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(57) ABSTRACT

Methods for treating a patient having a disease or damage to
at least one kidney are provided. The methods comprise
administering cells obtained from human umbilical cord tis-
sue, or administering pharmaceutical compositions compris-
ing such cells or prepared from such cells. When adminis-
tered, the cells promote and support the repair and
regeneration of the diseased or damaged kidney tissue in the
patient. Pharmaceutical compositions for use in the inventive
methods, as well as kits for practicing the methods are also
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6

BUN
75

&)}
O‘
1

BUN (mg/dl)

N
]




Patent Application Publication Apr.9,2009 Sheet7of 8 US 2009/0092653 A1

Figure 7
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Figure 8
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REPAIR AND REGENERATION OF RENAL
TISSUE USING HUMAN UMBILICAL CORD
TISSUE-DERIVED CELLS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit to U.S. Provisional
Patent Application No. 60/977,775, filed Oct. 5, 2007, the
contents of which are incorporated by reference herein, in
their entirety.

FIELD

[0002] The invention relates generally to the field of cell-
based therapeutics. More specifically, the invention relates to
the use of umbilical cord tissue-derived cells to repair and
regenerate diseased or damaged kidneys.

BACKGROUND

[0003] Various publications, including patents, published
applications, technical articles and scholarly articles are cited
throughout the specification. Each of these cited publications
is incorporated by reference herein, in its entirety and for all
purposes.

[0004] Kidney disease is a serious, unmet medical condi-
tion with an annual U.S. cost burden exceeding $27 billion.
Currently, more than 40 million Americans are at risk for or
have kidney disease, and the incidence is increasing at an
alarming rate of 6% per year. Therefore, by the year 2020, an
estimated one in four people will have end-stage renal disease
(ESRD), requiring either dialysis or kidney transplantation.
To alleviate these economic and medical challenges, novel,
transformational technologies for the treatment of both acute
renal failure (ARF) and chronic kidney disease (CKD) are
necessary.

[0005] Acute renal failure, also referred to as acute tubular
necrosis, is a common syndrome affecting up to 7% of all
hospitalized patients (Kelly et al. (2000) Semin. Nephrol.
1:4-19). ARF is the sudden loss of the ability of the kidneys to
excrete wastes, concentrate urine, and conserve electrolytes.
ARF most often occurs after an individual is exposed to
nephrotoxic agents or following an ischemic-reperfusion
event. Other causes include infection, urinary tract obstruc-
tion and some blood and autoimmune disorders. These insults
induce damage to the functional component of the kidney, the
nephron. More specifically, cells of the proximal tubule
become necrotic. The tubule cells then detach from the tubu-
lar basement membrane, obstructing the tubular lumen. This
obstruction leads to an increase in intratubular pressure, caus-
ing filtrate leakage from the nephron into the surrounding
renal parenchyma. The reduction in nephron function and the
accumulation of filtrate in the kidney tissue leads to a
decrease in the rate of glomerular filtration, and ultimately
renal failure ensues. Although ARF is a serious, life-threat-
ening disorder, it is reversible.

[0006] Several therapeutic methods have been proposed,
aimed at reducing or eliminating ARF. Most notably,
advanced dialysis techniques are frequently employed. None-
theless, the mortality rate among dialysis-treated ARF
patients still remains 30-80%, indicating that dialysis has
little therapeutic value in treating ARF. (Morigi et al. (2004)
J. Am. Soc. Nephrol. 15:1794-804). In addition, pharmaco-
logical-based therapies such as dopamine, furosmide, man-
nitol or atrial natriuretic peptide administration, have failed in

Apr. 9, 2009

clinical studies (Haug et al. (1993) Transplantation 55:766-
772; Lieberthal and Nigam (2000) Am. J. Physiol. Renal
Physiol. 278: F1-F12). These data suggest that the traditional
strategy for developing an ARF therapy is inadequate and that
a new rationale must be implemented.

[0007] Recovery of renal function following ARF is depen-
dent on the replacement of necrotic tubular cells with func-
tional tubular epithelium. After injury, tubules are capable of
self repair, forming new proximal tubular cells to replace
failing or necrotic cells. The origin of the progenitor cells that
give rise to new tubular cells is unknown. However, it is
possible that tubular regeneration follows the stem cell/tran-
sit-amplifying cell paradigm described for more rapidly
regenerating organ systems.

[0008] Recent studies have demonstrated that bone mar-
row-derived mesenchymal stem cells (MSCs) are renotropic
and help to repair the kidneys after drug- and ischemia-in-
duced ARF (Morigi et al. 2004). It has also been recently
shown that intracarotid administration of 1x10° MSCs per rat
with ischemia/reperfusion injury resulted in significantly
improved renal function (Togel et al. (2005) Am. J. Physiol.
Renal Physiol. 289(1):F31-42). It was further shown that the
protective effects of MSCs were independent of stem cell
differentiation, but rather were the result of secretion of reno-
protective trophic factors.

[0009] Incontrastto ARF, chronic kidney disease (CKD) is
a gradual and progressive loss of kidney function. It is gen-
erally irreversible and ultimately leads to end-stage renal
disease. In the United States, CKD is becoming increasingly
common and is associated with poor health outcomes and
high medical costs. The National Kidney Foundation esti-
mates that 20 million Americans have CKD, and at least 20
million additional people are at risk for developing CKD. If
left untreated, CKD can lead to significant morbidity and
mortality from anemia, electrolyte imbalances, bone disease,
cardiovascular disease, and kidney failure.

[0010] Progressive renal disease results from a combina-
tion of the initial disease injury (e.g, hypertension), followed
by a maladaptive renal response to that injury. Such a
response includes the production of pro-inflammatory and
pro-fibrotic cytokines and growth factors. Therefore, one
strategy to slow CKD progression is to ameliorate the inflam-
matory and fibrotic response as well as repair or reverse
existing kidney damage. It has been shown that the adminis-
tration of growth factors can slow CKD progression. For
example, bone morphogenic protein-7 (BMP-7) prevented
tubular atrophy, interstitial inflammation and fibrosis in rats
withunilateral ureteric obstruction. Similarly, BMP-7 admin-
istration reduced tubulointerstitial fibrosis and glomerulo-
sclerosis in the MRL lpt/lpr mouse model of lupus nephritis.
In addition, hepatocyte growth factor has been shown to have
potent anti-inflammatory and anti-fibrotic efficacy in a wide
variety of animal models of kidney injury. Other factors that
have shown therapeutic promise include transforming growth
factor-p1, vascular endothelial growth factor (VEGF), con-
nective tissue growth factor, fibroblast growth factor-2 (FGF-
2), Interleukins, tumor necrosis factor, and monocyte chemo-
tactic protein-1. These studies all demonstrate that the
administration of growth factors is a promising therapeutic
approach for the preventative treatment of CKD.

[0011] Despite existing medical treatment options, mortal-
ity rates remain very high and the incidence of'kidney disease
is on the rise. Therefore, a need exists in the art for an
improved, potentially curative therapy. Today, no therapeutic
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intervention attempts to halt or even reverse kidney disease
progression. The present invention provides therapeutic
methods that show great renoprotective promise, and pro-
mote endogenous renal regeneration, replace necrotic renal
cells and ultimately prevent ESRD.

SUMMARY

[0012] In accordance with one aspect, the invention pro-
vides methods for treating a patient having a disease of or
damage to at least one kidney. For example, the damage to the
kidney may be induced by age, trauma, toxin exposure, drug
exposure, radiation exposure, oxidation, immune-complex
deposition, or transplant rejection. The methods comprise
administration to the patient of umbilical cord tissue-derived
cells in an amount effective to treat the disease or damage.
The umbilical cord tissue from which the cells are obtained is
preferably substantially free of blood. The umbilical cord
tissue-derived cells are preferably capable of self-renewal
and expansion in culture and have the potential to differenti-
ate, for example, to a kidney phenotype; require L-valine for
growth; can grow in at least about 5% oxygen; do not produce
CD117 or HLA-DR; express alpha smooth muscle actin; and
express, relative to a human fibroblast, mesenchymal stem
cell, or iliac crest bone marrow cell increased levels of oxi-
dized low density lipoprotein receptor 1, interleukin 8, or
reticulon 1. In some embodiments, the umbilical cord tissue-
derived cells express oxidized low density lipoprotein recep-
tor 1, reticulon, chemokine receptor ligand 3, and/or granu-
locyte chemotactic protein 2. In preferred aspects, the
umbilical cord tissue-derived cells express CD10, CD13,
CD44, CD73, and CD90. In some embodiments, the umbili-
cal cord tissue-derived cells are induced in vitro to differen-
tiate into renal lineage cells prior to administration to the
patient. The umbilical cord tissue-derived cells may be
genetically engineered to express a gene product that pro-
motes repair and/or regeneration of kidney tissue. In some
embodiments of the invention, the umbilical cord tissue-de-
rived cells are administered with at least one other cell type,
such as but not limited to a proximal tubule epithelial cell,
loop of Henle epithelial cell, distal tubule cell, collecting duct
cell, glomerulus parietal cell, glomerulus podocyte, mesan-
gial cell, vascular endothelial cell, intersticial cell, or other
multipotent or pluripotent stem cell. The at least one other cell
type may be administered simultaneously with, or before, or
after, the umbilical cord tissue-derived cells. In some aspects
of the invention, the umbilical cord tissue-derived cells are
administered with at least one agent. The agent may be
administered simultaneously with, before, or after adminis-
tration of the umbilical cord tissue-derived cells. In some
preferred aspects of the invention, the umbilical cord tissue-
derived cells exert a trophic effect on the kidney of the patient.
In accordance with some aspects of the invention, the cells
may be administered by injection or infusion. In some
embodiments, the cells are administered encapsulated within
an implantable device. In some embodiments of the inven-
tion, the cells are administered by implantation of a device
comprising the cells.

[0013] In accordance with another aspect, the invention
provides methods of treating a patient having a disease of or
damage to at least one kidney by administering to the patient
a composition comprising a soluble cell fraction, lysate,
extracellular matrix, or conditioned medium prepared from
umbilical cord tissue-derived cells, wherein the umbilical
cord tissue is substantially free of blood, and wherein the cells
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are capable of self-renewal and expansion in culture and have
the potential to differentiate; require L-valine for growth; can
grow in at least about 5% oxygen; do not produce CD117 or
HLA-DR; express alpha smooth muscle actin; and express,
relative to a human fibroblast, mesenchymal stem cell, or iliac
crest bone marrow cell increased levels of oxidized low den-
sity lipoprotein receptor 1, interleukin 8, or reticulon 1.

[0014] In accordance with another aspect, the present
invention provides pharmaceutical compositions for treating
apatient having a disease of or damage to at least one kidney,
the composition comprising a pharmaceutically acceptable
carrier and umbilical cord tissue-derived cells in an amount
effective to treat the disease or injury, wherein the umbilical
cordtissue is substantially free of blood, and wherein the cells
are capable of self-renewal and expansion in culture and have
the potential to differentiate; require L-valine for growth; can
grow in at least about 5% oxygen; do not produce CD117 or
HLA-DR; express alpha smooth muscle actin; and express,
relative to a human fibroblast, mesenchymal stem cell, or iliac
crest bone marrow cell increased levels of oxidized low den-
sity lipoprotein receptor 1, interleukin 8, or reticulon 1. In
some embodiments, the damage to the kidney may be caused
by age, trauma, toxin exposure, drug exposure, radiation
exposure, oxidation, immune-complex deposition, or trans-
plant rejection. In some embodiments, the umbilical cord
tissue-derived cells are induced in vitro to differentiate into
renal lineage cells prior to formulation of the composition. In
some embodiments, the umbilical cord tissue-derived cells
are genetically engineered to express a gene product that
promotes repair and/or regeneration of kidney tissue. In some
embodiments, the pharmaceutical composition includes at
least one other cell type. The at least one other cell type may
be but is not limited to a proximal tubule epithelial cell, loop
of' Henle epithelial cell, distal tubule cell, collecting duct cell,
glomerulus parietal cell, glomerulus podocyte, mesangial
cell, vascular endothelial cell, intersticial cell, or other mul-
tipotent or pluripotent stem cell. In some preferred embodi-
ments, the pharmaceutical composition further includes at
least one agent. In some preferred embodiments, the pharma-
ceutical composition is formulated for administration by
injection or infusion. In some preferred embodiments of the
pharmaceutical composition of the invention, the umbilical
cord tissue-derived cells are encapsulated within an implant-
able device. In some embodiments of the pharmaceutical
composition of the invention, the cells are seeded on a matrix.

[0015] In accordance with another aspect, the present
invention provides pharmaceutical compositions for treating
apatient having a disease of or damage to at least one kidney,
comprising a pharmaceutically acceptable carrier and a
lysate, extracellular matrix, or conditioned medium prepared
from umbilical cord tissue-derived cells, wherein the umbili-
cal cord tissue is substantially free of blood, and wherein the
cells are capable of self-renewal and expansion in culture and
have the potential to differentiate; require L-valine for
growth; can grow in at least about 5% oxygen; do not produce
CD117 or HLA-DR; express alpha smooth muscle actin; and
express, relative to a human fibroblast, mesenchymal stem
cell, or iliac crest bone marrow cell increased levels of oxi-
dized low density lipoprotein receptor 1, interleukin 8, or
reticulon 1.

[0016] In accordance with another aspect, the invention
provides kits for treating a patient having a disease of or
damage to at least one kidney, comprising a pharmaceutically
acceptable carrier, umbilical cord tissue-derived cells in an
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amount effective to treat the disease or injury, wherein the
umbilical cord tissue is substantially free of blood, and
wherein the cells are capable of self-renewal and expansion in
culture and have the potential to differentiate; require L-va-
line for growth; can grow in at least about 5% oxygen; do not
produce CD117 or HLA-DR; express alpha smooth muscle
actin; and express, relative to a human fibroblast, mesenchy-
mal stem cell, oriliac crest bone marrow cell increased levels
of oxidized low density lipoprotein receptor 1, interleukin 8,
or reticulon 1, and instructions for using the kit in a method
for treating a patient having a disease of or damage to at least
one kidney. In some embodiments, the kit includes at least
one reagent for and instructions for culturing the cells. In
some embodiments, the kit includes a population of at least
one other cell type. In some embodiments, the kit includes at
least one agent.

[0017] Also provided by the present invention are kits for
treating a patient having a disease of or damage to at least one
kidney, comprising a pharmaceutically acceptable carrier, a
lysate, extracellular matrix, or conditioned medium prepared
from umbilical cord tissue-derived cells obtained from
human umbilical cord tissue, wherein the umbilical cord tis-
sue is substantially free of blood, and wherein the cells are
capable of self-renewal and expansion in culture and have the
potential to differentiate; require L-valine for growth; can
grow in at least about 5% oxygen; do not produce CD117 or
HLA-DR; express alpha smooth muscle actin; and express,
relative to a human fibroblast, mesenchymal stem cell, or iliac
crest bone marrow cell increased levels of oxidized low den-
sity lipoprotein receptor 1, interleukin 8, or reticulon 1, and
instructions for using the kit components in a method for
treating a patient having a disease or damage to at least one
kidney.

[0018] The foregoing and other features and advantages of
the invention will be apparent from the following, more par-
ticular description of preferred embodiments of the invention,
as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 shows the timeline for the execution of kid-
ney damage and repair experimentation. Bold arrows denote
time at which either cisplatin, cells or HBSS vehicle was
injected, as well as when blood draws and necropsy occurred.
[0020] FIG.2 shows the animal survival rate after induction
of kidney damage and transplantation with umbilical cord
tissue-derived cells. Treatment group number shown on the
X-axis.

[0021] FIG. 3 shows BUN measurements in mice. Serum
samples were collected on day 1-, 3-, 5- and 7-post cell
transplantation and BUN was measured. Error bars represent
SEM.

[0022] FIG. 4 shows the results from serum creatinine mea-
surements. Error bars represent the standard error of the
mean. (*) P<0.03.

[0023] FIG. 5 shows representative histological images.
Histological sections were scored for degree of tubular
degeneration. A) Vehicle treatment group. B) hUTC (0.2e6
cell dose) treatment group. Representative tubule with sig-
nificant degeneration.

[0024] FIG. 6 shows BUN analysis in rats. Error bars rep-
resent standard error of the mean. ** p value<0.005. * p
value<0.03.
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[0025] FIG. 7 shows SCr analysis in rats. Error bars repre-
sent standard error of the mean. ** p value<0.005. * p
value<0.03.

[0026] FIG. 8 shows CrCl analysis in rats. Error bars rep-
resent standard error of the mean. * p value<0.03.

DETAILED DESCRIPTION

[0027] Various terms relating to the methods and other
aspects of the present invention are used throughout the speci-
fication and claims. Such terms are to be given their ordinary
meaning in the art unless otherwise indicated. Other specifi-
cally defined terms are to be construed in a manner consistent
with the definition provided herein.

[0028] As used in this specification and the appended
claims, the singular forms “a,” “an,” and “the” include plural
referents unless the content clearly dictates otherwise. Thus,
for example, reference to “a cell” includes a combination of
two or more cells, and the like.

[0029] The term “about™ as used herein when referring to a
measurable value such as an amount, a temporal duration, and
the like, is meant to encompass variations of £20% or £10%,
more preferably +5%, even more preferably +1%, and still
more preferably £0.1% from the specified value, as such
variations are appropriate to perform the disclosed methods.
[0030] “Derived” is used to indicate that the cells have been
obtained from their biological source and grown, expanded in
culture, immortalized, or otherwise manipulated in vitro.
[0031] “Isolated” means altered “by the hand of man” from
the natural state. If a molecule or composition occurs in
nature, it has been “isolated” if it has been changed or
removed from its original environment, or both.

