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ABSTRACT
Stout et al. [1] reported the presence of primitive endogenous stem cells circulating within adult porcine peripheral 
blood. The current study was undertaken to determine whether similar primitive stem cells could be isolated from 
the peripheral blood of adult felines, canines, ovines, caprines, bovines, and equines. Adult cats, dogs, sheep, goats, 
cows and horses had their blood withdrawn following the guidelines of Fort Valley State University’s IACUC.  The 
blood was obtained by venipuncture and processed to obtain primitive stem cells. Cells were counted using 0.4% 
Trypan blue inclusion/exclusion analysis and stained with carcinoembryonic antigen-cell adhesion molecule-1 
(CEA-CAM-1) antibody. Totipotent stem cells are both trypan blue and CEA-CAM-1 positive and < 2.0 microns in 
size; transitional-totipotent/pluripotent stem cells are both trypan blue and CEA-CAM-1 positive & negative and 
>2.0 to <6.0 microns in size; and pluripotent stem cells are both trypan blue and CEA-CAM-1 negative and 6-8 
microns in size. The results show that TSCs, Tr-TSC/PSCs, and PSCs are circulating within the peripheral blood of 
all species examined. Studies are ongoing to address their functional significance during maintenance and healing.
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Introduction
The ability to utilize embryonic stem cells (ESCs) in veterinary 
medicine is hampered by the complexity of the isolation process. 
In addition, there are also problems with the ability to maintain 
lineage and genetic stability, control tumor development, and 
prevent rejection [2]. The use of autologous adult stem cells 
obtained from the host would avoid many of these issues. Young 
and colleagues identified three major categories of primitive 
stem cells located in solid tissues and organs of adult mammals. 

Commencing with the most undifferentiated cell, these categories 
are totipotent stem cells (TSCs) [3], pluripotent stem cells (PSCs) 
[4], and germ layer lineage stem cells (GLSCs) [5]. Any or all of 
these adult stem cells have the potential for use for replacement 
therapies in veterinary medicine. However, their isolation from 
solid tissues, such as adipose tissue [6], for autologous stem cell 
therapy is painful for the animal and may create wounds that are 
slow to heal. The use of adult stem cells obtained by venipuncture 
from the peripheral blood may avoid these difficulties. Koerner 
et al. [7] obtained fibroblastoid cells from the peripheral blood 
of equines, but reported that these cells exhibited limited multi-
lineage differentiation potential. Recently, Stout et al. [1] reported 
the presence of endogenous totipotent stem cells circulating within 
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adult porcine peripheral blood. The current study was undertaken 
to determine whether similar primitive stem cells could be isolated 
from adult feline, canine, ovine, caprine, bovine, and equine 
peripheral blood. If these cells were present, they could possibly 
be used in veterinary therapies.

Materials and Methods
The use of animals in this study complied with the guidelines of 
Fort Valley State University Institutional Animal Care and Use 
Committee. Their use also complied with the criteria of the National 
Research Council for the humane care of laboratory animals as 
outlined in the “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 (National Academy 
Press, 1996).

Tissue Harvest
Feline, canine, ovine, caprine, bovine, and equine blood was 
obtained by venipuncture following standard acceptable veterinary 
practice. Four ml of blood were withdrawn using sterile procedure 
and placed into tubes containing a 15% EDTA solution. The tubes 
were inverted three to four times to mix the blood with the EDTA 
and then refrigerated at 4°C for 48 to 96 hours. 

Stem Cell Isolation
After 48 to 96 hours of gravity separation, the blood had separated 
into a floating plasma fraction and a sedimented cellular fraction. 
The cellular fraction contained hematopoietic stem cells, red blood 
cells, white blood cells, and most mesodermal stem cells [1,7-9]. 
The plasma fraction was withdrawn using a sterile pipette, placed 
in a second sterile tube and refrigerated at 4°C.

Stem Cell Counting
Totipotent stem cells (TSCs) are Trypan blue positive and < 2.0 
microns in size [3,10]. Transitional-totipotent stem cell/pluripotent 
stem cells (Tr-TSC/PSCs) display a peripheral rim that stains with 
Trypan blue and a central core that does not. They are >2.0 to <6.0 
microns in size [10]. Pluripotent stem cells (PSCs) do not stain 
with Trypan blue and are 6.0 to 8.0 microns in size [4,10]. 

