 

body and are termed Totipotent Stem Cells (TSCs). TSCs are equivalent to the blastocyst of 

the developing zygote (Fig. 1) and will form all tissues of the body, including the gametes 

(sperm and ova) and the nucleus pulposus of the intervertebral disc (Fig. 2). Differentiation is 

solely in a downstream direction and results were based on multiple studies with general and 

specific induction agents tested individually or in combination with clones of MSCs, EctoSCs, 

MesoSCs, EndoSCs, PSCs and TSCs generated by repetitive single cell clonogenic analysis 

(Table 1) [42-47]. 

 

 

Figure 2: Diagram of telomerase-positive stem cells (with an essentially unlimited 

proliferation potential) {above red dashed line} and telomerase-negative stem cells (which 

conform to Hayflick’s limit of 50-70 population doublings before programmed cell 

senescence and death {below blue dashed line}, that are located within the body. The 

differentiation potential with respect to the stem cells is solely unidirectional in a downstream 

direction. 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. 
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Induction Factor & Cell 

Type(s) Formed 

MSCs EctoSCs MesoSCs EndoSCs PSCs TSCs 

Dexamethasone: 10-6 to 

10-10M:  

Mesoderm: fibroblasts, 

smooth muscle, cardiac 

muscle, skeletal muscle, 

unilocular white fat, 

multilocular brown fat, 

hyaline cartilage, elastic 

cartilage, and 

fibrocartilage, 

endochondral and 

cancellous bone. 

Fat, 

Cart, 

Bone 

Only 

 

No 

 

Yes 

 

No 

 

Yes 

 

Yes 

Skeletal Muscle 

Morphogenetic Protein 

(Sk-MMP): 

Mesoderm: Skeletal 

muscle 

 

No 

 

No 

 

Yes 

 

No 

 

Yes 

 

Yes 

Smooth Muscle 

Morphogenetic Protein 

(Sm-MMP): 

Mesoderm: Smooth 

muscle 

 

No 

 

No 

 

Yes 

 

No 

 

Yes 

 

Yes 

Cardiac Muscle 

Morphogenetic Protein 

(CM-MMP): 

Mesoderm: Cardiac 

muscle 

 

No 

 

No 

 

Yes 

 

No 

 

Yes 

 

Yes 

Fibroblast Morphogenetic 

Protein (FMP): 

Fibroblasts 

 

No 

 

No 

 

Yes 

 

No 

 

Yes 

 

Yes 
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Scar Fibroblast 

Morphogenetic protein 

(SFMP): 

Mesoderm: Scar 

fibroblasts 

 

No 

 

No 

 

Yes 

 

No 

 

Yes 

 

Yes 

White Fat Morphogenetic 

Protein (WFMP): 

Mesoderm: Unilocular 

adipose tissue 

 

Yes 

 

No 

 

Yes 

 

No 

 

Yes 

 

Yes 

Brown Fat Morphogenetic 

Protein (BFMP): 

Mesoderm: Multilocular 

adipose tissue 

 

No 

 

No 

 

Yes 

 

No 

 

Yes 

 

Yes 

Chondrogenic 

Morphogenetic Protein 

(ChMP): 

Mesoderm: Fibrocartilage, 

elastic cartilage, hyaline 

cartilage, articular 

cartilage, growth plate 

cartilage 

 

Hyaline 

Cart 

 

No 

 

Yes 

 

No 

 

Yes 

 

Yes 

Endochondral Bone 

Morphogenetic Protein 

(EBMP): 

Mesoderm: Endochondral 

bone formation – 

mesoderm to growth plate 

cartilage model to bone 

 

Endoch 

Bone 

 

No 

 

Yes 

 

No 

 

Yes 

 

 

Yes 

Intramembranous Bone 

Morphogenetic Protein 

(IBMP): 

Mesoderm: 

Intramembranous bone 

formation – direct 

mesoderm to bone 

formation 

 

No 

 

No 

 

Yes 

 

No 

 

Yes 

 

Yes 
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Bone Morphogenetic 

Protein-2  

(BMP-2): 

Mesoderm: Endochondral 

bone formation – 

mesoderm to growth plate 

cartilage model to bone 

 

Endoch 

Bone 

 

No 

 

Yes 

 

No 

 

Yes 

 

Yes 

Fibroblast Growth Factor-

Alpha  

(FGF-a): 

Mesoderm: Endothelial 

cells 

 

No 

 

No 

 

Yes 

 

No 

 

Yes 

 

Yes 

Transforming Growth 

Factor-Beta (TGF-b): 

Mesoderm: Fibroblasts 

 

No 

 

No 

 

Yes 

 

No 

 

Yes 

 

Yes 

Basic-Fibroblast growth 

Factor  

(basic-FGF): 

Mesoderm: Fibroblasts 

 

No 

 

No 

 

Yes 

 

No 

 

Yes 

 

Yes 

Stem Cell Factor (SCF) + 

Interleukin-3 (IL-3) + 

Interleukin-6 (IL-6) + 

Erythropoietin (EPO): 

Mesoderm: RBC colony 

forming units 

 

No 

 

No 

 

Yes 

 

No 

 

Yes 

 

Yes 

Nerve Growth Factor 

(NGF): 

