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METHOD FOR ENHANCING STEM CELL
TRAFFICKING

PRIORITY CLAIM

This application claims priority to U.S. Patent Application
No. 60/290,920, filed on May 14, 2001, which is incorpo-
rated by reference in its entirety.

FIELD

This invention relates to methods of enhancing animal
stem cell trafficking, specifically to the use of blue green
algae, or a biological component thereof, to enhance the
trafficking or homing of such stem cells.

BACKGROUND

Stem cells are pluripotent cells derived from somatic
tissue capable of differentiating into more specialized cells.
For example, hematopoietic stem cells can differentiate into
many different types of blood cells, including red blood
cells, platelets, and leukocytes.

Hematopoietic stem cells are quite abundant and play a
role in the continuous lifelong physiological replenishment
of blood cells. Stem cells develop into both hematopoietic
lineage cells and non-hematopoietic, tissue specific cells.
Recently, stem cells have been found to differentiate into a
variety of tissue-specific cell types, such as myocytes,
hepatocytes, osteocytes, glial cells, and neurons. For
example, stem cells have been shown to cross the blood-
brain barrier (Willams and Hickey, Curr. Top. Microbiol.
Immunol 202:221-245, 1995) and differentiate into neurons
(Mezey, Science 290:1779-82, 2000). Thus, it is possible
that stem cells could be used to treat Parkinson’s disease
(Polli, Haematologica 85:1009-10,2000), Alzheimer’s dis-
ease (Mattson, Fxp. Gerontol. 35:489-502, 2000), and trau-
matic brain injury (Magavi, Nature 405: 892-3, 895, 2000).
Stem cells also have been shown to differentiate into fibro-
blast or fibroblast-like cells, and to express collagen (Periera
et al.,, Proc. Natl. Acad. Sci. 95:1142-7, 1998). Thus, it is
possible that stem cells can be used to treat osteogenesis
imperfecta and bone fractures. Peterson et al. (Science
284:1168-70, 1999) also have shown that liver cells can
arise from stem cells. Thus, stem cells may be of use in
treating a variety of pathologies of the liver, including, but
not limited to cirrhosis. In addition, bone marrow derived
stem cells have been demonstrated to migrate to the site of
a myocardial infarction and form myocardium (Orlic,
Nature 410:701-5, 2000). Thus, stem cells may be use in
treating myocardial infarction.

Since stem cells are capable of differentiating into a broad
variety of cell types, they play an important role in the
healing and regenerative processes of various tissues it and
organs. See Koc, O. N., and Lazarus, H. M., Bone Marrow
Transplant, 27(3):235-39 (2001). Bone marrow stem cells,
including marrow stromal cells (MSCs), injected into a
recipient’s circulatory system can integrate into various
organs and tissues to become mature, terminally differenti-
ated cells. Therefore, activation and enhancement of stem
cell trafficking can amplify these physiological processes
and provide a potential therapy for various pathologies.

SUMMARY

A method is disclosed herein for enhancing trafficking of
stem cells by administering a therapeutically effective
amount of blue green algae to a subject. In one embodiment,
whole cells of a blue-green algae, or extracts thereof, are
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administered to the subject to enhance stem cell trafficking.
The algae cells may be fresh, dehydrated, or preserved in
some manner. In another embodiment, a high-molecular
weight polysaccharide fraction of the blue green algae is
administered to the subject. Pharmaceutical compositions
including a therapeutically effective amount of a blue green
algae, or a component thereof, are disclosed herein.

In one embodiment, a therapeutically effective amount of
blue-green algae induces a transient increase in the popula-
tion of some stem cells, such as CD34+ stem cells, in the
subject’s circulatory system. The percentage increase in the
number of circulating stem cells, compared to a control, is
more than about 10%, more than about 25%, more than
about 50%, more than about 100%, more than about 200%,
more than about 400%, or more than about 500% following
administration of the blue green algae. Additionally, admin-
istration of certain fractions of whole AFA can increase the
homing of stem cells to various parts of the body, evidenced
by a decrease in the number of circulating stem cells. For
example, administration of a polysaccharide rich fraction of
whole AFA increases the homing of CD34+ and NK cells
from the circulatory system to various parts of the body.

In some embodiments, the subject provided the blue-
green algae is healthy. In other embodiments, the subject
suffers a disease or physiological condition.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of the pathway of stem
cells entering the circulatory system and various organs and
systems.