[0032] Theterm “express,” “expressed,” or “expression” of
anucleic acid molecule or gene refers to the biosynthesis of a
gene product, for example, the biosynthesis of a polypeptide.
[0033] “Trophic factors™ are substances that promote sur-
vival, growth, differentiation, proliferation and/or maturation
of'a cell, or stimulate increased biological activity of a cell.
[0034] “Damage” refers to any physical harm, injury,
degeneration, or trauma to the kidney.

[0035] “Pathology” refers to any structural or functional
indicia of a deviation from the normal state of a cell, tissue,
organ, or system, as measured by any means suitable in the
art.

[0036] A “disease” is any deviation from or impairment in
the health, condition, or functioning of a cell, tissue, organ,
system, or organism on the whole, as measured by any means
suitable in the art.

[0037] A “primary disease” of thekidney is any disease that
originates in, exclusively targets, substantially exclusively
targets, or substantially targets the kidney.

[0038] A “secondary disease” of the kidney is any disease
that is not a primary disease of the kidney. By way of example
and not of limitation, such diseases may non-exclusively
target, incidentally target, spread to, or otherwise affect the
kidney. This term encompasses diseases of the kidney that
arise from infections or diseases of other organs or systems of
the body, or systemic diseases that induce, sustain, or enhance
pathology to the kidneys.

[0039] “Renal” means of or relating to one or more kidneys.
[0040] “Treat,” treating” or “treatment” refer to any success
or indicia of success in the attenuation or amelioration of
disease, damage, or condition, including any objective or
subjective parameter such as abatement, remission, diminish-
ing of symptoms or making the disease, damage, or condition
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more tolerable to the patient, slowing in the rate of degenera-
tion or decline, making the final point of degeneration less
debilitating, improving a subject’s physical or mental well-
being, or prolonging the length of survival. The treatment or
amelioration of symptoms can be based on objective or sub-
jective parameters; including the results of a physical exami-
nation, neurological examination, and/or psychiatric evalua-
tions.

[0041] “Effective amount” or “therapeutically effective
amount” are used interchangeably herein, and refer to an
amount of a compound, material, or composition, as
described herein effective to achieve a particular biological
result such as, but not limited to, biological results disclosed,
described, or exemplified herein. Such results may include,
but are not limited to, the treatment of kidney disease or
damage in a subject, as determined by any means suitable in
the art.

[0042] “Pharmaceutically acceptable” refers to those prop-
erties and/or substances which are acceptable to the patient
from a pharmacological/toxicological point of view and to the
manufacturing pharmaceutical chemist from a physical/
chemical point of view regarding composition, formulation,
stability, patient acceptance and bioavailability. “Pharmaceu-
tically acceptable carrier” refers to a medium that does not
interfere with the effectiveness of the biological activity of the
active ingredient(s) and is not toxic to the host to which it is
administered.

[0043] It has been discovered in accordance with the
present invention that damaged kidneys can be repaired and
regenerated by administration of umbilical cord tissue-de-
rived cells, thereby reversing acute renal failure and enhanc-
ing the survival of animals that have suffered an insult to their
kidneys. It has also further been discovered that administra-
tion of such cells to the animals normalized levels of blood
urea nitrogen and serum creatinine in the injured animals.
Accordingly, the invention features methods for treating sub-
jects having a disease of or damage to at least one kidney. In
general, the methods comprise administering to the subject a
therapeutically effective amount of umbilical cord tissue-
derived cells such that repair and/or regeneration of the
afflicted kidney(s) occurs.

[0044] A mammalianumbilical cord can be recovered upon
or shortly after termination of either a full-term or pre-term
pregnancy, for example, following expulsion after birth or
surgical removal following a Cesarean section. Blood and
debris are removed from the umbilical cord tissue prior to
isolation of cells, for example, by washing with any suitable
medium or buffer.

[0045] Cells can be isolated from umbilical cord tissue by
mechanical force or by enzymatic digestion. Preferred
enzymes are metalloproteases, neutral proteases and muco-
lytic proteases. For example, various combinations of colla-
genase, dispase, and hyaluronidase can be used to dissociate
cells from the umbilical cord tissue. The skilled artisan will
appreciate that many such enzyme treatments are known in
the art for isolating cells from various tissue sources. For
example, the LIBERASE® Blendzyme (Roche) series of
enzyme combinations are suitable for use in the instant meth-
ods. Other sources of enzymes are known, and the skilled
artisan may also obtain such enzymes directly from their
natural sources. The skilled artisan is also well-equipped to
assess new, or additional enzymes or enzyme combinations
for their utility in isolating the cells of the invention. Preferred
enzyme treatments are 0.5, 1, 1.5, or 2 hours long or longer.
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[0046] Isolated cells can be used to initiate cell cultures.
Isolated cells are transferred to sterile tissue culture vessels
either uncoated or coated with extracellular matrix or ligands
such as laminin, collagen (native, denatured or crosslinked),
gelatin, fibronectin, and other extracellular matrix proteins.
Umbilical cord tissue-derived cells are cultured in any culture
medium capable of sustaining growth of the cells such as, but
not limited to, DMEM (high or low glucose), advanced
DMEM, DMEM/MCDB 201, Eagle’s basal medium, Ham’s
F10 medium (F10), Ham’s F-12 medium (F12), Hayflick’s
Medium, Iscove’s modified Dulbecco’s medium, Mesenchy-
mal Stem Cell Growth Medium (MSCGM), DMEM/F12,
RPMI 1640, and CELL-GRO-FREE. The culture medium
can be supplemented with one or more components includ-
ing, for example, fetal bovine serum, preferably about 2-15%
(v/v); equine serum; human serum; fetal calf serum; beta-
mercaptoethanol, preferably about 0.001% (v/v); one or more
growth factors, for example, platelet-derived growth factor
(PDGF), epidermal growth factor (EGF), fibroblast growth
factor (FGF), vascular endothelial growth factor (VEGF),
insulin-like growth factor-1 (IGF-1), leukocyte inhibitory
factor (LIF) and erythropoietin; amino acids, including [.-va-
line; and one or more antibiotic and/or antimycotic agents to
control microbial contamination, such as, for example, peni-
cillin G, streptomycin sulfate, amphotericin B, gentamicin,
and nystatin, either alone or in combination.

[0047] The cells are seeded in culture vessels at a density to
allow cell growth. In one embodiment, the cells are cultured
at about 0 to about 5 percent by volume CO, in air. In some
embodiments, the cells are cultured at about 2 to about 25
percent O, in air, preferably about 5 to about 20 percent O, in
air. The cells preferably are cultured at about 25 to about 40°
C. and more preferably are cultured at 37° C. The medium in
the culture vessel can be static or agitated, for example, using
a bioreactor. Umbilical cord tissue-derived cells are prefer-
ably grown under low oxidative stress (e.g., with addition of
glutathione, Vitamin C, Catalase, Vitamin E, N-Acetylcys-
teine), meaning no or minimal free radical damage to the
cultured cells.

[0048] Umbilical cordtissue-derived cells can be passaged,
or removed to a separate culture vessel containing fresh
medium of the same or a different type as that used initially,
where the population of cells can be mitotically expanded.
The cells of the invention may be used at any point between
passage 0 and senescence. The cells preferably are passaged
between about 3 and about 25 times, more preferably are
passaged about 4 to about 12 times, and preferably are pas-
saged 10 or 11 times. Cloning and/or subcloning may be
performed to confirm that a clonal population of cells has
been isolated.

[0049] Different cell types present in umbilical cord tissue
can be fractionated into subpopulations. This may be accom-
plished using standard techniques for cell separation includ-
ing, but not limited to, enzymatic treatment; cloning and
selection of specific cell types, for example but not limited to
selection based on morphological and/or biochemical mark-
ers; selective growth of desired cells (positive selection),
selective destruction of unwanted cells (negative selection);
separation based upon differential cell agglutinability in the
mixed population as, for example, with soybean agglutinin;
freeze-thaw procedures; differential adherence properties of
the cells in the mixed population; filtration; conventional and
zonal centrifugation; centrifugal elutriation (counter-stream-
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ing centrifugation); unit gravity separation; countercurrent
distribution; electrophoresis; fluorescence activated cell sort-
ing (FACS); and the like.

[0050] Examples of cells isolated from umbilical cord tis-
sue were deposited with the American Type Culture Collec-
tion on Jun. 10, 2004, and assigned ATCC Accession Num-
bers as follows: (1) strain designation UMB 022803 (P7) was
assigned Accession No. PTA-6067; and (2) strain designation
UMB 022803 (P17) was assigned Accession No. PTA-6068.
[0051] Umbilical cord tissue-derived cells can be charac-
terized by, for example, by growth characteristics (e.g., popu-
lation doubling capability, doubling time, passages to senes-
cence), karyotype analysis (e.g., normal karyotype; maternal
or neonatal lineage), flow cytometry (e.g., FACS analysis),
immunohistochemistry and/or immunocytochemistry (e.g.,
for detection of epitopes), gene expression profiling (e.g.,
gene chip arrays; polymerase chain reaction (for example,
reverse transcriptase PCR, real time PCR, and conventional
PCR)), protein arrays, protein secretion (e.g., by plasma clot-
ting assay or analysis of PDC-conditioned medium, for
example, by Enzyme Linked ImmunoSorbent Assay
(ELISA)), mixed lymphocyte reaction (e.g., as measure of
stimulation of PBMCs), and/or other methods known in the
art.

[0052] Invarious aspects, the umbilical cord tissue-derived
cells have one or more of the following growth features:
require L-valine for growth in culture; are capable of growth
in atmospheres containing oxygen from about 5% to at least
about 20%; have the potential for at least about 40 doublings
in culture before reaching senescence; and attach and expand
on a coated or uncoated tissue culture vessel, wherein the
coated tissue culture vessel comprises a coating of gelatin,
laminin, collagen, polyornithine, vitronectin or fibronectin.
[0053] In certain embodiments the cells have a normal
karyotype, which is maintained as the cells are passaged.
Karyotyping is particularly useful for identifying and distin-
guishing neonatal from maternal cells derived from placenta.
Methods for karyotyping are available and known to those of
skill in the art.

[0054] Inotherembodiments, the cells can be characterized
by production of certain proteins, including production of at
least one of tissue factor, vimentin, and alpha-smooth muscle
actin; and production of at least one of CD10, CD13, CD44,
CD73, CD90, PDGFr-alpha, PD-L2 and HLA-A,B,C cell
surface markers, as detected by flow cytometry. In other
embodiments, the cells may be characterized by lack of pro-
duction of at least one of CD31, CD34, CD45, CD80, CD86,
CD117, CD141, CD178, B7-H2, HLA-G, and HLA-DR,
HLA-DP, and/or HLA-DQ cell surface markers, as detected
by any suitable means such as flow cytometry. Particularly
preferred are cells that produce at least two of tissue factor,
vimentin, and alpha-smooth muscle actin. More preferred are
those cells producing all three of the proteins tissue factor,
vimentin, and alpha-smooth muscle actin.

[0055] In other embodiments, the cells have, relative to a
human cell that is a fibroblast, a mesenchymal stem cell, or an
iliac crest bone marrow cell, increased expression of a gene
encoding at least one of interleukin 8; reticulon 1; chemokine
(C-X-C motif) ligand 1 (melonoma growth stimulating activ-
ity, alpha); chemokine (C-X-C motif) ligand 6 (granulocyte
chemotactic protein 2); chemokine (C-X-C motif) ligand 3;
tumor necrosis factor, alpha-induced protein 3; C-type lectin
superfamily member 2; Wilms tumor 1; aldehyde dehydro-
genase 1 family member A2; renin; oxidized low density
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lipoprotein receptor 1; Homo sapiens clone IMAGE:
4179671; protein kinase C zeta; hypothetical protein
DKFZp564F013; downregulated in ovarian cancer 1; and
Homo sapiens gene from clone DKFZp547k1113.

[0056] Inyetother embodiments, the cells have, relative to
a human cell that is a fibroblast, a mesenchymal stem cell, or
an iliac crest bone marrow cell, reduced expression of a gene
encoding at least one of: short stature homeobox 2; heat shock
27 kDa protein 2; chemokine (C-X-C motif) ligand 12 (stro-
mal cell-derived factor 1); elastin (supravalvular aortic steno-
sis, Williams-Beuren syndrome); Homo sapiens mRNA;
cDNA DKFZp586M2022 (from clone DKFZp586M2022);
mesenchyme homeo box 2 (growth arrest-specific homeo
box); sine oculis homeobox homolog 1 (Drosophila); crys-
tallin, alpha B; disheveled associated activator of morphogen-
esis 2; DKFZP586B2420 protein; similar to neuralin 1; tet-
ranectin (plasminogen binding protein); src homology three
(SH3) and cysteine rich domain; cholesterol 25-hydroxylase;
runt-related transcription factor 3; interleukin 11 receptor,
alpha; procollagen C-endopeptidase enhancer; frizzled
homolog 7 (Drosophila); hypothetical gene BC008967; col-
lagen, type VIIL, alpha 1; tenascin C (hexabrachion); iroquois
homeobox protein 5; hephaestin; integrin, beta 8; synaptic
vesicle glycoprotein 2; neuroblastoma, suppression of tum-
origenicity 1; insulin-like growth factor binding protein 2, 36
kDa; Homo sapiens cDNA FLI12280 fis, clone MAMMA
1001744, cytokine receptor-like factor 1; potassium interme-
diate/small conductance calcium-activated channel, subfam-
ily N, member 4; integrin, beta 7; transcriptional co-activator
with PDZ-binding motif (TAZ); sine oculis homeobox
homolog 2 (Drosophila); KIAA1034 protein; vesicle-associ-
ated membrane protein 5 (myobrevin); EGF-containing fibu-
lin-like extracellular matrix protein 1; early growth response
3; distal-less homeo box 5; hypothetical protein F1.J20373;
aldo-keto reductase family 1, member C3 (3-alpha hydrox-
ysteroid dehydrogenase, type 1I); biglycan; transcriptional
co-activator with PDZ-binding motif (TAZ); fibronectin 1;
proenkephalin; integrin, beta-like 1 (with EGF-like repeat
domains); Homo sapiens mRNA full length insert cDNA
clone EUROIMAGE 1968422; EphA3; KIAA0367 protein;
natriuretic peptide receptor C/guanylate cyclase C (atrionatri-
uretic peptide receptor C); hypothetical protein F1.J14054;
Homo sapiens mRNA; cDNA DKFZp564B222 (from clone
DKFZp564B222); BCL2/adenovirus E1B 19 kDa interacting
protein 3-like; AE binding protein 1; and cytochrome ¢ oxi-
dase subunit VIla polypeptide 1 (muscle).

[0057] In some embodiments, the cells can be character-
ized by secretion of atleast one of MCP-1, IL.-6, IL.-8, GCP-2,
HGF, KGF, FGF, HB-EGF, BDNF, TPO, MIP1a, RANTES,
and TIMP1. In some embodiments, the cells can be charac-
terized by lack of secretion of at least one of TGF-beta2,
ANG2, PDGFbb, MIP1b, 1309, MDC, and VEGF, as
detected by ELISA.

[0058] Inpreferred embodiments, the cell comprises two or
more of the above-listed growth, protein/surface marker pro-
duction, gene expression or substance-secretion characteris-
tics. More preferred are those cells comprising, three, four, or
five or more of the characteristics. Still more preferred are
cells comprising six, seven, or eight or more of the character-
istics. Still more preferred are those cells comprising all of
above characteristics.

[0059] Among cells that are preferred for use with the vari-
ous aspects of the invention are cells having the characteris-
tics described above and more particularly those wherein the
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cells have normal karyotypes and maintain normal karyo-
types with passaging, and further wherein the cells express
each of the markers CD10, CD13, CD44, CD73, CD90,
PDGFr-alpha, and HLA-A,B,C, wherein the cells produce
the immunologically-detectable proteins which correspond
to the listed markers. Still more preferred are those cells
which in addition to the foregoing do not produce proteins
corresponding to any of the markers CD31, CD34, CD45,
CD117, CD141, or HLA-DR,DP.DQ, as detected by any
means suitable in the art, such as flow cytometry. Highly
preferred are cells that do not express CD117 or HLA-DR.

[0060] In highly preferred aspects, the methods comprise
administering cells obtained or isolated from human umbili-
cal cord tissue to a subject in need of treatment for at least one
diseased or damaged kidney, wherein the cells are capable of
self-renewal and expansion in culture, require L-valine for
growth, can grow in at least about 5% oxygen, do not produce
CD117 or HLA-DR, express alpha smooth muscle actin, and
express, relative to a human fibroblast, mesenchymal stem
cell, or iliac crest bone marrow cell increased levels of oxi-
dized low density lipoprotein receptor 1, interleukin 8, or
reticulon 1. Cells isolated from human umbilical cord tissue
may be expanded in culture prior to administration. In some
embodiments, the cells obtained from human umbilical cord
tissue have the potential to differentiate into cells of at least a
kidney phenotype. Expression of Pax-2, a transcription factor
expressed by renal epithelial progenitor cells, may be used to
identify differentiation of the umbilical cord tissue-derived
cells to a kidney phenotype or renal cell lineage. Renal cell
differentiation of the umbilical cord tissue-derived cells also
is demonstrated by tubulogenesis and branching morphogen-
esis in three-dimensional collagen gels.