Ectoderm: Neurons, glial 

cells 

No Yes No No Yes Yes 

Hepatocyte Growth Factor 

(HGF): 

 

No 

 

No 

 

No 

 

Yes 

 

Yes 

 

Yes 
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Endoderm: hepatocytes, 

oval cells (hepatic 

progenitor cells) 

TSC Exosome-

Conditioned Medium: 

Totipotent stem cell 

lineage 

 

No 

 

No 

 

No 

 

No 

 

No 

 

Yes 

PSC Exosome-

Conditioned Medium: 

Pluripotent stem cell 

lineage 

 

No 

 

No 

 

No 

 

No 

 

Yes 

 

Yes 

EctoSC Exosome-

Conditioned Medium: 

Ectodermal stem cell 

lineage 

 

No 

 

Yes 

 

No 

 

No 

 

Yes 

 

Yes 

MesoSC Exosome-

Conditioned Medium: 

Mesodermal stem cell 

lineage 

 

No 

 

No 

 

Yes 

 

No 

 

Yes 

 

Yes 

EndoSC Exosome-

Conditioned Medium: 

Endodermal stem cell 

lineage 

 

No 

 

No 

 

No 

 

Yes 

 

Yes 

 

Yes 

Pancreatic Islet Inductive 

Cocktail [12,38,40,41]: 

Alpha-cells (glucagon), 

beta-cells (insulin), delta-

cells (somatostatin) 

 

No 

 

No 

 

No 

 

Yes 

 

Yes 

 

Yes 

Nucleus Pulposus of 

Intervertebral Disc 

Exosome-Conditioned 

Medium: 

Nucleus Pulposus of IVD 

 

No 

 

No 

 

No 

 

No 

 

No 

 

Yes 
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Testicle Exosome-

Conditioned Medium: 

Spermatogonia 

 

No 

 

No 

 

No 

 

No 

 

No 

 

Yes 

CD cell surface markers* CD105, 

CD117, 

CD123, 

CD166, 

MHC 

Class-I 

CD56, 

CD90, 

MHC 

Class-I 

CD13, 

CD90, 

MHC 

Class-I 

CD90 

MHC 

Class-I 

CD10 CD66e 

*CD cell surface markers examined were CD1a, CD2, CD3, CD4, CD5, CD7, CD8, CD9, 

CD10, CD11b, CD11c, CD13, CD14, CD15, CD16, CD18, CD19, CD20, CD22, CD23, 

CD24, CD25, CD31, CD33, CD34, CD36, CD38, CD41, CD42b, CD44, CD45, CD49d, 

CD55, CD56, CD57, CD59, CD61, CD62e, CD66e, CD68, CD69, CD71, CD79, CD83, 

CD90, CD105, CD117, CD123, FLT3 (CD135), CD166, Glycophorin-A, MHC Class-I, 

HLA-DR-II, FMC-7, Annexin-V, and Lin antigens. 

 

Table 1: Induction of Telomerase Negative Stem cells (MSCs) and Telomerase Positive 

Stem Cells EctoSCs, MesoSCs, EndoSCs, PSCs, TSCs) to form differentiated cells using 

general and specific induction agents. 

Clinical Studies of Telomerase Negative and Telomerase Positive 

Stem Cells 

With respect to telomerase negative endogenous adult stem cells, the proportion of clinical 

studies using mesenchymal stem cells, both autologous and allogeneic, far outweigh the 

number of clinical studies using very small embryonic-like stem cells, multipotent adult 

progenitor cells and multilineage differentiating stress enduring cells [8,48]. Examples of 

mesenchymal stem cell clinical studies can be subdivided into particular diseases, such as 

autoimmune diseases, e.g., Systemic Lupus Erythematosus (SLE), celiac disease; pulmonary 

diseases, e.g., Idiopathic Pulmonary Fibrosis (IPF); Chronic Obstructive Pulmonary Disease 

(COPD); Cardiovascular Disease (CVD); neurological diseases, e.g., Age-Related Macular 

Degeneration (AMD), Parkinson Disease (PD), Alzheimer’s Disease (AD), Traumatic Spinal 

Cord Injury (TSCI), Stroke, Traumatic Brain Injury (TBI), Traumatic Blindness, Chronic 

Inflammatory Demyelinating Polyneuropathy (CIDP), Multiple Sclerosis (MS), Amyotrophic 

Lateral Sclerosis (ALS) and systemic diseases, e.g., End Stage Renal Disease (ESRD) and 

Chronic Kidney Disease (CKD) [49-114]. Clinical trials utilizing transplanted autologous 

and/or allogeneic MSCs have shown that the effect of MSCs on various disease states has been 

either no effect, stasis of disease progression or a slight reduction in disease progression. It has 

been suggested that this is due to immunomodulatory effects on the system, rather than 
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reparative with an increase in overall function. This immunomodulatory activity has been 

prescribed potentially to exosomes secreted by the MSCs into the damaged tissues 

[26,27,49,54,58,59,77,83,87-89,91,93,97,104,105,108-110,112,115-121]. 

