
Treatment of Diseases and Disorders Using
Self-Renewing Colony Forming Cells Cultured and
Expanded In Vitro Background Of The Invention The
present invention relates generally to the generation
and use of in vitro cultured selfrenewing colony
forming somatic cells (CF-SC), and compositions
produced by such cells, for the treatment of a variety
of diseases and disorders. One example of such CF-SC
are adult human bone marrow-derived somatic cells
(hABM-SC). The present invention also relates to
manipulation of CF-SC cell populations during
cultivation to modulate {i.e., up- or down-regulate)
production of various soluble or secreted compositions
produced by in vitro cultured and expanded
self-renewing colony forming cells. The field of the
invention also relates to cell-based and
tissue-engineering therapies; particularly, methods of
using and/or administering CF-SC, or compositions
produced by such cells, including administration via
incorporation in, or mixture with, pharmaceutically
acceptable carriers (such as a pharmaceutically
acceptable solution or a transient, permanent, or
biodegradable matrix). Cell Based Therapies There are
two major options in using cell-based therapies to
manage and treat chronic and acute tissue damage in
which the overall objective is the functional and/or
cosmetic restoration of damaged tissue. These cell
based therapy options include: 1) Cell Replacement -
Use of cells to replace damaged tissue by establishing
long-term engraftment; and 2) Supply Trophic Factors -
Use of cells and compositions produced by cells (e.g.,
growth factors) to stimulate endogenous repair
mechanisms through release of factors delivered or
produced by cells without long-term engraftment. The
present invention relates to use of cell based
therapies without relying on long-term cell
engraftment. In particular, the invention relates to
use of cells, and compositions produced bycells, in
the treatment of various diseases and disorders;
particularly those involving tissues and organs with
limited self-renewal capability (such as, for example,
neurological and cardiac tissues and organs).
Cell-based therapeutic options in managing and
treating tissue damage also present the possibility
for use of autologous or allogeneic cells. Each of
these have certain advantages and disadvantages. Use
of autologous cells involves the following factors or
parameters:  Patient is the donor;  Requires
manufacture of cell product on a patient-by-patient
basis;  Variability in the identity, purity and
potency of cell product; and,  Lag time between
clinical decision to treat and availability of cells
for transplant. In contrast, the use of allogeneic
cells involves the following factors or parameters:
Donor is second party {i.e., donor is not the
patient);  Risk associated with donor variability;
Multiple patients treatable per manufactured batch of
cell product;  Increased consistency of identity,
purity and potency of cell product; and,  Decreased
lag time between clinical decision to treat and
availability of cell product. The present invention
relates primarily to treatments involving use of
allogeneic cells. However, it would also be equally
possible to perform these same treatments using
autologous cells. Organ and Tissue Repair The
regenerative potential of certain tissues in the
mammalian body has been known for centuries, for
example tissues like skin and bone are known to repair
themselves after injury. However, a number of
conditions and diseases of the central nervous system
(i.e., brain and spinal cord), peripheral nervous
system and heart adversely affect humans because of
the deficit of regenerative capacity in the effected
tissues. These conditions and diseases include, for
example, spinal cord injury, amyotrophic lateral
sclerosis (ALS), Parkinson's disease, stroke,
Huntingdon's disease, traumatic brain injury, brain
tumors, Fabry Disease, heart diseases (such as
congestive heart failure and myocardial infarction).
Clinical management strategies, for example,
frequently focus on the prevention of further damage
or injury rather than replacement or repair of the
damaged tissue (e.g., neurons, glial cells, cardiac
muscle); include treatment with exogenous steroids and
synthetic, non-cellular pharmaceutical drugs; and have
varying degrees of success which may depend on the
continued administration of the steroid or synthetic
drug.For example, the majority of spinal cord injuries
are compression injuries with the remaining cases
involving complete transection of the spinal cord.
Current therapeutic treatments for spinal cord injury
include the prevention of additional spinal cord
injury by physically stabilizing the spine through
surgical and non-surgical procedures and by inhibiting
the inflammatory response with steroidal therapy.
Additionally, aging is a major negative component to
nearly every common disease affecting mammals, and one
of the principle features of aging in a degeneration
of many tissue including those of skin, bone, eye,
brain, liver, kidney, heart, vasculature, muscle, et
cetera. Furthermore, the already limited regenerative
capacity of certain tissues of the body is known to
decline with age, tissue maintenance and repair
mechanisms in almost every tissue decline over the
course of life. Thus, there is a need to develop new,
improved and effective methods of treatment for
diseases and conditions, in particular, neurological
and cardiac diseases and age-related degenerative
conditions in humans. Erythropoiesis Hematopoietic
cells in a healthy human or other mammal do not
ordinarily have a limited long-term self-renewal
capability. However, the potential for catastrophic
loss of blood (or need otherwise for a supplemental
supply of blood) combined with limited supplies of
donor blood, entails that methods for enhancing,
maintaining, or generating red blood supplies in vitro
are quite desirable. Blood is a highly specialized
circulating tissue consisting of several types of
cells suspended in a fluid medium known as plasma. The
cellular constituents are: red blood cells
(erythrocytes), which carry respiratory gases and give
it its red color because they contain hemoglobin (an
iron-containing protein that binds oxygen in the lungs
and transports it to tissues in the body), white blood
cells (leukocytes), which fight disease, and platelets
(thrombocytes), cell fragments which play an important
part in the clotting of the blood. Medical terms
related to blood often begin with hemo- or hemato-
(BE: haemo- and haemato-) from the Greek word "haima"
for "blood." Blood cells are produced in the bone
marrow; in a process called hematopoiesis. Blood cells
are degraded by the spleen and liver. Healthy
erythrocytes have a plasma half-life of 120 days
before they are systematically replaced by new
erythrocytes created by the process of hematopoiesis.
Blood transfusion is the most common therapeutic use
of blood. It is usually obtained from human donors. As
there are different blood types, andtransfusion of the
incorrect blood may cause severe complications,
crossmatching is done to ascertain the correct type is
transfused. A shortage of blood donors and inadequate
supplies of red blood cells for transfusion is a
common problem in treating patients worldwide.
Accordingly, there is a need for new, improved and
effective methods of increasing the availability of
red blood cells as this would provide a means for
alleviating at least some of the global shortages in
red blood cell supplies. Skin The present invention
relates in part to treatment of skin wounds. There are
currently available a number of different treatments
for wounds of the skin such as epidermal replacement
products, dermal replacement products, artificial skin
products, and wound dressings. Examples of some of
these are described briefly below. Epidermal
Replacement Products According to the manufacturer,
EPICEL(tm) (Genzyme Corp., Cambridge, MA) is composed
of autologous epidermal cells skin grown from biopsy
of patients own skin for treatment of burns. Cells are
co-cultured with mouse feeder cell line into sheets of
autologous epidermis. According to the manufacturer,
MYSKIN(tm) (CellTran LTD, Sheffield, Sl 4DP United
Kingdom) is a cultured autologous epidermal substitute
for the treatment of burns, ulcers and other
non-healing wounds. MYSKIN(tm) contains living cells
expanded from the tissue of individual patients.
MYSKIN(tm) comprises a layer of keratinocytes
(epidermal cells) on an advanced polymer-like coating
which facilitates the transfer of cells into the wound
where they can initiate healing. MYSKIN(tm) uses a
medical grade silicone substrate layer to support cell
delivery, wound coverage and allow exudate management.
According to the manufacturer, EPIDEX(tm) (Modex
Therapeutics Ltd, Lausanne, Switzerland) is an
autologous epidermal skin equivalent that is grown
directly from stem and pre-cursor cells derived from
hair taken directly from a patient in a non-surgical
procedure. According to the manufacturer,
CELLSPRAY(tm) (Clinical Cell Culture Europe Ltd,
Cambridge CB2 INL, United Kingdom) is a cultured
epithelial autograft suspension that is sprayed onto
injured skin in order to provide a rapid epidermal
cover, promote healing and optimize scar quality.
Dermal Replacement Products According to the
manufacturer, INTEGRA(tm) Dermal Regeneration Template
(Integra LifeSciences Corporation, Plainsboro, New
Jersey) is a bilayer membrane system for skin
replacement. The dermal replacement layer is made of a
porous matrix of fibers of cross-linkedbovine tendon
collagen and a glycosaminoglycan
(chondroitin-6-sulfate) that is manufactured with a
controlled porosity and defined degradation rate. The
temporary epidermal substitute layer is made of
synthetic polysiloxane polymer (silicone) and
functions to control moisture 



loss from the wound. The collagen dermal replacement
layer serves as a matrix for the infiltration of
fibroblasts, macrophages, lymphocytes, and capillaries
derived from the wound bed. According to the
manufacturer, DERMAGRAFT(tm) (Advanced Biohealing, La
Jolla, CA) Allogeneic newborn fibroblasts grown on a
biodegradable mesh scaffold, indicated for
fullthickness diabetic ulcers. According to the
manufacturer, PERMACOL(tm) (Tissue Science
Laboratories, Inc. Andover, MA 01810) Permacol(tm)
surgical implant is collagen-derived from porcine
dermis which, when implanted in the human body, is
non-allergenic and long-lasting. According to the
manufacturer, TRANSCYTE(tm) (Advanced Biohealing, La
Jolla, CA 92037) TRANSCYTE(tm) is a human
foreskin-derived fibroblast temporary skin substitute
(allogeneic). The product consists of a polymer
membrane and newborn human fibroblast cells cultured
under aseptic conditions in vitro on a nylon mesh.
Prior to cell growth, this nylon mesh is coated with
porcine dermal collagen and bonded to a polymer
membrane (silicone). This membrane provides a
transparent synthetic epidermis when the product is
applied to the burn. The human fibroblast-derived
temporary skin substitute provides a temporary
protective barrier. TRANSCYTE(tm) is transparent and
allows direct visual monitoring of the wound bed.
According to the manufacturer, RENGRANEX(tm) Gel
(Ortho-McNeil Pharmaceutical, Inc.(c) ETHICON, INC.)
is a topical wound care product made of recombinant
PDGF in a gel. Artificial Skin Products (epidermal and
dermal combination products) According to the
manufacturer, PERMADERM(tm) (Cambrex Bio Science
Walkersville, Inc., Walkersville, MD) PERMADERM(tm) is
constructed from autologous epidermal and dermal
layers of the skin and is indicated for the treatment
of severe burns. The product is reported to be pliable
and to grow with the patient. According to the
manufacturer, ORCEL(tm) (Ortec International, New
York, NY) Bilayered construct made from allogeneic
epidermal cells and fibroblasts cultured in bovine
collagen, indicated for split-thickness burns. The
manufacturer reports no evidence of product-derived
DNA detectable in two human patients treated with
product at 2 or 3 weeks, respectively.According to the
manufacturer, APLIGRAF(tm) (Smith & Nephew, London,
WC2N 6LA United Kingdom) Allogeneic epidermal cells
and fibroblasts cultured in bovine collagen, indicated
for venous leg ulcers. WoundDressings According to the
manufacturer, 3M(tm) TEGADERM(tm) Transparent Film
Dressing (3M, St. Paul, MN) is a breathable film that
provides a bacterial and viral barrier to outside
contaminants. According to the manufacturer,
TISSEEL(tm) VH Fibrin Sealant (Baxter, Deerfield, IL)
is indicated for use as an adjunct to hemostasis.
Summary Of The Invention The present invention relates
to the production and use of stable cell populations
and compositions produced thereby. The term "stable
cell population" as used herein means an isolated, in
vitro cultured, cell population that when introduced
into a living mammalian organism (such as a mouse,
rat, human, dog, cow, etc.) does not result in
detectable production of cells which have
differentiated into a specialized cell type or cell
types (such as a chondrocyte, adipocyte, osteocyte,
etc.) and wherein the cells in the cell population
express, or maintain the ability to express or the
ability to be induced to express, detectable levels of
at least one therapeutically useful composition (such
as membrane bound or soluble TNF-alpha receptor, IL-IR
antagonists, IL-18 antagonists, compositions shown in
Table IA, IB, 1C, etc.). Another characteristic of the
stable cell populations of the present invention is
that the cells do not exhibit ectopic differentiation.
The term "ectopic" means "in the wrong place" or "out
of place". The term "ectopic" comes from the Greek
"ektopis" meaning "displacement" ("ek", out of +
"topos", place = out of place). For example, an
ectopic kidney, is one that is not in the usual
location; or, an extrauterine pregnancy is an "ectopic
pregnancy". In the present context, an example of
ectopic differentiation would be cells that when
introduced into cardiac tissue, produce bone
tissue-like calcifications and/or ossifications. This
phenomenon has been demonstrated to occur, for
example, when mesenchymal stem cells are injected into
cardiac tissue. See, Breitbach et al, "Potential Risks
of Bone Marrow Cell Transplantation Into Infarcted
Hearts", Blood, Vol. 110, No. 4 (Aug. 2007). The
present invention relates to the generation and use of
expanded, in vitro cultured, selfrenewing colony
forming somatic cells (hereinafter referred to as
"CF-SC"), and productsproduced by such cells, for the
treatment of a variety of diseases and disorders.
Further, the present invention also relates to the
generation and use of extensively expanded, in vitro
cultured, self-renewing colony forming somatic cells
(hereinafter referred to as "exCF-SC"), and products
produced by such cells, for the treatment of a variety
of diseases and disorders. ExCF-SC are self-renewing
colony forming somatic cells (CF-SC) which have
undergone at least about 30, at least about 40, or at
least about 50 cell population doublings during in
vitro cultivation. Hence, self-renewing colony forming
somatic cells which have been expanded in vitro are
hereinafter referred to as "CF-SC" (such that, unless
specified otherwise, this term encompasses both cell
populations which have undergone less than about 30
population doublings (e.g., less than about 5, less
than about 10, less than about 15, less than about 20,
less than about 25 population doublings) and also cell
populations which have undergone more than about 30,
more than about 40, or more than about 50 populations
doublings in vitro). One particular example of CF-SC
are adult human bone marrow-derived somatic cells
(hereinafter referred to as "ABM-SC"). Further, one
particular example of exCF-SC are adult human bone
marrow-derived somatic cells which have undergone at
least about 30, at least about 40, or at least about
50 cell population doublings during in vitro
cultivation (hereinafter referred to as "exABM-SC").
Accordingly, the term "ABM-SC", unless specified
otherwise, encompasses both ABM-SC cell populations
which have undergone less than about 30 population
doublings (e.g., less than about 5, less than about
10, less than about 15, less than about 20, less than
about 25 population doublings) and also ABM-SC cell
populations which have undergone more than about 30,
more than about 40, or more than about 50 populations
doublings in vitro). The term "extensively expanded"
as used herein refers to cell populations which have
undergone at least about 30 or more cell population
doublings and wherein the cells are nonsenescent, are
not immortalized, and continue to maintain the normal
karyotype found in the cell species of origin. As used
herein, the term "substantial capacity for
self-renewal" means having the ability to go through
numerous cycles of cell division resulting in the
production of multiple generations of cell progeny
(thus, with each cell division, one cell produces two
"daughter cells" wherein at least one daughter cell is
capable of further cell division). One measure of
"substantial capacity for self-renewal" is indicated
by the ability of a cell population to undergo at
least about 10, 15, 20, 25, 30, 35, 40, 45, 50 or more
cell doublings. Another measure of "substantial
capacity for self-renewal" is indicated by maintenance
of the ability of a cell population to re-populate, or
approach confluence in, a tissue culture vessel after
cell culturepassaging (when the same or similar
culture conditions are maintained). Thus, an example
of "substantial capacity for self-renewal" is
demonstrated when a cell population continues to
repopulate a tissue culture vessel in a period of time
of at least about 25%, 50%, 60%, 70%, 80%, 90%, 95% or
100% of the time required for such re-population
during early cell culture doublings (such as before a
cell population has undergone more than about 10
population doublings). Another measure of "substantial
capacity for self-renewal" is maintenance of a
consistent rate of population doubling time or of a
consistent and relatively rapid rate of population
doubling. As used herein, the term "substantially no
multipotent differentiation capacity" means cell
populations which cannot differentiate into multiple
different types of cells, either in vitro or in vivo.
An example of cells which do have substantial
multipotent differentiation capacity are hematopoietic
stem cells which can differentiate into red blood
cells, T-cells, B-cells, platelets, etc. either in
vitro or in vivo. Another example of cells which do
have substantial multipotent differentiation capacity
are mesenchymal stem cells which can differentiate,
for example, into osteocytes (bone), adipocytes (fat),
or chondrocytes (cartilage). In contrast, cells in a
cell population which have "substantially no
multipotent differentiation capacity" cannot
differentiate into multiple cell types in vitro or
when introduced into an organism or target tissue(s)
in vivo. In a preferred embodiment of the invention, a
cell population with "substantially no multipotent
differentiation capacity" is one in which at least
about 80%, 90%, 95%, 98%, 99% or 100% of the cells in
the cell population cannot be induced to detectably
differentiate in vitro or in vivo into more than one
cell type. A "unipotent" cell or "unipotent progenitor
cell" is an example of a cell which has substantially
no multipotent differentiation capacity. As used
herein, "stem cell" means a cell or cells possessing
the following two properties: 1) capacity for
self-renewal, which is the ability to go through
numerous cycles of cell division while maintaining the
undifferentiated state; and, 2) differentiation
potency, which is the capacity to change into one or
more kinds of mature cell types and, upon such change,
no longer undergoing cycles of cell division (for
example, capacity to change into an osteocyte,
adipocyte, chondrocyte, etc.). As used herein,
differentiation potency means the cells are either
totipotent, pluripotent, multipotent, or unipotent
progenitor cells. A "mesenchymal stem cell" is a stem
cell of this same definition but wherein said cell has
been derived or obtained from mesenchyme tissue (such
as, for example, bone marrow, adipose or cartilage).
See, 



