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Abstract 
Examination of human recombinant proteins, morphogenetic proteins, and cell-specific exosome-
conditioned medium with precursor cells noted multiple biological activities, e.g., anti-differentiation, 
induction, progression, and proliferation. In this study, three single cell-derived clones of rat precursor cells 
were utilized for testing for proliferation, e.g., pluripotent stem cell (PSC, Scl-40b), mesodermal stem cell 
(MesoSCs, Scl-A2A2b), and mesenchymal stem cell (MSC, Rt-MSC). Frozen clones were processed for plating 
into 96-well plates. After 24 hours, plating medium was removed and replaced with testing medium. Testing 
medium consisted of complete medium without (control) or with (experimental) dose response curves of 
three biological agents, e.g., 0.5 to 10 mg/ml insulin (Ins), 0.1 to 1000 nM Dexamethasone (Dex), and 0.1 to 
500 ng/ml platelet-derived growth factor-BB (PDGF-BB). Sample size for each set of controls was n=144; 
whereas sample size for each dose response curve was n=18. DNA content of control and experimental 
groups was measured and evaluated using analysis of variance (ANOVA), with the Newman-Keuls post hoc 
test for significance.  
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Abbreviations 

• 2D, two-dimensional 

• 3D, three-dimensional 

• 370C, thirty-seven degrees centigrade 

• a-FGF, acidic-fibroblast growth factor 

• aTPSCs, adult telomerase positive stem cells 

• Ab/Am, antibiotic (penicillin, streptomycin)/antimycotic (amphotericin-B) 

• ACM, adipose conditioned medium 

• AMP, adipose morphogenetic protein 

• ADF, anti-differentiation factor 

• ANOVA, analysis of variance 

• b-FGF, basic-fibroblast growth factor 

• Bcl-2, acts as an anti-apoptotic regulator 

• bME, beta-mercaptoethanol 

• BMP-2, bone morphogenetic protein-2 

• BMP-4, bone morphogenetic protein-4 

• BVCM, blood vessel conditioned medium 

• BVMP, blood vessel morphogenetic protein 

• BrnCM, brain conditioned medium 

• BrnMP, brain morphogenetic protein 

• CAF, caffeine 

• CardMMP, cardiac muscle morphogenetic protein 

• CardMCM, cardiac muscle conditioned medium 

• CartMP, cartilage morphogenetic protein 

• CartCM, cartilage conditioned medium  

• CD10, zinc-dependent metalloprotease inactivates certain growth-simulating peptides, playing 

roles in cell growth, differentiation, and immune function 

• CD13, aminopeptidase, metalloprotease involved in protein metabolism, cell growth, adhesion, 

and migration 

• CD56, neural cell adhesion molecule 

• CD66e, carcinoembryonic antigen 

• CD90, aka, Thy-1, cell surface glycoprotein, involved in cell-to-cell signaling and adhesion 

A p value of less than 0.05 was considered significant. Proliferation was standardized to controls for each 
clone. Optimum concentration of factors analyzed resulted in 103% in PSCs, 120% in MesoSCs, and 196% in 
MSCs for insulin; 325% in PSCs, 13% in MesoSCs, and 175% in MSCs for dexamethasone; and 3000% in PSCs, 
1978% in MesoSCs, and 1958% in MSCs for PDGF-BB. Therefore, PDGF-BB was deemed the most effective 
proliferative agent of the three tested using single cell clones of PSCs, MesoSCs, and MSCs as the test subjects.   

Keywords 
Precursor Cells; Progenitor Cells; Stem Cells; Regenerative Medicine; Platelet-Derived Growth Factor; 

Proliferation. 
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• CD105, endoglin, receptor for TGF-b, crucial for blood vessel formation 

• CD117, c-Kit, cell surface receptor for stem cell factor 

• CD123, IL-3 (interleukin-3) receptor 

• CD166, activated leukocyte cell adhesion molecule (ALCAM) 