In contrast, clinical studies utilizing autologous and/or allogeneic MesoSCs, PSCs and/or TSCs 

have shown a definitive reparative/regenerative response in the tissues, demonstrated by a 5%-

50% increase in organ(s) function(s) across all of the following diseases examined, e.g., SLE, 

Celiac disease, IPF, COPD, CVD, AMD, PD, AD, TSCI, stroke, TBI, traumatic blindness, 

CIDP, MS, ALS and CKD [122-141]. 

 

Isolation Strategies 

The disparity in results between telomerase negative MSCs (e.g., no effect, stasis of disease 

progression, or a slight reduction in disease progression) versus telomerase positive stem cells, 

e.g., TSCs, PSCs and MesoSCs (restoring function of damaged tissues) might be reflected by 

the isolation strategies for the telomerase negative versus telomerase positive stem cells types.  

The major source tissues for MSCs are bone marrow, adipose tissue and umbilical cord. The 

original protocol to isolate MSCs from bone marrow, was to use “long bones”, e.g., femur, 

tibia and/or humerus; separate the epiphysis from the diaphysis and attached metaphysis; wash 

out the marrow with saline, using forced pressure; homogenate the marrow; load onto a Ficoll 

density gradient and centrifuge to separate hematopoietic cells from the remaining 

mononucleated cells that were designated as MSCs [22,23]. The original protocol to separate 

MSCs from adipose tissue was to suction adipose tissue from an individual, which is removed 

as a slurry of cells. Digest the slurry with lipase, which is an enzyme that disrupts adipoblasts 

and adipocyte connection with the other cells. Dilute the cell suspension with tissue culture 

medium and fill a tissue culture flask completely full; place the tissue culture flask within a 

37◦C incubator horizontal; allow the adipocytes and adipoblasts to float to surface; pour off the 

upper layer of medium (containing the adipocytic elements) and one is left with a collection of 

mononucleated cells, that were termed MSCs [25]. There were three basic protocols to remove 

MSCs from umbilical cords. In the first procedure the MSCs were removed with the 

hematopoietic cells within the two umbilical arteries and one umbilical vein using pressurized 

saline to wash out the cells and then the MSCs separated from the blood cells by centrifugation. 

The second procedure isolated MSCs from Wharton’s Jelly, the tissue supporting the umbilical 

vessels, by “milking” Wharton’s jelly from the cord, dispersing the mononucleated cells, 

termed MSCs. The third procedure cut the umbilical cord into pieces, digested with enzymes 

to produce a slurry of cells, centrifuged to remove the enzymes and the remaining 

mononucleated cells were designated as MSCs [7,8,116]. 

Unfortunately, while these isolation procedures are easy to perform, the derived cells from each 

procedure are not just MSCs. Rather the isolated mononucleated cells are a heterogenous 

population of differentiated cells, telomerase negative stem cells and telomerase positive stem 

cells, with combined multilineage differentiation capabilities, secrete various growth factors 
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and cytokines and ability to modulate oxidative stress that can have anti-apoptotic, angiogenic, 

anti-inflammatory and immunomodulatory effects [142,143]. For example, bone marrow is not 

just hematopoietic cells and MSCs. Bone marrow is composed of hematopoietic cells, e.g., 

hematopoietic stem cells, RBCs and their respective cell lineages, WBCs and their respective 

cell lineages, chondroclasts, osteoclasts, vascular tissues, e.g., sinusoids, arteries, arterioles, 

venuoles, veins, all lined with endothelial cells (inner lining) and smooth muscle cells (outer 

layer), bone marrow stromal cells, fibroblasts, fibrocytes, adipoblasts, adipocytes, 

chondroblasts, chondrocytes, osteoprogenitor cells, osteoblasts, osteocytes, telomerase 

negative stem cells, e.g., MSCs, VSELs, MAPCs, MUSE and telomerase positive stem cells, 

e.g., MesoSCs, PSCs and TSCs [10-14,17,19,22,23,28-31,141,144]. 

Similarly, adipose tissue is not just fat cells and MSCs. White fat adipose tissue is a 

metabolically active tissue. It is composed of adipoblasts, adipocytes; a connective tissue 

framework consisting of fibroblasts and fibrocytes; nervous tissue associated cells, e.g., 

Schwann cells (myelin), neural processes, sensory nerve endings, neuroblasts, endoneurium, 

perineurium, epineurium; associated vascular tissues, e.g., endothelial cells specific for 

arteries, arterioles, different types of capillaries, venuoles, veins, smooth muscle cells, 

hematopoietic stem cells, RBCs, WBCs, monocytes, macrophages and their associated 

connective tissues; telomerase-negative stem cells, e.g., MSCs, VSELs, MAPCs, MUSE and 

telomerase-positive stem cells, e.g., EctoSCs, MesoSCs, PSCs, TSCs and MSCs [12-

14,19,25,72,94,95,106,145]. 

Likewise, the contents of the umbilical cord are not just hematopoietic stem cells and MSCs. 

Rather, from inside outward the umbilical cord is composed of two umbilical arteries and one 

umbilical vein containing hematopoietic stem cells, MSCs and telomerase positive TSCs, PSCs 

and MesoSCs. The vessels are lined on the inside with endothelial cells and on the outside with 

smooth muscle cells. The next layer is Wharton’s Jelly which consists of a hyaluronic acid 

extracellular matrix with embedded telomerase negative stem cells, e.g., MSCs, VSELs, 

MAPCs, MUSE and telomerase positive stem cells, e.g., TSCs, PSCs and MesoSCs 

[7,8,27,93,103,116, unpublished observations]. 