Horwitz et al., "Clarification of the nomenclature for
MSC: The International Society forCellular Therapy
position statement", Cytotherapy, vol. 7, no. 5, pp.
393-395 (2005); and references cited therein. As used
herein, "totipotent" means cells which can become any
type of cell as may be found during any stage of
development in the organism of the cells origin.
Totipotent cells are typically produced by the first
few divisions of the fertilized egg {i.e., following
fusion of an egg and sperm cell). Thus, totipotent
cells can differentiate into embryonic and
extraembryonic cell types. As used herein,
"pluripotent" means cells which can differentiate into
cells derived from any of the three germ layers
(endoderm, mesoderm, ectoderm) found in the organism
of the cells origin. As used herein, "multipotent"
means cells which can produce multiple types (i.e.,
more than one type) of differentiated cells. A
mesenchymal stem cell is an example of a multipotent
cell. As used herein, "unipotent" means cells which
can produce only one cell type. Unipotent cells have
the property of self-renewal, but can change into only
one kind of mature cell type. As used herein, "normal
karyotype" means having a genetic composition
comprising chromosomes of the number and of the
structure typically found in, and considered normal
for, the species from which the cells are derived. As
used herein, "connective tissue" is one of the four
types of tissue usually referenced in traditional
classifications (the others being epithelial, muscle,
and nervous tissue). Connective tissue is involved in
organism and organ structure and support and is
usually derived from mesoderm. As used herein,
"connective tissue" includes those tissues sometimes
referred to as "connective tissue proper",
"specialized connective tissues", and "embyronic
connective tissue". "Connective tissue proper"
includes areolar (or loose) connective tissue, which
holds organs and epithelia in place and has a variety
of proteinaceous fibres, including collagen and
elastin. Connective tissue proper also includes dense
connective tissue (or, fibrous connective tissue)
which forms ligaments and tendons. "Specialized
connective tissue" includes blood, bone, cartilage,
adipose and reticular connective tissue. Reticular
connective tissue is a network of reticular fibres
(fine collagen, type III) that form a soft skeleton to
support the lymphoid organs (lymph nodes, bone marrow,
and spleen) "Embryonic connective tissue" includes
mesenchymal connective tissue and mucous connective
tissue. Mesenchyme (also known as embryonic connective
tissue) is the mass oftissue that develops mainly from
the mesoderm (the middle layer of the trilaminar germ
disc) of an embryo. Viscous in consistency, mesenchyme
contains collagen bundles and fibroblasts. Mesenchyme
later differentiates into blood vessels, blood-related
organs, and connective tissues. Mucous connective
tissue (or mucous tissue) is a type of connective
tissue found during fetal development; it is most
easily found as a component of Wharton's jelly (a
gelatinous substance within the umbilical cord which
serves to protect and insulate cells in the umbilical
cord). As used herein, "immortalized" refers to a cell
or cell line which can undergo an indefinite number of
cell doublings in vitro. Immortalized cells acquire
such ability through genetic changes which eliminate
or circumvent the natural limit on a cells ability to
continually divide hi contrast, "non-immortalized"
cells are eukaryotic cells which, when taken directly
from the organism and cultured in vitro (producing a
"primary cell culture"), can undergo a limited number
of cell doublings before senescencing (losing ability
to divide) and dying. For example, primary cultures of
most types of mammalian, non-immortalized cells can
usually undergo a relatively defined but reproducibly
limited range of cell doublings (depending on the
primary cell type) before differentiating, senescing,
or dying. As used herein "long-term engraftment" means
the detectable presence of donor cells residing within
(or as part of) target tissue to which (or in which)
said cells were delivered after more than about 4
weeks from the time of administration. "More than
about 4 weeks" includes time periods of more than
about 5, 6, 7, 8, 10, 12, 14, 16, 18, 20, and 24
weeks. "More than about 4 weeks" also includes time
periods of more than about 6 months, 8 months, 10
months, 12 months, 18 months, 24 months, 30 months, 36
months, 42 months and 48 months. The present invention
also relates to manipulation of CF-SC and exCF-SC cell
populations during cultivation to modulate (i.e., up-
or down-regulate) production of various soluble or
secreted compositions produced by the in vitro
cultured and expanded self-renewing colony forming
cells. The present invention also relates to
extensively expanded cell populations which are
characterized by loss of ability to differentiate into
bone cells (osteocytes). For example, the present
invention relates to extensively expanded cell
populations which are characterized by loss of ability
to generate calcium deposits when cultured under
osteoinductive conditions, including with or without
cultivation in the presence of the supplemental bone
morphogen Noggin (see Example 16). (Mouse and Human
Noggin: See, e.g., the U.S. National Center for
Biotechnology PubMed Protein Database Accession Nos.
NP 032737 and NP_005441(respectively); see also e.g.,
Valenzuela, et al., "Identification of mammalian
noggin and its expression in the adult nervous
system", J. Neurosci. 15 (9), 6077-6084 (1995)). The
present invention also relates to extensively expanded
cell populations characterized by the loss of ability
to differentiate into bone cells and/or loss of
ability to generate calcium deposits (as described
above), but wherein said cell populations continue to
secrete, or maintain the ability to secrete or to be
induced to secrete, at least one therapeutically
useful composition. The present invention also relates
to cell-based and tissue-engineering therapies;
particularly, methods of using and/or administering
CF-SC and exCF-SC, or compositions produced by such
cells, including administration via incorporation in,
or mixture with, pharmaceutically acceptable carriers
(such as a pharmaceutically acceptable solution or a
transient, permanent, or biodegradable matrix). The
present invention also relates to expanded {i.e., in
vitro cultured and passaged) and extensively expanded
cell populations which are preferably negative for
expression of the STRO-I cell surface marker. See,
e.g., Stewart et al, "STRO-I, HOP-26 (CD63), CD49a and
SB-IO (CD166) as markers of primitive human marrow
stromal cells and their more differentiated progeny: a
comparative investigation in vitro" Cell Tissue Res.
2003 Sep;313(3):281-90; and, Dennis et al., "The
STRO-1+ marrow cell population is multipotential"
Cells Tissues Organs. 2002;170(2-3):73-82; and,
Oyajobi et al., "Isolation and characterization of
human clonogenic osteoblast progenitors immunoselected
from fetal bone marrow stroma using STRO-I monoclonal
antibody", J Bone Miner Res. 1999 Mar;14(3):351- 61.
The present invention also relates to manufacture and
use of pharmaceutically acceptable compositions
containing CF-SC and exCF-SC (for example, ABM-SC and
exABM-SC) with additional structural and/or
therapeutic components. As one example, CF-SC or
exCF-SC (for example, ABM-SC or exABM-SC) and collagen
may be combined in a pharmaceutically acceptable
solution to generate compositions in liquid,
semi-solid, or solid-like forms (matrices) for use,
for example, in the treatment, repair, and
regeneration of skin disorders (e.g., skin wounds such
as burns, abrasions, lacerations, ulcers,
infections).] The present invention relates generally
to use of self-renewing cells, referred to herein as
colony-forming somatic cells (CF-SC) including
extensively passaged colony-forming somatic cells
(exCF-SC). Examples of such cells are adult human bone
marrow-derived somatic cells (ABM-SC) including
extensively passaged adult human bone marrow-derived
somatic cells(exABM-SC), for use in treatment of
various diseases and disorders; particularly diseases
and disorders involving ischemia, trauma, and/or
inflammation (such as, for example, heart failure due
to acute myocardial infarction (AMI) and stroke).
Self-renewing colony-forming somatic cells (CF-SC)
such as adult human bone marrowderived somatic cells
(ABM-SC) as used in the present invention are prepared
as described in U.S. Patent Publication No.
20030059414 (U.S. Application No. 09/960,244, filed
Sept. 21, 2001) and U.S. Patent Publication No.
20040058412 (U.S. Application No. 10/251,685, filed
Sept. 20, 2002). Each of these patent applications are
hereby incorporated by reference in their entirety. In
particular, CF-SC isolated from a source population of
cells (such as, for example, from bone marrow, fat,
skin, placenta, muscle, umbilical cord blood, or
connective tissue) are cultured under low oxygen
conditions (e.g., less than atmospheric) and passaged
at low cell densities such that the CF-SC maintain an
essentially constant population doubling rate through
numerous population doublings. After expansion of the
CF-SC to an appropriate cell number, the CF-SC may be
used to generate the compositions of the present
invention. For example, after expansion of the CF-SC
in vitro for at least about 30, at least about 40, or
at least about 50 cell population doublings exCF-SC
may be used to generate compositions of the present
invention. In one embodiment CF-SC and exCF-SC, as
used in the present invention, are derived from bone
marrow (and are referred to herein as ABM-SC and
exABM-SC, respectively). One embodiment of CF-SC and
exCF-SC (such as for example, ABM-SC and exABM-SC,
respectively), as used in the present invention, is an
isolated cell population wherein the cells of the cell
population co-express CD49c and CD90 and wherein the
cell population maintains a doubling rate of less than
about 30 hours after at least about 30, at least about
40, or at least about 50 cell population doublings.
Another embodiment of CF-SC and exCF-SC (such as for
example, ABM-SC and exABM-SC, 



respectively), as used in the present invention, is an
isolated cell population wherein the cells of the cell
population co-express CD49c, CD90, and one or more
cell surface proteins selected from the group
consisting of CD44, HLA Class- 1 antigen, and b (beta)
2-Microglobulin, and wherein the cell population
maintains a doubling rate of less than about 30 hours
after at least about 30, at least about 40, or at
least about 50 cell population doublings. Another
embodiment of CF-SC and exCF-SC (such as for example,
ABM-SC and exABM-SC, respectively), as used in the
present invention, is an isolated cell population
wherein the cellsof the cell population co-express
CD49c and CD90, but are negative for expression of
cell surface protein CDlO, and wherein the cell
population maintains a doubling rate of less than
about 30 hour after at least about 30, at least about
40, or at least about 50 cell population doublings.
Another embodiment of CF-SC and exCF-SC (such as for
example, ABM-SC and exABM-SC, respectively), as used
in the present invention, is an isolated cell
population wherein the cells of the cell population
co-express CD49c, CD90, and one or more cell surface
proteins selected from the group consisting of CD44,
HLA Class-1 antigen, and b (beta) 2-Microglobulin, but
are negative for expression of cell surface protein
CDlO, and wherein the cell population maintains a
doubling rate of less than about 30 hours after at
least about 30, at least about 40, or at least about
50 cell population doublings. Another embodiment of
CF-SC and exCF-SC (such as for example, ABM-SC and
exABM-SC, respectively), as used in the present
invention, is an isolated cell population wherein the
cells of the cell population express one or more
proteins selected from the group consisting of soluble
proteins shown in Table IA, IB and 1C, and wherein the
cell population maintains a doubling rate of less than
about 30 hours after at least about 30, at least about
40, or at least about 50 cell population doublings.
Damaged tissues and organs may result from, for
example, disease (e.g., heritable (genetic) or
infectious diseases (such as bacterial, viral, and
fungal infections)), physical trauma (such as burns,
lacerations, abrasions, compression or invasive tissue
and organ injuries), ischemia, aging, toxic chemical
exposure, ionizing radiation, and dysregulation of the
immune system (e.g., autoimmune disorders). The
present invention encompasses the use of CF-SC and
exCF-SC (such as for example, ABM-SC and exABM-SC,
respectively), CF-SC and exCF-SC purified protein
fractions, supernatants of CF-SC and exCF-SC
conditioned media, and fractions of cell-supernatants
derived from CF-SC and exCF-SC conditioned media. In
one embodiment of the invention, the above mentioned
components may be combined with, or introduced into,
physiologically compatible biodegradable matrices
which contain additional components such as collagen
and/or fibrin (for example, purified natural or
recombinant human, bovine, or porcine collagen or
fibrin), and/or polyglycolic acid (PGA), and/or
additional structural or therapeutic compounds.
Combination matrices such as these may be administered
to the site of tissue or organ damage to promote,
enhance, and/or result in repair and/or regeneration
of the damaged tissue or organ.Embodiments of the
invention include use of CF-SC and exCF-SC (such as
for example, ABM-SC and exABM-SC, respectively),
incorporated into pharmaceutically acceptable
compositions which may be administered in a liquid,
semi-solid, or solid-like state. Embodiments of the
invention may be administered by methods routinely
used by those skilled in the relevant art, such as for
example, by topical application, as spray-on or
aerosolized compositions, by injection, and
implantation. Use of CF-SC and exCF-SC (such as for
example, ABM-SC and exABM-SC, respectively), cells and
compositions produced by these cells as described in
the present invention for tissue regenerative
therapies may provide a number of benefits compared to
previously described tissue regenerative therapies and
products. For example, use of the CF-SC and exCF-SC
(such as for example, ABM-SC and exABM-SC,
respectively),exABM-SC cells and compositions produced
thereby provides a means of tissue regenerative
therapy which may exhibit reduced adverse immune
responses (such as reduced inflammation and T-cell
activation; see e.g., Examples 3A, 3B, 5, 18, and 19.
Moreover, since ABM-SC and exABM-SCs are
immunologically silent, subjects do not need to be
HLA-matched or pre-conditioned prior to treatment.
See, Example 10, Part II; see also, Figure 17. The
present invention also relates to the use of CF-SC and
exCF-SC (such as expanded and extensively expanded
adult human bone marrow-derived somatic cells (human
ABM-SC and exABM-SC, respectively)), and the cell
products generated by these cells, for inducing,
enhancing, and/or maintaining hematopoiesis (in
particular, for the in vitro generation and production
of red blood cells (erythrocytes) from hematopoietic
progenitor cells in a process called erythropoiesis).
Thus, another embodiment of the invention encompasses
the use of such cells and/or compositions produced by
such cells, to induce, enhance, and/or maintain the
generation and production of red blood cells
(erythrocytes). Another example of the field of the
invention relates to the prevention and treatment of
immune, autoimmune, and inflammatory disorders via use
of such cells, cell populations, and compositions
produced thereby. In another example, the present
invention provides compositions and methods for repair
and regeneration of wounds of the skin (i.e.,
epidermis, dermis, hypodermis); including the
manufacture and use of liquid, semi-solid, and
solid-like matrices which incorporate CF-SC and
exCF-SC (for example, human ABM-SC and exABM-SC), or
products generated by such cells, and additional
structural or therapeutic compounds.Exemplary Results
of Preclinical Studies In vivo preclinical
pharmacology studies have demonstrated the beneficial
effects of ABM-SC in treating myocardial infarction
and stroke. For example, in a study investigating the
effects of intra-cardiac injection of hABM-SC in a rat
model of myocardial infarction (in particular, to
determine the efficacy of hABM-SC in restoring cardiac
function post-AMI (acute myocardial infarction) and
evaluate distribution and disposition of hABM-SC), it
was shown that hABMSC produced a significant
improvement in cardiac function and significantly
reduced fibrosis. Furthermore, the hABM-SC were not
observed to remain in the heart four weeks after
cardiac injection, nor in any of the peripheral organs
examined eight weeks after injection. Additionally, in
a study investigating the safety and efficacy of
porcine and human ABM-SC in an AMI model in pigs (in
particular, to evaluate the feasibility, safety and
efficacy of percutaneous, NOGA(tm)-guided
endomyocardial administration of cells through a
MYOSTAR(tm) catheter) it was demonstrated that this
particular delivery method was welltolerated and led
to significant improvements in cardiac parameters.
Likewise, in a comparison of the method of delivery of
hABM-SC and stroke recovery (in particular, to
determine efficacy of hABM-SC in promoting neuromotor
recovery from ischemic stroke) it was observed that
LV. or intra-cerebral treatment resulted in
significant improvements in neuromotor
activity.Description Of The Drawings Figure 1 shows a
2-dimensional SDS PAGE separation (pH 3.5 to 10; 12%
polyacrylamide) of proteins secreted by human adult
bone marrow-derived somatic cells (ABM-SC at about 27
population doublings). Each spot on the gel represents
a separate and distinct protein, ranging in size from
approximately 5-200 kilodaltons (kDa). The X-axis
shows proteins separated according to isoelectric
point (pH 3.5 to 10). The Y-axis shows proteins
separated according to molecular weight (via passage
through 12% polyacrylamide). Figure 2 shows
photomicrographs of PC- 12 differentiation into
neurons using nerve growth factor (NGF) and
conditioned media derived from human exABM-SC (at
about 43 population doublings). A) RPMI-ITS medium
only. B) RPMI-ITS supplemented with NGF. C) RPMIITS
supplemented with a 1:50 dilution of concentrated
control media and NGF. D) RPMI-ITS supplemented with a
1:50 dilution of concentrated conditioned media
derived from human ABM-SC and NGF. Arrows indicate
neurite outgrowth. Extent of neurite outgrowth in
panel D is significantly more robust than that of
panel B and C. Figure 3 is a graphical representation
of inhibition of mitogen-induced T cell proliferation
using human ABM-SC. Lot # RECB801 represents ABM-SC
that have been sub-cultured to about 19 population
doublings and Lot # RECB906 represents exABM-SC which
have been sub-cultured to about 43 population
doublings. To stimulate T cell proliferation, cultures
were inoculated with 2.5 or 10 microg/mL
Phytohaemagglutinin. Cells were then harvested after
72 hrs later and stained with CD3-PC7 antibody. Human
mesenchymal stem cells were used as a positive
control. (Human mesenchymal stem cells were obtained
from Cambrex Research Bioproducts; now owned by Lonza
Group Ltd., Basel, Switzerland). Figure 4 shows
photomicrographs of pig skin 7 days after
surgically-induced incisional wounding (left two
panels, both wounds from experimental group #4). A)
Wound No. 3 treated with allogeneic porcine ABM-SC (at
about 28 population doublings) shows complete wound
closure with virtually no scar. B) In comparison,
Wound No. 4 treated with vehicle only reveals a
visible scar. C) The graph (right panel) represents
histomorphometric scoring of tissue sections from both
treatment groups and shows a statistically significant
reduction (p = 0.03) in the number of histiocytes in
the porcine ABM-SC treated wounds (statistical
significance determined using a two-tailed unpaired
T-test); compare, bars for "Histiocytes" PBSG versus
pABM-SC treated. Figure 5 is a graphical
representation (top panel) of the extent of
re-epithelialization across the incisional wounds 7
days post-treatment. Wounds treated with porcine
ABM-SC (at about 28population doublings) had a thicker
epidermis than those treated with vehicle only. The
photomicrograph in the lower left panel shows
(histologically) complete and anatomically correct
repair of the epidermis in the wounds treated with
porcine ABM-SC. The photomicrograph in the lower right
panel shows (histologically) porcine ABM-SC (arrow 