[0061] Certain cells having the potential to differentiate
along lines leading to various phenotypes are unstable and
thus can spontaneously differentiate. Presently preferred for
use with the invention are cells that do not spontaneously
differentiate, for example, along kidney cell lines. Preferred
cells, when grown in Growth Medium, are substantially
stable with respect to the cell markers produced on their
surface, and with respect to the expression pattern of various
genes, for example as determined using gene expression pro-
filing, for example, by using nucleic acid or polypeptide
arrays. The cells remain substantially constant, for example in
their surface marker characteristics over passaging, through
multiple population doublings.

[0062] In the inventive methods, the umbilical cord tissue-
derived cells can be administered in conjunction with other
therapeutic cells, and/or with a biologically active agent, such
as antithrombogenic agents, anti-apoptotic agents, anti-in-
flammatory agents, immunosuppressants (e.g., cyclosporine,
rapamycin), antioxidants, or other agents ordinarily used in
the art to treat kidney damage or disease such as eprodisate
and triptolide. Umbilical cord tissue-derived cells may be
administered in conjunction with an HMG-CoA reductase
inhibitor, including but not limited to simvastatin, pravastatin,
lovastatin, fluvastatin, cerivastatin, and atorvastatin. The
umbilical cord tissue-derived cells can be administered in
sequence with, or co-administered with the other cells or
agent. Lysates, soluble cell fractions, membrane-enriched
cell fractions, cell culture media (e.g., conditioned media), or
extracellular matrix derived from umbilical cord tissue-de-
rived cells can also be administered to patients as appropriate,
including co-administered with umbilical cord tissue-derived
cells themselves, and additional cells or agents. The particular
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agent chosen can be at the discretion of the medical profes-
sional directing the treatment of the patient, and can vary
according to the particular needs or condition of the patient.
The agent chosen can be used for various purposes such as,
but not limited to, facilitating the administration of the cells,
improving the repair and/or regeneration of the kidney,
improving the overall health of the patient, reducing pain,
reducing or preventing rejection of the transplanted cells, and
the like.

[0063] The facilitation of repair and regeneration of kidney
tissue may be by way of trophic factors secreted by the
umbilical cord tissue-derived cells. For example, renoprotec-
tive efficacy may be conferred through umbilical cord tissue-
derived cell paracrine or trophic factor mediated mecha-
nisms. Such factors include, for example, hepatocyte growth
factor (HGF), bone morphogenic protein-7 (BMP-7), trans-
forming growth factor beta (TGF-}), matrix metalloprotein-
ase-2 (MMP-2), and basic fibroblast growth factor (bFGF).
Administration of umbilical cord tissue-derived cells may
provide a continuous release of one or more renoprotective
factors. The trophic support or release of renoprotective fac-
tors by the umbilical cord tissue-derived cells may used in
place of or in addition to administration of one or more
renoprotective factors.

[0064] The methods have utility to treat kidney damage.
The methods have utility for treating kidney damage includ-
ing acute kidney failure or injury or chronic kidney disease
resulting in morbidity or reduced life expectancy. Some non-
limiting examples of damage that can be repaired and
reversed by the invention include surgical removal of any
portion (or all) of the kidney, drug-induced damage, toxin-
induced damage, radiation-induced damage, environmental
exposure-induced damage, sonic damage, heat damage,
hypoxic damage, oxidation damage, viral damage, age or
senescence-related damage, inflammation-induced damage,
immune cell-induced damage, for example, transplant rejec-
tion, immune complex-induced damage, and the like. Five
major drug categories associated with renal pathology are
drugs that target hemodynamic, metabolic, fibrotic, inflam-
matory, or immunomodulatory processes. Umbilical cord tis-
sue-derived cells may exert their effect by acting on one or
more of these physiological processes.

[0065] The cells can be administered as a pharmaceutical/
therapeutic cell composition that comprises a pharmaceuti-
cally-acceptable carrier and umbilical cord tissue-derived
cells as described and exemplified herein. Therapeutic cell
compositions can comprise umbilical cord tissue-derived
cells induced to differentiate along a kidney cell pathway or
lineage. The therapeutic cell compositions can comprise cells
or cell products that stimulate cells in the patient’s kidney to
divide, differentiate, or both. It is preferred that the therapeu-
tic cell composition induce, facilitate, or sustain repair and/or
regeneration of the kidneys in the patient to which they are
administered.

[0066] Thecells can be administered to the patient by injec-
tion. For example, the cells can be injected directly into one or
both kidneys ofthe patient, or can be injected onto the surface
of'the kidney, into an adjacent area, or even to a more remote
area with subsequent migration to the patient’s kidneys. In
some preferred aspects, the cells can home to the diseased or
damaged area. Particularly preferred are cells that can be
injected intravenously and locate appropriately to the desired
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site of action, for example, kidney cells or their progenitors
preferably are capable oflocating and homing to the kidney or
its structures or substructures.

[0067] The cells can also be administered in the form of a
device such as a matrix-cell complex. Device materials
include but are not limited to bioresorbable materials such as
collagens, 35/65 Poly(epsilon-caprolactone)(PCL)/Poly(gly-
colic acid) (PGA), Panacryl™ bioabsorbable constructs, Vic-
ryl™ polyglactin 910, and self-assembling peptides and non-
resorbable materials such as fluoropolymers (e.g., Teflon®
fluoropolymers), plastic, and metal. Matrices include bio-
compatible scatfolds, lattices, self-assembling structures and
the like, whether bioabsorbable or not, liquid, gel, or solid.
Such matrices are known in the arts of therapeutic cell treat-
ment, surgical repair, tissue engineering, and wound healing.
Preferably the matrices are pretreated with the therapeutic
cells. More preferably the matrices are populated with cells in
close association to the matrix or its spaces. The cells can
adhere to the matrix or can be entrapped or contained within
the matrix spaces. Most preferred are matrix-cell complexes
in which the cells are growing in close association with the
matrix and when used therapeutically, growth, repair, and/or
regeneration of the patient’s own kidney cells is stimulated
and supported, and proper angiogenesis is similarly stimu-
lated or supported. The matrix-cell compositions can be intro-
duced into a patient’s body in any way known in the art,
including but not limited to implantation, injection, surgical
attachment, transplantation with other tissue, and the like. In
some embodiments, the matrices form in vivo, or even more
preferably in situ, for example in situ polymerizable gels can
be used in accordance with the invention. Examples of such
gels are known in the art.

[0068] The cells of the invention can also be seeded onto
such three-dimensional matrices, such as scaffolds and
implanted in vivo, where the seeded cells may proliferate on
or in the framework, or help to establish replacement tissue in
vivo with or without cooperation of other cells. Growth of
umbilical cord tissue-derived cells on the three-dimensional
framework preferably results in the formation of a three-
dimensional tissue, or foundation thereof, which can be uti-
lized in vivo, for example to repair and/or regenerate dam-
aged or diseased tissue. For example, the three-dimensional
scaffolds can be used to form tubular structures, for example
for use in repair of renal blood vessels, or various other
aspects of the renal system or kidney structures.

[0069] The cells can be seeded on a three-dimensional
framework or matrix, such as a scaffold, a foam or hydrogel
and administered accordingly. The framework can be config-
ured into various shapes such as substantially flat, substan-
tially cylindrical or tubular, or can be completely free-form as
may be required or desired for the corrective structure under
consideration. Two or more substantially flat frameworks can
be laid atop another and secured together as necessary to
generate a multilayer framework.

[0070] Insome aspects, the cells grow on the three dimen-
sional structure, and in some aspects, the cells only survive, or
even die, although in doing so they stimulate or promote
repair and regeneration of kidney tissue, for example, and
preferably facilitate or sustain vascularization.

[0071] On such three-dimensional frameworks, the cells
can be co-administered with other kidney cell types, or other
soft tissue type progenitors, including stem cells. When
grown in this three-dimensional system, the proliferating
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cells mature and segregate properly to form components of
adult tissues analogous to counterparts found naturally in
vivo.

[0072] The matrices described and exemplified herein can
be designed such that the matrix structure supports the
umbilical cord tissue-derived cells without subsequent deg-
radation, supports the cells from the time of seeding until the
tissue transplant is remodeled by the host tissue, or allows the
seeded cells to attach, proliferate, and develop into a tissue
structure having sufficient mechanical integrity to support
itself in vitro, at which point, the matrix is degraded.

[0073] The matrices, scaffolds, foams and self-assembling
systems contemplated for use herein can be implanted in
combination with any one or more cells, growth factors,
drugs, or other components, such as bioactive agents that
promote healing, regeneration, repair, or in-growth of tissue,
or stimulate vascularization or innervation thereof or other-
wise enhance or improve the therapeutic outcome or the
practice of the invention, in addition to the cells of the inven-
tion. In one preferred aspect, a device comprising one or more
HMG CoA reductase inhibitors is seeded with umbilical cord
tissue-derived cells. The HMG CoA reductase inhibitor may
be pumped to the device. One or more HMG CoA reductase
inhibitors may be incorporated into the device. In some
embodiments, a device seeded with the cells of the invention
is treated with one or more HMG CoA reductase inhibitors.
The device may be implanted in vivo.

[0074] The cells can be grown freely in culture, removed
from the culture and inoculated onto a three-dimensional
framework. Inoculation of the three-dimensional framework
with a concentration of cells, e.g., approximately 10°to 5x107
cells per milliliter, preferably results in the establishment of
the three-dimensional support in relatively shorter periods of
time. Moreover in some application it may be preferable to
use a greater or lesser number of cells depending on the result
desired.

[0075] Insome aspects, it is useful to re-create in culture the
cellular microenvironment found in vivo, such that the extent
to which the cells are grown prior to implantation in vivo or
used in vitro may vary. The cells can be inoculated onto the
framework before or after forming the shape desired for
implantation, e.g., ropes, tubes, filaments, and the like. Fol-
lowing inoculation of the cells onto the framework, the frame-
work is preferably incubated in an appropriate growth
medium. During the incubation period, the inoculated cells
will grow and envelop the framework and may for example
bridge, or partially bridge any interstitial spaces therein. It is
preferable, but not required to grow the cells to an appropriate
degree which reflects the in vivo cell density of the kidney
tissue being repaired or regenerated. In other embodiments,
the presence of the cells, even in low numbers on the frame-
work encourages in-growth of endogenous healthy cells to
facilitate healing for example of the damaged or injured tis-
sue.

[0076] Examples of matrices, for example scatffolds which
may be used for aspects of the invention include mats (woven,
knitted, and more preferably nonwoven) porous or semi-
porous foams, self assembling peptides and the like. Non-
woven mats may, for example, be formed using fibers com-
prised of natural or synthetic polymers. In a preferred
embodiment, absorbable copolymers of glycolic and lactic
acids (PGA/PLA), sold under the tradename VICRYL®
(Ethicon, Inc., Somerville, N.J.) are used to form a mat.
Foams, composed of, for example, poly(epsilon-caprolac-
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tone)/poly(glycolic acid) (PCL/PGA) copolymer, formed by
processes such as freeze-drying, or lyophilization, as dis-
cussed in U.S. Pat. No. 6,355,699, can also serve as scaffolds.
Gels also form suitable matrices, as used herein. Examples
include in situ polymerizable gels, and hydrogels, for
example composed of self-assembling peptides. These mate-
rials are frequently used as supports for growth of tissue. In
situ-forming degradable networks are also suitable for use in
the invention (see, e.g., Anseth, K. S. et al., 2002, J. Con-
trolled Release 78: 199-209; Wang, D. et al., 2003, Biomate-
rials 24: 3969-3980; U.S. Patent Publication 2002/0022676
to He et al.). These materials are formulated as fluids suitable
for injection, then may be induced by a variety of means (e.g.,
change in temperature, pH, exposure to light) to form degrad-
able hydrogel networks in situ or in vivo.

[0077] The framework can be a felt, which can be com-
prised of a multifilament yarn made from a bioabsorbable
material, e.g., PGA, PLA, PCL copolymers or blends, or
hyaluronic acid. The yarn is made into a felt using standard
textile processing techniques consisting of crimping, cutting,
carding and needling. Te cells of the invention can be seeded
onto foam scaffolds that may be composite structures. In
addition, the three-dimensional framework may be molded
into a useful shape, such as a specific structure in or around
the kidney to be repaired, replaced, or augmented.

[0078] The framework can be treated prior to inoculation of
the cells of the invention in order to enhance cell attachment.
For example, prior to inoculation with the cells of the inven-
tion, nylon matrices could be treated with 0.1 molar acetic
acid and incubated in polylysine, PBS, and/or collagen to coat
the nylon. Polystyrene could be similarly treated using sulfu-
ric acid.

[0079] Inaddition, the external surfaces of the three-dimen-
sional framework can be modified to improve the attachment
or growth of cells and differentiation of tissue, such as by
plasma coating the framework or addition of one or more
proteins (e.g., collagens, elastic fibers, reticular fibers), gly-
coproteins, glycosaminoglycans (e.g., heparin sulfate, chon-
droitin-4-sulfate, chondroitin-6-sulfate, dermatan sulfate,
keratin sulfate), a cellular matrix, and/or other materials such
as, but not limited to, gelatin, alginates, agar, agarose, and
plant gums, among others.

[0080] The scaffold can be comprised of or treated with
materials that render it non-thrombogenic. These treatments
and materials may also promote and sustain endothelial
growth, migration, and extracellular matrix deposition.
Examples of these materials and treatments include but are
not limited to natural materials such as basement membrane
proteins such as laminin and Type IV collagen, synthetic
materials such as ePTFE, and segmented polyurethaneurea
silicones, such as PURSPAN® (The Polymer Technology
Group, Inc., Berkeley, Calif.). These materials can be further
treated to render the scaffold non-thrombogenic. Such treat-
ments include anti-thrombotic agents such as heparin, and
treatments which alter the surface charge of the material such
as plasma coating.

[0081] Different proportions of the various types of col-
lagen, for example, deposited on the framework can affect the
growth of tissue-specific or other cells which may be later
inoculated onto the framework or which may grow onto the
structure in vivo. Alternatively, the framework can be inocu-
lated with a mixture of cells which synthesize the appropriate
collagen types desired. Depending upon the tissue to be cul-
tured, the appropriate collagen type to be inoculated on the
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framework or produced by the cells seeded thereon may be
selected. For example, the relative amounts of collagenic and
elastic fibers present in the framework can be modulated by
controlling the ratio of collagen-producing cells to elastin-
producing cells in the initial inoculum. For example, since the
inner walls of arteries are rich in elastin, an arterial scaffold
should contain a co-culture of smooth muscle cells which
secrete elastin.

[0082] The seeded or inoculated three-dimensional frame-
work of the invention can be for transplantation or implanta-
tion of either the cultured cells obtained from the matrix or the
cultured matrix itself in vivo. The three-dimensional scaf-
folds may, according to the invention, be used to replace or
augment existing tissue, to introduce new or altered tissue, to
modify artificial prostheses, or to join together biological
tissues or structures. For example and not by way of limita-
tion, the three-dimensional framework can also be used to
construct single and multi-layer tubular tissues in vitro that
can serve as a replacement for damaged or diseased tubular
tissue in vivo.

[0083] A scaffold can be cutinto a strip (e.g., rectangular in
shape) of which the width is approximately equal to the inner
circumference of a tubular organ, for example, calyces or the
ureter, into which it will ultimately be inserted. The cells can
be inoculated onto the scaffold and incubated by floating or
suspending in liquid media. At the appropriate stage of con-
fluence, the scaffold can be rolled up into a tube by joining the
long edges together. The seam can be closed by suturing the
two edges together using fibers of a suitable material of an
appropriate diameter.

[0084] According to the invention, a scaffold can be formed
as a tube, inoculated with umbilical cord tissue-derived cells,
and suspended in media in an incubation chamber. In order to
prevent cells from occluding the lumen, one of the open ends
of the tubular framework can be affixed to a nozzle. Liquid
media can be forced through this nozzle from a source cham-
ber connected to the incubation chamber to create a current
through the interior of the tubular framework. The other open
end can be affixed to an outflow aperture which leads into a
collection chamber from which the media can be recirculated
through the source chamber. The tube can be detached from
the nozzle and outflow aperture when incubation is complete.
This method is described by Ballermann, B. J., et al., Int.
Application No. WO 94/25584 and in U.S. application Ser.
No. 08/430,768, both of which are incorporated herein by
reference in its entirety.

[0085] In general, two three-dimensional frameworks can
be combined into a tube in accordance with the invention
using any of the following methods. Two or more flat frame-
works can be laid atop another and sutured together. This
two-layer sheet can then be rolled up, and, as described above,
joined together and secured.

[0086] Onetubularscaffold thatis to serve as the inner layer
can be inoculated with umbilical cord tissue-derived cells and
incubated. A second scaffold can be grown as a flat strip with
width slightly larger than the outer circumference of the tubu-
lar framework. After appropriate growth is attained, the flat
framework can be wrapped around the outside of the tubular
scaffold followed by closure of the seam of the two edges of
the flat framework and, preferably, securing the flat frame-
work to the inner tube.
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[0087] Two or more tubular meshes of slightly differing
diameters can be grown separately. The framework with the
smaller diameter can be inserted inside the larger one and
secured.

[0088] Foreachofthese methods, more layers can be added
by reapplying the method to the double-layered tube. The
scaffolds can be combined at any stage of growth of the
umbilical cord tissue-derived cells, and incubation of the
combined scaffolds can be continued when desirable.