One might argue that if all three source tissues for mononucleated cells, designated as MSCs, 

e.g., bone marrow, adipose tissue and umbilical cord, also contain telomerase positive stem 

cells, then results between the two should be similar, but they decidedly different, i.e., 

immunomodulatory (MSCs) versus reparative (telomerase positive stem cells). One potential 

explanation for the discrepancy between the two sets of stem cells is the manner in which the 

cells are cryopreserved and stored for future use. Differentiated cells and telomerase negative 

stem cells are optimally flash frozen and stored in liquid nitrogen, -196◦C (90-95% viable when 

thawed) [42]. This is probably due to the high cytoplasm to nuclear ratio, i.e., large amount of 

fluid in the cytoplasm and the chance for ice crystal formation if the cells are frozen slowly. In 

contrast, telomerase positive stem cells are optimally slow frozen (decrease in temperature of 

one degree per minute) and stored at -70◦C (EctoSCs, MesoSCs and EndoSCs) to -80◦C (PSCs 

and TSCs) (95-100% viable when thawed). The telomerase positive stem cells have a high 

nuclear to cytoplasmic, very little water in their cytoplasm and hence can withstand the higher 
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freezing and storage temperatures [42]. To test this hypothesis, we switched freezing 

parameters. Our clone of MSCs was slow frozen and stored at -80◦C. Within 24 hours after 

freezing there was 5% viability of the cells when thawed. MSC viability continued to decrease 

to 0% with increasing time in storage. Similarly, we flash froze and stored a PSC clone (Scl-

40β) in liquid nitrogen. Within 12 hours after freezing there was ~5% viability of the cells 

when thawed. Similar to the MSCs, with increasing storage time the viability of the PSC clone 

decreased to 0%. The results suggested that if mononucleated cells isolated from the source 

tissue were flash frozen and stored in liquid nitrogen then all potential telomerase positive stem 

cells in the population would be lost. Differential cryopreservation and storage at a temperature 

of -70◦C to -80◦C was another method used to rid telomerase positive stem cells from any 

contaminating telomerase negative stem cells in a preparation [42]. 

 

MHC Class-I and MSCs, MesoSCs, PSCs and TSCs 

Studies from our lab noted that a clone of telomerase negative adult endogenous Mesenchymal 

Stem Cells (MSCs), generated by repetitive serial dilution clonogenic analysis, displayed 

CD105, CD117, CD123, CD166 and MHC Class-I cell surface markers (Table.1) [42]. In 

contrast, MSCs known as Medicinal Signalling Cells (MSCs) displayed CD73, CD80, CD90 

and MHC Class-I cell surface markers [Review,8]. Regardless as to the MSC population 

analyzed, both Medicinal Signalling Cells (MSCs) displaying CD73, CD80, CD90 and 

Mesenchymal Stem Cells (MSCs) displaying CD105, CD117, CD123 and CD166 

demonstrated the presence of MHC Class-I marker expression on their cell surfaces. Similarly, 

the adult endogenous telomerase positive germ layer lineage stem cells, e.g., EctoSCs, 

MesoSCs and EndoSCs, all displayed MHC Class-I markers on their respective cell surfaces. 

In contrast, adult endogenous telomerase positive PSCs and TSCs were absent of the MHC 

Class-I marker on their cell surfaces (Table.1) [42]. MHC Class-I is an HLA (Human 

Leukocyte Antigen) marker that an intact immune system uses to distinguish self from non-

self [146].  

A series of pre-clinical experiments were performed to ascertain whether presence or absence 

of the MHC Class-I marker had any effect with respect to transplanting telomerase positive 

stem cells. In these experiments, individual clones of TSCs, PSCs and MesoSCs were 

implanted into outbred animals with intact immune systems. The TSCs and PSCs incorporated 

into the tissues of the host animal and began regenerating previously damaged tissues 

[15,124,130]. In contrast, MesoSCs with the MHC Class-I cell surface marker induced an 

inflammatory response with subsequent scar tissue formation in the tissues [15]. The MesoSC 

results suggested the potential of an MHC Class-I-initiated Graft Versus Host Disease (GvHD) 

response, whereby allogeneic (donor) cells containing the MHC Class-I cell surface marker 

were recognized as non-self by an intact immune system, initiating an inflammatory response 

to rid the body of the offending invaders [147]. 
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Criteria for Allogeneic Stem Cell Transplants 

Chronic diseases where allogeneic stem cells from donors were transplanted into recipients for 

treatment included systemic lupus erythematosus, celiac disease, idiopathic pulmonary 

fibrosis, chronic obstructive pulmonary disease, cardiovascular disease, Alzheimer’s disease 

and Amyotrophic lateral sclerosis. Results using allogeneic telomerase negative MSCs, 

expressing MHC Class-I on their cell surfaces suggested an immunomodulatory effect of the 

MSCs with respect to these diseases where there was either stasis of disease progression, 

slowed disease progression, or no effect on disease progression [7,8,50,51,55,60,61,64-

76,90,92,95,96,99,103,106,107,148-150]. Another cohort of studies suggested that exosome-

containing vesicles derived from MSCs were the actual mediators of the immunomodulatory 

response of MSCs on these diseases [26,27,49,54,58,59,77,83,87-89,91,93,97,104,105,108-

110,112,115-121]. In contrast, based on the MesoSC transplantation studies, only telomerase 

positive TSCs and PSCs, that did not express MHC Class-I marker, were utilized for the 

allogeneic treatment of these same diseases [122,123,125,126,128,133,140]. The responses of 

the individuals were varying degrees of increase in function. These results suggested that the 

telomerase positive PSCs and TSCS were involved in reparative and/or regenerative activities 

with respect to the diseases treated. 