heads) which appear engrafted, at least transiently,
in the hypodermis at this 7 day time point. Figure 6
is a graphical representation of ABM-SC mediated
contraction of hydrated collagen gel lattices seeded
24 hours after cell reconstitution. Human ABM-SC (at
about 27 population doublings) were reconstituted in
liquid biodegradable collagen-based media (at 1.8 x
106 cells/mL) and then stored for 24 hours at
approximately 4-8 0C. The following day the liquid
cell suspension was placed into a culture dish to form
a semi-solid collagen lattice. The semi solid collagen
lattices were maintained in a cell culture incubator
to facilitate contraction over the course of three
days. Collagen lattices prepared without cells did not
contract, demonstrating that contraction is dependent
upon the presence of cells. Figure 7 is a graphical
representation of ABM-SC mediated contraction of
hydrated collagen gel lattices seeded at different
cell concentrations utilizing exABM-SC at about 43
population doublings. The data demonstrate that rate
and absolute magnitude of contraction is related to
cell number. Heat inactivated cells do not contract
the gels, demonstrating that this activity is a
biophysical event. Figure 8 is a graphical
representation of ABM-SC mediated secretion of several
cytokines and matrix proteases (i.e., EL-6, VEGF,
Activin-A, MMP-I, and MMP-2) when cultured for 3 days
in hydrated collagen gel lattices utilizing exABM-SC
at about 43 population doublings. Figure 9 shows
photomicrographs of human ABM-SC reconstituted in
biodegradable collagen-based media as a liquid (left
panel) or a semi-solid (right panel) (utilizing
exABM-SC at about 43 population doublings). When
reconstituted using this formulation, the cell
suspension can remain as a liquid at 4C for more than
24hrs. When placed in a culture dish and incubated at
37C, the cell suspension will solidify within 1-2
hours, giving rise to a semi solid structure than can
be physically manipulated. Figure 10 shows
photomicrographs of a solid-like neotissue formed by
culturing human ABMSC (at about 43 population
doublings) reconstituted in the biodegradable
collagen-based media for three days. The upper left
panel shows the pliability of the tissue when
stretched. The upper right panel shows the general
texture of the solid-like neotissue. The lower panel
shows a histological section of the tissue stained by
Masson's Trichrome, demonstrating the rich
extracellular matrix synthesized by the ABM-SC.
Control gels constructed by the samemethod, but
lacking cells, do not stain blue by this method,
demonstrating that the collagen and
glycosaminoglycan-rich matrix is produced by the
cells. Figure 11 shows an example of the quantities of
multiple pro-regenerative cytokines secreted by human
ABM-SC with and without TNF-alpha stimulation. When
sub-cultured, ABM-SC secrete potentially therapeutic
concentrations of several growth factors and cytokines
known to augment angiogenesis, inflammation and wound
healing. ABM-SC have been shown to consistently
secrete several cytokines and growth factors in vitro;
including proangiogenic factors (e.g., SDF-I alpha,
VEGF, ENA-78 and angiogenin), immunomodulators (e.g.,
IL-6 and IL-8) and scar inhibitors/wound healing
modulators (e.g., MMP-I, MMP-2, MMP-13 and Activin-A).
Furthermore, the release of several of these factors
is modulated by tumor necrosis factor alpha
(TNF-alpha), a known inflammatory cytokine released
during the course of acute tissue injury. Figure 12
shows a model injury-response cascade (inflammation,
regeneration, and fibrosis from injury through scar)
and examples of molecules that can play roles in
inflammation, regeneration, and fibrosis. Figure 13
shows an example of improved cardiac function results
in rats treated with human ABM-SC. Four weeks after
treatment, rats receiving ABM-SC demonstrated
significantly higher +dp/dt (peak positive rate of
pressure change) values (A). Expressing changes in
cardiac function over the course of the study by
subtracting 0 week +dp/dt values from 4 week values
("delta +dp/dt") demonstrated that while vehicle
treated rats had decreases in cardiac function over
the course of the study (negative delta), animals
treated with either cell preparation showed
significant improvement in cardiac function (B).
Compared to vehicle treated rats, those receiving
ABM-SC demonstrated significantly lower tau values
(C), suggesting increased left ventricular compliance.
Tau is the time constant of isovolumetric left
ventricular pressure decay. For peak negative rate of
pressure change (-dp/dt), expressing changes in
cardiac function over the course of the study by
subtracting 0 week -dp/dt values from 4 week values
("delta -dp/dt") demonstrated that while
vehicle-treated rats had decreases in cardiac function
over the course of the study (negative delta), animals
treated with cell preparation showed significant
improvement in cardiac function (D). [*p<0.05,
**p<0.01 by ANOVA] Figure 14 shows reduction of
fibrosis and enhanced angiogenesis in a rat model
myocardial infarct treated with hABM-SC.
Semi-quantitative scoring was used to evaluate changes
in infarct size in the hearts of rats receiving
vehicle or ABM-SC seven days after
myocardialinfarction. Histopathological analysis,
performed approximately 30 days after administration
of ABM-SC, indicated significant reduction in infarct
size in rats receiving hABM-SC compared to vehicle.
According to a preset scale, rats receiving hABM-SC
had histological scores approximately two points lower
than vehicle controls. This figure shows an example of
typical infarct size reduction. Figure 15 shows
results obtained from histological, performed
approximately 30 days after administration of ABM-SC,
measurement of changes in the heart structure of rats
receiving vehicle or ABM-SC seven days after
myocardial infarction. Figure 16 shows that allogeneic
human ABM-SC and exABM-SC suppress mitogen-induced
T-cell proliferation in one-way MLR (mixed lymphocyte
reaction) assay. Figure 17 shows that allogeneic
porcine ABM-SC fail to illicit T-cell mediated immune
response in a 2-way MLR challenge experiment. A
Division Index was calculated for samples collected at
baseline and 3 or 30 days post-treatment and then
challenged in vitro with media, vehicle, pABM-SC or
ConA. The average division index from all animals at
Day 3 or Day 30 for CD3+ cells which were stimulated
with ConA was significantly higher than the division
index for CD3+ cells from vehicle and pABM-SC treated
animals at both pre-treatment and necropsy (* p <
0.05). Figure 18 shows the changes in cardiac fixed
perfusion deficit size in three patients by comparison
of baseline (BL) measurements, with measurements
obtained 90 days posttreatment with hABM-SC. Figure 19
shows the changes in cardiac ejection fractions
measured in three patients by comparison of baseline
(BL) measurements with measurements obtained 90 days
posttreatment with hABM-SC. Figure 20 shows examples
of quantities of erythropoietic cytokines secreted in
vitro by hABM-SC (i.e., IL-6, Activin-A, VEGF, LIF,
IGF-II, SDF-I and SCF). ABM-SC lots were tested for
cytokine secretion using RAYBIO(tm) Human Cytokine
Antibody Array (RayBiotech, Inc.). Cells were first
cultured in serum-free Advanced DMEM (GIBCO(tm)) for
three days to generate conditioned medium (CM). The CM
was then concentrated using CENTRICON(tm) PLUS-20
Centrifugal Filter Units (Millipore) prior to
analysis. Figure 21 demonstrates that exABM-SC reduce
TNF-a levels in vitro in a dose-dependent manner.
Human exABM-SC (at about 43 population doublings) were
tested for their ability to reduce TNF-a levels when
cultured at various seeding densities (e.g. 10,000
cells/cm2, 20,000 cells/cm2, and 40,000 cells/cm2) .
Cells were cultured for 3 days in serum-free
AdvancedDMEM (GIBCO(tm)) either alone or supplemented
with 10ng/mL TNF-a. Heat inactivated cells were also
included as a negative control. Concentration of TNF
is shown on the Y-axis. (Y-axis represents
concentration of substances in media which has been
concentrated 10Ox). Figure 22A and 22B demonstrates
that reduction of TNF-a appears to be mediated by the
secretion of sTNF-RI and sTNF-RII by exABM-SC (at
about 43 population doublings). Basal level expression
of sTNF-RI occurs in the absence of a pro-inflammatory
inducer (A), while sTNF-RII is detected at appreciable
levels only when first primed with TNF-a (B). These
data reveal an inverse relationship between the number
of cells seeded and the levels of both sTNFRI and
sTNF-RII detected, suggesting that the secreted
receptors themselves may be binding to and masking the
TNF-a. (Y-axis represents concentration of substances
in media which has been concentrated 10Ox). Figure 23
demonstrates that secretion levels of IL-IRA (by
exABM-SC at about 43 population doublings) is
dose-dependent. Basal level expression of IL-IRA
occurs in the absence of a pro inflammatory inducer,
but when primed when TNF-a, soluble levels increase
approximately 10-fold. (Y-axis represents
concentration of substances in media which has been
concentrated 10Ox). Figure 24 shows expression of IL-I
receptor antagonist (IL-IRA) and IL- 18 binding
protein (IL-18BP) by exABM-SC. Human exABM-SC express
basal levels of IL-I receptor antagonist (IL-IRA;
Figure 36A) and IL- 18 binding protein (IL-1 8BP;
Figure 36B) even in the absence of an inflammatory
signal such as TNF-alpha. Figure 25A, B, and C show
that human ABM-SC reduce levels of TNF-alpha (Fig.
25A) and IL- 13 (Fig. 25B) while simultaneously
inducing elevated expression of IL-2 (Fig. 25C) in a
Mixed PBMC reaction assay. (R = Responder PBMC, SeIf=
Mitomycin-C treated PBMC isolated from same donor as
Responder, Stim = Mitomycin-C treated PBMC isolated
from a different donor.) Figure 26 shows a graphical
representation of inhibition of mitogen- induced human
peripheral blood mononuclear cell (PBMC) proliferation
using human ABM-SC. RECB801 represents a particular
lot of ABM-SC that have been sub-cultured to about 19
population doublings and # RECB906 represents a
particular lot of ABM-SC that have been sub-cultured
to about 43 population doublings. To stimulate PBMC
proliferation, cultures were inoculated with 2.5 



microg/mL phytohaemagglutinin. After 56 hours in
culture, cells were pulsed with Thymidine-[Methyl-3H]
and at 72 hours isotope incorporation was quantitated
(CPM). Human mesenchymal stem cells were included as a
positive control.Detailed Description of the Invention
Typically, a stem cell or other early-stage progenitor
cells lose plasticity because the cells have committed
to a particular differentiation pathway. At the
biomolecular level, as this process begins to occur
the cell loses the ability to respond to certain
signaling molecules (e.g., mitogens and morphogens)
which would otherwise drive the cell to divide or
become another cell type. Thus, as a cell begins to
differentiate, it leaves the cell cycle (i.e., can no
longer go through mitosis) and enters an irreversible
state called GO wherein the cell can no longer divide.
Entry into GO is also associated with replicative
senescence (hallmarks of which include increased
expression of intracellular proteins p21 and p53).
Thus, loss of plasticity (the ability to differentiate
into a variety of cell types) is typically considered
a prelude to cellular differentiation or cellular
senescence. Furthermore, loss of plasticity is also
typically associated with the loss of a cells capacity
for continued self-renewal. In contrast, to this
typical and traditionally accepted scenario, an
unexpected and surprising result of the present
invention is that the exCF-SC of the present invention
(e.g., exABM-SC) continue to selfrenew (including
self-renewal at a relatively constant rate) despite
loss of plasticity. Accordingly, one embodiment of the
present invention are therapeutically useful
"end-stage cells" with a continued capacity for
self-renewal (e.g., cells capable of continued
self-renewal and production of trophic support factors
(or "trophic support cells")) hi another embodiment,
the exCF-SC and exABM-SC of the present invention do
not express significant quantities of p21 and/or p53,
wherein a "significant quantity" of said molecules is
a quantity which is indicative of cell senescence
(wherein senescence may require sufficient expression
levels of p21, p53, and/or other cell cycle
regulators). Additionally, most experts in the field
of the present invention would expect a
nonhematopoietic stromal-type cell that has lost
plasticity to have limited utility or capability of
generating or promoting regeneration of organs and
tissues. Thus, another surprising and unexpected
result of the present invention, is the ability to
generate extensively passaged CFSC (e.g., ABM-SC)
which have lost plasticity yet retain the ability to
generate new tissue in vitro and to promote
regeneration of tissue in vivo. The present invention
is drawn, inter alia, to methods of repairing,
regenerating, and/or rejuvenating tissues using
self-renewing cells, referred to herein as
colony-forming somatic cells (CF-SC) (an example of
which are adult human bone marrow-derived somatic
cells (ABM-SC)). Self-renewing colony-forming somatic
cells (CF-SC) such as adult human bonemarrow-derived
somatic cells (ABM-SC) as used in the present
invention are prepared as described in U.S. Patent
Publication No. 20030059414 (U.S. Application No.
09/260,244, filed Sept. 21, 2001) and U.S. Patent
Publication No. 20040058412 (U.S. Application No.
10/251,685, filed Sept. 20, 2002). Each of these
patent applications are hereby incorporated by
reference in their entirety. Also incorporated by
reference herein are U.S. Provisional Patent
Applications 60/929,151 and 60/929,152 (each filed on
June 15, 2007), U.S. Provisional Patent Application
60/955,204 (filed on August 10, 2007), and U.S.
Provisional Patent Application 60/996,093 (filed on
November 1, 2007). In particular, CF-SC isolated from
a source population of cells (such as, for example,
from bone marrow (ABM-SC and exABM-SC), fat, skin,
placenta, muscle, umbilical cord blood, or connective
tissue), are permitted to adhere to a cell culture
surface in the presence of an appropriate media (such
as for example, but not limited to, Minimal Essential
Medium-Alpha (e.g., available from HYCLONE(tm))
supplemented with 4 mM glutamine and 10% fetal bovine
serum) and cultured under low oxygen conditions (such
as for example, but not limited to, O2 at about 2-5%,
CO2 at about 5%, balanced with nitrogen) and
subsequently passaged at low cell densities (such as
at about 30-1000 cells/cm2) such that the CF-SC
maintain an essentially constant population doubling
rate (such as for example, but not limited to, a
doubling rate of less than about 30 hours) through
numerous population doublings (such as for example,
but not limited to, going through 10, 15, 20, 25, 30,
35, 40, 45 and/or 50 population doublings).
Embodiments of the invention may be generated with
CF-SC and exCF-SC (for example, ABM-SC and exABM-SC)
cultured under low oxygen conditions wherein said O2
concentrations range from about 1-20% (for example,
wherein the O2 concentration is about 1%, 2%, 3%, 4%,
5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, or
20%), plus CO2 and balanced with nitrogen. For
example, ABM-SC may be cultured under low oxygen
conditions wherein said O2 concentrations are about
20%, less than about 20%, about 15%, less than about
15%, about 10%, less than about 10%, about 7%, less
than about 7%, about 6%, less than about 6%, about 5%,
less than about 5%, about 4%, less than about 4%,
about 3%, less than about 3%, about 2%, less than
about 2%, about 1%; or, wherein said low oxygen
conditions are in a range from about 1% to about 20%,
about 1% to about 15%, about 1% to about 10%, about 1%
to about 5%, about 5% to about 20%, about 5% to about
15%, about 5% to about 10%, about 10% to about 15%,
about 10% to about 20%, about 2% to about 8%, about 2%
to about 7%, about 2% to about 6%, about 2% to about
5%, about 2% to about 4%, about 2% to about 3%, about
3% to about 8%, about 3% to about 7%, about 3% to
about 6%, about3% to about 5%, about 3% to about 4%,
about 4% to about 8%, about 4% to about 7%, about 4%
to about 6%, about 4% to about 5%, about 5% to about
8%, about 5% to about 7%, about 5% to about 6%, or
about 5%. Embodiments of the invention may be
generated with CF-SC and exCF-SC (for example, ABM-SC
and exABM-SC) cultured under low oxygen conditions
wherein CO concentration range from about 1-15% (for
example, wherein the CO2 concentration is about 1%,
2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%,
14%, or 15%), plus low O2 and balanced with nitrogen.
Embodiments of the invention may be generated with
CF-SC and exCF-SC (for example, ABM-SC and exABM-SC)
passaged by seeding cells at low cell densities,
wherein said cell density ranges from about 1-2500
cells/cm2 (for example, wherein the cell density is
about 1, 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000,
1500, 2000 or 2500 cells/cm2) . For example, ABM-SC
may be passaged at seeding densities of less than
about 2500 cell/cm2, less than about 1000 cells/cm2,
less than about 500 cells/cm2, less than about 100
cells/cm2, less than about 50 cells/cm2, less than
about 30 cells/cm2, or less than about 10 cells/cm2.
Embodiments of the invention may be generated with
CF-SC and exCF-SC (for example, ABM-SC and exABM-SC)
wherein the cell population doubling rates are
maintained in a range of less than about 24-96 hours
(for example, wherein the cell population doubling
rate is maintained at less than about 24, 30, 36, 42,
48, 54, 60, 66, 72, 78, 84, 90, or 96 hours).
Embodiments of the invention may be generated with
CF-SC and exCF-SC (for example, ABM-SC and exABM-SC)
wherein the cell population maintains an essentially
constant doubling rate through a range of population
doublings such as in a range of about 5-50 population
doublings (for example, wherein the population
doubling rate is maintained for about 5-10, 5-15,
5-20, 5-25, 5-30, 5-35, 5-40, 5-45, or 5-50 population
doublings). Embodiments of the invention include use
of CF-SC and exCF-SC (for example, ABM-SC and
exABM-SC) incorporated into pharmaceutically
acceptable compositions which may be in a liquid,
semi-solid, or solid-like state. Use of the terms
"liquid, semi-solid, or solid-like state" is intended
to indicate that the pharmaceutically acceptable
composition in which the cells are contained can span
a range of physical states from 1) a common liquid
state (such as in an ordinary physiological saline
solution); 2) to a wide-range of low-to-highly viscous
states including jelly-like, gelatinous, or
viscoelastic states (wherein the pharmaceutical
composition contains from very high to very low levels
of extracellular water, for example, such that the
composition ranges in viscosity from a state where it
"oozes" slowly like oil or honey toincreasingly
gelatinous or viscoelastic states which may be
jelly-like, pliable, semi-elastic and/or malleable; 3)
to a solid-like state (having very low levels of
extracellular water) wherein the living cells within
the matrix have remodeled the milieu in which they
were initially suspended into a durable,
non-gelatinous, but still pliable, semi-elastic, and
malleable matrix (which, for example, has some of the
same pliable, semi-elastic properties of mammalian
skin); see, Figure 1OA and 1OB. {Note:
Viscoelasticity, also known as anelasticity, describes
materials that exhibit both viscous and elastic
characteristics when undergoing plastic deformation.
Viscous materials, like honey, resist shear flow and
strain linearly with time when a stress is applied.
Elastic materials strain instantaneously when
stretched and just as quickly return to their original
state once the stress is removed. Viscoelastic
materials have elements of both of these properties
and, as such, exhibit time dependent strain.) Clinical
administration of cells in liquid, semi-solid, and
solid-like vehicles will enable application of
treatments that shape to the contour of the wound bed,
without trapping unwanted exudate in the wound.
Combining soluble matrix components such as collagens
or fibrin with CF-SC and exCF-SC (for example, ABM-SC
and exABM-SC) induces the cell population to
up-regulate expression of important secreted proteins
such as cytokines and matrix metalloproteinases.
Moreover, application of ABM-SC to surgically-induced
wounds appears to facilitate wound closure and prevent
scarring thereby resulting in minimal scarring (see,
Example 7). Additionally, the apparent
immunomodulatory properties of CF-SC and exCF-SC (such
as, ABM-SC and exABM-SC) (see e.g., Example 4) make
compositions and therapies incorporating these cells
attractive for the treatment of immunological
disorders and diseases involving the skin, such as for
example, but not limited to, chronic inflammatory
dermatoses, psoriasis, lichen planus, lupus
erythematosus (LE), graft-versus-host disease (GVHD),
and 