[0089] The lumenal aspect of the tubular construct can be
comprised of or treated with materials that render the lumenal
surface of the tubular scaffold non-thrombogenic. These
treatments and materials may also promote and sustain endot-
helial growth, migration, and extracellular matrix deposition.
Examples of these materials and treatments include but are
not limited to natural materials such as basement membrane
proteins such as laminin and Type IV collagen, synthetic
materials such as ePTFE, and segmented polyurethaneurea
silicones, such as PURSPAN® (The Polymer Technology
Group, Inc., Berkeley, Calif.). These materials can be further
treated to render the lumenal surface of the tubular scaffold
non-thrombogenic. Such treatments include anti-thrombotic
agents such as heparin, and treatments which alter the surface
charge of the material such as plasma coating.

[0090] In some presently preferred embodiments, the
methods comprise inducing the therapeutic postpartum-de-
rived cells to differentiate along a kidney cell pathway,
towards kidney cell phenotypes, or progenitors or more
primitive relatives of the foregoing. The therapeutic cell com-
positions can integrate into the patient’s kidney, or alterna-
tively can provide support for growth or stimulation to differ-
entiate for naturally present kidney stem cells. Therapeutic
cells can be coadministered with cell lysates, or with other
allogeneic, syngeneic or autologous cells. The survival of the
cells delivered in administering the therapeutic cell compo-
sitions is not determinative of the success or results of their
use, rather improvement in kidney health, or overall patient
health is outcome determinative. Thus, the cells need not
integrate with the patient’s kidney, or even into blood vessels,
but the indicia of improvements in kidney health in the patient
before and after treatment preferably include at least one of
objective measurements of kidney health such as but not
limited to improvements made in serum or urinalysis for
creatinine, urea, protein, blood urea nitrogen (BUN), and
osmolarity tests, and subjective assessments (including self-
assessment) of the patient’s condition.

[0091] A successful treatment could thus comprise treat-
ment of a patient with a disease, pathology, or trauma to the
kidney with a therapeutic cell composition comprising the
umbilical cord tissue-derived cells, in the presence or absence
of another cell type. For example, and not by way of limita-
tion, the cells preferably at least partially integrate, multiply,
or survive in the patient. In other preferred embodiments, the
patient experiences benefits from the therapy, for example
from the ability of the cells to support the growth of other
cells, including stem cells or progenitor cells present in the
kidney, from the tissue in-growth or vascularization of the
tissue, and from the presence of beneficial cellular factors,
chemokines, cytokines and the like, but the cells do not inte-
grate or multiply in the patient. In some aspects, the patient
benefits from the therapeutic treatment with the cells, but the
cells do not survive for a prolonged period in the patient. For
example, in one embodiment, the cells gradually decline in
number, viability or biochemical activity, in other embodi-
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ments, the decline in cells may be preceded by a period of
activity, for example growth, division, or biochemical activ-
ity. In other embodiments, senescent, nonviable or even dead
cells are able to have a beneficial therapeutic effect.

[0092] The administering is preferably in vivo by trans-
planting, implanting, injecting, fusing, delivering via cath-
eter, or providing as a matrix-cell complex, or any other
means known in the art for providing cell therapy.

[0093] In some aspects, the inventive methods can further
comprise evaluating the patient for improvements in kidney
structure and/or function, or improvements in overall health.
Such evaluations can proceed according to any means suit-
able in the art, including those described and exemplified
herein.

[0094] Also featured in accordance with the present inven-
tion are kits for practicing the inventive methods. In one
aspect, kits for treating a patient having a disease of or dam-
age to at least one kidney are provided. The kits comprise a
pharmaceutically acceptable carrier, cells obtained from
human umbilical cord tissue in an amount effective to treat the
disease or injury, such as those cells that are described and
exemplified herein, and instructions for using the kit in a
method for treating a patient having a disease of or damage to
at least one kidney. The kits may further comprise at least one
reagent and instructions for culturing the cells. The kits may
further comprise a population of at least one other cell type,
and/or at least one agent.

[0095] In some aspects, the kits comprise a pharmaceuti-
cally acceptable carrier, a lysate, extracellular matrix, or con-
ditioned medium prepared from cells obtained from human
umbilical cord tissue, which cells have the characteristics that
are described and exemplified herein. The kits have utility to
facilitate the repair and/or regeneration of a kidney that is
damaged or diseased.

[0096] The followingexamples are providedto describe the
invention in greater detail. They are intended to illustrate, not
to limit, the invention.

EXAMPLE 1
Isolation of Umbilical Cord Tissue-Derived Cells

[0097] Umbilical cords were obtained from National Dis-
ease Research Interchange (NDRI, Philadelphia, Pa.). The
tissues were obtained following normal deliveries. The cell
isolation protocol was performed aseptically in a laminar flow
hood. To remove blood and debris, the cord was washed in
phosphate buffered saline (PBS; Invitrogen, Carlsbad, Calif.)
in the presence of antimycotic and antibiotic (100 units/mil-
liliter penicillin, 100 micrograms/milliliter streptomycin,
0.25 micrograms/milliliter amphotericin B). The tissues were
then mechanically dissociated in 150 cm? tissue culture plates
in the presence of 50 milliliters of medium (DMEM-Low
glucose or DMEM-High glucose; Invitrogen), until the tissue
was minced into a fine pulp. The chopped tissues were trans-
ferred to 50 milliliter conical tubes (approximately 5 grams of
tissue per tube). The tissue was then digested in either
DMEM-Low glucose medium or DMEM-High glucose
medium, each containing antimycotic and antibiotic as
described above. In some experiments, an enzyme mixture of
collagenase and dispase was used (“C:D;” collagenase
(Sigma, St Louis, Mo.), 500 Units/milliliter; and dispase (In-
vitrogen), 50 Units/milliliter in DMEM:—Low glucose
medium). In other experiments a mixture of collagenase,
dispase and hyaluronidase (“C:D:H”) was used (collagenase,
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500 Units/milliliter; dispase, 50 Units/milliliter; and hyalu-
ronidase (Sigma), 5 Units/milliliter, in DMEM:—Low glu-
cose). The conical tubes containing the tissue, medium and
digestion enzymes were incubated at 37° C. in an orbital
shaker (Environ, Brooklyn, N.Y.) at 225 rpm for 2 hrs.
[0098] After digestion, the tissues were centrifuged at
150xg for 5 minutes, the supernatant was aspirated. The pellet
was resuspended in 20 milliliters of Growth Medium
(DMEM:Low glucose (Invitrogen), 15 percent (v/v) fetal
bovine serum (FBS; defined bovine serum; Lot#AND 18475;
Hyclone, Logan, Utah), 0.001% (v/v) 2-mercaptoethanol
(Sigma), 1 milliliter per 100 milliliters of antibiotic/antimy-
cotic as described above. The cell suspension was filtered
through a 70-micrometer nylon cell strainer (BD Bio-
sciences). An additional 5 milliliters rinse comprising Growth
Medium was passed through the strainer. The cell suspension
was then passed through a 40-micrometer nylon cell strainer
(BD Biosciences) and chased with a rinse of an additional 5
milliliters of Growth Medium.

[0099] The filtrate was resuspended in Growth Medium
(total volume 50 milliliters) and centrifuged at 150xg for 5
minutes. The supernatant was aspirated and the cells were
resuspended in 50 milliliters of fresh Growth Medium. This
process was repeated twice more.

[0100] Upon the final centrifugation supernatant was aspi-
rated and the cell pellet was resuspended in 5 milliliters of
fresh Growth Medium. The number of viable cells was deter-
mined using Trypan Blue staining. Cells were then cultured
under standard conditions.

[0101] The cells isolated from umbilical cords were seeded
at 5,000 cells/cm? onto gelatin-coated T-75 cm? flasks (Cormn-
ing Inc., Corning, N.Y.) in Growth Medium with antibiotics/
antimycotics as described above. After 2 days (in various
experiments, cells were incubated from 2-4 days), spent
medium was aspirated from the flasks. Cells were washed
with PBS three times to remove debris and blood-derived
cells. Cells were then replenished with Growth Medium and
allowed to grow to confluence (about 10 days from passage 0)
to passage 1. On subsequent passages (from passage 1 to 2
and so on), cells reached sub-confluence (75-85 percent con-
fluence) in 4-5 days. For these subsequent passages, cells
were seeded at 5000 cells/cm?. Cells were grown in a humidi-
fied incubator with 5 percent carbon dioxide and atmospheric
oxygen, at 37° C.

EXAMPLE 2

Evaluation of Human Postpartum-Derived Cell Sur-
face Markers by Flow Cytometry

[0102] Umbilical cord tissue was characterized using flow
cytometry to provide a profile for the identification of cells
obtained therefrom.

[0103] Cells were cultured in Growth Medium (Gibco
Carlsbad, Calif.) with penicillin/streptomycin. Cells were
cultured in plasma-treated T75, T150, and T225 tissue culture
flasks (Corning, Corning, N.Y.) until confluent. The growth
surfaces of the flasks were coated with gelatin by incubating
2% (w/v) gelatin (Sigma, St. Louis, Mo.) for 20 minutes at
room temperature.

[0104] Adherent cells in flasks were washed in PBS and
detached with Trypsin/EDTA. Cells were harvested, centri-
fuged, and resuspended in 3% (v/v) FBS in PBS at a cell
concentration of 1x107 per milliliter. In accordance to the
manufacture’s specifications, antibody to the cell surface
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marker of interest (see below) was added to one hundred
microliters of cell suspension and the mixture was incubated
in the dark for 30 minutes at 4° C. After incubation, cells were
washed with PBS and centrifuged to remove unbound anti-
body. Cells were resuspended in 500 microliter PBS and
analyzed by flow cytometry. Flow cytometty analysis was
performed with a FACScalibur instrument (Becton Dickin-
son, San Jose, Calif.).

[0105] The following antibodies to cell surface markers
were used.
Antibody Manufacture Catalog Number
CD10 BD Pharmingen (San Diego, 555375

CA)
CD13 BD Pharmingen 555394
CD31 BD Pharmingen 555446
CD34 BD Pharmingen 555821
CD44 BD Pharmingen 555478
CD45RA BD Pharmingen 555489
CD73 BD Pharmingen 550257
CD90 BD Pharmingen 555596
CD117 BD Pharmingen 340529
CD141 BD Pharmingen 559781
PDGFr-alpha BD Pharmingen 556002
HLA-A,B,C BD Pharmingen 555553
HLA-DR,DP,DQ  BD Pharmingen 555558
IgG-FITC Sigma (St. Louis, MO) F-6522
1gG-PE Sigma P-4685
[0106] Cells were analyzed at passages 8, 15, and 20, and

umbilical cord tissue-derived cells from different donors
were compared to each other. In addition, cells cultured on
gelatin-coated flasks were compared to cells cultured on
uncoated flasks.

[0107] Umbilical cord tissue-derived cells showed positive
expression of CD10, CD13, CD44, CD73, CD 90, PDGFr-
alpha and HLA-A, B, C, indicated by the increased values of
fluorescence relative to the IgG control. These cells were
negative for detectable expression of CD31, CD34, CD45,
CD117, CD141, and HLA-DR, DP, DQ, indicated by fluo-
rescence values comparable to the IgG control. Variations in
fluorescence values of positive curves were accounted for.
The mean (i.e., CD13) and range (i.e., CD90) of the positive
curves showed some variation, but the curves appeared nor-
mal, confirming a homogenous population. Both curves indi-
vidually exhibited values greater than the IgG control.
[0108] Cells at passage 8, 15, and 20 all expressed CD10,
CD13,CD44,CD73,CD 90, PDGFr-alpha and HLA-A, B, C,
indicated by increased fluorescence relative to the IgG con-
trol. These cells were negative for CD31, CD34, CD45,
CD117, CD141, and HLA-DR, DP, DQ, indicated by fluo-
rescence values consistent with the IgG control.

[0109] Isolates from separate donors each showed positive
expression of CD10, CD13, CD44, CD73, CD 90, PDGFr-
alpha and HLA-A, B, C, reflected in the increased values of
fluorescence relative to the IgG control. These cells were
negative for expression of CD31, CD34, CD45, CD117,
CD141, and HLA-DR, DP, DQ with fluorescence values con-
sistent with the IgG control.

[0110] Cells expanded on gelatin and uncoated flasks all
were positive for expression of CD10, CD13, CD44, CD73,
CD 90, PDGFr-alpha and HLA-A, B, C, with increased val-
ues of fluorescence relative to the IgG control. These cells
were negative for expression of CD31, CD34, CD45,CD117,
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CD141, and HLA-DR, DP, DQ, with fluorescence values
consistent with the 1gG control.

[0111] Thus, umbilical cord tissue-derived cells are posi-
tive for CD10, CD13, CD44, CD73, CD90, PDGFr-alpha,
HLA-A,B,C and negative for CD31, CD34, CD45, CD117,
CD141 and HLA-DR, DP, DQ. This identity was consistent
between variations in variables including the donor, passage,
and culture vessel surface coating. Some variation in indi-
vidual fluorescence value histogram curve means and ranges
was observed, but all positive curves under all conditions
tested were normal and expressed fluorescence values greater
than the IgG control, thereby confirming that the cells com-
prise a homogenous population that has positive expression
of the markers.

EXAMPLE 3

Immunohistochemical Characterization of Cell Phe-
notypes

[0112] Human umbilical cord tissue was harvested and
immersion-fixed in 4% (w/v) paraformaldehyde overnight at
4° C. Immunohistochemistry was performed using antibodies
directed against the following epitopes:vimentin (1:500;
Sigma, St. Louis, Mo.), desmin (1:150, raised against rabbit;
Sigma; or 1:300, raised against mouse; Chemicon, Temecula,
Calif.), alpha-smooth muscle actin (SMA; 1:400; Sigma),
cytokeratin 18 (CK18; 1:400; Sigma), von Willebrand Factor
(vWF; 1:200; Sigma), and CD34 (human CD34 Class III;
1:100; DAKOCytomation, Carpinteria, Calif.). In addition,
the following markers were tested: anti-human GROalpha-
PE (1:100; Becton Dickinson, Franklin Lakes, N.J.), anti-
human GCP-2 (1:100; Santa Cruz Biotech, Santa Cruz,
Calif.), anti-human oxidized LDL receptor 1 (ox-LDL R1;
1:100; Santa Cruz Biotech), and anti-human NOGO-A
(1:100; Santa Cruz Biotech). Fixed specimens were trimmed
with a scalpel and placed within OCT embedding compound
(Tissue-Tek OCT; Sakura, Torrance, Calif.) on a dry ice bath
containing ethanol. Frozen blocks were then sectioned (10
um thick) using a standard cryostat (Leica Microsystems) and
mounted onto glass slides for staining.

[0113] Immunohistochemistry was performed similar to
previous studies (Messina et al. (2003) Exper. Neurol. 184:
816-29). In brief, tissue sections were washed with phos-
phate-buffered saline (PBS) and exposed to a protein block-
ing solution containing PBS, 4% (v/v) goat serum
(Chemicon, Temecula, Calif.), and 0.3% (v/v) Triton (Triton
X-100; Sigma) for 1 hour to access intracellular antigens. In
instances where the epitope of interest would be located on
the cell surface (CD34, ox-L.DL R1), Triton was omitted in all
steps of the procedure in order to prevent epitope loss. Fur-
thermore, in instances where the primary antibody was raised
against goat (GCP-2, ox-LDL R1, NOGO-A), 3% (v/v) don-
key serum was used in place of goat serum throughout the
procedure. Primary antibodies, diluted in blocking solution,
were then applied to the sections for a period of 4 hours at
room temperature. Primary antibody solutions were
removed, and cultures washed with PBS prior to application
of'secondary antibody solutions (1 hour at room temperature)
containing block along with goat anti-mouse IgG-Texas Red
(1:250; Molecular Probes, Eugene, Oreg.) and/or goat anti-
rabbit IgG-Alexa 488 (1:250; Molecular Probes) or donkey
anti-goat 1gG-FITC (1:150; Santa Cruz Biotech). Cultures
were washed, and 10 micromolar DAPI (Molecular Probes)
was applied for 10 minutes to visualize cell nuclei.
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[0114] Fluorescence was visualized using the appropriate
fluorescence filter on an Olympus inverted epi-fluorescent
microscope (Olympus, Melville, N.Y.). Positive staining was
represented by fluorescence signal above control staining.
Representative images were captured using a digital color
videocamera and ImagePro software (Media Cybernetics,
Carlsbad, Calif.). For triple-stained samples, each image was
taken using only one emission filter at a time.

[0115] Vimentin, desmin, SMA, CK18, vWF, and CD34
markers were expressed in a subset of the cells found within
umbilical cord. In particular, vWF and CD34 expression were
restricted to blood vessels contained within the cord. CD34+
cells were on the innermost layer (lumen side). Vimentin
expression was found throughout the matrix and blood ves-
sels of the cord. SMA was limited to the matrix and outer
walls of the artery & vein, but not contained with the vessels
themselves. CK 18 and desmin were observed within the ves-
sels only, desmin being restricted to the middle and outer
layers. The expression of GROalpha, GCP-2, ox-LLDL R1,
and NOGO-A were not observed within umbilical cord tis-
sue.