When telomerase positive TSCs and PSCs were used as allogeneic donor cells, other criteria 

were recognized as important factors for choosing the appropriate donors for transplant, e.g., 

gender match; ABO-blood group match or O-negative universal donor; non-shared infectious 

diseases; deleterious genetic mutations and cancer; donor lifestyle choices; donor’s ethnicity, 

hair pattern, hair color and personality and donor’s allergies and food choices. 

 

Gender Match 

Pre-clinical animal studies examining cross gender transplants noted some rather unexpected 

findings [16]. When male TSCs were transplanted into females or female TSCs were 

transplanted into males, additional secondary sex characteristics were noted in the recipient 

that matched the gender of the donor. Opposite gender secondary sex characteristics did not 

occur when male TSCs were transplanted into males or female TSCs were transplanted into 

females. Totipotent stem cells have the capability to form gametes if placed into the appropriate 

environmental milieu and given an appropriate stimulus they will migrate to areas distant to 

the site of placement [15,42,127,130]. Since the adrenal cortex does secrete low levels of both 

androgens and estrogens, it is conceivable that transplanted allogeneic TSCs migrated to areas 

where secondary sex characteristics are expressed and differentiated into the appropriate tissue 

types under the influence of low levels of either androgens or estrogens [42]. Therefore, to 

prevent such an occurrence in humans, gender-match is a pre-requisite for allogeneic TSC 

transplant. 
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ABO-Blood Group-Match or O-Negative Universal Donor 

Informed Consent Guidelines for allogeneic telomerase-positive stem cell harvest is to have 

the donor ingest Combinatorial Nutraceuticals (CN, DFRD, Macon, GA) for a minimum of 30 

days prior to harvest [150]. The CN induces the native TSCs, PSCs and MesoSCs to 

preferentially proliferate within their connective tissue niches throughout the body. Eighteen 

hours before harvest the donor ingests Glacial Caps (GC, DFRD), which induce the proliferated 

TSCs, PSCs and MesoSCs to mobilize (reverse diapedesis) into the blood stream [152]. At 

harvest, 210-420cc of whole blood, containing both the blood elements and the telomerase-

positive stem cells, is removed by venipuncture and the telomerase-positive stem cells are 

separated from the blood elements by our standardized procedure ‘FDA-mandated minimal 

manipulative procedures’, e.g., gravity, zeta potential and differential density gradient 

centrifugation, with serum, saline and sterile distilled water [122-141]. It is the blood draw that 

necessitates the ABO-blood group match or O-negative universal donor for allogeneic 

telomerase positive stem cell transplants [122,123,125,126,128,133,140]. While neither TSCs 

nor PSCs express MHC Class-I or HLA-DR cell surface molecules in the undifferentiated state, 

they will express those cell surface markers as they differentiate [42]. However, the time frame 

for that to occur is apparently sufficient for the host’s immune system to accept the allogeneic 

TSCs and PSCs as ‘self’ and not reject the differentiated cells. Year-long pre-clinical animal 

studies using out-bred animals with cross species transplants proved that to be the case [15,16]. 

 

Non-Shared Infectious Diseases 

One of the inclusion / exclusion criteria for donors for the clinical studies is to screen both the 

donor and recipient for the presence of infectious diseases, e.g., cytomegalovirus, Epstein Barr 

virus, Hepatitis (A,B,C), HIV, etc. [151]. If the donor does not express any infectious diseases 

and the recipient expresses one or more infectious diseases, the donor’s TSCs and PSCs are 

used for transplant. Similarly, if both donor and recipient express the same infectious 

disease(s), then the donor’s TSCs and PSCs are used for transplant. In contrast, if the donor 

expresses an infectious disease that is not found in the recipient, then the donor’s TSCs and 

PSCs are excluded from use of that recipient. 

 

Deleterious Genetic Mutations and Cancer 

Other criteria used to exclude donors from the clinical studies is to screen the donor for 

deleterious genetic mutations and cancers [151]. The donor’s genome is sequenced and then 

cross-matched to NIH’s data base for gene sequences for germ line mutations, deleterious gene 

mutations and cancers, e.g., hemophilia, sickle cell anemia, retinoblastoma, familial polyposis, 

etc. [153]. If the donor’s genome contains one or more gene sequences for homozygous 

dominant, homozygous recessive, or sex-linked disorders and/or cancers, the donor is excluded 

from participation in the clinical studies. 
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Donor Lifestyle Choices 

Our informed consent document, which is a requirement of each participant, donor and 

recipient, to initial each statement and sign, specifically states the following [151].  