drug eruptions (i.e., adverse cutaneous drug
reactions). Secreted proteins and cell-supernatant
fractions from CF-SC and exCF-SC (such as, ABM-SC and
exABM-SC) conditioned media can be manufactured from
serum-free conditions, concentrated and prepared in
such manner as to make them suitable for in vivo use.
When prepared this way, conditioned serum-free media
from ABM-SC has been demonstrated to contain numerous
pro-regenerative cytokines, growth factors, and matrix
proteases in therapeutically effective concentrations
(see, Table IA, IB and 1C). The complex mixture of
hundreds of soluble factors produced by ABM-SC can be
distinguished by 2D SDS PAGE(see, Figure 1).
Individual proteins and other macromolecules can be
excised from these gels and identified using
techniques routinely practiced in the art, such as,
for example, MALDITOF mass spectrometry (Matrix
Assisted Laser Desorption Ionisation-Time Of Flight
spectrometry). Utilizing the methods disclosed (as
well as other separation techniques such as
chromatography or hollow fiber cell culture systems),
the desired proteins or cell supernatant fractions can
be isolated, dialyzed, lyophilized and stored as a
solid, or reconstituted in an appropriate vehicle for
therapeutic administration hi one embodiment, the
proteins or cellsupernatant fractions would be
reconstituted in a semi-solid collagen or fibrin-based
vehicle, and applied topically to the wound bed. In
addition to products generated by CF-SC and exCF-SC
(such as, ABM-SC and exABMSC), any number and type of
pharmaceutically acceptable small molecules to large
macromolecular compounds (including biologies such as
lipids, proteins, and nucleic acids) may be
incorporated for administration with a
pharmaceutically acceptable carrier such as
biodegradeable matrices in which CF-SC and exCF-SC
(such as, ABM-SC and exABM-SC), or products generated
by such cells, are contained. As a very small
sampling, such additional molecules may include small
molecule pharmaceuticals such as anti-inflammatories,
antibiotics, vitamins, and minerals (such as calcium)
to name but a few categories. Likewise, a very small
sampling of biologies may include extracellular matrix
proteins, blood plasma coagulation proteins,
antibodies, growth factors, chemokines, cytokines,
lipids (such as cardiolipin and sphingomyelin), and
nucleic acids (such as ribozymes, anti-sense
oligonucleotides, or cDNA expression constructs);
including therapeutically beneficial variants and
derivatives of such molecules such as various
isoforms, fragments, and subunits, as well as
substitution, insertion, and deletion variants. These
are mentioned merely by way of example, as it can be
appreciated by those skilled in the art that, in
combination with the teachings provided herein, any
number of additional structural or therapeutically
beneficial compounds could be included for
administration with a pharmaceutically acceptable
carrier such as biodegradeable matrices in which CF-SC
and exCF-SC (such as, ABM-SC and exABM-SC), or
products generated by such cells, are contained. One
embodiment of the invention encompasses a method of
stimulating wound closure in a diabetic patient, such
as a diabetic foot or venous leg ulcer, or a
post-surgical wound. Stimulation of wound closure may
be promoted by treatment with a pharmaceutical
composition of CF-SC and exCF-SC (such as, ABM-SC and
exABM-SC), or productsgenerated by such cells,
combined with naturally occurring extracellular matrix
and/or blood plasma proteins components such as, for
example, purified natural or recombinant human,
bovine, porcine, or recombinant collagens, laminins,
fibrinogen, and/or thrombin. The pharmaceutical
composition may be administered to a mammal, including
a human, at the site of tissue damage hi another
embodiment, a topically administered biodegradable
matrix is formed from a mixture of components such as
purified natural or recombinant collagen, fibrinogen,
and/or thrombin, combined with allogeneic CF-SC and
exCF-SC (such as, ABMSC and exABM-SC). hi another
embodiment of the invention, a pharmaceutical
composition of allogeneic cells and matrix are
cultured in vitro for an extended period of time (such
as, for example, but not limited to 1 day to one month
or longer), producing the de novo formation of
connective tissue. In another embodiment of the
invention, the biodegradable matrix is bovine collagen
or poylglycolic acid. In another embodiment, the
pharmaceutical composition is cultured in serum-free
cell media under conditions of reduced oxygen tension,
for example but not limited to, oxygen tension
equivalent to about 4-5% O2, 5% CO2, and balanced with
nitrogen. hi one embodiment, the invention encompasses
a method of preparing a pharmaceutical composition
comprising the steps: preparing a solution comprising
soluble collagen, serum-free cell culture media
supplemented with glutamine, sodium biocarbonate, and
HEPES (optionally including supplementation with
insulin, transferrin, and/or selenium); re-suspending
CF-SC or exCF-SC (for example, ABM-SC or exABM-SC) in
the solution; and, transferring the cell suspension to
a tissue mold, or equivalent thereof, to congeal at
37C, for example, when placed in a cell culture
incubator. The above method of preparing a
pharmaceutical composition may additionally comprise
the step of incubating the culture for an extended
period of time (such as, for example but not limited
to, 1-3 days or longer) under low oxygen tension
conditions equivalent to about 4-5% O2, 5% CO2, and
balanced with nitrogen. hi another embodiment, the
invention encompasses a method of preparing a
pharmaceutical composition comprising the steps of:
preparing a solution comprising fibrinogen and
thrombin; re-suspending CF-SC or exCF-SC (for example,
ABM-SC or exABM-SC) in the solution; and,administering
the re-suspended solution to an open wound. In another
embodiment, the invention encompasses a method of
preparing a pharmaceutical composition comprising the
steps of: preparing a solution comprising soluble
collagen, serum-free cell culture media supplemented
with glutamine, sodium biocarbonate, and HEPES
(optionally including supplementation with insulin,
transferrin, and/or selenium); and mixing a fraction
or fractions of cell-supernatant derived from CF-SC or
exCF-SC (for example, ABM-SC or exABM-SC) into the
solution; and, transferring the solution to a tissue
mold, or equivalent thereof, to congeal at 37C, for
example, when placed in a cell culture incubator. The
above method of preparing a pharmaceutical composition
may additionally comprise the step of incubating the
tissue mold, or equivalent thereof, under atmospheric
oxygen tension conditions equivalent to about 18-21%
O2 and 5% CO2. In another embodiment, the invention
encompasses a method of preparing a pharmaceutical
composition comprising the steps of: preparing a
solution comprising fibrinogen and thrombin; mixing a
fraction or fractions of cell-supernatant derived from
CF-SC or exCF-SC (for example, ABM-SC or exABM-SC)
into the solution; and, administering the solution to
an open wound. In another embodiment, the present
invention encompasses tissue regeneration,
particularly in the treatment of tissue damage caused
by: immune related disorders (such as autoimmune
disorders); inflammation (including both acute and
chronic inflammatory disorders); ischemia (such as
myocardial infarction); traumatic injury (such as
burns, lacerations, and abrasions); infection (such as
bacterial, viral, and fungal infections); and, chronic
cutaneous wounds. The present invention encompasses
treatment of a diversity of damage and disorders, for
example, but not limited to, neurological damage and
disorders of the central nervous system (brain) and
peripheral nervous system (e.g., spinal cord) (for
example, such as may be caused by neurotrauma and
neurodegenerative diseases). Another embodiment of the
invention encompasses treatment of diseases and
disorders requiring bone, connective tissue, and
cartilage regeneration, chronic and acute inflammatory
liver diseases, vascular insufficiency, and corneal
and macular degeneration. Another embodiment of the
invention encompasses treating cardiovascular and
pulmonary damage and disorders (for example, such as
myocardial ischemia and repair and regeneration of
blood vessels). Another embodiment of the
inventionencompasses treating damage and disorders of
pancreatic and hepatic tissue as well as other
endocrine and exocrine glands. Another embodiment of
the invention encompasses treating damage and
disorders of thymus as well as other immune cell
producing and harboring organs. Another embodiment of
the invention encompasses treating damage and
disorders of the genitourinary system (for example,
such as the ureter and bladder). Another embodiment of
the invention encompasses treating hernias and
herniated tissues. Another embodiment of the invention
encompasses treatment, repair, regeneration, and
reconstruction of heart valves. CF-SC and exCF-SC
(such as, ABM-SC and exABM-SC) or protein and
cell-supernatant fractions derived from CF-SC and
exCF-SC (such as, ABM-SC and exABM-SC), can also be
reconstituted in a solid-like collagen-base device.
When the cells are reconstituted in such manner, the
solid-like collagen matrix is remodeled over several
days, giving rise to a neotissue that has fabricated
its own unique matrix. Such CF-SC and exCF-SC (such
as, ABM-SC and exABM-SC) derived neotissues are
pliable, suturable, and bioactive (see e.g., Figures
6, 7, and 1OA-C). These structures could also be
sterilized, chemically cross-linked, freeze-dried, or
further processed, rendering the cells non-viable and
incapable of further growth. Such devices may be
particularly beneficial in the treatment of burns,
including full thickness burn wounds. To rebuild a
vascularized wound bed, patients with severe burns are
often treated with an artificial dermal replacement
after surgical resection of the dead tissue. After 



the wound bed has healed, these patients are
subsequently treated with artificial skin products or
applications of epithelial cells in an attempt to
re-grow host epidermis. Compositions, such as
described herein, when used in lieu of a conventional
artificial dermal products (e.g., DERMAGRAFT(tm)), may
increase the longevity of subsequently grafted
allogeneic skin, by inhibiting or reducing undesirable
T-cell mediated immune reactions (see, Example 5). By
modulating T-cell mediated immune responses,
compositions of the present invention may permit
subsequent reapplication of the artificial skin for a
durations adequate to stimulate re-growth of the
patients own skin. The above-referenced ABM-SC have
been shown to exhibit the following properties: In
vitro  Secretion of cytokines important in
angiogenesis and tissue repair.  Release of factors
for prevention and inhibition of scarring and matrix
turnover.  Promotion of migration of endothelial cells
indicative of pro-angiogenic activity. In vivo
Significant improvement in outcomes in multiple animal
models of acute myocardial infarction (AMI) and
stroke.  Effective and well-tolerated intracardiac or
intracerebral delivery of cells.  Cells not detectable
in tissues eight weeks post-injection.  No measurable
immune response against cells. In one embodiment of
the invention, a number of pro-regenerative cellular
factors secreted by CF-SC and exCF-SC (such as, ABM-SC
and exABM-SC) may be used in treatment, repair,
regeneration, and/or rejuvenation of damaged tissues
and organs (such as, for example, cardiac and neuronal
organs and tissues damaged by, for example, heart
failure due to acute myocardial infarction (AMI) or
stroke). These include factors which can be secreted
by CFSC such as ABM-SC as shown in Figure 11. For
example, these factors include, but are not limited
to, SDF-I alpha, VEGF, ENA-78, Angiogenin, BDNF, IL-6,
IL-8, ALCAM, MMP-2, Activin, MMP-I, MMP-13, MCP-I.
See, Figure 11. Additional factors, such as those
listed in Table IA, IB and 1C, may also be secreted by
CF-SC and exCF-SC (such as, ABM-SC and exABM-SC). See
e.g., Table IA, IB and 1C. Secretion of
pro-regenerative factors by CF-SC and exCF-SC (such
as, ABM-SC and exABMSC) may be enhanced or induced by
pre-treatment with stimulatory factors (such as, for
example, tumor necrosis factor-alpha (TNF-alpha)) to
induce the production of conditioned cell culture
media or to prime the cells before administration of
cells to a patient. Acute ischemia, trauma or
inflammation lead to a constellation of cellular and
chemical events in the affected organs and tissues.
See e.g., Figure 12. In the inflammation phase there
occurs a release of factors and an influx of cells to
the injured site. In the regeneration phase there
occurs a recruitment of circulating cells for the
proper repair of functional tissue. And, in the
fibrosis phase, there occurs a deposition of fibrotic
scars which potentially compromise organ function.
Moreover, a variety of cytokines and other biological
molecules play a diversity of roles in each of these
processes. See e.g., Figure 12. Use of CF-SC and
exCF-SC (such as, ABM-SC and exABM-SC) in the present
invention includes methods of treating and preventing
inflammation, methods of stimulating organ and tissue
regeneration while reducing fibrosis (i.e., tissue
scarring), and methods of stimulating angiogenesis via
compositions (e.g., cytokines, proteases,
extracellular matrix proteins, etc) produced by
stimulated or unstimulated CF-SC and exCF-SC (such as,
ABM-SC and exABMSC).In another embodiment, CF-SC and
exCF-SC may inhibit the biological process of
fibrosis. Fibrosis is a natural byproduct of wound
healing, scarring, and inflammation in many human
tissues. Fibrosis, also known as fibrotic scarring, is
a significant impediment to regenerating tissue with
optimal function, especially in the heart and central
nervous system (CNS), because scar tissue displaces
cells needed for optimal organ function. Treatment
with cells disclosed herein helps to prevent or reduce
fibrosis and thereby facilitates the healing of
damaged tissue. The fibrosis may be prevented by
additive or synergistic effects of two or more
secreted proteins or cell produced compositions,
including membrane bound cell-surface molecules.
Additionally matrix proteases induced or produced by
the administered CF-SC and exCF-SC (such as, ABM-SC
and exABM-SC) may play an important part in preventing
fibrosis. In another exemplary use of the present
invention, angiogenesis, also known as
neovascularization, is increased in a desired tissue.
Angiogenesis, or the formation of new blood vessels,
is a key component of regenerative medicine because
newly formed tissue must have a blood supply, and
angiogenesis is crucial if endothelial cells are lost
during degenerative processes, disease progression, or
acute injuries for which the present invention is a
treatment. Hence, use of CF-SC and exCF-SC (for
example, ABM-SC and exABM-SC) or compositions produced
by such cells are useful in stimulating angiogenesis
in target tissues and organs (especially, for example,
in damaged cardiac tissue). Angiogenesis is an
important component of tissue repair and can operate
in conjunction with fibrosis inhibition to optimize
healing of damaged tissues. Another exemplary use of
the present invention involves the stimulation of
regeneration or rejuvenation processes without the
engraftment of the administered cells. In vivo studies
have shown that long term cell engraftment or
tissue-specific differentiation of human ABM-SC or
exABM-SC are generally not seen, suggesting that the
mechanism by which these cells incite tissue
regeneration is not through cell replacement, but
instead through a host response to the cells
themselves and/or factors they produce. This is not
surprising, however, given that the role of ABM-SC in
bone marrow is to provide structural and trophic
support. Hence, the present invention includes
treatment of damaged tissues and organs wherein the
administered CF-SC and exCF-SC (for example, ABM-SC
and exABM-SC) do not exhibit permanent or long-term
tissue or organ engraftment. Instead, the therapeutic
CF-SC and exCF-SC (for example, ABM-SC and exABM-SC)
provide trophic support factors, suppress cell-death,
inhibit fibrosis, inhibit inflammation (e.g., immune
cell inflammatory responses), promoteextra-cellular
matrix remodeling, and/or stimulate angiogenesis
without becoming part of the repaired tissue at a
significant or currently detectable level. A further
example of the present invention teaches that after a
period of time, the administered cells are not
detected anywhere in the experimental animal,
suggesting the administered cells are completely
cleared from the body. This suggests that secreted
factors play an essential role in the repair of
damaged tissue. hi yet another example of the present
invention illustrating its utility, the hABM-SCs
disclosed herein come from one donor source. As such,
these cells will be allogeneic cell transplants in
patients which might suggest that these transplanted
cells could potentially stimulate an adverse immune
response. However, surprisingly, we find that
transplanted allogeneic cells disclosed herein
actually can suppress mitogen induced T-cell
proliferation in vitro and avoid induction of a
T-cell-dependent immune response in vivo. A T-cell
mediated immune response is a key factor in immune
processes that are detrimental to healing,
regenerative, and rejuvenation processes. As used
herein "an effective amount" is an amount sufficient
to produce detectable improvement in tissue, organ, or
biological system (e.g., immune system) performance,
function, integrity, structure, or composition wherein
said improvement is indicative of complete or partial
amelioration, restoration, repair, regeneration, or
healing of the damaged tissue, organ or biological
system. Table IA, IB and 1C shows an extensive list of
cytokines, growth factors, soluble receptors, and
matrix proteases secreted by human ABM-SC when
sub-cultured in serum-free cell culture media. Media
Supernatant Concentrate #1= Advanced DMEM (Gibco(tm))
supplemented with 4mM L-glutamine. Media Supernatant
Concentrate #2 = RPMI- 1640 containing 4mM Lglutamine
and HEPES (HyClone) supplemented with Insulin-Transfep
n-Selenium-A (Gibco(tm)). The results demonstrate that
numerous trophic factors and soluble receptors
important for tissue regeneration and modulation of
the immune system are produced by ABM-SC at
therapeutically relevant levels when cultured under
these conditions. Notably, earlier experiments
demonstrated that supplementation of the base culture
medium with insulin, transferrin, and selenium was
required to achieve secreted protein levels such as
those indicated in Table IA, IB and 1C. Immune
DisordersCells and compositions of the present
invention may be used to prevent, treat, and/or
ameliorate, inter alia, immune, autoimmune, and
inflammatory diseases and disorders. Some examples of
such disorders are indicated below; these lists are
exemplary only and are not intended to be
comprehensive with respect to all immune, autoimmune,
and inflammatory diseases and disorders; nor should
the following be construed as limiting with respect to
pathologies which may be treated with the cells and
compositions of the present invention. Example of some
diseases with a complete or partial autoimmune
etiology: Acute disseminated encephalomyelitis (ADEM),
Addison's disease, Ankylosing spondylitis,
Antiphospholipid antibody syndrome (APS), Aplastic
anemia, Autoimmune hepatitis, Autoimmune Oophoritis,
Celiac disease, Crohn's disease, Diabetes mellitus
type 1, Gestational pemphigoid, Goodpasture's
syndrome, Graves' disease, Guillain-Barre syndrome
(GBS), Hashimoto's disease, Idiopathic
thrombocytopenic purpura, Kawasaki's Disease, Lupus
erythematosus, Multiple sclerosis, Myasthenia gravis,
Opsoclonus myoclonus syndrome (OMS), Optic neuritis,
Ord's thyroiditis, Pemphigus, Pernicious anaemia,
Polyarthritis, Primary biliary cirrhosis, Rheumatoid
arthritis, Reiter's syndrome, Sjogren's syndrome,
Takayasu's arteritis, Temporal arteritis (also known
as "giant cell arteritis"), Warm autoimmune hemolytic
anemia, and Wegener's granulomatosis. 