Fifteen microliters of the plasma fraction (n=6) from each animal 
was mixed with 15 microliters of sterile-filtered 0.4% w/v Trypan 
blue (Kodak, Rochester, NY) in Dulbecco’s Phosphate Buffered 
Saline (DPBS, Invitrogen, GIBCO, Grand Island, NY), pH 7.4. 
The resulting solution was placed onto a hemocytometer and the 
isolated cells counted. All cells within the nine large boxes of a 
standard hemocytometer were counted and then averaged for the 
number of cells per large box. The formula to determine final cell 
number per ml was [(((average number)/5)/5) x 0.25) x 2] = cells x 
106 cells per ml. Final calculations were based on number of cells 
per ml for whole blood. Ten separate individuals counted the cells 
for this study. Table 1 denotes the average from 10 counters for 
each sample +/- Standard Deviation. 

Stem Cell Identification
Cells within the plasma fraction were stained with an antibody 

to carcinoembryonic antigen-cell adhesion molecule-1 (CEA-
CAM-1) to identify the particular cell types present in the plasma 
fraction. Totipotent stem cells exhibit staining for CEA-CAM-1 
antibody. Transitional-totipotent stem cell/pluripotent stem cells 
exhibit a peripheral rim that stains with CEA-CAM-1 and a central 
area that does not stain with the antibody. Pluripotent stem cells do 
not stain with the CEA-CAM-1 antibody [3,4,10]. 

In brief, the plasma fraction was placed within 15-ml polypropylene 
tubes (Falcon, Becton Dickinson Labware, Franklin Lakes, NJ) and 
mixed with an equal volume of ELICA fixative, which consisted 
of aqueous 0.4% v/v glutaraldehyde, 2% w/v paraformaldehyde, 
and 1% w/v glucose, Ph 7.4, with an osmolality 1.0. The tissue 
was fixed for 2 weeks and then rinsed with DPBS [10] at ambient 
temperature from 5 minutes to 7 days. The plasma / cell / fixative 
mixture was centrifuged at 2,000 x g. The resultant supernatant 
was decanted into bleach. The cell pellet was re-suspended and 
mixed with 14 ml of DPBS pH 7.4 at ambient temperature to wash 
the fixative from the cells. The cells were centrifuged at 2,000 x 
g, the resultant supernatant decanted into bleach, and the cells re-
suspended. This washing process was repeated a second time to 
ensure the removal of the fixative from the cells. The cells then 
underwent the same immunocytochemical staining sequence used 
for tissue sections.

Immunocytochemistry
Fixed cells were stained using the Enzyme-Linked Immuno-Culture 
Assay (ELICA) construct [11] for carcinoembryonic antigen cell 
adhesion molecule-1 epitope (clone 5.4) (CEA-CAM-1) [10]. 
The fixed cells from the plasma fraction were incubated with 
95% ethanol and then washed with 14 ml of DPBS. The cells 
were incubated with 5 ml of 5.0% (w/v) sodium azide (Sigma, 
St. Louis, MO) in DPBS for 60 minutes. They were washed with 
DPBS and incubated with 5 ml of 30% hydrogen peroxide (Sigma, 
St. Louis, MO) for 60 minutes to irreversibly inhibit endogenous 
peroxidases [10-12]. The cells were rinsed with DPBS, and 
incubated for 60 minutes with blocking agent (Vecstain ABC 
Reagent Kit, Vector Laboratories Inc., Burlingame, CA) in DPBS 
[10,11]. The blocking agent was removed by centrifugation, and 
the supernatant decanted. The cells were re-suspended and washed 
with DPBS. The cells were incubated with primary antibody for 
60 minutes. The primary antibody consisted of 0.005% (v/v) 
CEA-CAM-1, clone 5.4 in DPBS [3,10]. The primary antibody 
was removed by centrifugation and the supernatant decanted. The 
cells were re-suspended and washed with DPBS. The cells were 
incubated with secondary antibody for 60 minutes. The secondary 
antibody consisted of 0.005% (v/v) biotinylated affinity purified, 
rat adsorbed anti-mouse immunoglobulin G (H + L) (BA-2001, 
Vector Laboratories) in DPBS [4,10]. The secondary antibody 
was removed by centrifugation and the supernatant decanted. 
The cells were re-suspended and washed with DPBS. The cells 
were incubated with avidin-HRP for 60 minutes. The avidin-HRP 
consisted of 10 ml of 0.1% (v/v) Tween-20 (ChemPure, Curtain 
Matheson Scientific, Houston, TX) containing 2 drops reagent-A 
and 2 drops reagent-B (Peroxidase Standard PK-4000 Vectastain 
ABC Reagent Kit, Vector Laboratories) in DPBS [4,10]. The avidin-
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HRP was removed by centrifugation and the supernatant decanted. 
The cells were re-suspended and washed with DPBS. The cells 
were incubated with AEC substrate (Sigma) for 60 minutes [4,10]. 
The AEC substrate was prepared as directed by the manufacturer. 
The substrate solution was removed by centrifugation and the 
supernatant decanted. The cells were re-suspended, and washed 
with DPBS. Fifteen microliters of re-suspended cells were placed 
on a hemocytometer and the number of cells counted.