“For a minimum of 30 days before stem cell harvest and throughout treatments to not use 

alcohol, tobacco products, vaping, recreational drugs, lidocaine, or chemotherapeutic agents 

because they KILL telomerase-positive stem cells __________.”  

“Limit use of caffeine (to 95 mg per day, size of one small cup of coffee) from two weeks 

before to two weeks after stem cell harvest/ transplant and no caffeine during a two-week 

window before and after stem cell harvest/ transplant, because caffeine prevents the 

differentiation of the telomerase-positive stem cells __________.”  

“Limit use of corticosteroids, e.g., prednisone, because it prematurely differentiates TSCs and 

PSCs into a mesodermal germ layer lineage __________.”  

“Abstain from moderate to excessive physical activity from two weeks before to two weeks 

after telomerase-positive stem cell harvest and treatment because telomerase-positive stem 

cells will repair the most recent damaged tissue first __________.”  

The lines attached for each of the above statements are for the initials of the donor or recipient, 

so there would be no question as to not having understood the ramifications of these and other 

statements within the informed consent document. 

We attempted to use gender-matched, ABO-blood group matched donors that were clear of 

infectious diseases, genetic mutations and cancer for one of our amyotrophic lateral sclerosis 

patients. This was performed to increase the number of TSCs and PSCs for their treatments. 

After trying for eight hours (of a normal 2-3-hour procedure) to isolate telomerase-positive 

stem cells of any kind from our first donor, it was noted that there were no TSCs, PSCs, or 

MesoSCs present in her blood. At post-harvest interview she divulged that she had been 

celebrating the night before the stem cell harvest with her girlfriends and had gotten drunk. She 

stated that she had not touched a drop of alcohol for 29 days and didn’t think one day would 

matter.  

The second attempt with a different donor was successful at isolating telomerase-positive stem 

cells from her blood, but at the end of one month (the usual time frame for a reduction in 

symptoms) there was no observable response. At post-harvest interview she stated that she was 

not an alcohol drinker anyway, so 30 days without alcohol didn’t matter. She also stated that 

she did not like coffee or tea, so abstaining from either one of them was easy. We noted at her 

interview she was drinking from a can of regular (caffeinated) Coke. When asked about how 

often she drank Coke, she stated about 10-12 Cokes every day (including during the 30-day 

pre-harvest period), “you could probably call me a Coke-aholic”. We surmised that that much 

continual caffeine probably shut down the differentiation potential of her telomerase positive 

TSCs and PSCs. 
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The third attempt with a different donor was as unsuccessful as with the first donor (i.e., no 

telomerase-positive stem cells in her blood). At the post-harvest interview, she stated that she 

does not use alcohol, tobacco products, recreational drugs, lidocaine, chemotherapeutic agents, 

caffeine, or corticosteroids. It was noted that on day of harvest she showed up wearing jogging 

clothes. When asked about this she said that ever since she had been taking the combinatorial 

nutraceuticals she felt so great that she would jog anywhere from 10-20 miles a day, but she 

limited her jogging to not more than 10 miles a day for two weeks before her harvest and 

including the morning before her stem cell harvest. Based on her response, we surmised that 

her telomerase-positive stem cells were being used by her body daily to repair microtears in 

her muscles and tendons and microfractures in her bones due to her jogging.  

Based on the above, it is imperative to choose donors where their lifestyle choices do not 

supersede the informed consent document [151].  

We have since given up using donors for the patient with amyotrophic lateral sclerosis and 

have been using cytapheresis and propagating her TSCs ex-vivo to maximize the numbers of 

telomerase-positive stem cells for her treatments [140]. In contrast, donors for individuals with 

SLE, IPF, COPD and CVD maintained informed consent protocols and the response in the 

recipients to donor TSCs and PSCs was remarkable at reversing the symptoms and increasing 

organ function of their respective diseases, e.g., SLE (Fig. 3 and 5), IPF (Fig. 3), COPD (Fig. 

4) and CVD (Fig. 5) [122,125,126,128]. 

 

Figure 3: Endogenous telomerase-positive stem cell treatment of two individuals with 

Idiopathic Pulmonary Fibrosis (IPF), with baseline FEV1 values of less than 30% (Gold-4) 

[154]. The female, age 80 with a baseline FEV1 of 14%, was transplanted with a single 

treatment of autologous telomerase-positive stem cells (TSCs and PSCs by nebulization and 

MesoSCs by intravenous infusion). Within one month after treatment her FEV1 rose to 27% 



18 

  

Young HE | Volume 1; Issue 2 (2020) | JRMBR-1(2)-009 | Clinical Trial Report 

Citation: Young HE, et al. Donor Selection is a Critical Component Using Naïve Endogenous Adult 

Stem Cells for the Treatment of Chronic Diseases and Traumatic Injuries. J Reg Med Biol Res. 

2020;1(2):1-28. 