• CEA-CAM-1, carcinoembryonic antigen-cell adhesion molecule-1 

• c-Kit, a receptor tyrosine kinase 

• CLSC, corona-like stem cell 

• CNS, central nervous system, brain and spinal cord 

• CO2, carbon dioxide 

• CxCR4, induces chemotaxis 

• Dex, Dexamethasone  

• ECGF, endothelial cell growth factor 

• ELICA, enzyme-linked immunoculture assay, a high throughput screening assay based on both 

antibody binding and DNA quantitation 

• EGTA, ethylene glycol bis (b-aminoethyl ether)-N, N, N’, N’- tetraacetic acid, a monospecific 

calcium chelator 

• EPO, erythropoietin 

• FCM, fibroblast conditioned medium 

• FMP, fibroblast morphogenetic protein 

• GLSC, germ layer lineage stem cell 

• HLSC, halo-like stem cell 

• HI, heat inactivated serum 

• HGF, hepatocyte growth factor 

• IACUC, Institutional Animal Care and Use Committee 

• IGF-1, insulin-like growth factor-1 

• IGF-2, insulin-like growth factor-2 

• INS, insulin 

• IL-6, Interleukin-6 

• KerCM, keratinocyte conditioned medium 

• KerMP, keratinocyte morphogenetic protein 

• Lac-Z, gene for insect beta-galactosidase, used as a genomic label to identify cells 

• LIF, leukemia inhibitory factor 

• LigCM, ligament conditioned medium 

• LigMP, ligament morphogenetic protein 

• LivCM, liver conditioned medium 

• LivMP, liver morphogenetic protein 

• LngCM, lung conditioned medium 

• LngMP, lung morphogenetic protein 

• MesoSC, mesodermal stem cell 

• MHC-C1, major histocompatibility complex – class 1, self-recognition molecule 
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• MSC, mesenchymal stem cell 

• mg, micrograms 

• mm, microns 

• N2, nitrogen 

• Nanog, a protein essentially for maintaining pluripotency 

• Nanos, a protein essentially for maintaining pluripotency 

• NGF, nerve growth factor 

• nM, nanomolar 

• O2, oxygen 

• Oct-3/4, master regulator of pluripotency and self-renewal in stem cells 

• OsteoCM, osteogenic conditioned medium 

• OsteoMP, osteogenic morphogenetic protein 

• PanCM, pancreas conditioned medium 

• PanMP, pancreas morphogenetic protein 

• PBS, phosphate buffered saline 

• PDGF-AA, platelet-derived growth factor-AA 

• PDGF-AB, platelet-derived growth factor-AB 

• PDGF-BB, platelet-derived growth factor-BB  

• PSC, pluripotent stem cell 

• RCF, relative centrifugation force 

• RGD, tripeptide Arginine (R), glycine (G), aspartic acid (D) sequence found in fibronectin, acting as 

a key recognition site for cell attachment, migration, and tissue development 

• Rt-MSC, mesenchymal stem cell clone derived from rat tissue 

• ScFMP, scar fibroblast morphogenetic protein 

• SerCellCM, Sertoli cell conditioned medium  

• Scl-4b, totipotent stem cell sub-clone genomically-labeled with gene for insect beta-galactosidase 

• Scl-9b, totipotent stem cell sub-clone genomically-labeled with gene for insect beta-galactosidase 

• Scl-40b, pluripotent stem cell sub-clone genomically-labeled with gene for insect beta-

galactosidase 

• Scl-44b, totipotent stem cell sub-clone genomically-labeled with gene for insect beta-

galactosidase 

• Scl-A2A2b, mesodermal stem cell sub-clone genomically-labeled with gene for insect beta-

galactosidase  

• SIF, Scar inhibitory factor 

• SkMCM, skeletal muscle conditioned medium 

• SkMMP, skeletal muscle morphogenetic protein 

• SmMCM, smooth muscle conditioned medium 

• SmMMP, smooth muscle morphogenetic protein 

• Sonic Hedgehog, essential signaling molecule for embryonic development, guiding cell growth and 

body patterning  
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• SSEA-4, stage-specific embryonic antigen-4 

• TenCM, tendon conditioned medium 

• TenMP, tendon morphogenetic protein 

• TGF-beta, transforming growth factor-beta 

• Thy-1, aka CD90, cell surface glycoprotein, involved in cell-to-cell signaling and adhesion 

• TSC, totipotent stem cell 

• VEGF, vascular endothelial cell growth factor 

Introduction 
Precursor cells are present in the connective tissue interstitium and granulation tissue of postnatal 

animals, including humans [1]. Examples of these precursor cells are mesenchymal stem cells (MSCs) [2-

11], very-small embryonic-like stem cells (VSELs) [12-17], multilineage-differentiating stress-enduring cells 

(MUSEs) [18-26], marrow-isolated adult multilineage inducible cells (MIAMIs) [27,28], multipotent adult 

progenitor cells (MAPCs) [29-33], small mobile stem cells (SMS) [34,35], and adult telomerase positive 

stem cells (aTPSCs) [36-58].  These cells provide the building blocks that are necessary to maintain the 

tissues and organs of the body throughout their lifespan. They also provide the cellular components for 

tissue replacement and repair.  