EXAMPLE 4
Oligonucleotide Array Analysis

[0116] Aftymetrix GeneChip® arrays were used to com-
pare gene expression profiles of umbilical cord tissue-derived
cells with fibroblasts, human mesenchymal stem cells, and
another cell line derived from human bone marrow. This
analysis provided a characterization of the postpartum-de-
rived cells and identified unique molecular markers for these
cells.

[0117] Human umbilical cords were obtained from
National Disease Research Interchange (NDRI, Philadelphia,
Pa.) from normal full term deliveries with patient consent.
Thetissues were received and cells were isolated as described
above. Cells were cultured in Growth Medium (using
DMEM-LG) on gelatin-coated tissue culture plastic flasks.
The cultures were incubated at 37° C. with 5% CO,.

[0118] Human dermal fibroblasts were purchased from
Cambrex Incorporated (Walkersville, Md.; Lot number
9F0844) and ATCC CRL-1501 (CCD39SK). Both lines were
cultured in DMEM/F12 medium (Invitrogen, Carlsbad,
Calif)) with 10% (v/v) fetal bovine serum (Hyclone) and
penicillin/streptomycin (Invitrogen). The cells were grown
on standard tissue-treated plastic.

[0119] Human mesenchymal stem cells (h(MSC) were pur-
chased from Cambrex Incorporated (Walkersville, Md.; Lot
numbers 2F1655, 2F1656 and 2F1657) and cultured accord-
ing to the manufacturer’s specifications in MSCGM Media
(Cambrex). The cells were grown on standard tissue cultured
plastic at 37° C. with 5% CO,.

[0120] Human iliac crest bone marrow was received from
NDRI with patient consent. The marrow was processed
according to the method outlined by Ho, et al. (WO03/
025149). The marrow was mixed with lysis buffer (155 mM
NH,C1, 10 mM KHCO,, and 0.1 mM EDTA, pH 7.2) at a
ratio of 1 part bone marrow to 20 parts lysis buffer. The cell
suspension was vortexed, incubated for 2 minutes at ambient
temperature, and centrifuged for 10 minutes at 500xg. The
supernatant was discarded and the cell pellet was resuspended
in Minimal Essential Medium-alpha (Invitrogen) supple-
mented with 10% (v/v) fetal bovine serum and 4 mM
glutamine. The cells were centrifuged again and the cell pellet
was resuspended in fresh medium. The viable mononuclear
cells were counted using trypan-blue exclusion (Sigma, St.
Louis, Mo.). The mononuclear cells were seeded in tissue-
cultured plastic flasks at 5x10* cells/em®. The cells were
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incubated at 37° C. with 5% CO, at either standard atmo-
spheric O, or at 5% O,. Cells were cultured for 5 days without
amedia change. Media and non-adherent cells were removed
after 5 days of culture. The adherent cells were maintained in
culture.

[0121] Actively growing cultures of cells were removed
from the flasks with a cell scraper in cold PBS. The cells were
centrifuged for 5 minutes at 300xg. The supernatant was
removed and the cells were resuspended in fresh PBS and
centrifuged again. The supernatant was removed and the cell
pellet was immediately frozen and stored at —80° C. Cellular
mRNA was extracted and transcribed into cDNA, which was
then transcribed into cRNA and biotin-labeled. The biotin-
labeled cRNA was hybridized with HG-U133A GeneChip
oligonucleotide array (Affymetrix, Santa Clara Calif.). The
hybridization and data collection was performed according to
the manufacturer’s specifications. Analyses were performed
using “Significance Analysis of Microarrays” (SAM) version
1.21 computer software (Stanford University; Tusher et al.
(2001) Proc. Natl. Acad. Sci. USA 98:5116-21).

[0122] Fourteen different populations of cells were ana-
lyzed. The cells along with passage information, culture sub-
strate, and culture media are listed in Table 1.

TABLE 1

Cells analyzed by the microarray study. Cell lines are listed by
identification code along with passage at time of analysis, cell growth
substrate and growth medium

Cell Population Passage Substrate Medium

Umbilical cord (022803) 2 Gelatin DMEM, 15% FBS,
2-ME

Umbilical cord (042103) 3 Gelatin DMEM, 15% FBS,
2-ME

Umbilical cord (071003) 4 Gelatin DMEM, 15% FBS,
2-ME

ICBM (070203) (5% 02) 3 Plastic  MEM, 10% FBS

ICBM (062703) (std. O2) 5 Plastic ~ MEM, 10% FBS

ICBM (062703) (5% 02) 5 Plastic ~ MEM, 10% FBS

hMSC (Lot 2F1655) 3 Plastic MSCGM

hMSC (Lot 2F1656) 3 Plastic MSCGM

hMSC (Lot 2F 1657) 3 Plastic MSCGM

hFibroblast (9F0844) 9 Plastic DMEM-F12, 10% FBS

hFibroblast (CCD39SK) 4 Plastic DMEM-F12, 10% FBS

[0123] The data were evaluated by a Principle Component

Analysis, analyzing the 290 genes that were differentially
expressed in the cells. This analysis allows for a relative
comparison for the similarities between the populations.
Table 2 shows the Euclidean distances that were calculated
for the comparison of the cell pairs. The Euclidean distances
were based on the comparison of the cells based on the 290
genes that were differentially expressed among the cell types.
The Euclidean distance is inversely proportional to similarity
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between the expression of the 290 genes (i.e., the greater the
distance, the less similarity exists).

TABLE 2

The Euclidean Distances for the Cell Pairs

Cell Pair Euclidean Distance
ICBM-hMSC 24.71
Placenta-umbilical 25.52
ICBM-Fibroblast 36.44
ICBM-placenta 37.09
Fibroblast-MSC 39.63
ICBM-Umbilical 40.15
Fibroblast-Umbilical 41.59
MSC-Placenta 42.84
MSC-Umbilical 46.86
ICBM-placenta 48.41

[0124] Tables 3 and 4 below show the expression of genes
increased in umbilical cord tissue-derived cells (Table 3), and
reduced in umbilical cord tissue-derived cells (Table 4). The
column entitled “Probe Set ID” refers to the manufacturer’s
identification code for the sets of several oligonucleotide
probes located on a particular site on the chip, which hybrid-
ize to the named gene (column “Gene Name”), comprising a
sequence that can be found within the NCBI (GenBank)
database at the specified accession number (column “NCBI
Accession Number™).

TABLE 3

Genes shown to have specifically increased expression in the umbilical
cord tissue-derived cells as compared to other cell lines assayed
Genes Increased in Umbilical cord tissue-Derived Cells

NCBI Accession

Probe Set ID Gene Name Number
202859_x_at interleukin 8 NM__000584
211506_s_ at interleukin 8 AF043337
210222_s_at reticulonl BC000314
204470__at chemokine (C—X—C motif) ligand 1

(melanoma growth NM_ 001511

stimulating activity
206336__at chemokine (C—X—C motif) ligand 6 NM__002993

(granulocyte chemotactic protein 2)
207850__at chemokine (C—X—C motif) ligand 3 NM__002090
203485__at reticulon 1 NM__ 021136
202644 s _at  tumor necrosis factor, alpha-induced ~ NM__006290

protein 3

TABLE 4

Genes shown to have decreased expression in umbilical cord tissue-derived

cells as compared to other cell lines assayed

Genes Decreased in Umbilical cord tissue- and Placenta-Derived Cells

NCBI Accession
Probe Set ID Gene name Number
210135_s_at short stature homeobox 2 AF022654.1
205824 at heat shock 27 kDa protein 2 NM_001541.1
209687__at chemokine (C—X—C motif) ligand 12 (stromal cell-derived factor U19495.1

1Y)
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TABLE 4-continued

cells as compared to other cell lines assayed

Genes shown to have decreased expression in umbilical cord tissue-derived

Genes Decreased in Umbilical cord tissue- and Placenta-Derived Cells

NCBI Accession
Probe Set ID Gene name Number
203666__at chemokine (C—X—C motif) ligand 12 (stromal cell-derived factor NM__000609.1
D
212670_at elastin (supravalvular aortic stenosis, Williams-Beuren AA4T9278
syndrome)
213381_at Homo sapiens mRNA; cDNA DKFZp586M2022 (from clone N91149
DKFZp586M2022)
206201_s_at mesenchyme homeo box 2 (growth arrest-specific homeo box) NM_005924.1
205817__at sine oculis homeobox homolog 1 (Drosophila) NM_005982.1
209283__at crystallin, alpha B AF007162.1
212793_at dishevelled associated activator of morphogenesis 2 BF513244
213488_at DKFZP586B2420 protein AL050143.1
209763__at similar to neuralin 1 AL049176
205200__at tetranectin (plasminogen binding protein) NM_003278.1
205743_at src homology three (SH3) and cysteine rich domain NM_003149.1
200921_s_at B-cell translocation gene 1, anti-proliferative NM_001731.1
206932 at cholesterol 25-hydroxylase NM__003956.1
204198_s_at  runt-related transcription factor 3 AA541630
219747 _at hypothetical protein FL.J23191 NM_024574.1
204773_at interleukin 11 receptor, alpha NM_004512.1
202465__at procollagen C-endopeptidase enhancer NM_002593.2
203706_s_at frizzled homolog 7 (Drosophila) NM_003507.1
212736_at hypothetical gene BC008967 BE299456
214587 _at collagen, type VIII, alpha 1 BER77796
201645_at tenascin C (hexabrachion) NM_002160.1
210239_at iroquois homeobox protein 5 U90304.1
203903_s_at hephaestin NM_014799.1
205816__at integrin, beta 8 NM_002214.1
203069__at synaptic vesicle glycoprotein 2 NM_014849.1
213909__at Homo sapiens cDNA FLI12280 fis, clone MAMMA1001744 AU147799
206315_at cytokine receptor-like factor 1 NM_004750.1
204401__at potassium intermediate/small conductance calcium-activated NM__002250.1
channel, subfamily N, member 4
216331_at integrin, alpha 7 AK022548.1
209663_s_at integrin, alpha 7 AF072132.1
213125_at DKFZP586L151 protein AWO007573
202133_at transcriptional co-activator with PDZ-binding motif (TAZ) AA081084
206511_s_at  sine oculis homeobox homolog 2 (Drosophila) NM_016932.1
213435_at KIAA1034 protein AB028957.1
206115_at early growth response 3 NM_004430.1
213707_s_at  distal-less homeo box 5 NM__005221.3
218181 _s_at  hypothetical protein FLJ20373 NM_017792.1
209160__at aldo-keto reductase family 1, member C3 (3-alpha ABO018580.1
hydroxysteroid dehydrogenase, type II)
213905_x_at biglycan AARA5258
201261_x_at biglycan BC002416.1
202132 at transcriptional co-activator with PDZ-binding motif (TAZ) AA081084
214701_s_at fibronectin 1 AJ276395.1
213791_at proenkephalin NM_006211.1
205422_s_at  integrin, beta-like 1 (with EGF-like repeat domains) NM_004791.1
214927 _at Homo sapiens mRNA full length insert cDNA clone AL359052.1
EUROIMAGE 1968422
206070_s_at EphA3 AF213459.1
212805_at KIAA0367 protein AB002365.1
219789_ at natriuretic peptide receptor C/guanylate cyclase C Al628360
(atrionatriuretic peptide receptor C)
219054 at hypothetical protein FLJ14054 NM_024563.1
213429_ at Homo sapiens mRNA; cDNA DKFZp564B222 (from clone AW025579
DKFZp3564B222)
204929_s_at  vesicle-associated membrane protein 5 (myobrevin) NM_006634.1
201843_s_at EGF-containing fibulin-like extracellular matrix protein 1 NM_004105.2
221478 at BCL2/adenovirus E1B 19 kDa interacting protein 3-like AL132665.1
201792_ at AE binding protein 1 NM_001129.2
204570__at cytochrome ¢ oxidase subunit VIIa polypeptide 1 (muscle) NM_001864.1
201621_at neuroblastoma, suppression of tumorigenicity 1 NM_005380.1
202718_at insulin-like growth factor binding protein 2, 36 kDa NM_000597.1
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[0125] Tables 5, 6, and 7 show the expression of genes
increased in human fibroblasts (Table 5), ICBM cells (Table
6), and MSCs (Table 7).

TABLE §
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TABLE 7-continued

Genes that were shown to have increased expression in the
MSC cells as compared to the other cell lines assayed.
Genes Increased In MSC Cells

Genes that were shown to have increased expression in
fibroblasts as compared to the other cell lines assayed
Genes increased in fibroblasts

dual specificity phosphatase 2

KIAA0527 protein

Homo sapiens cDNA: FLI23224 fis, clone ADSU02206

dynein, cytoplasmic, intermediate polypeptide 1

ankyrin 3, node of Ranvier (ankyrin G)

inhibin, beta A (activin A, activin AB alpha polypeptide)
ectonucleotide pyrophosphatase/phosphodiesterase 4 (putative function)
KIAA1053 protein

microtubule-associated protein 1A

zinc finger protein 41

HSPCO019 protein

Homo sapiens cDNA: FLI23564 fis, clone LNG10773

Homo sapiens mRNA; cDNA DKFZp564A072 (from clone
DKFZp564A072)

LIM protein (similar to rat protein kinase C-binding enigma)
inhibitor of kappa light polypeptide gene enhancer in B-cells, kinase
complex-associated protein

hypothetical protein FLJ22004

Human (clone CTG-A4) mRNA sequence

ESTs, Moderately similar to cytokine receptor-like factor 2; cytokine
receptor CRL2 precursor [Homo sapiens)

transforming growth factor, beta 2

hypothetical protein MGC29643

antigen identified by monoclonal antibody MRC OX-2

putative X-linked retinopathy protein

TABLE 6

Genes that were shown to have increased expression
in the ICBM-derived cells as compared to the other cell lines assayed.
Genes Increased In ICBM Cells

cardiac ankyrin repeat protein

MHC class I region ORF

integrin, alpha 10

hypothetical protein FLJ22362
UDP-N-acetyl-alpha-D-galactosamine:polypeptide
N-acetylgalactosaminyltransferase 3 (GalNAc-T3)
interferon-induced protein 44

SRY (sex determining region Y)-box 9 (campomelic
dysplasia, autosomal sex-reversal)

keratin associated protein 1-1

hippocalcin-like 1

jagged 1 (Alagille syndrome)

proteoglycan 1, secretory granule

TABLE 7

Genes that were shown to have increased expression in the
MSC cells as compared to the other cell lines assayed.
Genes Increased In MSC Cells

interleukin 26

maltase-glucoamylase (alpha-glucosidase)

nuclear receptor subfamily 4, group A, member 2
v-fos FBI] murine osteosarcoma viral oncogene homolog
hypothetical protein DC42

nuclear receptor subfamily 4, group A, member 2
FBI murine osteosarcoma viral oncogene homolog B
WNTI1 inducible signaling pathway protein 1

MCE.2 cell line derived transforming sequence
potassium channel, subfamily K, member 15
cartilage paired-class homeoprotein 1

Homo sapiens cDNA FLI12232 fis, clone MAMMA1001206
Homo sapiens cDNA FLI34668 fis, clone LIVER2000775
Jjun B proto-oncogene

B-cell CLL/lymphoma 6 (zinc finger protein 51)

zinc finger protein 36, C3H type, homolog (mouse)

[0126] The foregoing analysis included cells derived from
three different umbilical cords and two different lines of
dermal fibroblasts, three lines of mesenchymal stem cells,
and three lines of iliac crest bone marrow cells. The mRNA
that was expressed by these cells was analyzed using an
oligonucleotide array that contained probes for 22,000 genes.
Results showed that 290 genes are differentially expressed in
these five different cell types. These genes include seven
genes specifically increased in the umbilical cord tissue-de-
rived cells. Fifty-four genes were found to have specifically
lower expression levels in umbilical cord tissue-derived cells,
as compared with the other cell types. The expression of
selected genes has been confirmed by PCR. These results
demonstrate that umbilical cord tissue-derived cells have a
distinct gene expression profile, for example, as compared to
bone marrow-derived cells and fibroblasts.

EXAMPLE 5

Cell Markers in Umbilical Cord Tissue-Derived
Cells

[0127] As demonstrated above, six “signature” genes were
identified for umbilical cord tissue-derived cells: oxidized
LDL receptor 1, interleukin-8, rennin, reticulon, chemokine
receptor ligand 3 (CXC ligand 3), and granulocyte chemot-
actic protein 2 (GCP-2). These “signature” genes were
expressed at relatively high levels in postpartum-derived
cells.

[0128] The procedures described in this example were con-
ducted to verify the microarray data and find concordance/
discordance between gene and protein expression, as well as
to establish a series of reliable assay for detection of unique
identifiers for umbilical cord tissue-derived cells.

[0129] Umbilical cord tissue-derived cells (four isolates),
and Normal Human Dermal Fibroblasts (NHDF; neonatal
and adult) were grown in Growth Medium with penicillin/
streptomycin in a gelatin-coated T75 flask. Mesechymal
Stem Cells (MSCs) were grown in Mesenchymal Stem Cell
Growth Medium Bullet kit (MSCGM; Cambrex, Walkerville,
Md.).

[0130] Forthe IL-8 protocol, cells were thawed from liquid
nitrogen and plated in gelatin-coated flasks at 5,000 cells/
cm?, grown for 48 hours in Growth Medium and then grown
for further 8 hours in 10 milliliters of serum starvation
medium [DMEM—Ilow glucose (Gibco, Carlsbad, Calif.),
penicillin/streptomycin (Gibco, Carlsbad, Calif.) and 0.1%
(w/v)Bovine Serum Albumin (BSA; Sigma, St. Louis, Mo.)].
After this treatment RNA was extracted and the supernatants
were centrifuged at 150xg for 5 minutes to remove cellular
debris. Supernatants were then frozen at —80° C. for ELISA
analysis.