DOI: http://dx.doi.org/10.46889/JRMBR.2020.1203 

[124], and then stabilized at 25% for eight years. The male, age 61 with a baseline FEV1 of 

25% was transplanted with a single autologous and three autologous/allogeneic (auto/allo) 

telomerase-positive stem cell treatments throughout a seven-year time frame. The 

autologous/allogeneic treatments consisted of pooled auto/allo-TSCs and auto/allo-PSCs by 

nebulization and autologous MesoSCs by intravenous infusion. His FEV1 has stabilized at 

approximately 70% for the past nine years (and counting). Reprinted with permission from 

Young HE, Speight MO. Telomerase-positive stem cells as a potential treatment for 

idiopathic pulmonary fibrosis. Stem Cells Regen Med. 2020; 4(2):1-11 [125]. 

 

 

Figure 4: Chronic Obstructive Pulmonary Disease (COPD) participant, with a baseline FEV1 

of 30% (GOLD-3) [154], treated with multiple autologous and allogeneic telomerase-positive 

stem cell transplants over an eight-year time frame. Within one month following their initial 

autologous stem cell treatment (TSCs and PSCs nebulized, followed by MesoSCs by regular 

intravenous infusion into median cubital vein), their FEV1 increased to 46%, approximating a 

50% increase in lung capacity [124]. During the ensuing eight-year time frame their FEV1’s 

fluctuated from 40% to 48%, due to pneumonia followed by stem cell transplant, followed by 

pneumonia, followed by autologous and/or allogeneic (TSC and PSC only) stem cell 

transplant, and so on and so forth. After their initial stem cell transplant the individual was 

able to reduce supplemental oxygen from 4-L per minute to 2-L per minute for the ensuring 

eight years and still maintain a greater than 98% oxygen saturation of their blood. The 

individual succumbed to a severe case of pneumonia eight years after initial telomerase-

positive stem cell treatment. Reprinted with permission from Young HE, Speight MO. 

Telomerase-positive stem cells as a potential treatment for chronic obstructive pulmonary 

disease. Stem Cells Regen Med. 2020; Accepted [126]. 
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Figure 5: Systemic Lupus Erythematosus (SLE) patient’s cardiac output dropped 

precipitously, 90% to 30%, during of ingestion of hydroxychloroquine to slow progression of 

SLE. At time of first stem cell transplant, cardiac output was below 25%. First stem cell 

transplant (autologous: TSC, PSC, and MesoSC) raised cardiac output to 25%. Second stem 

cell transplant from allogeneic (TSC and PSC only) 42-year-old A+ male raised cardiac 

output to approximately 40%. Third stem cell transplant from allogeneic 72-year-old O-

negative male raise cardiac output to approximately 70%. A total of 30 adult-derived 

autologous and/or allogeneic telomerase-positive stem cell transplants thus far have 

maintained his cardiac output at approximately 70% for over nine years and counting. 

Reprinted with permission from Young HE, Speight MO. Cardiovascular disease treated with 

telomerase-positive stem cells. Stem Cells Regen Med. 2020; 4(2):1-8 JSCR-20-069 [128]. 

 

Donor’s Ethnicity, Hair Pattern, Hair Color and Personality 

Allogeneic totipotent stem cells and pluripotent stem cells have the genome of the donor and 

therefore the capability to recapitulate the donor’s ethnicity, personality, posture, bone 

structure, muscle pattern, hair patterns, hair color, skin color, etc., in the recipient. Therefore, 

care must be taken that those possibilities are explained fully to the recipient before any 

allogeneic stem cells are transplanted. For example, the appearance of hair pattern, hair color 

and personality was seen in the individual with SLE and celiac disease following transplants 

of allogeneic TSCs by their intranasal delivery [122]. His first allogeneic transplant was from 

a 42-year-old A+ male that had a full head of auburn-colored hair and a nasty and aggressive 

personality. Those traits were expressed in the recipient approximately one month after 

treatment and was seen in the recipient as a replacement of white wispy hair to a fuller head of 
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auburn-colored hair and the nasty/aggressive personality (as assessed by his spouse, in-laws, 

relatives and friends). His second allogeneic TSC transplant was from a 72-year-old O-negative 

male with full head of black hair and a mellow and laid-back personality. One month after an 

intranasal TSC treatment, the SLE patient’s auburn hair turned black and he assumed a 

mellow/laid-back personality. The SLE patient received two allogeneic TSCs treatments from 

a 53-year old O-negative male with a full head of black hair and a caring/aggressive personality. 

About one month after each treatment his full head of hair remained black and he began to 

display a caring/aggressive personality. His second allogeneic donor, original age of donation 

at 72-years of age, contributed TSCs a second time, at age 75. At one month post treatment his 

full head of hair remained black and he assumed the mellow/laid-back personality. About four 

months later he received a TSC transplant from the 50-year-old A+ donor with a full head of 

sandy-brown colored hair and with a kind/caring personality. About one-month post-intranasal 

TSC treatment the SLE patient demonstrated a full head of sandy-brown colored hair and a 

kind/caring personality. His last allogeneic treatment came from the then 80-year-old O-

negative male, still with a full head of black hair and the mellow/laid back personality. About 

one month after donor intranasal TSC treatment, his hair pattern, hair color and personality 

traits matched that of the 80-year-old donor. The SLE recipient’s current personality appears 

to be a combination of aggressive, laid back, mellow, kind and caring, with very little if any of 

the ‘nasty’ personality traits from the first donor. Currently, his slightly thinning hair color is 

black and white, with some sandy-brown and a few strands of auburn. He jokes that ‘the white 

hair is his and the other colors belong to his donors [122]. 