The majority of the precursor cells in the body are telomerase negative progenitor cells. At birth, there 

are a defined number of telomeres present at the ends of each chromosome, dependent on species. In 

humans, the finite doubling number is 70, based on Hayflick’s Limit [59], whereas in rodents the finite 

doubling number is 6-8 [60]. With each cell division a telomere is lost from the ends of each chromosome, 

and thus giving the cell a defined population doubling number until the telomere count reaches zero, then 

the cells undergo pre-programmed senescence and death [61]. Examples of telomerase negative 

progenitor cells are multipotent hematopoietic stem cells and neural stem cells, tripotent mesenchymal 

stem cells, and unipotent adipoblasts, chondroblasts, and osteoblasts [50].  

Within the population of precursor cells in there body there also resides a very rare population of post-

natal adult telomerase positive stem cells. These endogenous adult telomerase positive stem cells 

(aTPSCs) retain the telomerase enzyme throughout the lifespan of the individual, thus giving these 

precursor cells essentially an unlimited proliferation potential as long as they remain undifferentiated 

[62]. However, once they begin to differentiate, they lose the telomerase enzyme and assume all the 

characteristics of progenitor cells, including a defined population doubling limit, dependent on species 

[49]. There are eight subdivisions of aTPSCs, e.g., totipotent stem cells, halo-like stem cells, corona-like 

stem cells, pluripotent stem cells, germ layer lineage stem cells, ectodermal stem cells, mesodermal stem 

cells, and endodermal stem cells [49]. These subdivisions have been extensively characterized from 

multiple species [52] and shown to have some rather unique characteristics. Totipotent stem cells (TSCs) 

are ultra-small, 0.1 to 2-mm in size; they propagate as multiple layers in both 2D or 3D cell cultures; they 

express CEA-CAM-1/CD66e cell surface markers; their expressed genes are telomerase, Bcl-2, Nanog, 

Nanos, and CxCR4; they can differentiate into any somatic cell in the body; due to their small size, they 

can traverse the blood brain barrier at the cribriform plate to restore histoarchitecture and function of 

damaged cells within the CNS (brain and spinal cord); they can traverse the Thebesian system in the 
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myocardium and restore the vasculature, myocardium, and cardiac skeleton in infarcted hearts from the 

inside out; they can form the nucleus pulposus of the intervertebral, gender-specific gametes, and extra-

embryonic tissues. Halo-like stem cells (HLSCs) are slightly larger than TSCs, >2.0 to 4-mm in size; they 

express CEA-CAM-1/CD66ehigh / SSEA-4/CD10low cell surface markers; they express the telomerase 

gene; they propagate as multiple layers in both 2D or 3D cell cultures; they can differentiate into any 

somatic cell in the body. Corona-like stem cells (CLSCs) are slightly larger than HLSCs, >4.0 to <6-mm in 

size; they express CEA-CAM-1/CD66elow / SSEA-4/CD10high on their cell surfaces; they express the 

telomerase gene; they propagate as multiple layers in both 2D or 3D cell cultures; they can differentiate 

into any somatic cell in the body. Pluripotent stem cells (PSCs) are slightly larger than CLSCs, 6 to 8-mm in 

size; grow as multiple layers in 2D or 3D cell culture; they express SSEA-4/CD10 cell surface markers; their 

expressed genes are telomerase, Oct-3/4, and Sonic hedgehog; and they can differentiate into any 

somatic cell of the body. Germ layer lineage stem cells (GLSCs) are slightly larger than PSCs, >8 to <10 mm 

in size; they express SSEA-4/CD10high/Thy-1/CD90low cell surface markers; they express the telomerase 

gene; they propagate to contact inhibition and then stop proliferating in 2D cell culture; they can survive 

contact inhibition as long as they are fed fresh medium; and they can differentiate into any cell type in 

the body. Ectodermal stem cells (EctoSCs) are slightly larger than GLSCs, 10-12 mm in size; they express 