[0131] Postpartum cells derived from the umbilical cord, as
well as human fibroblasts derived from human neonatal fore-
skin were cultured in Growth Medium in gelatin-coated T75
flasks. Cells were frozen at passage 11 in liquid nitrogen.
Cells were thawed and transferred to 15-milliliter centrifuge
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tubes. After centrifugation at 150xg for 5 minutes, the super-
natant was discarded. Cells were resuspended in 4 milliliters
culture medium and counted. Cells were grown in a 75 cm?
flask containing 15 milliliters of Growth Medium at 375,000
cell/flask for 24 hours. The medium was changed to a serum
starvation medium for 8 hours. Serum starvation medium was
collected at the end of incubation, centrifuged at 14,000xg for
5 minutes (and stored at —=20° C.).

[0132] To estimate the number of cells in each flask, 2
milliliters of trypsi/EDTA (Gibco, Carlsbad, Calif.) was
added each flask. After cells detached from the flask, trypsin
activity was neutralized with 8 milliliters of Growth Medium.
Cells were transferred to a 15 milliliters centrifuge tube and
centrifuged at 150xg for 5 minutes. Supernatant was removed
and 1 milliliter Growth Medium was added to each tube to
resuspend the cells. Cell number was estimated using a
hemocytometer.

[0133] The amount of IL.-8 secreted by the cells into serum
starvation medium was analyzed using ELISA assays (R&D
Systems, Minneapolis, Minn.). All assays were tested accord-
ing to the instructions provided by the manufacturer.

[0134] RNA was extracted from confluent umbilical cord
tissue-derived cells and fibroblasts or for IL.-8 expression
from cells treated as described above. Cells were lysed with
350 microliters buffer RLT containing beta-mercaptoethanol
(Sigma, St. Louis, Mo.) according to the manufacturer’s
instructions (RNeasy Mini Kit; Qiagen, Valencia, Calif.).
RNA was extracted according to the manufacturer’s instruc-
tions (RNeasy Mini Kit; Qiagen, Valencia, Calif.) and sub-
jected to DNase treatment (2.7 U/sample) (Sigma St. Louis,
Mo.). RNA was eluted with 50 microliters DEPC-treated
water and stored at —80° C.

[0135] RNA was also extracted from human umbilical cord
tissue. Tissue (30 milligram) was suspended in 700 microli-
ters of buffer RLT containing 2-mercaptoethanol. Samples
were mechanically homogenized and the RNA extraction
proceeded according to manufacturer’s specification. RNA
was extracted with 50 microliters of DEPC-treated water and
stored at —80° C. RNA was reversed transcribed using ran-
dom hexamers with the TagMan reverse transcription
reagents (Applied Biosystems, Foster City, Calif.) at 25° C.
for 10 minutes, 37° C. for 60 minutes, and 95° C. for 10
minutes. Samples were stored at —20° C.
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[0136] Genes identified by cDNA microarray as uniquely
regulated in postpartum cells (signature genes—including
oxidized LDL receptor, interleukin-8, rennin and reticulon),
were further investigated using real-time and conventional
PCR.

[0137] PCR was performed on c¢cDNA samples using
Assays-on-Demand™ gene expression products: oxidized
LDL receptor (Hs00234028); rennin (Hs00166915); reticu-
lon (Hs00382515); CXC ligand 3 (Hs00171061); GCP-2
(Hs00605742); 1L-8 (Hs00174103); and GAPDH (Applied
Biosystems, Foster City, Calif.) were mixed with cDNA and
TagMan Universal PCR master mix according to the manu-
facturer’s instructions (Applied Biosystems, Foster City,
Calif.) using a 7000 sequence detection system with ABI
Prism 7000 SDS software (Applied Biosystems, Foster City,
Calif.). Thermal cycle conditions were initially 50° C. for 2
min and 95° C. for 10 min, followed by 40 cycles 0 95° C. for
15 sec and 60° C. for 1 min. PCR data was analyzed according
to manufacturer’s specifications (User Bulletin #2 from
Applied Biosystems for ABI Prism 7700 Sequence Detection
System).

[0138] Conventional PCR was performed using an ABI
PRISM 7700 (Perkin Elmer Applied Biosystems, Boston,
Mass., USA) to confirm the results from real-time PCR. PCR
was performed using 2 microliters of cDNA solution, 1xAm-
pliTaq Gold universal mix PCR reaction buffer (Applied Bio-
systems, Foster City, Calif.) and initial denaturation at 94° C.
for 5 minutes. Amplification was optimized for each primer
set. For 1L-8, CXC ligand 3, and reticulon (94° C. for 15
seconds, 55° C. for 15 seconds and 72° C. for 30 seconds for
30 cycles); for rennin (94° C. for 15 seconds, 53° C. for 15
seconds and 72° C. for 30 seconds for 38 cycles); for oxidized
LDL receptor and GAPDH (94° C. for 15 seconds, 55° C. for
15 seconds and 72° C. for 30 seconds for 33 cycles). Primers
used for amplification are listed in Table 8. Primer concen-
tration in the final PCR reaction was 1 micromolar except for
GAPDH, which was 0.5 micromolar. GAPDH primers were
the same as real-time PCR, except that the manufacturer’s
TagMan probe was not added to the final PCR reaction.
Samples were run on 2% (w/v) agarose gel and stained with
ethidium bromide (Sigma, St. Louis, Mo.). Images were cap-
tured using a 667 Universal Twinpack film (VWR Interna-
tional, South Plainfield, N.J.) using a focal-length Polaroid
camera (VWR International, South Plainfield, N.J.).

TABLE 8

Primers Used

Primer name Primers

Oxidized LDL receptor S: 5'-GAGAAATCCAAAGAGCAAATGG-3'! (SEQ ID NO:1)

Renin A: 5'-AGAATGGAAAACTGGAATAGG-3' (SEQ ID NO:2)
S: B5'-TCTTCGATGCTTCGGATTCC-3' (SEQ ID NO:3)
A: 5'-GAATTCTCGGAATCTCTGTTG-3' (SEQ ID NO:4)

Reticulon S: 5'-TTACAAGCAGTGCAGAAAACC-3'! (SEQ ID NO:5)
A: 5'-AGTAAACATTGAAACCACAGCC-3'! (SEQ ID NO:6)

Interleukin-8

Chemokine (CXC) ligand 3

S: 5'-TCTGCAGCTCTGTGTGAAGG-3' (SEQ

ID NO:7)
A: 5'-CTTCAAAAACTTCTCCACAACC-3' (SEQ ID NO:8)
S: 5'-CCCACGCCACGCTCTCC-3! (SEQ ID NO:9)

A: 5'-TCCTGTCAGTTGGTGCTCC-3'! (SEQ ID NO:10)
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[0139] Cells were fixed with cold 4% (w/v) paraformalde-
hyde (Sigma-Aldrich, St. Louis, Mo.) for 10 minutes at room
temperature. One isolate at passage 0 (PO) (directly after
isolation) and two isolates at passage 11 (P11), and fibroblasts
(P11) were used. Immunocytochemistry was performed
using antibodies directed against the following epitopes:vi-
mentin (1:500, Sigma, St. Louis, Mo.), desmin (1:150;
Sigma—raised against rabbit; or 1:300; Chemicon,
Temecula, Calif.—raised against mouse), alpha-smooth
muscle actin (SMA; 1:400; Sigma), cytokeratin 18 (CK18;
1:400; Sigma), von Willebrand Factor (vWF; 1:200; Sigma),
and CD34 (human CD34 Class 1II; 1:100; DAKOCytoma-
tion, Carpinteria, Calif.). In addition, the following markers
were tested on passage 11 postpartum cells: anti-human GRO
alpha-PE (1:100; Becton Dickinson, Franklin Lakes, N.J.),
anti-human GCP-2 (1:100; Santa Cruz Biotech, Santa Cruz,
Calif.), anti-human oxidized LDL receptor 1 (ox-LDL R1;
1:100; Santa Cruz Biotech), and anti-human NOGA-A
(1:100; Santa Cruz, Biotech).

[0140] Cultures were washed with phosphate-buffered
saline (PBS) and exposed to a protein blocking solution con-
taining PBS, 4% (v/v) goat serum (Chemicon, Temecula,
Calif.), and 0.3% (v/v) Triton (Triton X-100; Sigma, St.
Louis, Mo.) for 30 minutes to access intracellular antigens.
Where the epitope of interest was located on the cell surface
(CD34, ox-LLDL R1), Triton X-100 was omitted in all steps of
the procedure in order to prevent epitope loss. Furthermore, in
instances where the primary antibody was raised against goat
(GCP-2, ox-LDL R1,NOGO-A), 3% (v/v) donkey serum was
used in place of goat serum throughout. Primary antibodies,
diluted in blocking solution, were then applied to the cultures
for a period of 1 hour at room temperature. The primary
antibody solutions were removed and the cultures were
washed with PBS prior to application of secondary antibody
solutions (1 hour at room temperature) containing block
along with goat anti-mouse IgG-Texas Red (1:250; Molecu-
lar Probes, Eugene, Oreg.) and/or goat anti-rabbit I[gG-Alexa
488 (1:250; Molecular Probes) or donkey anti-goat IgG-FITC
(1:150, Santa Cruz Biotech). Cultures were then washed and
10 micromolar DAPI (Molecular Probes) applied for 10 min-
utes to visualize cell nuclei.

[0141] Following immunostaining, fluorescence was visu-
alized using an appropriate fluorescence filter on an Olympus
inverted epi-fluorescent microscope (Olympus, Melville,
N.Y.). In all cases, positive staining represented fluorescence
signal above control staining where the entire procedure out-
lined above was followed with the exception of application of
a primary antibody solution. Representative images were
captured using a digital color videocamera and ImagePro
software (Media Cybernetics, Carlsbad, Calif.). For triple-
stained samples, each image was taken using only one emis-
sion filter at a time. Layered montages were then prepared
using Adobe Photoshop software (Adobe, San Jose, Calif.).

[0142] Adherent cells in flasks were washed in phosphate
buffered saline (PBS) (Gibco, Carlsbad, Calif.) and detached
with Trypsin/EDTA (Gibco, Carlsbad, Calif.). Cells were
harvested, centrifuged, and re-suspended 3% (v/v) FBS in
PBS at a cell concentration of 1x107 per milliliter. One hun-
dred microliter aliquots were delivered to conical tubes. Cells
stained for intracellular antigens were penneablized with
Penn/Wash buffer (BD Pharmingen, San Diego, Calif.). Anti-
body was added to aliquots as per manufactures specifica-
tions and the cells were incubated for in the dark for 30
minutes at 4° C. After incubation, cells were washed with
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PBS and centrifuged to remove excess antibody. Cells requir-
ing a secondary antibody were resuspended in 100 microliters
ot 3% FBS. Secondary antibody was added as per manufac-
tures specification and the cells were incubated in the dark for
30 minutes at 4° C. After incubation, cells were washed with
PBS and centrifuged to remove excess secondary antibody.
Washed cells were resuspended in 0.5 milliliters PBS and
analyzed by flow cytometry. The following antibodies were
used: oxidized LDL receptor 1 (sc-5813; Santa Cruz, Bio-
tech), GROa (555042; BD Pharmingen, Bedford, Mass.),
Mouse IgG1 kappa, (P-4685 and M-5284; Sigma), Donkey
against Goat IgG (sc-3743; Santa Cruz, Biotech.). Flow
cytometry analysis was performed with FACScalibur (Becton
Dickinson San Jose, Calif).

[0143] The data obtained from real-time PCR were ana-
lyzed by the AACT method and expressed on a logarithmic
scale. Levels of reticulon and oxidized LDL receptor expres-
sion were higher in umbilical cord tissue-derived cells as
compared to other cells. No significant difference in the
expression levels of CXC ligand 3 and GCP-2 were found
between postpartum-derived cells and controls. The results of
real-time PCR were confirmed by conventional PCR.
Sequencing of PCR products further validated these observa-
tions. No significant difference in the expression level of
CXC ligand 3 was found between postpartum-derived cells
and controls using conventional PCR CXC ligand 3 primers
listed above.

[0144] The production of the cytokine, IL.-8 in postpartum
was elevated in both Growth Medium-cultured and serum-
starved postpartum-derived cells. All real-time PCR data was
validated with conventional PCR and by sequencing PCR
products.

[0145] When supernatants of cells grown in serum-free
medium were examined for the presence of IL-8, the highest
amounts were detected in media derived from umbilical cells
and some isolates of placenta cells (Table 9). No IL-8 was
detected in medium derived from human dermal fibroblasts.

TABLE 9

IL.-8 protein amount measured by ELISA

Cell type IL-8

hFibro ND
Umb Isolate 1 2058.42 = 144.67
Umb Isolate 2 2368.86 = 22.73

Values picograms/million cells, n = 2, sem;
ND = Not Detected

[0146] Cells derived from the human umbilical cord tissue
at passage 0 were probed for the production of selected pro-
teins by immunocytochemical analysis. Immediately after
isolation (passage 0), cells were fixed with 4% paraformal-
dehyde and exposed to antibodies for six proteins: von Will-
ebrand Factor, CD34, cytokeratin 18, desmin, alpha-smooth
muscle actin, and vimentin. Umbilical cord tissue-derived
cells were positive for alpha-smooth muscle actin and vimen-
tin, with the staining pattern consistent through passage 11.

[0147] Concordance between gene expression levels mea-
sured by microarray and PCR (both real-time and conven-
tional) has been established for four genes: oxidized LDL
receptor 1, rennin, reticulon, and IL.-8. The expression of
these genes was differentially regulated at the mRNA level in
PPDCs, with IL-8 also differentially regulated at the protein
level. Cells derived from the human umbilical cord tissue at
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passage 0 were probed for the expression of alpha-smooth
muscle actin and vimentin, and were positive for both. The
staining pattern was preserved through passage 11.

EXAMPLE 6

In Vitro Immunological Evaluation of Postpartum-
Derived Cells

[0148] Postpartum-derived cells (PPDCs) were evaluated
in vitro for their immunological characteristics in an effort to
predict the immunological response, if any, these cells would
elicit upon in vivo transplantation. PPDCs were assayed by
flow cytometry forthe presence of HLA-DR, HLA-DP, HL A-
DQ, CD80, CD86, and B7-H2. These proteins are expressed
by antigen-presenting cells (APC) and are required for the
direct stimulation of naive CD4* T cells (Abbas & Lichtman,
CELLULAR AND MOLECULAR IMMUNOLOGY, 5th Ed. (2003)
Saunders, Philadelphia, p. 171). The cell lines were also
analyzed by flow cytometry for the expression of HLA-G
(Abbas & Lichtman, 2003, supra), CD 178 (Coumans, et al.,
(1999) Journal of Immunological Methods 224, 185-196),
and PD-L.2 (Abbas & Lichtman, 2003, supra; Brown, et. al.
(2003) The Journal of Immunology 170, 1257-1266). The
expression of these proteins by cells residing in placental
tissues is thought to mediate the immuno-privileged status of
placental tissues in utero. To predict the extent to which
placenta- and umbilical cord tissue-derived cell lines elicit an
immune response in vivo, the cell lines were tested in a
one-way mixed lymphocyte reaction (MLR).

[0149] Cells were cultured to confluence in Growth
Medium containing penicillin/streptomycin in T75 flasks
(Corning, Corning, N.Y.) coated with 2% gelatin (Sigma, St.
Louis, Mo.).

[0150] Cells were washed in phosphate buffered saline
(PBS) (Gibco, Carlsbad, Calif.) and detached with Trypsin/
EDTA (Gibco, Carlsbad, Mo.). Cells were harvested, centri-
fuged, and re-suspended in 3% (v/v) FBS in PBS at a cell
concentration of 1x107 per milliliter. Antibody (Table 10) was
added to one hundred microliters of cell suspension as per
manufacturer’s specifications and incubated in the dark for 30
minutes at 4° C. After incubation, cells were washed with
PBS and centrifuged to remove unbound antibody. Cells were
re-suspended in five hundred microliters of PBS and analyzed
by flow cytometry using a FACSCalibur instrument (Becton
Dickinson, San Jose, Calif.).
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TABLE 10
Antibodies

Antibody Manufacturer Catalog Number
HLA-DRDPDQ  BD Pharmingen (San Diego, CA) 555558
CDgO BD Pharmingen (San Diego, CA) 557227
CDg6 BD Pharmingen (San Diego, CA) 555665
B7-H2 BD Pharmingen (San Diego, CA) 552502
HLA-G Abcam (Cambridgeshire, UK) ab 7904-100
CD 178 Santa Cruz (San Cruz, CA) sc-19681
PD-L2 BD Pharmingen (San Diego, CA) 557846
Mouse IgG2a Sigma (St. Louis, MO) F-6522
Mouse Sigma (St. Louis, MO) P-4685
IgGlkappa
[0151] Cryopreserved vials of passage 10 umbilical cord

tissue-derived cells labeled as cell line A were sent on dry ice
to CTBR (Senneville, Quebec) to conduct a mixed lympho-
cyte reaction using CTBR SOP No. CAC-031. Peripheral
blood mononuclear cells (PBMCs) were collected from mul-
tiple male and female volunteer donors. Stimulator (donor)
allogeneic PBMC, autologous PBMC, and postpartum cell
lines were treated with mitomycin C. Autologous and mito-
mycin C-treated stimulator cells were added to responder
(recipient) PBMCs and cultured for 4 days. After incubation,
[*H]thymidine was added to each sample and cultured for 18
hours. Following harvest of the cells, radiolabeled DNA was
extracted, and [H]-thymidine incorporation was measured
using a scintillation counter.