Visual Analysis
Stained cells were visualized using a Nikon TMS phase contrast 
microscope with bright field microscopy at 40x, 100x, and 200x. 
Photographs were taken with a Nikon CoolPix 995 digital camera.

Results
Three cell types were visualized with Trypan blue staining in feline 
(Figure 1A), canine (Figure 1C), ovine (Figure 2A), caprine (Figure 
2C), bovine (Figure 3A), and equine (Figure 3C) peripheral blood. 
Numerous, very small spherical structures that stained completely 
with the Trypan blue dye were designated as TSCs.

Slightly larger cells with a stained peripheral rim and a clear 
central area were designated as Tr-TSC/PSCs. The third category 
of cells was larger than the other cell types and did not stain with 
Trypan blue dye. They appeared as white (glowing) spheres on a 
blue background of Trypan blue dye. These cells were designated 
as PSCs.

Figure 1: Feline (A,B) and Canine (C,D) stained plasma fractions.

A: Feline plasma fraction stained with 0.4% Trypan blue. TSCs are small 
dark round circles and PSCs have glowing white nuclei, 100x mag.
B: Feline plasma fraction stained with CEA-CAM-1. TSCs are small 
dark-red round circles, 100x mag.
C: Canine plasma fraction stained with 0.4%Trypan blue. TSCs are small 
dark round circles and Tr-TSC/PSCs are structures with a dark periphery 
and a clear center, 100x mag.
D: Canine plasma fraction stained with CEA-CAM-1. TSCs are small 
dark-red round circles and Tr-TSC/PSCs are structures with a dark-red 
periphery and a clear center, 100x mag.

Figure 2: Ovine (Sheep, A,B) and Caprine (Goat, C,D) stained plasma 
fractions.

A: Ovine plasma fraction stained with 0.4% Trypan blue. TSCs are small 
dark round circles, Tr-TSC/PSC are round with a dark periphery and a 
clear center, and PSCs are glowing white rounds, 100x mag. 
B: Ovine plasma fraction stained with CEA-CAM-1. TSCs are small 
dark-red round circles, Tr-TSC/PSC have a dark red periphery and a clear 
center, and PSCs are unstained, 100x mag. 
C: Caprine plasma fraction stained with 0.4%Trypan blue. TSCs are small 
dark round circles, Tr-TSC/PSC are round with a dark periphery and a 
clear center, and PSCs are glowing white rounds, 100x mag.
D: Caprine plasma fraction stained with CEA-CAM-1. TSCs are small 
dark-red round circles, Tr-TSC/PSC have a dark red periphery and a clear 
center, and PSCs are unstained, 100x mag.

Figure 3: Bovine (A,B) and Equine (C,D) stained plasma fractions.

A: Bovine plasma fraction stained with 0.4% Trypan blue. TSCs are small 
dark round circles, Tr-TSC/PSC are round with a dark periphery and a 
clear center, and PSCs are glowing white rounds, 100x mag. 
B: Bovine plasma fraction stained with CEA-CAM-1. TSCs are small 
dark-red round circles, Tr-TSC/PSC have a dark red periphery and a clear 
center, and PSCs are unstained, 100x mag. 
C: Equine plasma fraction stained with 0.4%Trypan blue. TSCs are small 
dark round circles, Tr-TSC/PSC are round with a dark periphery and a 
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clear center, and PSCs are glowing white rounds, 100x mag.
D: Equine plasma fraction stained with CEA-CAM-1. TSCs are small 
dark-red round circles, Tr-TSC/PSC have a dark red periphery and a clear 
center, and PSCs are unstained, 100x mag.