Thy-1/CD90, CD56, and MHC-C1 cell surface markers; they express the telomerase gene; they propagate 

to contact inhibition in 2D cell culture; they can survive contact inhibition as long as they are fed fresh 

medium; and they can differentiate into any cell type within the ectodermal germ layer lineage; once they 

begin to differentiated, they lose expression of the telomerase gene and assume all the characteristics of 

progenitor cells within their ectodermal lineage, including a defined doubling number until senescence 

and cell death. Mesodermal stem cells (MesoSCs) are a similar size to EctoSCs, 10-12-mm in size; they 

express Thy-1/CD90, CD13, and MHC-C1 cell surface markers; they express the telomerase gene; they  

propagate to contact inhibition in 2D cell culture; they can survive contact inhibition as long as they are 

fed fresh medium; and they can differentiate into any cell type within the mesodermal germ layer lineage; 

once they begin to differentiated, they lose expression of the telomerase gene and assume all the 

characteristics of progenitor cells within their mesodermal lineage, including a defined doubling number 

until senescence and cell death. Endodermal stem cells (EndoSCs) are a similar size to EctoSCs, 10-12-mm 

in size; they express Thy-1/CD90 and MHC-C1 cell surface markers; they express the telomerase gene; 

they propagate to contact inhibition in 2D cell culture; they can survive contact inhibition as long as they 

are fed fresh medium; they can differentiate into any cell type within the endodermal germ layer lineage; 

once they begin to differentiated, they lose expression of the telomerase gene and assume all the 

characteristics of progenitor cells within their endodermal lineage, including a defined doubling number 

until senescence and cell death [38,41,43,48,49,63,64].  

The tripotent progenitor mesenchymal stem cells (MSCs) have also been characterized both as a mixed 

population of cells [1-10] and as single cell clones [1,49,50,56]. MSCs are 15-30 mm in size; they express 

Thy-1/CD90, CD105, CD117, CD123, CD166, and MHC-C1 cell surface markers; they are absent of 

telomerase gene expression; they propagate to contact inhibition in 2D cell culture; they can survive 

contact inhibition as long as they are fed fresh medium; they can differentiate into adipose tissue, 

cartilage, and bone; they have distinct species-specific doubling numbers until senescence and cell death, 

human 70 and rat 8 [49]. 
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To determine the activities of individual cells rather than mixtures of cells, subdivisions aTPSCs and MSCs 

were cloned from single cells using repetitive single cell clonogenic analysis using cell-specific exosome-

conditioned medium [56]. The aTPSC clones were further processed by genomically labeling them with 

the Lac-Z gene for beta-galactosidase using lipofectin as the transfecting agent [38]. The aTPSC and MSC 

clones were used to test their response to dose response curves of human recombinant proteins, 

morphogenetic proteins, and organ/cell-specific exosome-conditioned media [55], using a high 

throughput screening assay, i.e., Enzyme-Linked Immunoculture Assay (ELICA) [53]. Four biological 

activities were noted collectively for these compounds, e.g., anti-differentiation, proliferation, 

progression, and induction (Table 1) [55].  

The current report is an example of the dose response analyses performed to test proliferation in clones 

of PSCs (Scl-40b), MesoSC (Scl-A2A2b), and MSC (Rt-MSC) with three representative compounds from the 

list of biological activities, e.g., progression (insulin), induction (dexamethasone), and proliferation 

(platelet-derived growth factor-BB) (Table 1).  

Attributes Anti-Differentiation Proliferation Progression Induction 

Compounds LIF1 PDGF-AA Insulin Dexamethasone 

 ADF2 PDGF-AB IGF-13 BMP-24 

 CAF5 PDGF-BB IGF-26 BMP-47 

 SIF8   a-FGF9 

    ECGF10 

    VEGF11 

    TGF-b12 

    b-FGF13 

    NGF14 

    HGF15 

    Cell-Spec-MP16 

    Cell-Spec-CM17 

Table 1: Lif1, Leukemia Inhibitory Factor; ADF2, Anti-Differentiative Factor; IGF-13, Insulin-Like Growth Factor-1; 

BMP-24, Bone Morphogenetic Protein-2; CAF5, IGF-26, Insulin-Like Growth Factor-2; BMP-47, Bone Morphogenetic 

Protein-4; SIF8, a-FGF9, acidic-Fibroblast Growth Factor; ECGF10, Endothelial Cell Growth Factor; VEGF11, Vascular 

Endothelial Cell Growth Factor; TGF-b12, Transforming Growth Factor-beta; b-FGF13, basic-Fibroblast Growth 

Factor; NGF14, Nerve Growth Factor; HGF15, Hepatocyte Growth Factor; Cell-Spec-MP16, Cell Specific 

Morphogenetic Proteins (See Abbreviations); Cell-Spec-CM17, Cell Specific exosome Conditioned Media. 

Materials And Methods 
The use of animals in this study complied with the guidelines of Mercer University’s Institutional Animal 

Care and Use Committee (IACUC). These guidelines reflect the criteria for humane animal care of the 

National Research Council as outlined in “Guide for the Care and Use of Laboratory Animals” prepared by 

the Institute of Laboratory Animal Resources and published by the National Institutes of Health. 