[0152] The stimulation index for the allogeneic donor
(SIAD) was calculated as the mean proliferation of the
receiver plus mitomycin C-treated allogeneic donor divided
by the baseline proliferation of the receiver. The stimulation
index of the PPDCs was calculated as the mean proliferation
of'the receiver plus mitomycin C-treated postpartum cell line
divided by the baseline proliferation of the receiver.

[0153] Six human volunteer blood donors were screened to
identify a single allogeneic donor that will exhibit a robust
proliferation response in a mixed lymphocyte reaction with
the other five blood donors. This donor was selected as the
allogeneic positive control donor. The remaining five blood
donors were selected as recipients. The allogeneic positive
control donor and placenta cell lines were mitomycin
C-treated and cultured in a mixed lymphocyte reaction with
the five individual allogeneic receivers. Reactions were per-
formed in triplicate using two cell culture plates with three
receivers per plate (Table 11). The average stimulation index
ranged from 6.5 (plate 1) to 9 (plate 2) and the allogeneic
donor positive controls ranged from 42.75 (plate 1) to 70
(plate 2) (Table 12).

TABLE 11

Mixed Lymphocyte Reaction Data-Cell Line A (Umbilical cord)
DPM for Proliferation Assay

Analytical Culture Replicates
number System 1 2 3 Mean SD cv
Plate ID: Plate 1

IM04-2478  Proliferation baseline of receiver 1074 406 391 623.7 390.07 62.5
Control of autostimulation (Mitomyecin C treated autologous cells) 672 510 1402 861.3 47519 55.2
MLR allogenic donor IM04-2477 (Mitomycin C treated) 43777 48391 38231 43466.3 5087.12 11.7
MLR with cell line (Mitomycin C treated cell type A) 2914 5622 6109  4881.7 1721.36 35.3

SI (donor) 70

SI (cell line)

8
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TABLE 11-continued

Mixed Lymphocyte Reaction Data-Cell Line A (Umbilical cord)
DPM for Proliferation Assay

Analytical Culture Replicates

number System 1 2 3 Mean SD cv

IM04-2479  Proliferation baseline of receiver 530 508 527 521.7 1193 23
Control of autostimulation (Mitomyecin C treated autologous cells) 701 567 1111 793.0 283.43 357
MLR allogenic donor IM04-2477 (Mitomycin C treated) 25593 24732 22707 243440 1481.61 6.1
MLR with cell line (Mitomycin C treated cell type A) 5086 3932 1497  3505.0 1832.21 523

SI (donor) 47

SI (cell line) 7

IM04-2480  Proliferation baseline of receiver 1192 854 1330 1125.3 24490 21.8
Control of autostimulation (Mitomyecin C treated autologous cells) 2963 993 2197  2051.0 993.08 484
MLR allogenic donor IM04-2477 (Mitomycin C treated) 25416 29721 23757 26298.0 3078.27 11.7
MLR with cell line (Mitomycin C treated cell type A) 2596 5076 3426 3699.3 1262.39 341

SI (donor) 23

SI (cell line) 3

IM04-2481  Proliferation baseline of receiver 695 451 555 567.0 122.44 21.6
Control of autostimulation (Mitomyecin C treated autologous cells) 738 1252 464 818.0 400.04 48.9
MLR allogenic donor IM04-2477 (Mitomycin C treated) 13177 24885 15444 17835.3 6209.52 34.8
MLR with cell line (Mitomycin C treated cell type A) 4495 3671 4674 4280.0 53495 125

SI (donor) 31

SI (cell line) 8

Plate ID: Plate 2

IM04-2482  Proliferation baseline of receiver 432 533 274 413.0 130.54 31.6
Control of autostimulation (Mitomyecin C treated autologous cells) 1459 633 598 896.7 487.31 543
MLR allogenic donor IM04-2477 (Mitomycin C treated) 24286 30823 31346 28818.3 3933.82 13.7
MLR with cell line (Mitomycin C treated cell type A) 2762 1502 6723 3662.3 272446 74.4

SI (donor) 70

SI (cell line) 9

IM04-2477  Proliferation baseline of receiver 312 419 349 360.0 5434 15.1

(allogenic control of autostimulation (Mitomyecin treated autologous cells) 567 604 374 515.0 123.50 24.0

donor)

Cell line Proliferation baseline of receiver 5101 3735 2973 3936.3 1078.19 274

type A Control of autostimulation (Mitomyecin treated autologous cells) 1924 4570 2153 28823 1466.04 509

TABLE 12

Average stimulation index of umbilical cord tissue-
derived cells and an allogeneic donor in a mixed
lymphocyte reaction with five individual allogeneic
receivers.

Average Stimulation Index

Recipient Umbilicus
Plate 1 (receivers 1-4) 42.75 6.5
Plate 2 (receivers 5) 70 9

[0154] Histograms of umbilical cord tissue-derived cells
analyzed by flow cytometry show negative expression of
HLA-DR, DP, DQ, CD80, CD86, and B7-H2, as noted by
fluorescence value consistent with the IgG control, indicating
that umbilical cell lines lack the cell surface molecules
required to directly stimulate CD4* T cells. Histograms of
umbilical cord tissue-derived cells analyzed by flow cytom-
etry show positive expression of PD-L.2, as noted by the
increased value of fluorescence relative to the IgG control,
and negative expression of CD178 and HLLA-G, as noted by
fluorescence value consistent with the IgG control.

[0155] In the mixed lymphocyte reactions conducted with
umbilical cord tissue-derived cell lines the average stimula-
tion index ranged from 6.5 to 9, and that of the allogeneic
positive controls ranged from 42.75 to 70. Umbilical cord
tissue-derived cell lines were negative for the expression of

the stimulating proteins HLA-DR, HLA-DP, HLA-DQ,
CD80, CD86, and B7-H2, as measured by flow cytometry.
Umbilical cord tissue-derived cell lines were negative for the
expression of immuno-modulating proteins HLA-G and
CD178 and positive for the expression of PD-1.2, as measured
by flow cytometry. Allogeneic donor PBMCs contain anti-
gen-presenting cells expressing HLA-DR, DQ, CD8, CD86,
and B7-H2, thereby allowing for the stimulation of naive
CD4* T cells. The absence of antigen-presenting cell surface
molecules on placenta- and umbilical cord tissue-derived
cells required for the direct stimulation of naive CD4* T cells
and the presence of PD-L.2, an immunomodulating protein,
may account for the low stimulation index exhibited by these
cells in a MLR as compared to allogeneic controls.

EXAMPLE 7

Secretion of Trophic Factors by Umbilical Cord Tis-
sue-Derived Cells

[0156] The secretion of selected trophic factors from
umbilical cord tissue-derived cells was measured. Factors
selected for detection included: (1) those known to have
angiogenic activity, such as hepatocyte growth factor (HGF)
(Rosen et al. (1997) Ciba Found. Symp. 212:215-26), mono-
cyte chemotactic protein 1 (MCP-1) (Salcedo et al. (2000)
Blood 96; 34-40), interleukin-8 (IL-8) (Li et al. (2003) J.
Immunol. 170:3369-76), keratinocyte growth factor (KGF),
basic fibroblast growth factor (bFGF), vascular endothelial
growth factor (VEGF) (Hughes et al. (2004) Ann. Thorac.
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Surg 77:812-8), matrix metalloproteinase 1 (TIMP1),
angiopoietin 2 (ANG2), platelet derived growth factor
(PDGF-bb), thrombopoietin (TPO), heparin-binding epider-
mal growth factor (HB-EGF), stromal-derived factor lalpha
(SDF-1 alpha); (2) those known to have neurotrophic/neuro-
protective activity, such as brain-derived neurotrophic factor
(BDNF) (Cheng et al. (2003) Dev. Biol. 258; 319-33), inter-
leukin-6 (IL-6), granulocyte chemotactic protein-2 (GCP-2),
transforming growth factor beta2 (TGFbeta2); and (3) those
known to have chemokine activity, such as macrophage
inflammatory protein 1 alpha (MIP1a), macrophage inflam-
matory protein 1beta (MIP1b), monocyte chemoattractant-1
(MCP-1), Rantes (regulated on activation, normal T cell
expressed and secreted), 1309, thymus and activation-regu-
lated chemokine (TARC), Eotaxin, macrophage-derived
chemokine (MDC), IL-8).

[0157] Cells from the umbilical cord as well as human
fibroblasts derived from human neonatal foreskin were cul-
tured in Growth Medium with penicillin/streptomycin on
gelatin-coated T75 flasks. Cells were cryopreserved at pas-
sage 11 and stored in liquid nitrogen. After thawing of the
cells, Growth Medium was added to the cells followed by
transfer to a 15 milliliter centrifuge tube and centrifugation of
the cells at 150xg for 5 minutes. The supernatant was dis-
carded. The cell pellet was resuspended in 4 milliliters
Growth Medium, and cells were counted. Cells were seeded
at 375,000 cells/75 cm? flask containing 15 milliliters of
Growth Medium and cultured for 24 hours. The medium was
changed to a serum-free medium (DMEM-low glucose
(Gibco), 0.1% (w/v) bovine serum albumin (Sigma), penicil-
lin/streptomycin (Gibco)) for 8 hours. Conditioned serum-
free medium was collected at the end of incubation by cen-
trifugation at 14,000xg for 5 minutes and stored at -20° C. To
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utes. Supernatant was removed, and cells were resuspended
in 1 milliliter Growth Medium. Cell number was estimated
using a hemocytometer.

[0158] Cells were grown at 37° C. in 5% carbon dioxide
and atmospheric oxygen. Placenta-derived cells (batch
101503) also were grown in 5% oxygen or beta-mercaptoet-
hanol (BME). The amount of MCP-1, IL.-6, VEGF, SDF-
lalpha, GCP-2, 1L-8, and TGF-beta 2 produced by each cell
sample was measured by an ELISA assay (R&D Systems,
Minneapolis, Minn.). All assays were performed according to
the manufacturer’s instructions.

[0159] Chemokines (NIP1a, MIP1b, MCP-1, Rantes, 1309,
TARC, Eotaxin, MDC, IL8), BDNF, and angiogenic factors
(HGF, KGF, bFGF, VEGF, TIMP1, ANG2, PDGF-bb, TPO,
HB-EGF were measured using SEARCHLIGHT® Proteome
Arrays (Pierce Biotechnology Inc.). The Proteome Arrays are
multiplexed sandwich ELISAs for the quantitative measure-
ment of two to 16 proteins per well. The arrays are produced
by spotting a 2x2, 3x3, or 4x4 pattern of four to 16 different
capture antibodies into each well of a 96-well plate. Follow-
ing a sandwich ELISA procedure, the entire plate is imaged to
capture chemiluminescent signal generated at each spot
within each well of the plate. The amount of signal generated
in each spot is proportional to the amount of target protein in
the original standard or sample.

[0160] MCP-1 and IL.-6 were secreted by umbilical cord
tissue-derived cells and dermal fibroblasts (Table 13). SDF-1
alpha was secreted by fibroblasts. GCP-2 and IL-8 were
secreted by umbilical cord tissue-derived cells cultured in the
presence of BME or 5% O,-GCP-2 also was secreted by
human fibroblasts. TGF-beta2 was not detectable by ELISA
assay.

TABLE 13

ELISA assay results

MCP-1 IL-6 VEGF SDF-10 GCP-2 IL-8 TGF-p2
Fibroblast 171 61x3 29 =2 19«1 21 =1 ND ND
Umbilical cord (022803) 1150 £ 74 4234 + 289 ND ND 160 =11 2058 =145 ND
Umbilical cord (071003) 2794 £ 84 1356 £ 43 ND ND 2184 + 98 2369 £ 23 ND

Values presented are picograms/milliliter/million cells (n = 2, sem);

ND = Not Detected.

estimate the number of cells in each flask, cells were washed
with PBS and detached using 2 milliliters trypsin/EDTA.
Trypsin activity was inhibited by addition of 8 milliliters
Growth Medium. Cells were centrifuged at 150xg for 5 min-

[0161] TIMPI1, TPO, KGF, HGF, FGF, HBEGF, BDNF,
MIP1b, MCP1, RANTES, 1309, TARC, MDC, and IL-8 were
secreted from umbilical cord tissue-derived cells (Tables 14
and 15). No Ang2, VEGF, or PDGF-bb were detected.

TABLE 14

SearchLight ® Multiplexed ELISA assay results

TIMP1 ANG2 PDGFbb TPO KGF HGF FGF VEGF HBEGF BDNF
Hib 19306.3 ND ND 2305 50 ND ND 27.9 1.3 ND
U1 577184 ND ND 1240.0 5.8 5593 1487 ND 9.3 165.7
U3 21850.0 ND ND 11345 9.0 1956 308 ND 54 388.6

hFB = human fibroblasts,

Ul = umbilical cord tissue-derived cells (022803),
U3 = umbilical cord tissue-derived cells (071003),
ND = Not Detected.
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SearchLight ® Multiplexed ELISA assay results

MIPla MIP1b MCP1 RANTES 1309 TARC Eotaxin MDC IL8
hFB ND ND 39.6 ND ND 0.1 ND ND 204.9
P1 79.5 ND 2284 4.1 ND 3.8 12.2 ND 413.5
Ul ND 8.0 1694.2 ND 22.4 37.6 ND 18.9 51930.1
P3 ND ND 102.7 ND ND 0.4 ND ND 63.8
U3 ND 5.2 2018.7 41.5 11.6 21.4 ND 4.8 10515.9
hFB = human fibroblasts,
Ul =umbilical cord tissue-derived cells (022803),
U3 = umbilical cord tissue-derived cells (071003),
ND = Not Detected.
[0162] Umbilical cord tissue-derived cells secreted a num- [0165] As shown in Table 16, untreated and 0.1% DMSO

ber of trophic factors. Some of these trophic factors, such as
HGF, bFGF, MCP-1 and IL-8, play important roles in angio-
genesis. Other trophic factors, such as BDNF and IL-6, have
important roles in neural regeneration.

EXAMPLE 8

Inhibition of IFN-Gamma-Induced Expression of
HLA-DR, DP, DQ on Expanded Human Umbilical
Cord Tissue-Derived Cells by HMG-CoA Reductase
Inhibitors

[0163] Culture-expanded human umbilical cord tissue-de-
rived cells (022803 P4) were seeded into 6-well tissue culture
plates and cultured in Dulbecco’s Modified Eagles Media
(DMEM)-low glucose, 15% fetal bovine serum (FBS), peni-
cillin/streptomycin (P/S), Betamercaptoethanol (BME) to
approximately 70% confluence. The cells were then treated
with media containing 10 uM of respective HMG-CoA reduc-
tase inhibitor (Simvastatic acid (Alexis Biochemicals,
Lausen, Switzerland) formulated as 10 mM stock reagents in
DMSO) or DMSO vehicle—0.1% (Sigma, St. Louis, Mo.)
and incubated overnight. The media was removed by aspira-
tion and replaced with media containing 500 U/ml rhIFN-
gamma (BD Pharmingen, Franklin Lakes, N.J.) and 10M of
respective HMG-CoA reductase inhibitor and incubated for 3
days. On day three, cells were harvested with trypsin.
[0164] Harvested cells were washed once with PBS and
re-suspended in 100 pl of 3% FBS in PBS with 20 pl FITC-
labeled HLA-DR,DP,DQ (BD Biosciences, Franklin Lakes,
N.J.) or FITC-labeled IgG antibody (BD Biosciences, Fran-
klin Lakes, N.J.) and incubated for one hour. Cells were
washed once in PBS and resuspended in 500 pl PBS and
analyzed on a FACSCalibur flow cytometer (BS Biosciences,
Franklin Lakes, N.J.).

TABLE 16

HLA-DR, DP, DQ expression of hUTC as measured by FITC
fluorescence intensity values of pre-treated with HMG-CoA
reductase inhibitor and further treated with inflammatory
cytokine IFN-gamma

HMG-CoA IFN-gamma- No cytokine
Reductase 1gG control treated treatment
Inhibitor Treatment mean Stddev mean Stddev Mean Stddev
Untreated 488  5.12 27423 219.04 5.56 8.97
0.1% DMSO 409  5.67 294.08 257.08 5.54 546
vehicle control

Simvastatin 4.4 2.38 5.57 398 5.66 3.25

vehicle control human umbilical cord tissue-derived cells
incubated with the inflammatory cytokine IFN-gamma
showed an increase in HLA-DR, DP, DQ expression as seen
by increased fluorescence detected by flow cytometry.
Human umbilical cord tissue-derived cells pre-treated with a
HMG-CoA reductase inhibitor and subsequently incubated
with [IFN-gamma showed HLLA-DR, DP, DQ expression simi-
lar to untreated and vehicle controls.

[0166] This data indicates that HMG-CoA reductase inhib-
its inflammatory cytokine-mediated expression of HLA-DR,
DP, DQ in human umbilical cord tissue-derived cells.

EXAMPLE 9

Renoprotective Efficacy of Human Umbilical Cord
Tissue-Derived Cells in Rodent Model of Drug-In-
duced Acute Renal Failure

[0167] Fifty-eight, female C57BL/6] mice were purchased
from The Jackson Laboratory (Bar Harbor, Me.). Table 17
describes the experimental design that was implemented in
this study.