FIG. 2 is a graph illustrating a typical time course of stem
cell activation in the human body after consumption of
whole blue-green algae, Aphanizomenon flos aquae (AFA).

FIG. 3 is a graph illustrating a percentage increase of
circulating CD34+ stem cells in the human body after
ingestion of whole AFA compared to a water-soluble extract
of AFA.

FIGS. 4A-B are flow cytometry profiles of the expression
of CD34 on small lymphocytes isolated from peripheral
blood of a human volunteer. The X axis displays fluores-
cence intensity of the stem cell marker. The M1 marker
indicates events showing positivity for the stem cell marker
CD34. FIG. 4A is a flow cytometry profile of blood taken
from the volunteer subject prior to consumption of AFA and
FIG. 4B is a flow cytometry profile of blood taken from the
same subject 2 hours after consumption of 5 grams whole
AFA.

FIG. 5 is a graph illustrating the expression of adhesion
and homing molecules on the surface of CD34+ circulating
stem cells before and after consumption of AFA.

FIG. 6 is a graph illustrating the effects of consumption of
whole AFA, a water-soluble phycocyanin-rich fraction of
AFA, and a polysaccharide rich fraction (fraction A) of AFA
on the number of circulating stem cells in human subjects.

FIG. 7 is a graph illustrating that consumption the
polysaccharide fraction (fraction A) of AFA resulted in a
significant transient decrease in circulating Natural Killer
(NK) cells in human subjects.

DETAILED DESCRIPTION

Consumption of blue-green algae, such as, but not limited
to, Aphanizomenon flos aquae (AFA), induces mobilization
of endogenous stem cells into the circulatory system where
they may come into contact with multiple organs and tissues.
Since these stem cells are capable of migrating into various
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tissues and organs and differentiating into functional cells,
consumption of blue-green algae proves tissue regeneration
and anti-aging therapies.

The following explanations of terms are provided to better
illustrate the present invention. Explanations of common
terms also can be found in Rieger et al.,, Glossary of
Genetics: Classical and Molecular, 5th edition, Springer-
Verlag: N.Y.,, 1991; Lewin, Genes VII, Oxford University
Press: New York, 1999; Dictionary of Bioscience, Mcgraw-
Hill: New York 1997; Kendrew et al (eds.), The Encyclo-
pedia of Molecular Biology, published by Blackwell Science
Ltd., 1994 (ISBN 0-632-02182-9); and Robert A. Meyers
(ed.), Molecular Biology and Biotechnology: a Comprehen-
sive Desk Reference, published by VCH Publishers, Inc.,
1995 (ISBN 1-56081-569-8).

Explanations of Terms

Administration to a subject. Providing blue-green algae to
a subject includes administering whole blue-green algae
cells or extracts of blue-green algae cells. Routes of admin-
istration include, but are not limited to, oral and parenteral
routes, such as intravenous (IV), intraperitoneal (IP), rectal,
topical, ophthalmic, nasal, and transdermal. Oral adminis-
tration includes both whole blue-green algae and orally
bioavailable extracts of blue-green alge. If administer orally,
the whole cells or extracts may be provided or administered
in the form of a unit dose in solid, semi-solid, or liquid
dosage form such as tablets, pills, powders, liquid solutions,
or liquid suspensions. However, extracts of blue-green algae
also may be administered intravenously in any conventional
medium for intravenous injection, such as an aqueous saline
medium, or in a blood plasma medium. The medium also
may contain conventional pharmaceutical adjunct materials,
such as pharmaceutically acceptable salts to adjust the
osmotic pressure, lipid carriers (e.g., cyclodextrins), proteins
(e.g., serum albumin), hydrophilic agents (e.g., methyl
cellulose), detergents, buffers, preservatives, and the like. A
more complete explanation of acceptable pharmaceutical
carriers can be found in Remington: The Science and Prac-
tice of Pharmacy (19" Edition, 1995) in chapter 95.

Agent that affects hematopoiesis. A compound, antibody,
nucleic acid molecule, protein, or cell that affects hemato-
poiesis. A molecular agent can be a naturally occurring
molecule or a synthetic molecule. In some embodiments, the
agent affects the growth, proliferation, maturation, or dif-
ferentiation or release of hematopoietic cells. In one
embodiment, the agent is a blue green algae, or an extract or
component of a blue green algae cell.