Four-hundred-gram adult male outbred Sprague-Dawley rats [Rattus norvegius, Crl:CD(SD)] were 

euthanized by CO2 asphyxiation. A five-gram skeletal muscle biopsy was removed and placed into sterile 

phosphate buffered saline, pH 7.4 (PBS, GIBCO, Grand Island, NY) into a sterile 100-mm glass petri dish 

(Corning, Corning, NY). Using watchmaker’s forceps (Diagger, Vernon Hills, IL). The biopsy specimen was 

macerated to the consistency of orange marmalade and then placed into a 50-ml polypropylene 

centrifuge tube (Falcon, Thermo-Fisher, Waltham, MA). An equal volume of a combinatorial enzyme 
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solution was added to the tube. The combinatorial enzyme solution, i.e., 250 units/ml type-1 collagenase 

(Worthington Biochemical Corp, Lakewood, NJ) and 33.3 units/ml dispase (R&D Laboratories, 

Minneapolis, MN) in PBS, without calcium or magnesium (GIBCO), containing, 25 mM ethylene glycol bis 

(b-aminoethyl ether)-N,N,N’,N’- tetraacetic acid (EGTA, Sigma) (25 mM = 0.475 g EGTA/500 ml calcium-

/magnesium-free PBS), pH 7.4, was used to separate precursor cells, e.g., aTPSCs and MSCs, from their 

extracellular matrices [65]. This occurred at 370C for 60-minutes in a shaker water bath. The enzymatic 

digestion was halted by adding 1% type-1 collagen solution, the contents centrifuged at 2,000 RCF, and 

the supernatant decanted to bleach. The cell pellet was reconstituted in complete medium, e.g., OptiMEM 

+ GlutaMax (GIBCO), 10% HI serum (Atlas Biologicals, Fort Collins, CO), 1% antibiotic/antimycotic (Sigma, 

St Louis, MO), pH 7.4. The cells were counted with 0.4% Trypan blue (Kodak, Rochester, NY) in species-

specific buffer (pH 7.4), diluted to plating density of 10^6 cells per ml and 2.5-ml plated into 1% collagen-

coated T-25 flasks (Falcon). Cells were allowed to attach for 24 hours, the plating medium removed and 

replaced with propagation medium. Propagation medium consisted of complete medium containing 10 

ng/ml PDGF-BB. Cultures were propagated to multi-layered confluence. Medium was replaced when color 

of culture medium changed from salmon-colored to orange-yellow, which occurred from days to hours, 

depending on the density of the cells in the flasks [65]. When medium changes occurred approximately 

every 6-hours, the cells were removed from the flasks. The procedure consisted of separating the attached 

cells from their calcium-dependent and RGD-(fibronectin)-dependent binding sites. This is accomplished 

by removing the culture medium, washing the cells 2-3 times with 5-ml of species-specific buffer (PBS), 

removal of the wash buffer, and incubating the cells in ½ volume wash buffer with calcium/magnesium-

free PBS containing 25 mM EGTA. EGTA is a mono-specific calcium chelator, so as the calcium-dependent 

binding sites are disrupted, the cells begin to round up (takes ~1-5 minutes). This is then followed with 

removal of the EGTA-buffer and replacement with similar volume of collagenase/dispase enzymatic 

release solution (containing EGTA).  The release solution contains the same concentration of enzymes that 

was used to release the cells from the macerated tissue. Trituration was used to derive single cell 

suspensions as cells were released from flask surface (as individual cells or as sheets of cells) (takes ~ 30-

60 seconds). The cell suspension is placed into a fresh 50-ml polypropylene centrifuge tube and 1% type-

1 collagen solution added at a v/v ratio of 1:14, cell suspension to collagen solution. The solution was 

triturated 3-4 times and the suspended cells are spun at 2,000 RCF to pellet the cells. The supernatant is 

removed to bleach and the cells resuspended in PBS, pH 7.4 [65]. 