Examples of some diseases suspected of being linked to
autoimmunity: Alopecia universalis, Behcet's disease,
Chagas' disease, Chronic fatigue syndrome,
Dysautonomia, Endometriosis, Hidradenitis suppurativa,
Interstitial cystitis, Lyme disease, Morphea,
Neuromyotonia, Narcolepsy, Psoriasis, Sarcoidosis,
Scleroderma, Ulcerative colitis, Vitiligo, and
Vulvodynia. Examples of some immune hypersensitivity
diseases and disorders: Allergic asthma, Allergic
conjunctivitis, Allergic rhinitis ("hay fever"),
Anaphylaxis, Myasthenia gravis. , Angioedema, Arthus
reaction, Atopic dermatitis (eczema), Autoimmune
hemolytic anemia, Autoimmune Pernicious anemia,
Coeliac disease, Contact dermatitis (poison ivy rash,
Eosinophilia, Erythroblastosis Fetalis, Farmer's Lung
(Arthus-type reaction), for example), Goodpasture's
syndrome, Graves' disease, Graves' disease,
Hashimoto's thyroiditis, Hemolytic disease of the
newborn, Immune complex glomerulonephritis, Immune
thrombocytopenia, Myasthenia gravis, Pemphigus,
Rheumatic fever, Rheumatoid arthritis, Serum sickness,
Subacute bacterial endocarditis, Symptoms of leprosy,
Symptoms of malaria, Symptoms of tuberculosis,
Systemic lupus erythematosus, Temporal arteritis,
Transfusion reactions, Transplant rejection, and
Urticaria (hives).Example of some inflammatory
disorders: allergies, ankylosing spondylitis,
arthritis, asthma, autistic enterocolitis, autoimmune
diseases, Behcet's disease, chronic inflammation,
glomerulonephritis, inflammatory bowel disease (IBD),
inflammatory bowel diseases, pelvic inflammatory
disease, psoriasis, psoriatic arthritis, reperfusion
injury, rheumatoid arthritis, transplant rejection,
and vasculitis. Example of some immunodeficiency
disorders: B cell deficiencies (such as X-linked
agammaglobulinemia and Selective Immunoglobulin
Deficiency), T cell deficiencies (such as DiGeorge's
syndrome (Thymic aplasia), Chronic mucocutaneous
candidiasis, Hyper-IgM syndrome and, Interleukin-12
receptor deficiency), Combined T cell and B cell
abnormalities (such as Severe Combined
Immunodeficiency Disease (SCID), Wiskott-Aldrich
syndrome, and Ataxia-telangiectasia), Complement
Deficiencies (such as Hereditary Angioedema or
Hereditary angioneurotic edema and Paroxysmal
nocturnal hemoglobinuria), Phagocyte deficiencies
(such as Leukocyte adhesion deficiency, Chronic
Granulomatous Disease (CGD), Chediak-Higashi syndrome,
Job's syndrome (Hyper-IgE syndrome), Cyclic
neutropenia, Myeloperoxidase deficiency,
Glucose-6-phosphate dehydrogenase deficiency, and
Interferon-g deficiency ), and Common Variable
Immunodeficiency (CVID), Vici syndrome, and Acquired
immune deficiency syndrome (AIDS). Embodiments of the
Invention Particular embodiments of the invention
include the following: Al. A method of administering a
therapeutically useful amount of a biological
composition or compositions to a subject, comprising
administering to said subject an isolated population
of self-renewing colony forming cells, wherein the
cells in said cell population have substantially no
multipotent differentiation capacity, wherein said
cells have a normal karyotype, and wherein said cells
are non-immortalized. A2. A method of administering a
therapeutically useful amount of a biological
composition or compositions to a subject, comprising:
(i) isolating the biological composition or
compositions produced by an isolated population of
self-renewing colony forming cells; and, (ii)
administering said biological composition or
compositions to said subject, wherein the cells in
said cell population have substantially no multipotent
differentiation capacity, wherein said cells have a
normal karyotype, and wherein said cells are
nonimmortalized.A3. A method of repairing, treating,
or promoting regeneration of damaged tissue in a
subject, comprising administering to said subject an
effective amount of an isolated population of
self-renewing colony forming cells, wherein the cells
in said cell population have substantially no
multipotent differentiation capacity, wherein said
cells have a normal karyotype, and wherein said cells
are non-immortalized. A4. A method of repairing,
treating, or promoting regeneration of damaged tissue
in a subject, comprising: (i) isolating the biological
composition or compositions produced by an isolated
population of self-renewing colony forming cells; and,
(ii) administering said biological composition or
compositions to said subject, wherein the cells in
said cell population have substantially no multipotent
differentiation capacity, wherein said cells have a
normal karyotype, and wherein said cells are
nonimmortalized. A5. A method of treating or reducing
inflammation, immune, or autoimmune activity in a
subject, comprising administering to said subject an
effective amount of an isolated population of
self-renewing colony forming cells, wherein the cells
in said cell population have substantially no
multipotent differentiation capacity, wherein said
cells have a normal karyotype, and wherein said cells
are non-immortalized. A6. A method of treating or
reducing inflammation, immune, or autoimmune activity
in a subject, comprising: (i) isolating the biological
composition or compositions produced by an isolated
population of self-renewing colony forming cells; and,
(ii) administering said biological composition or
compositions to said subject, wherein the cells in
said cell population have substantially no multipotent
differentiation capacity, wherein said cells have a
normal karyotype, and wherein said cells are
nonimmortalized. A7. The method of any of embodiments
Al to A6, wherein prior to administration, said cell
population has been passaged in vitro for a number of
population doublings sufficient to cause the cells in
said population to lose multipotent differentiation
capacity. A8. The method of any one of embodiments Al
to A7, wherein said cell population has unipotent
differentiation capacity. A9. The method of any of
embodiments Al to A8, wherein said cells have
substantial capacity for self-renewal.AlO. The method
of any of embodiments Al to A9, wherein prior to
administration said cell population has been passaged
in vitro for a number of population doublings while
retaining substantial capacity for self-renewal. Al l
. The method of any one of embodiments Al to AlO,
wherein the cells in said isolated cell population are
not embryonic stem cells. A12. The method of any one
of embodiments Al to Al l , wherein the cells in said
isolated cell population are not stem cells,
mesenchymal stem cells, hematopoietic stem cells,
multipotent adult progenitor cells (MAPCs),
multipotent adult stem cells (MASCs), or fibroblasts.
Al 3. The method of any one of embodiments Al to Al 2,
wherein said cells do not differentiate into one or
more cell types selected from the group consisting of:
a) osteocytes; b) adipocytes; and, c) chondrocytes.
A14. The method of any one of embodiments Al to A13,
wherein said cells do not deposit detectable levels of
calcium following treatment under osteoinductive
conditions. Al 5. The method of embodiment Al 4,
wherein said osteoinductive conditions include
exposure to exogenously supplied Noggin. A16. The
method of any one of embodiments Al to A15, wherein
the cells in said isolated cell population are derived
from connective tissue. A17. The method of any one of
embodiments Al to A16, wherein the cells in said
isolated cell population are stromal cells. Al 8. The
method of any one of embodiments Al to Al 7, wherein
the cells in said isolated cell population co-express
CD49c and CD90. Al 9. The method of any one of
embodiments Al to Al 8, wherein the cell population
maintains an approximately constant doubling rate
through multiple in vitro cell doublings, A20. The
method of any one of embodiments Al to Al 9, wherein
said cells are negative for detectable expression of
one or more antigens selected from the group
consisting of: a) CDlO; b) STRO-I; and, c)
CD106/VCAM-1. A21. The method of any one of
embodiments Al to A20, wherein said cells are positive
for detectable expression of one or more antigens
selected from the group consisting of: a) CD44; b) HLA
Class- 1 antigen; and, c) b (beta) 2-Microglobulin,
A22. The method of any one of embodiments Al to A21,
wherein said cells express or secrete detectable
quantities of compositions selected from the group
consisting of:a) TNF-RI; b) soluble TNF-RI; c)
TNF-RII; d) soluble TNF-RII; e) IL-IR antagonist; and,
f) IL- 18 binding protein. A23. The method of any one
of embodiments Al to A21, wherein said cells express
or secrete detectable quantities of compositions
selected from the group consisting of compositions
shown in Table IA, IB and 1C. A24. The method of any
one of embodiments Al to A23, wherein the cells in
said isolated cell population are initially isolated
from a tissue source selected from the group
consisting of: a) bone marrow; b) adipose tissue/fat;
c) skin; d) placental; e) umbilical cord; f) tendon;
g) ligament; h) muscle fascia; and, i) other
connective tissues. A25. The method of embodiment A24,
wherein said tissue source is human. A26. The method
of any one of embodiments Al to A25, wherein said cell
population maintains an approximately constant
doubling rate through a number of in vitro cell
doublings selected from the group consisting of: a) 1
to 5 cell doublings; b) 5 to 10 cell doublings; c) 10
to 20 cell doublings; d) 20 to 30 cell doublings; e)
30 to 40 cell doublings; f) 40 to 50 cell doublings;
g) 1 to 50 cell 



doublings; h) 5 to 50 cell doublings; i) 10 to 50 cell
doublings; j ) 20 to 50 cell doublings; k) 30 to 50
cell doublings; 1) 1 to 10 cell doublings; m) 1 to 20
cell doublings; n) 1 to 30 cell doublings; o) 1 to 40
cell doublings; p) 5 to 20 cell doublings; q) 5 to 30
cell doublings; r) 5 to 40 cell doublings; s) 10 to 30
cell doublings; t) 10 to 40 cell doublings; and, u) 20
to 40 cell doublings. A27. The method of any one of
embodiments Al to A26, wherein said cell population
has undergone a number of population doublings
selected from the group consisting of: a) at least
about 10 population doublings; b) at least about 15
population doublings; c) at least about 20 population
doublings; d) at least about 25 population doublings;
e) at least about 30 population doublings; f) at least
about 35 population doublings; g) at least about 40
population doublings; h) at least about 45 population
doublings; and, i) at least about 50 population
doublings. A28. The method of any one of embodiments
Al to A27, wherein said biological composition or
compositions are bound in or to the cell surface of
said cell populations.A29. The method of any one of
embodiments Al to A28, wherein said biological
composition or compositions are secreted into the
extracellular environment of said cell populations.
A30. The method of any one of embodiments Al to A29,
wherein said biological composition or compositions
are one or more molecules selected from the group
consisting of: a) proteins; b) carbohydrates; c)
lipids; d) fatty acids; e) fatty acid derivatives; d)
gases; and, e) nucleic acids. A31. The method of
embodiment A30, wherein said proteins are selected
from the group consisting of: a) glycosylated
proteins; b) cytokines; c) chemokines; d) lymphokines;
e) growth factors; f) trophic factors, g)
morphogenetic proteins; and, h) hormones. A32. The
method of embodiment A31, wherein said wherein said
biological composition or compositions bind to and
inactivate, or reduce, the biological activity of
molecules selected from the group consisting of: a)
fatty acids; b) fatty acid derivatives; c) receptor
molecules; d) cytokines; e) chemokines; f)
lymphokines; g) growth factors; h) trophic factors, i)
morphogenetic proteins; and, j ) hormones. A33. The
method of embodiment A32, wherein said biological
composition or compositions are soluble receptors that
bind cognate ligands selected from the group
consisting of: a) fatty acids; b) fatty acid
derivatives; c) receptor molecules; d) cytokines; e)
chemokines; f) lymphokines; g) growth factors; h)
trophic factors, i) morphogenetic proteins; and, j )
hormones. A34. The method of any one of embodiments Al
to A33, wherein said cells are induced to increase
expression of one or more biological compositions.
A35. The method of any one of embodiments Al to A33,
wherein said cells are induced to express one or more
biological compositions. A36. The method of any one of
embodiments Al to A29, wherein said one or more
biological compositions is/are selected from Table IA,
IB and 1C. A37. The method of any one of embodiments
Al to A29, wherein said one or more biological
compositions is selected from the group consisting of:
a) TNF-RI; b) soluble TNF-RI; c) TNF-RII; d) soluble
TNF-RII; e) IL-IR antagonist; and, f) IL- 18 binding
protein.A38. The method of any one of embodiments Al
to A37, wherein the cells in said cell population do
not exhibit long-term engraftment in, or with, tissues
or organs when administered to a living mammalian
organism. A39. The method of any one of embodiments Al
to A38, wherein the cells in said cell population
maintain approximately constant levels of production
of one or more therapeutically useful compositions in
vivo. A40. The method of embodiment A39, wherein said
levels of production are maintained for a measure of
time selected from the group consisting of: a) at
least about 24 hours; b) at least about 48 hours; c)
at least about 72 hours; d) at least about 4 days; e)
at least about 5 days; f) at least about 6 days; g) at
least about 7 days; h) at least about 2 weeks; i) at
least about 3 weeks; j ) at least about 4 weeks; k) at
least about 1 month; 1) at least about 2 months; m) at
least about 3 months; n) at least about 6 months; and,
o) at least about 1 year. A41 . The method of any one
of embodiments Al to A40, wherein said patient is
human. A42. The method of any one of embodiments Al to
A41, wherein said method is used to treat a disease or
disorder selected from the group consisting of: a) a
neurological disease or disorder; b) a cardiac disease
or disorder; c) a skin disease or disorder; d) a
skeletal muscle disease or disorder; e) a respiratory
disease or disorder; f) a hepatic disease or disorder;
g) a renal disease or disorder; h) a genitourinary
system disease or disorder; i) a bladder disease or
disorder; j ) an endocrine disease or disorder; k) a
hematopoietic disease or disorder; 1) a pancreatic
disease or disorder; m) diabetes; n) an ocular disease
or disorder; o) a retinal disease or disorder; p) a
gastrointestinal disease or disorder; q) a splenic
disease or disorder; r) an immunological disease or
disorder; s) an autoimmune disease or disorder; t) an
inflammatory disease or disorder; u) a
hyperproliferative disease or disorder; and, v)
cancer. A43. The method of any one of embodiments Al
to A42, wherein said cells are genetically modified.
A44. The method of embodiment A43, wherein said cells
are genetically modified by introduction of a
recombinant nucleic acid molecule. A45. A process for
making an isolated cell population in any one of
embodiments Al to A47, wherein said process comprises:
i) obtaining a source population of cells from an
organism; and,ii) culturing said source population of
cells in vitro. Bl. A composition comprising a
pharmaceutically acceptable mixture of self-renewing,
colony-forming somatic cells (CF-SC), or conditioned
cell culture media derived from such cells, and
purified naturally occurring or isolated recombinant
extracellular matrix or blood plasma proteins. B2. The
composition of embodiment Bl, wherein said CF-SC are
derived from bone marrow. B3. The composition of
embodiments Bl or B2, wherein said CF-SC are derived
from a human. B4. The composition of any one of
embodiments B1-B3, wherein said CF-SC are derived from
an adult mammal, including humans. B5. The composition
of any one of embodiments B1-B4, wherein said CF-SC
express one or more secreted proteins shown in Table
IA, IB and 1C. B6. The composition of any one of
embodiment B1-B5, wherein said extracellular matrix or
blood plasma proteins comprise one or more full-length
or alternatively processed isoforms, proteolytic
fragments, or subunits of molecules selected from the
group consisting of: a) collagen; b) elastin; c)
fbronectin; d) laminin; e) entactin (nidogen); f)
hyaluronic acid; g) polyglycolic acid (PGA); h)
fibrinogen (Factor I); i) fibrin; j ) prothrombin
(Factor II); k) thrombin; 1) anti-thrombin; m) Tissue
factor Co-factor of Vila (Factor III); n) Protein C;
o) Protein S; p) protein Z; q) Protein Z-related
protease inhibitor; r) heparin cofactor II; s) Factor
V (proaccelerin, labile factor); t) Factor-VII; u)
Factor-VIII; v) Factor-DC; w) Factor-X; x) Factor-XI;
y) Factor-XII; z) Factor-XIII; aa) von Willebrand
factor; ab) prekallikrein; ac) high molecular weight
kininogen; ad) plasminogen; ae) plasmin; af)
tissue-plasminogen activator; ag) urokinase; ah)
plasminogen activator inhibitor- 1; and, ai)
plasminogen activator inhibitor-2. B7. The composition
of any one of embodiments B1-B6, further comprising
purified naturally occurring or isolated recombinant
cytokines or chemokines. B8. The composition of any
one of embodiments B1-B7, wherein said extracellular
matrix, blood plasma proteins, cytokines, and/or
chemokines are derived from humans. B9. The
composition of any one of embodiments B1-B8, wherein
said pharmaceutically acceptable mixture forms a
semi-solidified or solidified matrix.BlO. A method of
treating damaged tissue with the composition of any
one of embodiments B1-B8, wherein the composition is a
liquid. BIl. The method of embodiment BlO, wherein the
liquid is applied by inj ection. B12. A method of
treating damaged tissue with the composition of any
one of embodiments 1-9, wherein the composition is
applied as a liquid but thereafter forms a
semisolidified or solidified matrix. Bl 3. The method
of embodiments B10-Bl 2 wherein said tissue is damaged
as a result of a condition selected from the group
consisting of: a) disease; b) physical trauma; c)
ischemia; d) aging; e) burn; f) bacterial infection;
g) viral infection; h) fungal infection; and, i)
dysregulation of the immune system. B14. The method of
embodiment B13, wherein the damaged tissue is skin.
B15. A method of using the composition of any one of
embodiments B1-B9 for facial skin rejuvenation. B16. A
method of using the composition of any one of
embodiments B1-B9, wherein 



said composition inhibits acute inflammation. Cl. A
method for treating, repairing, regenerating, or
healing a damaged organ or tissue comprising
contacting said damaged organ or tissue with an
effective amount of self-renewing colony forming
somatic cells or compositions produced from such cells
so as to effect said treatment, repair, regeneration,
or healing of the damaged organ or tissue. C2. The
method of embodiment Cl, wherein said damaged organ or
tissue is contacted with an effective amount of
self-renewing colony forming somatic cells or
compositions produced from such cells by means
selected from the group consisting of: a) injection
into the damaged organ or tissue; b) application onto
the damaged organ or tissue; c) injection proximal to
the damaged organ or tissue; d) application proximal
to the damaged organ or tissue; and, e) intravenous
administration. C3. The method of embodiments Cl or
C2, wherein the cells are derived from bone marrow.
C4. The method of any one of embodiments C1-C3,
wherein the cells are human. C5. The method of any one
of embodiments C1-C4, wherein the cells, or
compositions produced by said cells, inhibit or reduce
adverse immune responses (such as cell-mediated
autoimmunity), fibrosis (scarring) and/or adverse
tissue remodeling (for example, ventricular
remodeling).C6. The method of any one of embodiments
C1-C5, wherein the cells, or compositions produced by
said cells, control inflammation and/or inhibit acute
inflammation. C7. The method of any one of embodiments
C1-C5, wherein the cells, or compositions produced by
said cells, stimulate or enhance angiogenesis. C8. The
method of any one of embodiments C1-C5, wherein said
cells do not exhibit significant or detectable levels
of permanent or long-term engraftment into said
damaged organs or tissues. C9. The method of any one
of embodiments C1-C8, wherein said damaged organs are
selected from the group consisting of heart, brain,
and spinal cord. ClO. The method of any one of
embodiments C1-C8, wherein said damaged tissue is
selected from the group consisting of cardiac tissue,
neuronal tissue (including central and peripheral
nervous system tissue), and vascular tissue (including
major and minor arteries, veins, and capillaries). Dl
. A composition comprising a pharmaceutically
acceptable mixture of self-renewing, colony-forming
somatic cells (CF-SC), or conditioned cell culture
media derived from such cells, and purified naturally
occurring or isolated recombinant extracellular matrix
or blood plasma proteins. D2. The composition of
embodiment Dl, wherein said CF-SC are derived from
bone marrow. D3. The composition of embodiments Dl or
D2, wherein said CF-SC are derived from a human. D4.
The composition of any one of embodiments D1-D3,
wherein said CF-SC are derived from an adult mammal,
including humans. D5. The composition of any one of
embodiments D1-D4, wherein said CF-SC express one or
more secreted proteins shown in Table IA, IB and 1C.
D6. The composition of any one of embodiment D1-D5,
wherein said extracellular matrix or blood plasma
proteins comprise one or more full-length or
alternatively processed isoforms, proteolytic
fragments, or subunits of molecules selected from the
group consisting of: a) collagen; b) elastin; c)
fibronectin; d) laminin; e) entactin (nidogen); f)
hyaluronic acid; g) polyglycolic acid (PGA); h)
fibrinogen (Factor I); i) fibrin; j ) prothrombin
(Factor II); k) thrombin; 1) anti-thrombin; m) Tissue
factor Co-factor of Vila (Factor III); n) Protein C;
o)Protein S; p) protein Z; q) Protein Z-related
protease inhibitor; r) heparin cofactor II; s) Factor
V (proaccelerin, labile factor); t) Factor-VII; u)
Factor-VIII; v) Factor-IX; w) Factor-X; x) Factor-XI;
y) Factor-XII; z) Factor-XIII; aa) von Willebrand
factor; ab) prekallikrein; ac) high molecular weight
kininogen; ad) plasminogen; ae) plasmin; af)
tissue-plasminogen activator; ag) urokinase; ah)
plasminogen activator inhibitor- 1; and, ai)
plasminogen activator inhibitor-2. D7. The composition
of any one of embodiments D1-D6, further comprising
purified naturally occurring or isolated recombinant
cytokines or chemokines. D8. The composition of any
one of embodiments D1-D7, wherein said extracellular
matrix, blood plasma proteins, cytokines, and/or
chemokines are derived from humans. D9. The
composition of any one of embodiments Dl -D8, wherein
said pharmaceutically acceptable mixture forms a
semi-solidified or solidified matrix. DlO. A method of
treating damaged tissue with the composition of any
one of embodiments D1-D8, wherein the composition is a
liquid. DI l . The method of embodiment DlO, wherein
the liquid is applied by injection. D12. A method of
treating damaged tissue with the composition of any
one of embodiments D1-D9, wherein the composition is
applied as a liquid but thereafter forms a
semi-solidified or solidified matrix. D13. The method
of embodiments D10-Dl 2 wherein said tissue is damaged
as a result of a condition selected from the group
consisting of: a) disease; b) physical trauma; c)
ischemia; d) aging; e) burn; f) bacterial infection;
g) viral infection; h) fungal infection; and, i)
dysregulation of the immune system. D14. The method of
embodiment D13, wherein the damaged tissue is skin. Dl
5. A method of using the composition of any one of
embodiments D1-D9 for facial skin rejuvenation. D16. A
method of using the composition of any one of
embodiments D1-D9, wherein said composition inhibits
acute inflammation. D17. A method for treating,
repairing, regenerating, or healing a damaged organ or
tissue comprising contacting said damaged organ or
tissue with an effective amount of self-renewing
colony forming somatic cells or compositions produced
from such cells so as to effect said treatment,
repair, regeneration, or healing of the damaged organ
or tissue.D18. The method of embodiment D17, wherein
said damaged organ or tissue is contacted with an
effective amount of self-renewing colony forming
somatic cells or compositions produced from such cells
by means selected from the group consisting of: a)
injection into the damaged organ or tissue; b)
application onto the damaged organ or tissue; c)
injection proximal to the damaged organ or tissue; d)
application proximal to the damaged organ or tissue;
and, e) intravenous administration. D19. The method of
embodiments Dl 7 or Dl 8, wherein the cells are
derived from bone marrow. D20. The method of any one
of embodiments D17-D19, wherein the cells are human.
D21. The method of any one of embodiments D17-D20,
wherein the cells, or compositions produced by said
cells, inhibit or reduce adverse immune responses
(such as cellmediated autoimmunity), fibrosis
(scarring) and/or adverse tissue remodeling (for
example, ventricular remodeling). D22. The method of
any one of embodiments D12-D21, wherein the cells, or
compositions produced by said cells, control
inflammation and/or inhibit acute inflammation. D23.
The method of any one of embodiments D17-D21, wherein
the cells, or compositions produced by said cells,
stimulate or enhance angiogenesis. D24. The method of
any one of embodiments D17-D21, wherein said cells do
not exhibit significant or detectable levels of
permanent or long-term engraftment into said damaged
organs or tissues. D25. The method of any one of
embodiments D17-D24, wherein said damaged organs are
selected from the group consisting of heart, brain,
and spinal cord. D26. The method of any one of
embodiments D17-D24, wherein said damaged tissue is
selected from the group consisting of cardiac tissue,
neuronal tissue (including central and peripheral
nervous system tissue), and vascular tissue (including
major and minor arteries, veins, and capillaries).
D27. A method of inducing, enhancing, and/or
maintaining the generation of new red blood cells in
vitro. D28. The method of embodiment D27, wherein said
induction, enhancement, or maintenance is achieved by
co-cultivation of hematopoietic precursor cells with
self-renewing colony forming cells. D29. The method of
embodiment D28, wherein said self-renewing colony
forming cells are human bone marrow-derived somatic
cells (hABM-SC).D30. The method of embodiment D29,
wherein said hABM-SC are derived from an adult. D31.
The method of any one of embodiments D27-D29, wherein
said co-cultivation utilizes a semi-permeable barrier
to maintain separation of the hematopoietic precursor
cells from the self-renewing colony forming cells
while allowing exchange of compositions produced by
said self-renewing colony forming cells across said
barrier. D32. The method of embodiment D27, wherein
said induction, enhancement, or maintenance is
achieved by co-cultivation of hematopoietic precursor
cells with isolated compositions produced by
self-renewing colony forming cells. D33. The method of
embodiment D32, wherein said self-renewing colony
forming cells are human bone marrow-derived somatic
cells (hABM-SC). D34. The method of embodiment D33,
wherein said hABM-SC are derived from an 