Staining for CEA-CAM-1 was examined in feline (Figure 1B), 
canine (Figure 1D), ovine (Figure 2B), caprine (Figure 2D), 
bovine (Figure 3B), and equine (Figure 3D) peripheral blood. As 
with the Trypan blue staining, the entities designated as TSCs were 
very small circular structures that stained with the CEA-CAM-1 
antibody. Larger circular structures with a rim of staining for CEA-
CAM-1 and a clear center were designated as Tr-TSC/PSCs. PSCs 
were devoid of CEA-CAM-1 staining.

The counting results obtained with Trypan blue staining clearly 
demonstrated the existence of totipotent stem cells and pluripotent 
stem cells in cats, dogs, sheep, goats, cows, and horses and that 
there were variations in the numbers and types of these stem cells 
in the six species examined (Table 1).

Species TSC +/- Std Dev Tr-TSC/PSCs +/- Std Dev

Feline 253 200 120 134

Canine 500 130

Ovine 125 222 100

Caprine 125 150 145 163

Bovine 175 150 80 135

Equine 151 127
Table 1: Average Number of Circulating Stem Cells in Adult Animals. 
X 10^6 Cells per ml of Blood.

Discussion
Young and colleagues [3,8,13,14] have described five main 
categories of stem cells involved in the healing of body tissues 
and organs. These categories are based on the size of the cell, 
the ability to stain with Trypan blue, the identity of cell surface 
markers, optimal cryopreservation temperatures, doubling times, 
growth at confluence, capabilities for self-renewal, differentiation 
potentials and unidirectional developmental lineage patterns. 
These five major categories of adult stem cells are totipotent stem 
cells (TSCs), transitional-totipotent stem cell/pluripotent stem 
cells (Tr-TSC/PSCs), pluripotent stem cells (PSCs), transitional-
pluripotent stem cell/germ layer lineage stem cells (Tr-PSC/
GLSCs), and the germ layer lineage stem cells, i.e., ectodermal 
stem cells (EctoSCs), mesodermal stem cells (MesoSCs), and 
endodermal stem cells (EndoSCs). The TSCs are less than 2 
microns in size, and express carcinoembryonic antigen (CD66e/
CEA-CAM-1) on their cell surface. They have the capability to 
form any somatic cell in the body, as well as forming the germ 
cells such as spermatogonia. Therefore, TSCs are designated as 
adult-derived totipotent stem cells. 

The Tr-TSC/PSCs are >2 to <6 microns in size. These transitional 
stem cells express the stem cell surface markers characteristic of 
both TSCs and PSCs, i.e., carcinoembryonic antigen (CD66e/
CEA-CAM-1), stage specific embryonic antigen (SSEA), and 

neutral endopeptidase (CD10). Transitional-TSC/PSCs can form 
any somatic cell type in the body, but do not form the germ cells. 
They are therefore designated as pluripotent stem cells. 

The PSCs are 6-8 microns in size. These stem cells express the 
cell surface markers stage specific embryonic antigen (SSEA) and 
neutral endopeptidase (CD10). PSCs can form any somatic cell 
type in the body, but do not form the germ cells. They are thus 
designated as pluripotent stem cells. 

The Tr-PSC/GLSCs are 8-10 microns in size. The Tr-PSC/GLSCs 
express cell surface markers characteristic of both PSCs and 
GLSCs, i.e., stage specific embryonic antigen (SSEA), neutral 
endopeptidase (CD10), CD90, and Thy-1. Like the Tr-TSC/PSCs 
and PSCs, Tr-PSC/GLSCs will form all somatic cells of the body, 
but will not form the germ cells. Therefore, they are pluripotent. 