Cell sorting using cell-specific cell surface markers, e.g., Thy-1 for MSCs and GLSCs, EctoSCs, MesoSCs, and 

EndoSCs; SSEA-4 for HLSCs, CLSCs, and PSCs; and CEA-CAM-1 for TSCs, HLSCs, and CLSCS was used as 

described [66]. Three negative sorts were used for each group. For TSCs, 1st sort was with Thy-1 to remove 

MSCs, GLSCs, EctoSCs, MesoSCs, and EndoSCs; second sort was with SSEA-4 to remove PSCs, CLSCs, and 

HLSCs; and third sort used CEA-CAM-1 to purify TSCs. For PSCs, 1st sort was with Thy-1 to remove MSCs, 

GLSCs, EctoSCs, MesoSCs, and EndoSCs; 2nd sort was with CEA-CAM-1 to remove TSCs, HLSCs, and CLSCs; 

and third sort used SSEA-4 to purify PSCs. For MSCs, GLSCs, EctoSCs, MesoSCs, and EndoSCs, the first sort 

was with SSEA-4 to remove PSCs, CLSCs, and HLSCs; second sort used CEA-CAM-1 to separate TSCs, HLSCs, 

and CLSCs; and third sort used Thy-1 to purify MSCs, GLSCs, EctoSCs, MesoSCs, and EndoSCs. 

Cells were then processed for repetitive serial dilution clonogenic analysis as described [56]. Multiple 

aTPSC and MSC clones were generated and subsequently characterized for previously defined attributes, 
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e.g., size, Trypan blue staining, cell surface markers, differentiation characteristics, etc. [49]. The aTPSC 

clones were further processed by genomic labeling using the Lac-Z gene for insect beta-galactosidase with 

lipofectin as the transfection agent [56]. The aTPSC clones were genomically-labeled in such a manner, 

that as undifferentiated cells the reaction product of the genomic label was located in the nucleus. With 

differentiation of the cell, the reaction product of the genomic label translocated to the cytoplasm of the 

cell [38,48]. Aliquots of unlabeled and genomically-labeled clones were cryopreserved [66] for testing. We 

characterized five of 58 genomically-labeled clones thus far, TSC clones Scl-4b, Scl-9b, and Scl-44b; PSC 

clone Scl-40b; and MesoSC clone Scl-A2A2b. Frozen aliquots of the PSC clone Scl-40b; the MesoSC clone 

Scl-A2A2b; and the MSC clone Rt-MSC were used for this study.  Frozen aliquots were thawed at 370C in 

a controlled temperature water bath. When the color of the medium changed from bright yellow (frozen) 

to salmon-color (thawed), 1.0-ml cell suspension was removed from the cryovials were and placed into 

15-ml polypropylene centrifuge tubes (Falcon). Complete medium was added at a v/v ratio of 14:1 

medium to cell suspension, and contents centrifuged at 1,500 RCF for PSC clone, 1,000 RCF for MesoSC 

clone, and 500 RCF for MSC clone, respectively, to remove DMSO from the cells [66]. The cells were 

reconstituted in complete medium, counted, diluted to appropriate density in complete medium and then 

plated at 10^3 cells per well in 1% type-1 collagen-coated (EM Sciences, Gibbstown, NJ) 96-well plates 

(Costar, Corning, Corning, NY), and placed into a humidified 370C 5% CO2/95% air (ambient O2, balanced 

N2) incubator for 24 hours. Plating in complete medium for the three clones consisted of 89% (v/v) Opti-

MEM + GlutaMax (GIBCO, Grand Island, NY), 1% (v/v) antibiotic-antimycotic solution (10,000 units/ml 

penicillin; 10,000 micro grams per ml streptomycin; 25 micro grams amphotericin-B, GIBCO) (1% Ab/Am), 

10% Heat Inactivated Serum (HI Serum, Atlas Biologicals, Fort Collins, CO), at pH 7.4. Non-heat inactivated 

serum contains inductive, progressive, proliferative, and/or anti-differentiation agents that will alter the 

results of any experiment [65]. To deactivate the potential effects of these biological agents, the serum 

was heat treated. This occurred at 56-600C for 4-8 hours, followed by high-speed centrifugation (100,000+ 

RCF), followed by positive filtration for sterilization though a 0.1-micron steel mesh filter (Atlas 

Biologicals).  

Twenty-four hours after attachment of the cells, the plating medium was removed and replaced with 

optimal testing medium for each cell type. The aTPSCs, PSCs (and TSCs) prefer an anerobic (hypoxic) 

environment for stasis and proliferation. Therefore, for the PSC clone Scl-40b, 0.01-mM b-

mercaptoethanol (bME, Sigma, St Louis, MO) was added to the complete medium formulation to reduce 

oxygen tension and thereby simulate an anerobic environment. [If human cells are used instead and 

destined for human transplants, then bME is not added to the medium. Rather, the human cells are grown 

inside a heated, humidified sterile environment, such as a BioSpherix system, where the gas ratios can be 

consistently maintained at 5% CO2, 5% O2, and 90% N2.] In contrast, MesoSCs and MSCs prefer an aerobic 

environment for stasis, proliferation, induction, and progression, so bME is NOT added to the testing 

medium to lower the oxygen saturation. [If human cells are used instead and destined for human 

transplants, the human cells are grown inside a heated, humidified sterile environment, such as a 

BioSpherix system, where the gas ratios can be consistently maintained at 5% CO2, 21% O2, and 74% N2.]. 