Agent that affects stem cell circulation. A compound,
antibody, nucleic acid molecule, protein, or cell, including
neuropeptides and other signaling molecules, that affects the
release of stem cells into the circulatory system, as well as
homing from the circulatory system into tissue. A molecular
agent may be a naturally occurring molecule or a synthetic
molecule. In one specific, non-limiting example, the agent is
a blue-green algae. In another specific, non-limiting
example, the agent is a extract of blue green algae, or an
isolated component or compound extracted from blue-green
algae, such as a compound found in a polysaccharide-rich
fraction (fraction A) of blue-green algae extract.

An agent that affects stem cell circulation may affect the
ratio of stem cells in the quiescent pool versus the active
pool. In some embodiments, the agent affects the balance
between undifferentiated stem cells and stem cells differen-
tiating into CD34%°* and CD34%&" cells. In other
embodiments, the agent affects the release or differentiation
of stem cells, such as CD34"%” (CD34+) cells.

Animal. A living, multicellular, vertebrate organism
including, for example, mammals, fish, reptiles, and birds.
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Blue-green algae. Common name for gram-negative pho-
tosynthetic bacteria belonging to Division Cyanophyta that
may exist in unicellular, colonial, or filamentous forms.
Representative blue-green algae include, but are not limited
to, Spirulina species and Aphanizomenon species. Aphani-
zomenon flos aquae (AFA) is one specific, nonlimiting type
of blue-green algae.

The term “algae” is the plural form of “alga,” which is a
cell of a microalgae species. For example (and without
limitation), “blue green algae™ refers to multiple cells of a
single Aphanizomenon species, multiple cells of a single
Spirulina species, or a mixture of cells from multiple Apha-
nizomenon and/or Spirulina species.

Circulatory system. In animals, the circulatory system is
composed of the structures that move blood and blood
components throughout the body, including the vascular and
lymph systems. The components of the circulatory system
include the heart, blood vessels (arteries, veins, and
capillaries), and lymph vessels.

Circulating stem cell. A stem cell present in the circula-
tory system.

Component of blue green algae. Any fraction, extract, or
isolated or purified molecule from a blue green algae cell. In
one embodiment, the component is a protein or nucleic acid.
In another embodiment, the component is a component is a
phytochemical. In another embodiment, the component is a
fraction of a blue green algae. Thus, the blue green algae is
disrupted, an inorganic or organic solvent is added, and
fractions are collected. Specific, non-limiting examples are
fractions are isolated using high performance liquid
chromatography, thin layer chromatography, or distillation.
In one embodiment, fractionation is based on the molecular
weight or the hydrophobicity of the components of the blue
green algae.

Differentiation. The process by which cells become more
specialized to perform biological functions. Differentiation
is a property that is often totally or partially lost by cells that
have undergone malignant transformation.

Effective amount. An amount of blue-green algae or
extract thereof capable of activating or enhancing stem cell
trafficking (stem cell mobilization, stem cell homing), that
can be determined by various methods used in the biological
sciences, including generating an empirical dose-response
curve. In one embodiment, a “therapeutically effective
amount” is an amount effective for enhancing mobilization
of stem cells that replenish, repair, or rejuvenate tissue. In
another embodiment, a “therapeutically effective amount™ is
an amount effective for enhancing trafficking of stem cells.
In still another embodiment, the “therapeutically effective
amount” is an amount effective for enhancing homing of
stem cells from the circulatory system to various tissues or
organs.

Atherapeutically effective amount also may be an amount
sufficient for treating a condition or disease, such as an
amount sufficient to relieve symptoms associated with ner-
vous system disorders (for example, Alzheimer’s disease,
Parkinson’s disease, multiple sclerosis, attention deficit
disorder), traumatic brain or spinal cord injury),
hypertension, liver disease, chronic fatigue syndrome, irri-
table bowel syndrome, bacterial or viral infections, mood
disorders (for example, depression) or disorders of bone or
cartilage.

In one specific, non-limiting example, the effective
amount of blue-green algae is from about 0.01 to about 1.0
g per kg body weight, such as about 0.05 to about 0.5 g per
kg body weight, or from about 0.1 to about 0.5 g per kg body
weight In another specific, non-limiting, example the effec-
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