adult. D35. The method of any one of embodiments
D32-D34, wherein said isolated compositions are
lyophilized. D36. The method of any one of embodiments
D32-D34, wherein said isolated compositions are
cryopreserved. D37. The method of any one of
embodiments D32-D34, wherein said isolated
compositions are mixed with one or more
pharmaceutically acceptable carriers. D38. A method of
producing, isolating, purifying, and/or packaging
cell-derived compositions and/or trophic factors. D39.
A method of producing conditioned media, wherein said
media contains sera or is sera-free media. D40. A
method of isolating and purifying fractions and/or
cell-derived compositions from conditioned media,
wherein said media contains sera or is sera-free
media. D41. A method of isolating, cryopreserving,
and/or expanding CD34+ Cord Blood Cells (CBC). D42.
The method of embodiment D41, wherein said CBC are
expanded in suspension cultures. D43. The method of
embodiment D41, wherein said CBC are expanded by
co-culturing with a feeder layer of self-renewing
colony forming cells. D44. The method of embodiment
D43, wherein said self-renewing colony forming cells
are human bone marrow-derived somatic cells
(hABM-SC).D45. A wash solution comprising Balanced
Salt Solution with dextrose (BSSD). D46. The wash
solution of embodiment D45 wherein said dextrose is at
a concentration of about 4.5% dextrose. D47. The wash
solution of embodiment D45 or D46, further comprising
human serum albumin. D48. The wash solution of
embodiment D47, wherein said human serum albumin is at
a concentration of about 5% human serum album. D49. A
cryopreservation media comprising dimethyl sulfoxide
(DMSO) and human serum albumin in a Balanced Salt
Solution. D50. The cryopreservation media of
embodiment D49, wherein said DMSO concentration is
about 5% and said HSA concentration is about 5%. El.
An isolated cell population derived from bone marrow,
wherein greater than about 91% of the cells of the
cell population co-express CD49c and CD90, and wherein
the cell population has a doubling rate of less than
about 30 hours. E2. The isolated cell population of
embodiment El, wherein the cell population is derived
from human bone marrow. E3. The isolated cell
population of embodiments El or E2, wherein the cells
of the cell population that co-express CD49c and CD90
do not express CD34 and/or CD45. E4. The isolated cell
population according to any one of embodiments El, E2,
or E3, wherein the cells of the cell population that
co-express CD49c and CD90 further express at least one
cardiac-related transcription factor selected from the
group consisting of GATA-4, Irx4, and Nkx2.5. E5. The
isolated cell population according to any one of
embodiments El, E2, or E3, wherein the cells of the
cell population that co-express CD49c and CD90 further
express at least one trophic factor selected from the
group consisting of: a) Brain-Derived Neurotrophic
Factor (BDNF); b) Cystatin-C; c) Interleukin-6 (IL-6);
d) Interleukin-7 (IL-7); e) Interleukin-11 (IL-I l);
f) Nerve Growth Factor (NGF); g) Neurotrophin-3
(NT-3); h) Macrophage Chemoattractant Protein- 1
(MCP-I); i) Matrix Metalloproteinase-9 (MMP-9); j )
Stem Cell Factor (SCF); and, k) Vascular Endothelial
Growth Factor (VEGF).E6. The isolated cell population
according to any one of embodiments El, E2, or E3,
wherein the cells of the cell population that
co-express CD49c and CD90 further express p21 or p53,
and wherein expression of p53 is a relative expression
of up to about 3000 transcripts of p53 per 106
transcripts of an 18s rRNA and expression of p21 is a
relative expression of up to about 20,000 transcripts
of p21 per 106 transcripts of an 18s rRNA. E7. The
isolated cell population according to any one of
embodiments El, E2, or E3, wherein the isolated cell
population has been cultured in vitro through a number
of population doublings selected from the group
consisting of: a) at least about 15 population
doublings; b) at least about 20 population doublings;
c) at least about 25 population doublings; d) at least
about 30 population doublings; e) at least about 35
population doublings; and, f) at least about 40
population doublings. E8. A method of making an
isolated cell population derived from bone marrow,
wherein greater than about 91% of the cells of the
cell population co-express CD49c and CD90, and wherein
the cell population has a doubling rate of less than
about 30 hours, comprising the steps of: a) culturing
a source of the cell population under a low oxygen
condition or a low oxidative stress condition to
produce an adherent cell population; and, b) culturing
the adherent cell population at a seeding density of
less than about 2500 cells/cm2. E9. The method of
embodiment E8, wherein the cell population is derived
from human bone marrow. ElO. The method of embodiments
E8 or E9, wherein the source of the cell population in
embodiment 8, part a) is cultured at an initial
seeding density selected from the group consisting of:
a) less than about 75000 cells/cm2; and, b) less than
about 50000 cells/cm2. El l . The method of any one of
embodiments E8 to ElO, wherein the adherent cell
population in embodiment 8, part b) is cultured at a
seeding density selected from the group consisting of:
a) less than about 2500 cells/cm2; b) less than about
1000 cells/cm2; c) less than about 100 cells/cm2;d)
less than about 50 cells/cm2; and, e) less than about
30 cells/cm2. E12. The method of any one of
embodiments E8 to Ell, wherein the low oxygen
condition is selected from the group consisting of: a)
between about 1 to 10% oxygen; b) between about 2 to
7% oxygen; d) less than about 20% oxygen; c) less than
about 15% oxygen; d) less than about 10% oxygen; e)
less than about 5% oxygen; and, f) about 5% oxygen. El
3. The method of any one of embodiments E8 to E12,
further including lysing the red blood cells in a
source of the cell population prior to culturing the
source of the cell population. E14. The method of any
one of embodiments E8 to E12, further including
selecting a fractionated source of the cell population
by passage through a density gradient prior to
culturing the source of the cell population. El 5. The
method of any one of embodiments E8 to E14, wherein
the cells of the cell population that co-express CD49c
and CD90, do not express CD34 and/or CD45. E16. The
method of any one of embodiments E8 to El 5, wherein
the cells of the cell population that co-express CD49c
and CD90 further express at least one cardiac-related
transcription factor selected from the group
consisting of GATA-4, Irx4, and Nkx2.5. E17. The
method of any one of embodiments E8 to El 5, wherein
the cells of the cell population that co-express CD49c
and CD90 further express at least one trophic factor
selected from the group consisting of: a)
Brain-Derived Neurotrophic Factor (BDNF); b)
Cystatin-C; c) Interleukin-6 (IL-6); d) Interleukin-7
(IL-7); e) Interleukin-1 1 (IL-I l); f) Nerve Growth
Factor (NGF); g) Neurotrophin-3 (NT-3); h) Macrophage
Chemoattractant Protein-1 (MCP-1); i) Matrix
Metalloproteinase-9 (MMP-9); 



j ) Stem Cell Factor (SCF); and, k) Vascular
Endothelial Growth Factor (VEGF). El 8. The method of
any one of embodiments E8 to El 5, wherein the cells
of the cell population that co-express CD49c and CD90
further express p21 or p53, and wherein expression of
p53 is a relative expression of up to about 3000
transcripts of p53 per 106transcripts of an 18s rRNA
and expression of p21 is a relative expression of up
to about 20,000 transcripts of p21 per 106 transcripts
of an 18s rRNA. E19. The method of any one of
embodiments E8 to E15, wherein the isolated cell
population has been cultured in vitro through a number
of population doublings selected from the group
consisting of: a) at least about 15 population
doublings; b) at least about 20 population doublings;
c) at least about 25 population doublings; d) at least
about 30 population doublings; e) at least about 35
population doublings; and, f) at least about 40
population doublings. E20. Use of an isolated cell
population according to any one of embodiments El to
E7 in the manufacture of a medicament for treating a
human suffering from a condition selected from the
group consisting of: a) a degenerative condition; b)
an acute injury condition; c) a neurological
condition; and, d) a cardiac condition. E21. Use of an
isolated cell population according to any one of
embodiments El to E7 in the manufacture of a
medicament for treating a human suffering from a
degenerative or acute injury condition. E22. An
isolated cell population derived from bone marrow,
wherein greater than about 91% of the cells of the
cell population co-express CD49c and CD90, and wherein
the cell population has a doubling rate of less than
about 30 hours under a low oxygen condition. E23. The
isolated cell population of embodiment E22, wherein
the cell population is derived from human bone marrow.
E24. The isolated cell population of embodiments E22
or E23, wherein the low oxygen condition is between
about 1 to 10% oxygen. E25. The isolated cell
population of embodiment E24, wherein the low oxygen
condition is about 5% oxygen. E26. The isolated cell
population of any one of embodiments E22 to E25,
wherein the cell population is cultured as an adherent
cell population at a seeding density of less than
about 2500 cells/cm2. E27. The isolated cell
population of any one of embodiments E22 to E25,
wherein the seeding density is less than about 1000
cells/cm2.E28. The isolated cell population of any one
of embodiments E22 to E25, wherein the seeding density
is less than about 100 cells/cm2.] E29. The isolated
cell population of any one of embodiments E22 to E25,
wherein the seeding density is less than about 50
cells/cm2. E30. The isolated cell population of any
one of embodiments E22 to E25, wherein the seeding
density is less than about 30 cells/cm2. E31 . A
method of making an isolated cell population, wherein
greater than about 91% of the cells of the cell
population co-express CD49c and CD90, and wherein the
cell population has a doubling rate of less than about
30 hours, comprising the steps of: a) aspirating bone
marrow cells from a human; b) lysing the red blood
cell component of the bone marrow aspirate; c) seeding
the non-lysed bone marrow cells in a tissue culturing
device; d) allowing the non-lysed bone marrow cells to
adhere to a surface; e) culturing the adherent cells
under a 5% oxygen condition; and f) passaging the
adherent cells at a seeding density of 30 cells/cm2.
E32. An isolated cell population obtainable by the
method of embodiment E31. E33. An isolated cell
population obtained by the method of embodiment E31.
E34. A method of making an isolated cell population,
wherein greater than about 91% of the cells of the
cell population co-express CD49c and CD90, and wherein
the cell population has a doubling rate of less than
about 30 hours after 30 cell doublings, comprising the
steps of: a) aspirating bone marrow cells from a
human; b) selecting a fractionated source of the cell
population by passage through a density gradient; c)
seeding the fractionated cells in a tissue culturing
device; d) allowing the fractionated cells to adhere
to a surface; e) culturing the adherent cells under a
5% oxygen condition; and f) passaging the adherent
cells at a seeding density of 30 cells/cm2. E35. An
isolated cell population obtainable by the method of
embodiment E34. E36. An isolated cell population
obtained by the method of embodiment E34. EXAMPLES
Example 1 Bioactivity of Adult Bone Marrow-Derived
Somatic Cells: Production of Serum-Free Conditioned
Media Production of serum-free conditioned media was
produced as described below for use in assays, such as
the solid-phase antibody capture of secreted proteins
(also as described below).Human exABM-SC (Lot #
RECB-819; at -43 population doublings) were thawed and
resuspended in either Advanced DMEM (GIBCO(tm);
Catalog #12491-015, Lot # 1216032 (Invitrogen Corp.,
Carlsbad, CA, USA)) supplemented with 4mM L-glutamine
(Catalog #SH30034.01. Lot # 134-7944, (HYCLONE(tm)
Laboratories Inc., Logan, UT, USA)) or HyQ(r)
RPMI-1640 (HYCLONE(tm) Catalog # SH30255.01, Lot #
ARC25868) containing 4mM Lglutamine and supplemented
with Insulin-Transferrin-Selenium-A (ITS) (GIBCO(tm);
Catalog #51300-044, Lot # 1349264). Cell suspensions
were then seeded in T-225cm 2 CELLBIND(tm) (Corning
Inc., NY, USA) culture flasks (culture surfaces
treated with a patented microwave plasma process; see,
U.S. Patent No. 6,617,152) (n = 3) at 20,000 cells/cm
2 in 36mL of media (n = 3 per condition). Cultures
were placed in a 370C humidified trigas incubator (4%
O2, 5%CO2, balanced with nitrogen) for approximately
24 hours. Cultures were then re-fed with fresh media
on same day to remove non-adherent debris and returned
to the incubator. On day 3, cell culture media were
concentrated using 2OmL CENTRICON(tm) PLUS-20
Centrifugal Filter Units (Millipore Corp., Billerica,
MA, USA), as per manufacturer's instructions. Briefly,
concentrators were centrifuged for 45 minutes at
114OxG. Concentrated supernatants were transferred to
clean 2mL cryovials and stored at -80 C. Fresh culture
media were also concentrated as described for use as a
negative control. The cells were then removed from the
flasks using 0.25% porcine trypsin EDTA (CELLGRO(tm);
Catalog #30-004-Cl (Mediatech Inc., Herndon, VA,
USA)). Trypsin was then neutralized by adding back an
equal volume of cell culture media containing 10%
fetal bovine serum. Cell count and viability analysis
was performed using a COULTER(tm) AcT 10 Series
Analyzer (Beckman Coulter, Fullerton, CA) and trypan
blue exclusion assays, respectively. To perform 2D
SDS-PAGE, human ABM-SC (Lot # PCH627; at -27
population doublings) were thawed and re-suspended in
either HyQ(r) Minimum Essential Medium (MEM), Alpha
Modification (HYCLONE(tm); Catalog # SH30265.01, Lot #
ASA281 10) supplemented with 4mM L-glutamine
(HYCLONE(tm); Catalog # SH30034.01, Lot # 134-7944) )
or RPMIl 640 (HYCLONE(tm); Catalog # SH30255.01)
supplemented with 4mM L-glutamine (HYCLONE(tm);
Catalog # SH30034.01, Lot # 134-7944). Cell
suspensions were then seeded in T-225cm2 CELLBIND(tm)
culture flasks (n = 3) at 24-40,000 cells/cm 2 in 36mL
of media (n = 3 per condition). Cultures were placed
in a 370C humidified trigas incubator (4% O2, 5%CO2,
balanced with nitrogen) for approximately 24 hours.
Cultures were re-fed with fresh media on same day to
remove non-adherent debris and then returned to the
incubator. The following day, conditioned media were
collected, pooled, and centrifuged at 114OxG for
15minutes to remove cell debris, and then transferred
to sterile centrifuge tubes for short-term storage at
-80C. Example 2 Two Dimensional (2-D) SDS PAGE
Separation of Secreted Factors (Figure 1) Frozen
aliquots of conditioned media and control media
(samples) were shipped to Kendrick Labs, Inc.
(Madison, WI) for analysis. Prior to use, samples were
thawed and warmed to room temperature. Approximately
5OmL of each sample was lyophilized then re-dissolved
in 200 microL of SDS Boiling Buffer (5% sodium dodecyl
sulfate, 5% beta mercaptoethanol ethanol, 10% glycerol
and 6OmM Tris, pH 6.8) and 2 mL of ultrapure water.
The samples were then dialyzed against 5 mM Tris, pH
7.0 for two days at 40C using 6-8,000 MWCO membranes.
The final dialysis was performed using water only. The
samples were lyophilized once again, re-dissolved in
200 microL of SDS Boiling Buffer, and heated in a
boiling water bath for 5 minutes before loading into
the gels. Two-dimensional gel electrophoresis was
performed according to the method of O'Farrell
(O'Farrell, P.H., J. Biol. Chem. 250: 4007-4021, 1975)
as follows: Isoelectric focusing was first carried out
in glass tubes of inner diameter 2.0 mm using 2.0%
ampholines, pH 3.5-10 (Amersham Biosciences,
Piscataway, NJ) for 20,000 volt-hrs. 50ng of IEF
internal standard 