Three clones, e.g., PSC clone Scl-40b, MesoSC clone Scl-A2A2b, and MSC clone Rt-MSC, were tested with 

three compounds using a dose response curve analysis, n=18 repetitions for each dose response curve. 

The dose response curves for each of the three compounds were 0.5 to 10 mg/ml insulin (0.5, 1.0, 2.0, 
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5.0, and 10.0) (Sigma); 10-6 to 10-10 M Dexamethasone (0.1, 1.0, 10, 100, and 1,000 nM) (Sigma); and 0.1 

to 500 ng/ml platelet-derived growth factor-BB (0.1, 0.2, 0.5, 1.0, 2, 5, 10, 20, 50, 100, 200, and 500 ng/ml 

PDGF-BB) (R&D Systems, Minneapolis, MN).  

DNA Analysis 
Cultures were treated for an additional eight days with plating medium containing the dose response 

curves. One half of the medium was replaced every three days. Control cultures (8 x experimental 

numbers, n=18 x 8 = 144) were run for all experimental testing. In control cultures, the testing medium 

was void of any additional agents. The cultures were assayed for DNA content as a measure of cellular 

proliferation by means of a fluorescent procedure utilizing diaminobenzoic acid [53,67]. Experiments were 

run with a sample size of 18 for each concentration for each factor examined. DNA content after treatment 

was evaluated using analysis of variance (ANOVA), using the Newman-Keuls post hoc test for significance. 

A p value of less than 0.05 was considered significant. The statistical analyses were performed using the 

ABSTAT computer program (Anderson Bell Corp., Arvada, CO). 

Results 
Control media void of biological activities, from each dose response curve tested on the three precursor 

cells was averaged (n=144) and used to establish baseline values of cellular proliferation by measuring 

micrograms of DNA content per well (Tables 2-4). Statistically significant values from controls had p values 

of <0.05. Incubation with 0.5 to 10 micrograms of insulin produced no statistically significant increase in 

DNA content in PSCs at 103% of control, (Table 2) or MesoSCs at 120% of control (Table 3). However, 0.2 

micrograms per ml insulin did produce a significant increase in DNA content in MSCs at 196% of control 

(Table 4).  

Dexamethasone produced a statistically significant increase in DNA content in PSCs only at a 

concentration of 0.1nM, with 325% of control value (Table 2); it produced a reduction in DNA content in 

cultures MesoSCs at 0.1nM Dex, i.e., 13% (Table 3); while incubation of MSCs with 0.1nM Dex caused a 

significant increase in DNA content at 175% of control (Table 4).  

PDGF-BB produced a statistically significant increase in DNA content in all three precursor cells tested, 

e.g., 3000% in PSCs (Table 2), 1978% in MesoSCs (Table 3), and 1958% in MSCs (Table 4). Based on dose 

response curves for the biological agents tested, different optimum concentrations for proliferation, i.e., 

average increase in DNA content per well, were noted dependent on the cells examined. For example, 

optimal concentration for insulin was at a concentration of 2.0 mg/ml for MesoSCs and MSCs, but 10 

mg/ml for PSCs; optimum concentration of Dex for PSCs, MesoSCs, and MSCs was 0.1nM; whereas 

optimum concentration of PDGF-BB was 200 ng/ml for PSCs and 100 ng/ml for both MesoSCs and MSCs 

(Table 5).      

Bioactive Factor Concentration mg DNA + SD % of Control Sample Size 

Control 0.0 ng/ml 0.035 + 0.053 100 144 

Insulin 10.0 g 0.036 + 0.056 103 18 

Dexamethasone 0.1nM 0.114 + 0.065* 325 18 

PDGF-BB 200 ng/ml 1.050 + 0.112* 3000 18 

*Statistically significant from control, p value < 0.05. 

Table 2:  Maximal Proliferation Response of Pluripotent Stem Cell Clone (Scl-40b) to Insulin, Dexamethasone, and 
Platelet-Derived Growth Factor-BB. 
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Bioactive Factor Concentration mg DNA + SD % of Control Sample Size 

Control 0.0 ng/ml 0.500 + 0.224 100 144 

Insulin 2.0 g 0.599 + 0.171 120 18 

Dexamethasone 0.1nM 0.064 + 0.109 13 18 

PDGF-BB 100 ng/ml 9.888 + 0.318* 1978 18 

*Statistically significant from control, p value < 0.05. 