Results from a clinical study of chronic obstructive pulmonary disease [126] where treatment 

with allogeneic TSCs and PSCs was by nebulization and Intravenous (IV) infusion, it was noted 

there was no transfer of hair pattern or personality traits occurred from the donors to the 

recipient. Hair color was difficult to determine in the COPD individual since both the recipient 

and her donors had the same initial hair color when they were younger. Results from the SLE 

study and the COPD study suggest that only when the intranasal route of TSC infusion is 

utilized is there a change of hair pattern and personality in the recipient to that of the donor 

[122,126]. 

 

Donor’s Allergies and Food Choices 

Before any stem cell treatment of any kind (autologous and/or allogeneic), the SLE individual 

with Celiac disease was allergic to almost all foods (cooked vegetables, cooked fruits, gluten, 

turkey, duck, chicken, eggs, milk, cheeses, yogurt, MSG), wearables (wool, nylon, polyester, 

latex gloves), environmental allergens (smoke, grasses, pollens, mold, pollution), vaccines, 

medicines, etc. [122,123]. Since his nine allogeneic TSC and PSC stem cell treatments he has 

lost most of his allergies except his long-standing allergies to penicillin, contrast dye, tobacco 

smoke, shellfish and chocolate. He had a transitory loss of his celiac disease, a gluten allergy 

to deaminated gliadin peptide (antibody titer reduction from 73 to less than 1.0), during his 

nine allogeneic TSC and PSC transplants [122,123]. During the eight-year period of receiving 
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allogeneic transplants he could eat a diet containing foods with gluten without any adverse side 

effects [123]. However, with cessation of the allogeneic transplants, his deaminated gliadin 

peptide titer began to rise, currently above 10 and he is again on a gluten-free diet [123]. 

Interestingly, he has gained an allergy to soy protein, the only allergy expressed by the O-

negative male that donated telomerase-positive stem cells four times. We also noted that he has 

gained three food preferences to that of the same O-negative male, e.g., cooked asparagus in 

garlic sauce, pimento cheese and blue cheese, three foods that the recipient would not and/or 

could not eat due to previous food preference and/or allergies, since shortly after birth and prior 

to the last transplant from this donor. Based on the above observations, we would hypothesize 

that the SLE recipient is a chimera, with respect to hair pattern, hair color, personalities, 

allergies, food preferences and containing the immune systems of potentially four to five 

individuals [122]. 

 

Conclusion 

Results using allogeneic telomerase negative MSCs, expressing MHC Class-I on their cell 

surfaces, demonstrated either stasis of disease progression, slowed disease progression, or no 

effect on disease progression with MSC transplantation [7,8,50,51,55,60,61,64-76,90,92,95, 

96,99,103,106,107,149-151]. These studies suggested that there was an immunomodulatory 

rather than a reparative effect of the MSCs with respect to the diseases treated. Another cohort 

of studies using chemical mediators derived from MSCs, suggested that the MSC-exosome-

containing microvesicles were the actual mediators of the immunomodulatory response of 

MSCs on these diseases [26,27,49,54,58,59,77,83,87-89,91,93,97,104,105,108-110,112,115-

121]. Since the effect of MSCs appears to be immunomodulatory rather than reparative and 

that exosomes from MSCs appear to drive the immunomodulatory response, it is suggested that 

exosome-containing vesicles derived from MSCs should be utilized to circumvent potential 

problems with MHC Class-I cell surface markers on allogeneic MSCs that might induce a 

partial to full GvHD response in the recipient, that would potentially negate its activity. 

We would hypothesize that as native differentiated cells of his immune system are depleted 

during lupus flares that the telomerase-positive allogeneic stem cells with a “clean genome” 

replaced genetically defective native immune cells with cells containing the full complement 

of enzymes and function as they would in a normal non-autoimmune individual.  

In contrast, based on the previous MesoSC transplantation studies, only telomerase positive 

TSCs and PSCs, that did not express MHC Class-I marker, were utilized for the allogeneic 

treatment of these same diseases [122,123,125,126,128,133,140]. Activated allogeneic 

telomerase positive TSCs and PSCs demonstrated either the repair or replacement of non-

functional scar tissue and/or regenerate new functional organ parenchyma, as seen with the 

decrease in disease symptoms and increase in organ function in treated individuals with 

systemic lupus erythematosus, celiac disease, idiopathic pulmonary fibrosis, chronic 

obstructive pulmonary disease, cardiovascular disease, Alzheimer’s disease and Amyotrophic 
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lateral sclerosis [122,123,125,126,133,140]. The results suggest that allogeneic TSCs and 

PSCs, lacking MHC Class-I cell surface markers, are both safe and effective for increasing 

stem cell numbers for treatment for these chronic diseases, as long as the selection of the 

appropriate donor is based on gender-match, ABO blood group-match, or O-negative blood 

group, non-shared infectious diseases, absence of deleterious genetic mutations and life style 

choices of the donor. However, if allogeneic telomerase positive TSCs are utilized, then 

ethnicity, personality, posture, bone structure, muscle pattern, hair patterns, hair color, skin 

color, existing allergies and food preferences of the donor need to be acceptable to the recipient 

prior to transplantation. 
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