(tropomyosin) was then added to each sample. The
tropomyosin standard is used as a reference point on
the gel, it migrates as a doublet with a lower
polypeptide spot of MW 33,000 and pi 5.2. The tube gel
pH gradient for this set of ampholines was determined
using a surface pH electrode. After equilibration for
10 min in buffer 0 (10% glycerol, 50 mm
dithiothreitol, 2.3% SDS, 0.0625 M tris, pH 6.8) each
tube gel was sealed to the top of a stacking gel that,
itself, is placed on top of a 12% acrylamide slab gel
(1.0 mm thickness). SDS slab gel electrophoresis was
carried out for about 5 hours at 25mA. The following
proteins (Sigma Chemical Co.) were added as molecular
weight standards to a single well in the agarose
portion of the gel (the agarose is cast between the
tube gel to the slab gel): myosin (220,000 daltons),
phosphorylase A (94,000 daltons), catalase (60,000
daltons), actin (43,000 daltons), carbonic anhydrase
(29,000 daltons), and lysozyme (14,000 daltons).
Following silver-staining the standards appear as
bands on the basic edge of the acrylamide slab gel
(Oakley et al. Anal. Biochem. 105:361-363, 1980). The
gel was then dried between two sheets of cellophane
paper with the acid end to the left (Figure 1). If
gels are intended for use with mass spectroscopy
analysisthey are stained using the silver stain method
of O'Connell and Stults (O'Connell and Stults.
Electrophoresis. 18:349-359, 1997). The results show
that using the methods provided, human ABM-SC can be
cultured in the absence of animal serum to produce
conditioned media rich in secreted proteins, and that
such proteins can be individually identified and
isolated. Conditioned media produced in such can also
be processed, alternatively, by fractionating the
expressed proteins based on a range of molecular
weights. Techniques for protein concentration and
fractionation are well-known and routinely used by
those of ordinary skill in the art. These techniques
include techniques such as affinity chromatography,
hollow fiber filtration, 2D PAGE, and low-absorption
ultrafiltration. Example 3A Pro-Regenerative Cytokine
Secretion by Human ABM-SC Human ABM-SC were plated in
triplicate at 6,000 viable cells/cm2 in cell culture
"T" flasks containing AFGl 04 media. After allowing
cells to attach and equilibrate for 24 hours, culture
media was completely changed and flasks were incubated
for 72 hours. Media was collected, centrifuged and
stored at -80 C until analysis for cytokines using
commercially available colorimetric ELISA assay kits.
For analysis of secreted cytokine release, sister
flasks were treated with 10 mg/mL TNF-alpha, added
during the last 24 hours of the 72 hour incubation.
For each, lot three flasks of cells and supernatant
were prepared, processed and banked independently for
the basal and stimulated conditions, designated Basal
Flask A, B and C or Stimulated Flask A, B and C,
respectively. Results show that when sub-cultured,
ABM-SC secrete potentially therapeutic concentrations
of several growth factors and cytokines known to
augment angiogenesis, inflammation and wound healing.
See, Figure 11. Hence, ABM-SC have been shown to
consistently secrete several cytokines and growth
factors in vitro; including proangiogenic factors
(e.g., SDF-I alpha, VEGF, ENA-78 and angiogenin),
immunomodulators (e.g., IL-6 and IL-8) and scar
inhibitors/wound healing modulators (e.g., MMP-I,
MMP-2, MMP- 13 and Activin-A). Furthermore, the
release of several of these factors is modulated by
tumor necrosis factor alpha (TNF-alpha), a known
inflammatory cytokine released during the course of
acute tissue injury. Example 3BSolid-Phase Capture and
Identification of Secreted Factors (Table IA, IB and
1C) Conditioned media were screened for the presence
of various proteins such as cytokines, proteases, and
soluble receptors by solid phase antibody capture
protein array, using RAYBIO(tm) Human Cytokine
Antibody Array (RayBiotech, Inc., Norcross, GA, USA).
Briefly, frozen aliquots of conditioned media were
thawed and warmed to room temperature prior to use.
Array membranes were placed into the well of an
eight-well tray (C series 1000). To each well, 2 mL IX
Blocking Buffer (RayBiotech, Inc.) was added and then
incubated at room temperature for 30 min to block the
membranes. Blocking Buffer was then decanted from each
container, and the membranes were then incubated with
conditioned media (diluted 1:10 with Blocking Buffer)
at room temperature for 1 hr. Fresh cell culture media
were used in place of PBS as negative controls.
Samples were then decanted from each container and
washed 3 times with 2 mL of IX Wash Buffer I
(RayBiotech, Inc.) at room temperature, while shaking
for 5 min. Array membranes were then placed into one
well, with 1 mL biotinconjugated secondary antibody
prepared in IX Blocking Buffer, and incubated at room
temperature for 1 hr. Arrays were then washed several
times with Wash Buffer. 2 mL HRPconjugated
streptavidin diluted 1:1000 with IX Blocking Buffer
was added to each membrane and then incubated at room
temperature for 2 hrs. Membranes were then washed
several times with IX Wash Buffer. Detection reagents
for chemiluminescence were prepared as per
manufacturer's instructions (RayBiotech, Inc.) and
applied to each membrane and incubated at room
temperature for 2 minute. Membranes were then placed
protein side up on a plastic sheet. The opposite of
the membrane was then covered with another piece of
plastic sheet. Air bubbles were purged from the
membranes by smoothing out the plastic. The membranes
were then expose to x-ray film (Kodak X-OMAT AR(tm)
film) and then processed using a film developer. Table
IA, IB and 1C shows an extensive list of cytokines,
growth factors, soluble receptors, and matrix
proteases secreted by human ABM-SC when sub-cultured
in serum-free cell culture media. Media Supernatant
Concentrate #1= Advanced DMEM (Gibco(tm)) supplemented
with 4mM L-glutamine. Media Supernatant Concentrate #2
= RPMI- 1640 containing 4mM Lglutamine and HEPES
(HyClone) supplemented with
Insulin-Transferrin-Selenium-A (Gibco(tm)). The
results demonstrate that numerous trophic factors and
soluble receptors important for tissue regeneration
and modulation of the immune system are produced by
ABM-SC when cultured under these conditions. Notably,
earlier experiments demonstrated thatsupplementation
of the base culture medium with insulin, transferrin,
and selenium was required to achieve secreted protein
levels such as those indicated in Table IA, IB and 1C.
Protein levels shown in Table IA, IB and 1C were
assessed using a RAYBIO(tm) Human Cytokine Antibody
Array (RayBiotech, Inc.). Values are expressed as mean
optical densities (O.D.). (N=2 for test samples. N=4
for controls.) Values reported with a (+) indicate
mean O.D. values for that particular analyte greater
than two standard deviations above the mean O.D.
values for the respective negative control. Values
reported with a (-) represent mean O.D. values for
that particular analyte that are not greater than two
standard deviations above the mean O.D. values for the
respective negative control. Table IA:METHODS OF AND
APPARATUS FOR REDUCING AMOUNTS OF PARTICLES ON A WAFER
DURING WAFER DE-CHUCKING by Inventors: Sangjun Cho,
Sean Kang, Tom Choi, and Taejoon Han BACKGROUND [0001]
In the fabrication of semiconductor devices such as
integrated circuits, memory cells, and the like, a
series of manufacturing operations is performed to
define features on semiconductor wafers ("wafers").
These operations are performed in a process chamber
supplied with gas at a low pressure. Various voltages,
such as RF voltages, are applied to one or more
electrodes in the chamber to establish a plasma to
perform the operations, including etching and
deposition, for example. During these operations, the
wafer is held securely in the chamber by an
electrostatic chuck (ESC). ESCs are configured with
one or more electrodes to which a voltage is applied.
The voltage induces charges that urge the wafer
against the ECS. Other voltages are applied for
separating the wafer from the ESC, an operation known
as de-chucking. [0002] During the life of an ESC,
repeated application of these applied voltages tends
to deteriorate the ESC. As a result, particles of the
ESC may flake off the ESC and become loose in the
chamber. The plasma may also be a source of particles.
As semiconductor integrated circuit technology
transitions to sub- 100 nanometer scale manufacturing,
the presence of undesired particles in such chambers
becomes more of a problem, by reducing yields, for
example. [0003] In view of the forgoing, there is a
need for reducing the amount of particles in the
chamber, including reducing the amount of particles
that may settle on the wafer during a dechucking
operation. SUMMARY [0004] Broadly speaking, the
present invention fills these needs by reducing the
amount of particles in a process chamber. More
specifically, these needs are filled when the process
chamber is configured with a zone in which a wafer is
transported out of the process chamber.Electrodes are
mounted in the chamber, and are biased to effect wafer
processing. In connection with a wafer de-chucking
operation, the bias is changed from a processing state
to a transport state, and the newly-biased electrodes
are effective to establish a field across a transport
zone in which the wafers are to be removed from the
chamber. The field causes particles in the transport
zone to move out of the transport zone, reducing the
amount of particles surrounding or touching the wafer
as the wafer is de-chucked. During the transport of
the processed and de-chucked wafer out of the chamber,
due to the reduced amount of particles surrounding or
touching the wafer, the processed wafer is subjected
to fewer particles and exits the chamber in a cleaner
condition than if the particles had been allowed to
remain in the zone and allowed to settle on the wafer
during the de-chucking and transporting operations. 



[0005] It should be appreciated that the present
invention can be implemented in numerous ways,
including as an apparatus, a method and a system.
Several inventive embodiments of the present invention
are described below. [0006] In one embodiment,
apparatus is provided for trapping particles away from
a wafer transport zone in a process chamber after
plasma processing of the wafer. A first electrode is
mounted in the process chamber on one side of the
transport zone. A second electrode is mounted in the
chamber spaced from the first electrode on an opposite
side of the transport zone. A power supply is
connected across the first and second electrodes to
establish an electrostatic field between the
electrodes and across the transport zone. The field
traps particular ones of the particles at a particular
one of the electrodes so that particles in the chamber
are urged away from the transport zone. [0007] In
another embodiment, apparatus reduces an amount of
particles in a transport zone in a process chamber
after plasma processing of a wafer. The apparatus is
configured for operation in two states, a first state
being a state for processing the wafer, and a second
state being a wafer transport state for removing the
processed wafer from the chamber. A first multi-state
electrode is mounted in the process chamber. A second
multi-state electrode is mounted in the chamber spaced
from the first electrode. The second electrode is
configured to de-chuck the wafer into the transport
zone after wafer processing. An electrode bias
controller is configured to bias the electrodes for
operation in each of the states. For example, for the
wafer transport state the controller is configured to
simultaneously connect the secondelectrode to ground,
apply a positive DC potential to the first electrode,
and cause the second electrode to de-chuck the wafer
to facilitate positioning the wafer in the transport
zone. [0008] In yet another embodiment, a method is
provided for preparing a process chamber for
transporting a processed wafer from the process
chamber. A support electrode may mount the wafer for
the processing. The processing tends to release
undesired particles into a process space in the
chamber. A second electrode is opposite to the support
electrode and defines the process space. Operations of
the method may include defining a wafer transport zone
in the process space so that a separate part of the
process space separates the zone from each of the
electrodes. The particles are urged away from the
wafer by simultaneously performing further operations
of terminating plasma processing of the wafer,
connecting the support electrode to ground, applying a
positive DC potential to the second electrode, and
dechucking the wafer from the support electrode into
the transport zone. [0009] Other aspects of the
invention will become apparent from the following
detailed description, taken in conjunction with the
accompanying drawings, illustrating by way of example
the principles of the invention. BRIEF DESCRIPTION OF
THE DRAWINGS [0010] The present invention will be
readily understood by the following detailed
description in conjunction with the accompanying
drawings, and like reference numerals designate like
structural elements. [0011] Figure 1 is a schematic
plan view of a cluster-type architecture for
processing wafers according to the present invention.
[0012] Figure 2 is a schematic elevational view of a
processing chamber of the architecture, showing the
chamber configured to reduce the effect of undesired
particles in the chamber in accordance with one
embodiment of the present invention. [0013] Figure 3
is an enlarged view of a portion of Figure 2, showing
gas and lifter pins lifting the wafer off a second
electrode in accordance with one embodiment of the
present invention. [0014] Figure 4 is a schematic view
of a portion of Figure 2, showing that in a transport
state a controller controls a value of a positive
voltage on a first electrode so that charged particles
are urged away from the lifted wafer and urged out of
the transport zone.[0015] Figure 5 shows the
controller configured so that the positive voltage is
applied to the first electrode in a range of volts in
one embodiment of the present invention. [0016] Figure
6 illustrates a flow chart of a method in accordance
with one embodiment of the present invention. DETAILED
DESCRIPTION [0017] An invention is described for
apparatus, systems for use, and methods for reducing
the amount of particles in a process chamber. The
process chamber is configured with a zone in which a
wafer is transported out of the process chamber.
Electrodes are mounted in the chamber, and are biased
to effect wafer processing. In connection with a wafer
de-chucking operation, the bias is changed from a
processing state to a transport state. The
newly-biased electrodes are effective to establish a
field across a transport zone in which the wafers are
to be removed from the chamber. The field urges
undesired particles out of the transport zone,
reducing the amount of particles surrounding or
touching the wafer as the wafer is de-chucked into the
zone. During the transport of the processed and
de-chucked wafer in the zone and out of the chamber,
the urged particles that are out of the transport zone
do not touch the wafer. As a result, the processed
wafer may exit the chamber in a cleaner condition than
if the particles had been allowed to remain in the
transport zone and had the undesired particles settled
on the wafer during the de-chucking and transporting
operations. [0018] It will be obvious, however, to one
skilled in the art, that the present invention may be
practiced without some or all of these specific
details. In other instances, well known process
operations have not been described in detail in order
not to unnecessarily obscure the present invention.
[0019] The word "wafer," as used herein, denotes
without limitation, semiconductor substrates, hard
drive disks, optical discs, glass substrates, and flat
panel display surfaces, liquid crystal display
surfaces, etc., on which materials or layers of
various materials may be formed or defined in a
processing chamber, such as a chamber in which a
plasma is established for processing, e.g., etching or
deposition. [0020] Figure 1 is a schematic plan view
of a cluster-type architecture for processing wafers
40 according to the present invention. One of many
processing chambers (or modules) 42 is shown arranged
around a transport module 44. A gate valve 46 between
each of the process modules 42 and the transport
module 44 is used to maintain an environment in the
respectivemodules 42 and 44 to facilitate the
transport of the wafer 40 into the processing module
42. Also facilitated is the wafer processing in such
module 42 by separating the processing chamber 42 from
the transport module 44. Opening the gate valve 46
again facilitates the transport of the processed wafer
40 from the processing chamber 42. A transport zone 48
is shown in dashed lines in plan view in Figure 1 and
in elevation in Figure 2. The transport zone 48 is
thus an elongated three-dimensional volume extending
from the process module 42 into the transport module
44. A transport unit 50 is shown in Figure 1 for
moving a wafer 40 into, and a processed wafer from,
the chamber 42. The processing in the chamber 42 may
use semiconductor integrated circuit technology. As
that technology transitions to sub- 100 nanometer
scale manufacturing, the presence of undesired
particles 51 in the chamber 42 has become more of a
problem, by reducing yields, for example. [0021]
Figure 2 is a schematic elevational view of one of the
processing chambers 42, showing the chamber 42
configured to reduce the effect of undesired particles
51 in the chamber 42. Figure 2 illustrates the height
of the three-dimensional transport zone 48 extending
in the chamber 42 below a first (or upper) electrode
52. The zone 48 is shown extending from the first
electrode 52 down to a second (or lower) electrode 54.
The transport zone 48 is configured with the height
extending between the electrodes 52 and 54. A space of
about 12 mm may be between each electrode 52 and 54
and the zone 48. Figure 2 thus shows the first
electrode 52 mounted in the process chamber 42 on one
side (an exemplary upper side) 64 of the transport
zone 48. Figure 2 also shows the second electrode 54
mounted in the chamber 42 spaced from the first
electrode 52 on an opposite side (an exemplary lower
side) 66 of the transport zone 48. [0022] Figure 3
shows that the second electrode 54 may be configured
as an electrostatic chuck (ESC) that is biased by a
voltage VC to electrostatically mount the wafer and
retain the wafer 40 on the second electrode 54 for the
processing. The voltage VC is referred to as a
chucking voltage, or chucking bias. The configuration
of the second electrode 54 may include passages 56
through which a gas (arrows 57) such as helium is
supplied. The exemplary helium gas 57 may be supplied
in connection with discontinuing the chucking bias,
following a plasma de-chucking process that discharges
most chucking voltage VC using an Argon plasma, for
example. In this example, after the Argon plasma
de-chucking, by the exemplary helium de-chucking
operation, the gas 57 may overcome residual forces
that tend to retain the wafer 40 on the second
electrode 54 after the chuck bias is decreased
orremoved. Figure 3 shows that with suitable reduction
of the chucking voltage VC and with supply of the gas
57 at a controlled pressure, the gas 57 lifts the
wafer 40 off the second electrode 54 to facilitate
wafer movement into the transport zone. The wafer is
thus released from the chuck 54. The lifted wafer 40
is said to float above the second electrode 54. The
lifted (released) wafer 40 is shown in Figure 3 having
been lifted further by lifting pins 67 and having
entered the transport zone 48. Figure 3 shows the
wafer in an up position, in condition for pickup by
the transport unit 50. [0023] Analysis of the life of
an ESC conducted by Applicants of the present
invention revealed that repeated application of the
bias voltage VC to the ESC and removal of the bias
voltage from the ESC 54 causes friction between the
upper ESC surface and the wafer lower (back) surface
that is supported by the upper ESC surface. Such
friction tends to deteriorate the ESC. The analysis
indicated that particles 58 (FIG. 3) of the ESC may
flake off the ESC. The flaked-off particles 58 may
enter the transport zone 48, where the particles 58
are 