Table 3:  Maximal Proliferation Response of Mesodermal Stem Cell Clone (Scl-A2A2b) to Insulin, Dexamethasone, 
and Platelet-Derived Growth Factor-BB. 

Bioactive Factor Concentration mg DNA + SD % of Control Sample Size 

Control 0.0 ng/ml 0.500 + 0.075 100 144 

Insulin 2.0 g 0.980 + 0.137* 196 18 

Dexamethasone 0.1nM 0.876 + 0.152* 175 18 

PDGF-BB 100 ng/ml 9.788 + 0.231* 1958 18 

*Statistically significant from control, p value < 0.05. 

Table 4: Maximal Proliferation Response of Mesenchymal Stem Cell Clone (Rt-MSC) to Insulin, Dexamethasone, 
and Platelet-Derived Growth Factor-BB. 

Bioactive Factor Maximum 
Concentration 

PSC 
(Scl-40b) 

MesoSC 
(Scl-A2A2b) 

MSC 
(Rt-MSC) 

Control 0.0 ng/ml 100 100 100 

Insulin 2.0 g 103 120 18 

Dexamethasone 0.1nM 325 13 18 

PDGF-BB 100 ng/ml 3000 1978 18 

*Statistically significant from control, p value < 0.05. 

Table 5:  Maximal Proliferation Responses of Clones of Pluripotent Stem Cells, Mesodermal Stem Cells, and 
Mesenchymal Stem Cells to Insulin, Dexamethasone, and Platelet-Derived Growth Factor-BB. 

Discussion & Conclusion 
Previous studies have addressed the influence of various biological factors on endogenous adult precursor 

cells, e.g., telomerase positive stem cells and telomerase negative progenitor cells [1]. There are eight 

categories of aTPSCs, based on size, Trypan blue staining, cell surface markers, and differentiation 

activities [49]. The eight categories are TSCs, HLSCs, CLSCs, PSCs, GLSCs, EctoSCs, MesoSCs, and EndoSCs. 

MSCs were also isolated concurrent with the aTPSCs.  These cells were derived as initial isolates from solid 

tissue biopsy specimens using collagenase and dispase to release precursor cells from their respective 

extracellular matrices [65]. Clones of both aTPSCs and MSCs were generated by repetitive single cell 

clonogenic analysis [66]. The aTPSCs were further genomically-labeled to recognize the respective 

differentiated cell types from non-genomically-labeled progenitor cells [38]. The biological agents 

examined were two chemicals, 18 human recombinant proteins, 19 morphogenetic proteins, and 16 

cell/organ-specific exosome conditioned media [55,68]. Based on the results from these studies, four 

biological activities were noted by visual inspection, e.g., anti-differentiative (LIF, ADF, CAF, SIF), 

proliferative (PDGF-AA, PDGF-AB, PDGF-BB), progressive (insulin, IGF-1, IGF-2), and inductive 

(dexamethasone, BMP-2, BMP-4, a-FGF, ECGF, VEGF, TGF-beta, b-FGF, EPO, IL-6, c-Kit, NGF, HGF, SkMMP, 

SmMMP, CardMMP, CartMP, OsteoMP, TenMP, LigMP, AMP, FMP, ScFMP, BVMP, BrnMP, LivMP, LngMP, 

PanMP, KerMP, SkMCM, SmMCM, CardMCM, CartCM, OsteoCM, TenCM, LigCM, ACM, FCM, BVCM, 
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BrnCM, LivCM, LngCM, PanCM, KerCM, SerCellCM). To verify the above visual results using objective 

assays, various combinations of biological agents for anti-differentiation, proliferation, progression, and 

induction were tested with single cell clones of aTPSCs and MSCs quantifying both phenotypic expression 

markers of differentiated cell types and DNA content. In this study, the PSC clone Scl-40b, MesoSC clone 

Scl-A2A2b, and MSC clone Rt-MSC were incubated with dose response curves of insulin, dexamethasone, 

and PDGF-BB. As shown in Tables 2-5, PDGF-BB was the most potent stimulator of proliferation, with DNA 

contents of 3000% (PSC Scl-40b), 1978% (MesoSC Scl-A2A2b) and 1958% (Rt-MSC) of their respective 

control values. Of interest is the difference in DNA content between PSCs that will form multiple confluent 

layers of cells in culture versus MesoSCs and MSCs that stop proliferating once single layer confluence is 

reached. This difference in DNA content is reflected by the measured quantities of DNA from the 

respective cells.    
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