Germ layer lineage stem cells are 10-20 microns in size. There 
are three separate categories of GLSCs based on their respective 
germ layer of origin, i.e., ectodermal, mesodermal, or endodermal. 
However, all three types of GLSC express the cell surface markers 
CD90, Thy-1, and MHC-I. The GLSCs will form cells belonging 
only to the appropriate germ layer from which they originally 
arose. For example, ectodermal germ layer lineage stem cells 
(EctoSCs) can form cells of both surface neural ectoderm and 
surface ectoderm origin, i.e., neurons, macroglial cells, ganglion 
cells, Schwann cells, melanocytes, sensory nerve endings, motor 
nerve endings, and epidermal cells, hair follicles, sweat glands, etc. 
Mesodermal germ layer lineage stem cells (MesoSCs) can form 
cell types from somatic mesoderm, intermediate mesoderm, and 
(somatic and splanchnic) lateral plate mesoderm origin, i.e., three 
types of muscle, two types of fat, five types of cartilage, two types 
of bone, multiple types of connective tissue stroma, scar tissue, 
multiple types of endothelial cells, vasculature, hematopoietic 
cells, tissues within the genitourinary system (except the germ 
cells, sperm or ova), mesothelium, spleen, adrenal cortex, etc. 
Endodermal germ layer lineage stem cells (EndoSCs) can form 
gastrointestinal lining cells, cystic lining cells, hepatocytes, 
canalicular cells, biliary cells, pancreatic exocrine acinar cells 
and ducts, pancreatic endocrine alpha cells, beta cells, delta cells, 
thymus, thyroid, parathyroid, etc. 	

Adult stem cells are being used experimentally in multiple animal 
species to treat a variety of conditions [15-20]. Mesenchymal 
stem cells have been the focus of many studies. These cells have 
been defined as somatic cell populations found most commonly 
in bone marrow [21,22]. However, they are also found in various 
organs, such as adipose tissue [6] and the connective tissue stroma 
associated with skeletal muscle [10]. Questions have persisted 
regarding whether these mesenchymal stem cells (MSC’s) are 
legitimate multipotent stem cells or whether they are simply 
collections of cell- and tissue-committed progenitor cells derived 
from connective tissue [23].

Reports of canine stem cell studies include both embryonic 
and adult stem cells. Canine stem cells have been isolated from 
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numerous anatomical locations in fetal, neonatal and adult dogs. 
Stem cells have been studied in a variety of canine animal and 
human disease models for both basic and clinical research [24-43]. 
For example, Urbanek et al. [15] showed the repair of damaged 
cardiac tissue using activated growth factors with adult stems cells 
in a canine model of heart disease. 

Equine stem cells have been used in the treatment of injuries to 
tendons and ligaments [16-18]. Equine autologous mesenchymal 
stem cells have also been used to increase the rate of healing in a 
surgically repaired defect of the equine soft palate. Since many 
equine injuries involve the musculoskeletal system, the use of 
autologous stem cells obtained from peripheral blood may be 
beneficial in the treatment of these conditions.

Because of the use of cats in medical research, feline MSCs 
derived from bone marrow have been characterized. The marrow 
cells were studied in order to determine their suitability for use 
in therapy in humans [44]. Studies are currently underway to 
determine if the transfer of MSCs is of value in the treatment of 
chronic renal disease in cats [45]. In a similar study, Arriero et 
al. [20] investigated the ability of skeletal muscle stem cells to 
differentiate into endothelial cells that improved kidney function 
after ischemia, a therapy that may be applicable to humans. 
Small, proliferative ventricular myocytes have been identified in 
adolescent feline hearts. These cells have immature physiological 
properties indistinguishable from cardiac stem/progenitor cells. 
They have been shown to contribute to the hyperplastic growth of 
the adolescent heart [46]. 

The results of this project confirm that identifiable adult totipotent 
stem cells (TSCs) and pluripotent stem cells (Tr-TSC/PSCs, and 
PSCs) can be isolated from adult feline, canine, ovine, caprine, 
bovine, and equine peripheral blood. The use of peripheral blood 
provides a simpler extraction method than current methods of 
obtaining adult stem cells from adipose tissue or bone marrow 
extracts. The presence of TSCs and PSCs in all species makes 
possible the development of treatments with species-specific 
autologous totipotent and pluripotent stem cells.

The ability to harvest TSCs and PSCs by the collection of peripheral 
blood rather than the use of more invasive techniques greatly 
simplifies the acquisition of totipotent stem cells and pluripotent 
stem cells. The procedure has the potential for making therapeutic 
advances possible in tissue engineering in all species studied.

Based on these findings, we postulate that totipotent stem cells 
and pluripotent stem cells can be found in all adult mammalian 
species. However, further research is necessary to support this 
hypothesis. We are currently pursuing studies on possible uses 
for totipotent stem cells and pluripotent stem cells derived from 
peripheral blood.
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