referred to as "undesired" particles 51, and may
become loose in the chamber 42. The processing of the
wafer 40 was also studied, including effects of a
plasma 60 that may be established in the chamber 42
for wafer processing (e.g., etching) and other
purposes. Such analysis also indicated that the plasma
60 may also be a source of other particles 62 in the
transport zone 48 within the chamber 52. Such analysis
also revealed that the particles 58 from the plasma 60
may be negatively charged. Further, such Applicants
identified the particles 58 from the ESC as being
positively charged. [0024] To reduce amounts of the
undesired particles 5 1 in the chamber 42 following
wafer processing, and in a general sense, Figure 4
shows one embodiment of the present invention in which
the first electrode 52 may be configured as a
multi-state electrode mounted in the process chamber
42. Similarly, in such embodiment the second electrode
54 may be configured as a multi-state electrode
mounted in the chamber 42 spaced from the first
electrode 52. An electrode bias controller 68 may
control configuration of the multi-state aspects of
the electrodes 52 and 54. The controller 68 is
configured to bias the electrodes 52 and 54 for
operation in each of two exemplary states. A first of
the states (or state 1) is a process state in which
the controller 68 activates a state 1 controller 70.
The operations of state 1 controller 70 may include
operations of a program for performing a transport
recipe R using a personal computer 69. Thus, state 1
controller 70 may initially control the gate valve 46
to facilitate transport of the wafer 40 into one of
the processing chambers 42, and then toseparate that
processing chamber 42 from the transport module 44.
With the valve 46 open, the transport unit 50 may move
in the transport zone 48 to deliver the wafer from the
transport module 44 to the process chamber 52, placing
the wafer on the ESC 54. State 1 controller 70 is also
configured to cause application of an RF potential VRF
to the ESC 54 and to connect the first electrode 52 to
ground. In state 1, the controller 70 thus energizes
the ESC 54 with a suitable value of the potential VRF
(e.g., 2, 27, or 60 MHz), and the plasma 60 is
established in the chamber 42 for processing the wafer
40, e.g., for a typical etching process. [0025] A
second of the states (or state 2) is a transport (or
wafer transport) state in which the controller 68 is
configured to start a state 2 controller 72 and to
cause state 1 controller 70 to terminate operation of
plasma processing of the wafer 40. Simultaneously with
termination of that plasma processing and a resulting
switching off of the state 1 electrode bias VRF (i.e.,
terminating that bias), the second state controller 72
initiates a change to state 2 bias. In state 2 bias,
the controller 72 connects the second electrode 54 to
ground and applies a positive DC potential VDC to the
first electrode 52. Figure 4 shows that in the
transport state (state 2), via the operation initiated
by the controller 68, the state 2 controller 72
controls a value of the positive voltage VDC potential
so that charged particles 58 and 64 in the chamber 42
are urged away from the wafer 40 and out of the
transport zone 48 to condition the transport zone 48
for moving the wafer 40 out of the chamber 42. The
word "condition" refers to the transport zone 48
containing, or having therein, a reduced amount of
particles 5 1 as compared to an amount of particles 5
1 in the zone 48 in state 1, for example. With respect
to the negatively charged particles 62, for example,
the urging away is toward and to the upper electrode
52. The positive potential VDC is selected to retain
the negative particles 62 at the upper electrode 52
until removed, such as by a waferless auto cleaning
process after completion of the plasma etching and
removal of the wafer from the chamber 42. With respect
to the positively charged particles 58, for example,
the urging away from the wafer 40 is a repelling of
the particles 58 downwardly back to and into the chuck
54 until removed as described above. [0026] Operations
in state 2 under control of state 2 controller 72
include discontinuing the chucking bias. For example,
the value of the chucking voltage VC may be decreased
to initiate a de-chucking operation. As the value of
VC decreases, the gas 57 is supplied to the passages
56. The gas 57 overcomes residual forces that tend to
retain the wafer 40 on the second electrode 54 after
the chuck bias VC is sufficiently decreased or
removed. The supplyof the gas 57 to the passages 56
thus overcomes the holding force of the ECS 54 on the
wafer 40 (i.e., overcomes the holding force that is
toward the electrostatic chuck 54). In Figure 5 the
wafer 40 is shown having been moved upwardly into the
transport zone 48 by the gas 57 and the pins 67
(Figure 3). As the positive particles 58 are repelled
to the lower electrode 54, the wafer 40 (that is now
in the transport zone 48) is subjected to reduced
amounts of undesired particles 51. [0027] The control
by the state 2 controller 72 of a value of the
positive voltage VDC potential (i.e., to urge the
charged particles 58 and 64 in the chamber 42 away
from the wafer 40 and out of the transport zone 48)
results in the establishment of an electric field (see
lines EF in Figure 5) between the electrodes 52 and 54
and across the transport zone 48. The field EF applies
an electrostatic force F on charged particles 58 and
62 that are between the electrodes 52 and 54. The
force F on the positively charged particles 58
(downwardly as shown in Figure 5) traps positively
charged particles 58 by holding the particles 58 to
the electrostatic chuck 54 (see trapped particles 58T,
Figure 5). As shown in Figure 5, with the wafer 40 in
the transport zone 48, the trapped particles 58T are
away from the wafer that is in the transport zone 48.
[0028] The force F also traps negatively charged
particles 62 by urging the particles 62 upwardly to
the upper electrode 52, which is out of and above the
transport zone 48 (see trapped particles 62T, Figure
5). As shown in Figure 5, with the wafer 40 in the
transport zone, and with the trapped particles 62 on
the upper electrode 52, the trapped particles 62 are
away from the wafer, and the wafer is subjected to
fewer undesired particles 5 1 and is in condition for
transport from the chamber 42. [0029] The state 2
controller 72 is further configured to retain state 2
by simultaneously maintaining the positive DC
potential VDC applied to the first electrode 52, by
maintaining the second electrode 54 connected to
ground, by continuing to supply the gas 57 to the
passages 56, and by actuating the lifter pins 67 to
further lift the wafer 40 (i.e., across the space 88
into the transport zone 48). While retaining state 2
in this manner, the state 2 controller 72 also
initiates operation of the wafer transport unit 50 so
that an end effector 74 (Figure 5) is moved into the
chamber 42 in the transport zone 48. When the end
effector 74 is aligned with the wafer 40, the
controller 72 causes the end effector 74 to pick the
wafer up from the up position (resting on the lifter
pins 67). Figure 3 shows the wafer 40 in the up
position on the lifter pins 67 (not shown in Figure 5)
in the transport zone 48 above the ESC54. The end
effector 74 picks up the wafer and then retracts
through the transport zone 48, moving the wafer into
the transport module 54 while carrying the wafer 40 in
the transport zone 58 and while the respective trapped
negative and positive particles 62 and 58 remain away
from the transported wafer 40. In more detail, the
wafer transport unit 50 shown in Figure 1 may be
configured for movement in the transport zone 48 and
spaced from the electrodes 52 and 54 for moving the
released wafer 40 out of the chamber 42. The moving of
the wafer 40 is thus in the transport zone 48 with the
released wafer 40 being maintained away from the
particles 58 that are trapped at the electrostatic
chuck 54. The released wafer 40 is also maintained
away from the particles 62 that are urged toward the
upper electrode 54. [0030] Figure 5 shows that in one
embodiment the change to state 2 bias is effected by
the second state controller 72 connecting a power
supply 76 to the first electrode 52. The power supply
76 is configured to establish the field EF by applying
the positive DC potential to the first electrode 52
with the second electrode 54 connected to ground via
the switch 73. The electrostatic field EF is
established between the electrodes 52 and 54 and
across the transport zone 48. As configured, the power
supply 76 causes the field EF to apply the
electrostatic forces F. The field EF traps particular
ones of the particles 51 at a particular one of the
electrodes so that particles 5 1 in the chamber 42 are
"urged away" as defined above. For example, as
described above, the force F on the positively charged
particles 58 (downwardly as shown in Figure 5) traps
positively charged particles 58 by holding the
particles 58 to the electrostatic chuck 54. As shown
in Figure 5 the trapped particles 58 are away from the
wafer 40 that is in the transport zone 48. Also as
described above, the force F also traps negatively
charged particles 62 by urging the particles 62
upwardly toward and to the upper electrode 52, which
is out of and above the transport zone 48 and thus
away from the transport zone 48. [0031] In one
embodiment, the power supply 76 shown in Figure 5 may
be configured so that the positive DC potential
applied to the first (upper) electrode 52 is in a
range of from about 30 volts to about 100 volts.
[0032] In another embodiment, the wafer transport unit
50 shown in Figure 1 may be configured for movement in
the transport zone 48 and spaced from the electrodes
52 and 54 for moving the released wafer 40 out of the
chamber 42. The moving of the wafer 40 is thus in the
transport zone 48 with the released wafer 40 being
maintained away from the particles 58 that are trapped
at the electrostatic chuck 54.[0033] In review,
embodiments of the present invention reduce an amount
of particles 51 in the transport zone 48 in the
process chamber 42, such as after plasma processing of
the wafer 40. The embodiments are configured for
operation in the two states, the first state being the
state for processing the wafer 40. The second state is
the wafer transport state for removing the processed
wafer 40 from the chamber 42. The first multi-state
electrode may be electrode 52 mounted in the process
chamber 42. The second multi-state electrode may be
the lower electrode 54 mounted in the chamber 42
spaced from the first electrode 52. By the passages 56
and the lifting pins 67 and the reduction of the
chucking bias VC, the second electrode 54 is
configured to de-chuck the wafer 40. Figures 3 & 5
show the de-chucking into the transport zone 48 after
wafer processing. The electrode bias controller 68 is
configured to bias the electrodes 52 and 54 for
operation in each of the states, and acts through the
state controllers 70 and 72. For the second (wafer
transport) state the controller 68 causes the state 



2 controller 72 to be configured to simultaneously (i)
connect the second electrode 54 to ground, (ii) to
apply the positive DC potential VDC to the first
electrode 52, and (iii) to cause the second electrode
54 to de-chuck the wafer 40 to position the wafer in
the transport zone 48 (e.g., via the gas 57 and the
pins 67). For this second state, the controller 72 is
thus configured to control the value of the positive
DC potential VDC so that charged undesired particles
51 in the chamber 42 are urged away from the wafer 40
to condition the transport zone 48 for moving the
wafer 40 out of the chamber 42. The wafer transporter
50 carries the de-chucked wafer 40 through the chamber
42. In state 2, the particles 5 1 in the chamber 42
may include the negatively charged particles 62
between the electrodes 52 and 54, for example, and the
positively charged particles 58 released from the
second electrode 54. The controller 72 is described as
configured to maintain the positive DC potential VDC
applied to the first electrode 52 and to maintain the
second electrode 54 connected to ground, and to
initiate operation of the wafer transporter 50 to
carry the wafer 40. The maintained potential VDC and
connection to ground are effective to trap the
respective negative and positive particles 62 and 58
away from the wafer 40 as the transporter 50 carries
the wafer through the transport zone 48. [0034] In
another embodiment, Figure 4 shows a support 78 for
mounting the respective first and second electrodes 52
and 54 spaced from each other (one support 78 being
shown for the electrode 52, it being understood that a
similar support is provided for the electrode 54).
Figure 5 shows the transport zone 48 between and
separated from the electrodes 52 and 54.The state 2
controller 72 is described as setting the controlled
value of the DC potential VDC so that negatively
charged particles 62 are urged away to the first
electrode 52 that is out of the transport zone 48. It
may be understood that with ground connected to the
second electrode 54, and with the set value VDC
biasing the electrode 52, the positively charged
particles 58 are urged toward the second electrode 54
and out of the transport zone 48. [0035] In another
embodiment, FIG. 5 shows the wafer transport unit 50
configured with an arm 80 that carries the end
effector 74. The arm 80 is mounted for the movement
into and out of the chamber 42, and to lift the wafer
from and set the wafer onto the lifter pins 67. The
arm 80 is configured so that this movement is in the
transport zone 48. Figure 5 also shows that the second
electrode 54 may be configured as the electrostatic
chuck. Chuck 54 may be provided with a wafer mount
surface 82, three of the lifter pins 67 extending
through the surface 82, and the passages 56 defined
through the surface 82. The passages 56 are configured
to guide exemplary helium gas 57 (a de-chucking gas)
to the wafer to de-chuck the wafer 40 from the surface
82 into the transport zone 48 after wafer processing,
as shown in Figure 3. With the positive DC potential
VDC applied to the electrode 52, the field EF is
across the transport zone 48 from the first electrode
52 to the second electrode 54 to urge away charged
particles 51 out of the transport zone 48 so that the
processed and de-chucked wafer 40 moved by the arm 80
in the transport zone 48 is subjected to the reduced
amount of charged particles 51. [0036] In another
embodiment of the present invention, a method is
provided for preparing a process chamber for
transporting a processed wafer from the process
chamber. The chamber may be the chamber 42 and the
wafer may be the wafer 40 to be transported in the
transport zone 48 when the wafer 40 is removed from
the support electrode 54 that mounts the wafer 40 for
the processing. Figure 3 shows that the processing
tends to release the undesired particles 5 1 into a
process space 86 in the chamber 42. In Figure 5 the
electrode 54 is shown opposite to the support
electrode 52 and the electrodes 52 and 54 define the
process space 86. Figure 6 illustrates a flow chart 90
of the method, which may move from start to an
operation 92 of defining a wafer transport zone in the
process space so that a separate part of the process
space separates the zone from each of the electrodes.
The wafer transport zone may be the zone 48, which is
in the process space 86. Figure 5 shows that a
separate part 88 of the process space 86 may separate
the transport zone 48 from each of the electrodes 52
and 54. The method may move to an operation 94 of
urging particles in the chamber away from thewafer by
simultaneously performing certain further operations.
The urging may be of undesired particles 51, including
positively charged particles 58 and negatively charged
particles 62. The certain further operations of
operation 94 are shown including an operation 96 of
terminating plasma processing of the wafer. Operation
96 may be performed as described above by the
controller 68, which is configured to start state 2
controller 72 and to cause state 1 controller 70 to
terminate operation of plasma processing of the wafer
40. As described above, termination of that plasma
processing results in switching off of the state 1
electrode bias VRF (i.e., terminating that bias).
[0037] Operation 94 of urging particles in the chamber
away from the wafer by simultaneously performing
certain further operations may further include an
operation 98. Operation 98 connects the support
electrode to ground. The support electrode is the
lower electrode 54 that supports the wafer 40. For the
second (wafer transport) state the controller 68 may
cause the controller 72 to be configured to connect
the second electrode 54 to ground as shown in Figure
5. [0038] Operation 94 of urging particles in the
chamber away from the wafer by simultaneously
performing certain further operations may further
include an operation 100. Operation 100 may apply the
positive DC potential VDC to the electrode 52. Again,
for the wafer transport state the controller 68 may
cause the controller 72 to apply the potential VDC to
the upper electrode 52 as shown in Figure 5. [0039]
Operation 94 of urging particles in the chamber away
from the wafer by simultaneously performing certain
further operations may further include an operation
102. Operation 102 may cause the second electrode 54
to de-chuck the wafer 40 to position the wafer in the
transport zone 48 (as shown in Figure 3). Again, for
the wafer transport state the controller 68 may cause
the controller 72 to reduce the chucking bias VC, to
cause the supply of the gas 56 to the lower electrode
(the chuck) 54, and to actuate the lifter pins 67.
This causes the second electrode 54 to de-chuck the
wafer 40 and to position the wafer in the transport
zone 48, and the method is done. [0040] For the second
state, these operations 96, 98, 100, and 102 enable
the controlled value of the positive DC potential VDC
to urge charged particles 51 in the chamber 42 away
from the wafer 40 to condition the transport zone 48
for moving the wafer 40 out of the chamber 42. The
wafer transporter 50 lifts and then carries the
de-chucked wafer 40 through the chamber 42 in the
transport zone 48, which is away from the undesired
particles 51. Asdescribed above, in state 2 the
particles 5 1 in the chamber 42 may include the
negatively charged particles 62 between the electrodes
52 and 54, for example, and the positively charged
particles 58 released from the second electrode 54.
The positive DC potential VDC is maintained applied to
the first electrode 52, and may be at the positive DC
potential in the range of from about 30 volts to about
100 volts. The second electrode 54 is maintained
connected to ground. The wafer 40 remains de-chucked
after being moved from the support electrode 54 across
one of the separate parts 88 (the lower part 88) of
the process space 86 and into the transport zone 48
away from the particles 5 1 that are urged away from
the transport zone. Then, the operation of the wafer
transporter 50 to carry the wafer 40 may be initiated.
The maintained potential VDC and connection to ground
are effective to continue to urge the particles away
from the transport zone 48 and trap the respective
negative and positive particles 62 and 58 away from
the wafer 40 as the transport unit 50 carries the
wafer through the transport zone 48. [0041] Although a
few embodiments of the present invention have been
described in detail herein, it should be understood,
by those of ordinary skill, that the present invention
may be embodied in many other specific forms without
departing from the spirit or scope of the invention.
Therefore, the present examples and embodiments are to
be considered as illustrative and not restrictive, and
the invention is not to be limited to the details
provided therein, but may be modified and practiced
within the scope of the appended claims. What is
claimed is:Claims 1. Apparatus for trapping particles
away from a wafer transport zone in a process chamber
after plasma processing of the wafer, the apparatus
comprising: a first electrode mounted in the process
chamber on one side of the transport zone; a second
electrode mounted in the chamber spaced from the first
electrode on an opposite side of the transport zone;
and a power supply connected to the first electrode to
establish an electrostatic field between the
electrodes and across the transport zone, the field
trapping particular ones of the particles at a
particular one of the electrodes so that particles in
the chamber are urged away from the transport zone. 2.
Apparatus as recited in claim 1, wherein: the power
supply is configured to establish the field by
applying a positive DC potential to the first
electrode with the second electrode connected to
ground. 3. Apparatus as recited in claim 2, wherein:
negatively charged particles tend to be in the chamber
after the plasma processing of the wafer; and the
configured power supply causes the field to apply
electrostatic forces on the negatively charged
particles, the forces urging the negatively charged
particles against the first electrode and away from
the transport zone. 4. Apparatus as recited in claim
2, wherein: the second electrode is configured to
electrostatically mount the wafer in the chamber for
processing; 



the second electrode tends to release positively
charged particles into the transport zone of the
chamber; and the configured power supply causes the
field to apply electrostatic forces on the positively
charged particles, the forces urging the positively
charged particles toward the second electrode and away
from the transport zone.I S 5. Apparatus as recited in
claim 1, wherein: the particles in the chamber
comprise negatively charged particles in the transport
zone between the electrodes and positively charged
particles that are releasable from the second
electrode; and the power supply is configured to
establish the field, the field being established by
applying a positive DC potential to the first
electrode with the second electrode connected to
ground, the field applying electrostatic forces that
hold negatively charged particles against the first
electrode and away from the transport zone, the forces
urging positively charged particles toward the second
electrode and away from the transport zone. 6.
Apparatus as recited in claim 3, wherein the positive
DC potential is in a range of from about 30 volts to
about 100 volts. 7. Apparatus as recited in claim 4,
wherein the positive DC potential is in a range of
from about 30 volts to about 100 volts. 8. Apparatus
as recited in claim 1, wherein: the second electrode
is configured as an electrostatic chuck to mount the
wafer in the chamber for processing; the second
electrode tends to release positively charged
particles into the transport zone of the chamber; the
electrostatic chuck is configured to supply gas
against the wafer to release the wafer from the
electrostatic chuck to facilitate moving the wafer
into the transport zone; and the power supply is
configured to establish the field by applying a
positive DC potential to the first electrode with the
electrostatic chuck connected to ground, the
configured power supply causing the field to apply an
electrostatic forces that trap positively charged
particles at the electrostatic chuck away from the
wafer in the transport zone. 9. Apparatus as recited
in claim 8, the apparatus further comprising: a wafer
transport unit configured for movement in the
transport zone and spaced from the electrodes for
moving the released wafer out of the chamber, the
moving being in thetransport zone with the released
wafer being maintained away from the particles that
are trapped at the electrostatic chuck. 10. Apparatus
as recited in claim 9, wherein: negatively charged
particles tend to be in the chamber after plasma
processing of a wafer; and the configured power supply
causes the field to apply electrostatic forces between
the electrodes to urge negatively charged particles
against the first electrode and away from the wafer
moved by the wafer transport unit. 11. Apparatus for
reducing an amount of particles in a transport zone in
a process chamber after plasma processing of a wafer,
the apparatus being configured for operation in two
states, a first state being a state for processing the
wafer, a second state being a wafer transport state
for removing the processed wafer from the chamber, the
apparatus comprising: a first multi-state electrode
mounted in the process chamber; a second multi-state
electrode mounted in the chamber spaced from the first
electrode, the second electrode being configured to
de-chuck the wafer into the transport zone after wafer
processing; and an electrode bias controller
configured to bias the electrodes for operation in
each of the states, for the wafer transport state the
controller being configured to simultaneously (i)
connect the second electrode to ground, (ii) apply a
positive DC potential to the first electrode, and
(iii) cause the second electrode to de-chuck the wafer
to facilitate positioning the wafer in the transport
zone. 12. Apparatus as recited in claim 11, wherein,
for the second state, the controller is configured to
control a value of the positive DC potential so that
charged particles in the chamber are urged away from
the wafer to condition the transport zone for moving
the wafer out of the chamber. 13. Apparatus as recited
in claim 11, the apparatus further comprising a wafer
transporter for carrying the de-chucked wafer through
the transport zone; and wherein:the particles in the
chamber comprise negatively charged particles between
the electrodes and positively charged particles
released from the second electrode; and the controller
is further configured to maintain the positive DC
potential applied to the first electrode and to
maintain the second electrode connected to ground and
to initiate operation of the wafer transporter to
carry the wafer, the maintained potential and
connection to ground being effective to urge negative
and positive particles away from the wafer as the
transporter carries the wafer through the transport
zone. 14. Apparatus as recited in claim 11, wherein
the particles in the chamber comprise negatively
charged particles between the electrodes and
positively charged particles released from the second
electrode; the apparatus further comprising: supports
for mounting the first and second electrodes spaced
from each other with the transport zone between and
separated from the electrodes; wherein: the controller
sets the controlled value of the DC potential so that
negatively charged particles are urged away to the
first electrode out of the transport zone; and with
the ground connection and with the set value biasing
the respective electrodes, the positively charged
particles are urged toward the second electrode and
out of the transport zone. 15. Apparatus as recited in
claim 11, the apparatus further comprising a wafer
transport arm mounted for movement into and out of the
chamber, the arm being configured so that the movement
is in the transport zone; and wherein: the second
electrode is configured as an electrostatic chuck
provided with a wafer mount surface and with passages
defined through the surface, the passages being
configured to guide a de-chucking gas to the wafer to
de-chuck the wafer from the surface and facilitate
wafer movement into the transport zone after wafer
processing; and the positive DC potential is across
the transport zone from the first electrode to the
second electrode to urge away charged particles out of
the transport zone so that the processed and
de-chucked wafer moved by the arm in the transport
zone is subjected to a reduced amount of charged
particles.16. Apparatus as recited in claim 11,
wherein the controller is configured to apply the
positive DC potential in a range of from about 30
volts to about 100 volts. 17. A method of preparing a
process chamber for transporting a processed wafer
from the process chamber, a support electrode mounting
the wafer for the processing, the processing tending
to release undesired particles into a process space in
the chamber, a second electrode opposite to the
support electrode defining the process space; the
method comprising the operations of: defining a wafer
transport zone in the process space so that a separate
part of the process space separates the zone from each
of the electrodes; and urging particles in the chamber
away from the wafer by simultaneously performing the
further operations of: (i) terminating plasma
processing of the wafer, (ii) connecting the support
electrode to ground, (iii) applying a positive DC
potential to the second electrode, and (iv)
de-chucking the wafer from the support electrode into
the transport zone. 18. A method as recited in claim
17, wherein: particles in the process space comprise
negatively charged particles and positively charged
particles; and the further operations of connecting
and applying urge the particles out of the transport
zone. 19. A method as recited in claim 17, wherein the
further operation of applying applies the positive DC
potential in a range of from about 30 volts to about
100 volts. 20. A method as recited in claim 18,
wherein the further operation of de-chucking is by
moving the wafer from the support electrode across one
of the separate parts of the process space and into
the transport zone away from the particles that are
urged away from the transport zone. 