TABLE 17

Experimental design. Mouse mesenchymal stem cells
(mMSC). Human mesenchymal stem cells (hMSCs).
Hanks Balanced Salt Solution vehicle control (HBSS).
Number of viable cells injected (Cell dose). Human
umbilical cord tissue-derived cells (hUTC)

Treatment Number of

group animals Gender Test material Cell dose
1 14 Female HBSS NA
2 10 Female mMSC 0.2 x 106
3 10 Female hMSC 0.2 x 106
4 10 Female hUTC 0.2 x10°
3 14 Female hUTC 0.4 x 108

[0168] Acute renal failure was induced in mice using two

subcutaneous injections of cis-diaminedichloroplatinum
(cisplatin) (Sigma Co. Cat# P4394) at a concentration of 10
mg/kg each, followed by infusion of cells or Hanks Balanced
Salt Solution (HBSS), without Ca**/Mg** (Invitrogen,
Cat#14025, Lot#1300696) twenty-four to forty-eight hours
after the initial cisplatin injection. FIG. 1 shows the sequence
of'events for the execution of this study.

[0169] Passage 10 hUTCs (lot#120304) were isolated and
expanded and cryopreserved at <—120° C. (liquid nitrogen
vapor phase). Following manufacturer’s instructions, hMSCs
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(Cambrex (Lonza), Walkersville, Md.) Cat # PT-2501, Lot #
4F1560) were expanded to passage 6 and then cryopreserved.
Mouse MSC (mMSC) were freshly isolated and expanded.
Briefly, C57BL/6] mouse bone marrow was flushed from the
tibia and femur using a 25-gauge needle. Bone marrow was
cultured at 1-2x10° cells/cm? in Iscove’s modified Dulbec-
co’s medium that was supplemented with 10% fetal serum.
The nonadherent cells were removed and media was
exchanged at 48-72 hours post-seeding, as well as every four
days thereafter. When the tissue culture flasks were near
confluency, mMSCs were enzymatically removed from the
culture flask. After two passages, nMSCs were harvested and
prepared for transplantation. Both hUTC and hMSCs dem-
onstrated a normal karyotype and were devoid of pathogen
and mycoplasma contamination.

[0170] At the time of cell injection, hUTCs and hMSCs
were thawed at 37° C. and washed two times with HBSS.
Cells were counted using a hemocytometer and cell viability
was determined by trypan blue dye exclusion. Cells were
reconstituted at a concentration of 0.2x10%200 ul HBSS or
0.4x10° cells/200 pl HBSS. Cells suspended in HBSS or
HBSS alone (as negative control) were injected into the ante-
rior facial vein using a 1 mL syringe fitted with a 27-gauge
needle.

[0171] To determine the animal survival rate, the number of
living animals on day 7 post cell transplantation was divided
by the initial number of animals in the treatment group. As
shown in Table 18 and FIG. 2, HBSS vehicle treatment
resulted in only 43% of the animals surviving on day 7-post
cell translation. However, both mMSC and hMSC treatment
resulted in 90% animal survival. The lower dose (0.2x10°
cells) injection of hUTCs resulted in 70% of the animals
surviving on day 7, and the higher dose (0.4x10° cells) h(UTC
treatment resulted in only 50% animal survival.

TABLE 18

Survival rate. On day 7-post cell transplantation,
the percentage of surviving animals was

determined
Treatment Dose Percent survival
1 NA 43
2 0.2 x 10° 90
3 0.2 x 10° 90
4 0.2 x 106 70
5 0.4 x 10¢ 50

[0172] Blood samples (50 pl) were collected from the tail
vein prior to cisplatin injections (day-1) and on days 3, 5, and
7 post cell transplantation. Serum was prepared from the
blood samples and stored at —80° C. in EDTA treated tubes
until the time of analysis. Food was removed, overnight, from
all animals prior to blood sampling. Blood-Urea-Nitrogen
(BUN) measurements were conducted using a COBAS Mira
Chemical Analyzer (Roche, Switzerland). Serum creatinine
(SCr) was analyzed using an Advia 1650 Chemical Analyzer
(Bayer, Pittsburgh, Pa.).

[0173] Prior to injury, HBSS, mMSC, hMSC, lower dose
hUTC and higher dose hUTC all showed normal BUN values
0f16.89 mg/dl, 17.19 mg/dl, 17.21 mg/dl, 17.47 mg/dl, 17.33
mg/dl respectively (Table 19, FIG. 3). However, on day five
all treatment groups showed elevated BUN levels. HBSS
treatment resulted in an average BUN of 64.37 mg/dl and
mMSC treatment 58.96 mg/dl. However, both hMSC and
lower dose hUTC treatment resulted in reduced BUN values
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ot 40.44 mg/dl and 51.32 mg/dl respectively, while a higher
dose hUTC treatment showed an elevated BUN of 97.28
mg/dl. No statistical differences were observed between
vehicle and treatment groups. This was due to the variability
that is typically seen with BUN measurements. Day 7 mea-
surements showed a similar trending data, however a dra-
matic reduction in vehicle group BUN values was observed.
This made it difficult to accurately assess the effects of cell
treatment on renal function at 7 days post transplantation.

TABLE 19

BUN Measurements

Day:

-1 3 5 7 -1 3 5 7

Treatment group: 1 Treatment group: 2

BUN 18.85 35.20 32.83 41.68 11.22 37.57 55.84 66.73
(mg/dl)  20.75 41.61 78.62 4596 2270 33.80 79.56 111.80
15.85 2859  32.88 51.88 17.57 46.28 97.34 121.74
1591 52,75 112.33 2877 19.55 26.73 37.88 6097
21.02 40.60  57.43 2439 17.81 34.15 49.94 116.65
14.36 42,72 46.98 30.67 14.27 48.59 89.96  23.68
17.45 30.83 39.09  41.68 19.63 1798 11.54 74.05
19.99 3522  80.53 4596 17.17 27.27 50.23  78.61
19.69 2838  88.69 15.95 45.71 58.37 2530

Average 16.92 37.76  64.37 38.87 17.19 35.34 58.96 75.50
Std: 2.74 980 30.75 9.74  3.15 1032 26.74 36.49
SEM 0.71 272 8.53 344 1.00 344 891 1216

Treatment group: 3 Treatment group: 4

BUN 15.77 19.07 20.60  41.86 14.52 35.76 72.09 108.61
(mg/dl)  17.79 2494  36.81 3875 17.24 3448 68.90 33.84
16.59 2575  32.03 4421 14.23 56.19 62.37 35.62
17.09 31.60 4095 11798 17.65 27.25 23.32 23.39
18.46 3749 51.86 43.78 16.83 24.76 30.53 111.16
16.72 3831 69.33 39.17 15.39 20.93 21.88
15.76 34.87 47.99 24,02 18.23 34.01 89.88
17.55 17.22  17.55 15738 20.76 33.72 73.36
17.28 3423 4943 28.04 20.14 46.90 65.91

19.05 2933 37.84 19.69
Average 17.21 29.28 40.44 5947 17.47 3489 51.32 62.52
Std: 1.07  7.39 1532 4594 230 1094 2843 4350
SEM 0.34 234 4.84 1531  0.73  3.65 9.48 1945

Treatment group: 5

Day:
-1 3 5 7

BUN (mg/dl) 15.78 104.42 92.85 222.03

15.22 44.20 92.10 47.15

14.34 42.41 53.20 74.12

11.70 27.39 29.54

22.54 28.69 118.43

19.44 43.17 92.68

18.72 55.16 113.65

18.83 33.37 43.05

21.28 142.07 54.15

13.02 26.43 111.03

17.45 25.46 269.38

18.56 78.26

18.41

17.30
Average 17.33 54.25 97.28 114.43
Std: 3.04 36.41 64.75 94.15
SEM 0.81 10.51 19.52 54.36
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[0174] Table 20 and FIG. 4 shows SCr measurements from
day 5 serum samples. HBSS and mMSC treatment resulted in
mean creatinine values of 0.74 mg/dl and 0.66 mg/dl, respec-
tively. A statistically significant reduction in SCr was
observed after hMSC or lower dose hUTC treatment (P<0.
03). hMSC treatment resulted in a mean SCr value of 0.47
mg/dl and lower dose hUTC treatment resulted in a mean SCr
value of 0.57 mg/dl.

TABLE 20

Serum creatinine. SCr was measured on day 5-post cell
transplantation. Standard deviation (std). Standard error of the
mean (SEM)

Treatment Creatinine

Group  Test material mg/dl Mean  Std SEM  P-value

1 HBSS 0.64 074  0.09  0.04 na
HBSS 0.72
HBSS 0.72
HBSS 0.89
HBSS 0.73

2 mMSC 0.64 0.66 010  0.05 0.213
mMSC 0.72
mMSC 0.72
mMSC 0.48
mMSC 0.72

3 hMSC 0.24 047 021 0.09 0.008
hMSC 0.27
hMSC 0.56
hMSC 0.56

4 hUuTC 0.64 0.57 0.08  0.03 0.028
hUuTC 045
hUuTC 0.56
hUuTC 0.64

5 hUuTC 1.28 0.68 038  0.17 0.789
hUuTC 0.26
hUuTC 0.48
hUuTC 0.72

[0175] Two mice per treatment group were sacrificed on
day 7 post cell transplantation and tissues were fixed by
transcardial perfusion with saline, followed by perfusion and
immersion in 4% paraformaldehyde. Kidneys were removed
from the mice and processed for histology. H&E stained
sections were then assessed for histological injury. Two
trained pathologists blindly assessed and scored the degree of
renal tubular degeneration.

[0176] Tubular necrosis was qualitatively measured in his-
tological sections from HBSS, hMSC and lower dose hUTC
treated animals. Tubular degeneration was scored on a scale
ranging from 1 to 4 (1=minimal damage, 2=mild damage,
3=moderate damage, 4=severe damage). As shown in Table
21 and FIG. 5, both vehicle and hMSC treatment resulted in
mild tubular degeneration, with a mean injury score of 2.5.
However, a lower dose hUTC treatment resulted in minimal
tubular damage with a mean injury score of 1.9 indicative of
the renoprotective potential of hUTC.

TABLE 21

Histological injury evaluation. Extent of tubular degeneration was scored
independently, by two pathologist (Pathologist A, B). Pathologists were
blinded to the treatment group assignment;

Vehicle hMSC hUTC (low dose)
Animal Number 1 2 3 4 5 6
Pathologist A 3 3 3 2 2.5 2
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TABLE 21-continued

Histological injury evaluation. Extent of tubular degeneration was scored
independently, by two pathologist (Pathologist A, B). Pathologists were
blinded to the treatment group assignment;

Vehicle hMSC hUTC (low dose)
Pathologist B 2 2 3 2 1 2
Mean Score Mild (2.5) Mild (2.5) Minimal (1.9)

Values represent injury scores using the following assessment scale, 1 =
minimal, 2 = mild, 3 = moderate, 4 = severe.

[0177] The data show that both hUTCs and hMSCs protect
the kidneys from cisplatin-induced nephrotoxicity. This study
utilizes a very high concentration of cisplatin and therefore
represents a model of severe nephrotoxicity. Future studies
will utilize a lower, sub-lethal dose of cisplatin. This lower
dose nephrotoxicity model will be more representative of the
type of injury observed in humans. In addition, intravenous
administration of hUTCs will occur at least twenty-four hours
after cisplatin infusion. This will ensure that the blood levels
of cisplatin are very low and less likely to exert negative
affects on hUTCs.

[0178] Treatment of injured mice with 0.2x10° hUTC
resulted in an increased rate of survival, a 23% reduction in
SCr and reduced tubular degeneration as compared to vehicle
treated animals. These significant findings indicate that
hUTC might protect the kidney from drug-induced acute
renal failure.

EXAMPLE 10

Evaluation of the Renoprotective Efficacy of Human
Umbilical Cord Tissue-Derived Cells in a Rat Model
of Cisplatin Induced Nephrotoxicity

[0179] Nephrotoxicity was induced in thirty-nine male
Sprague Dawley rats. Cis-diaminedichloroplatinum (cispl-
atin) (Sigma Co. Cat# P4394, Lot# 076K1697) was adminis-
tered (6 mg/kg) via intraperitoneal (IP) injection, twenty-four
hours prior to cell administration. The animals were dosed at
a volume of 5 ml/kg, and dose levels were based upon the
most recently collected body weight.

[0180] Passage 10, hUTC (1ot#Q091506) were isolated,
expanded, and cryopreserved at <—120° C. (liquid nitrogen
vapor phase). hUTC demonstrated a normal karyotype and
were devoid of pathogen and mycoplasma contamination.

[0181] At the time of cell transplantation, hUTC were
thawed at 37° C., washed two times with HBSS and resus-
pended in HBSS at the appropriate concentration. Animals
were dosed once, twenty-four hours after cisplatin adminis-
tration, on Day 1 via intravenous (IV) injection with vehicle
(Hanks Balanced Salt Solution (HBSS), without Ca*™*/Mg**
(Invitrogen, Cat#14025, Lot #1226569)) or with hUTC at a
volume of 2 mL and an approximate infusion rate of two
minutes. See Table 22 for treatment group assignments.
Group 1 received vehicle only, and Groups 2-4 received
hUTC at levels of 0.3x10°, 1x10° and 3x10° cells per animal.
The animals were approximately 7-8 weeks old at the time of
dosing.
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TABLE 22

Experimental Design

Treatment Number of
group animals Gender Test material Cell dose
1 10 Male Vehicle NA
2 10 Male hUTC 0.3 x 106
3 9 Male hUTC 1.0 x 06
4 10 Male hUTC 3.0x0°
[0182] Blood samples were collected priorto cell or vehicle

treatment (day 1) and on days 4, 6 and 8-post cisplatin treat-
ment by puncture of a tail vein. Blood samples were pro-
cessed for serum, and then both BUN and SCr were measured
using an Olympus AU640 chemistry immuno analyzer.

[0183] Blood samples were evaluated for Bun and SCr on
Days 1, 4, 6, and 8 (Table 23, FIG. 6, FIG. 7). All animals were
administered cisplatin (Groups 1-4) and showed similar base-
line levels, with marked increases in mean BUN and SCr
levels for all groups from Day 1 to Day 4. All treatment groups
showed a marked increase in both Bun and SCr levels, with
the treatment group mean levels ranging from 12-13 mg/dL,
(Bun) and 0.3 mg/dL. (SCr) on Day 1 to 62-68 mg/dL. (Bun)
and 1.8-2.2 mg/dL, (SCr) on Day 4. However, vehicle control
animals (Group 1) showed decreased mean Bun and SCr by
Day 6 (34x10.4 mg/dLL and 0.8+0.2 mg/dL., respectively),
which further decreased by Day 8, approaching baseline lev-
els (19+4.1 mg/dL and 0.5+0.1 mg/dL, respectively). This
suggests that the nephrotoxicity was transient and began to
reverse by Day 6 with Bun and SCr levels nearly at baseline
by Day 8. Likewise, the Bun and SCr levels for the animals
administered hUTC (Groups 2-4) were comparable or
slightly lower than those of the vehicle control animals
(Group 1). There appeared to be little effect of cell treatment
at a dose level of 0.3x10° (Group 2) and 1x10° cells/animal
(Group 3) on both days 6 and 8. However, treatment with
hUTC at adose level of 3x10° cells/animal (Group 4) resulted
in a significant decrease in both mean Bun and SCr values on
Day 6 (20+6.1 mg/dL and 0.5+0.12 mg/dL, respectively).

TABLE 23

Serum chemistry analysis

Treatment group Day 1 Day4  Day6 Day 8
BUN
1 - vehicle Mean (mg/dl) 13.5 64.5 36.5 20
SEM (mg/dl) 0.99 4.36 3.29 1.45
2-0.3x10° Mean 12 57 20 16
SEM 0.51 4.22 3.87 1.54
3-1.0x10° Mean 11.5 66 33 19
SEM 0.62 447 7.85 2.19
4-3.0x10° Mean 13 57 18 14.5
SEM 0.77 6.47 1.93 1.12
SCr
1 - vehicle Mean (mg/dl) 0.3 2.05 0.8 0.5
SEM (mg/dl) 0.01 0.16 0.05 0.03
2-0.3 %10 Mean 0.3 1.6 0.6 0.4
SEM 0.01 0.13 0.06 0.04
3-1.0x10° Mean 0.3 24 0.7 0.5
SEM 0.02 0.17 0.11 0.04
4-3.0x10° Mean 0.3 1.6 0.5 0.35
SEM 0.03 0.23 0.04 0.03

23
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[0184] Before cell treatment and on days 4, 6, and 8 (before
necropsy), animals were placed into metabolism cages, and
urine samples were collected on ice, after a duration of
approximately 8-10 hours. Urine volume was measured and
the total duration of the urine collection period was recorded.
Urine samples were then analyzed for creatinine using an
Olympus AU640 chemistry immuno analyzer. Creatinine
clearance (CrCl) was determined using the following equa-
tion; CrCl=urine creatinine (mg/dL)xurine volume (mL/
hour)/[serum creatinine (mg/dL)xbody weight (kg)].

[0185] Urine samples were evaluated for SCr on Days 1, 4,
6, and 8 and then CrCl was calculated (Table 24, FIG. 8). All
animals were administered cisplatin and showed similar
baseline levels, with a dramatic decrease in mean CrCl values
for all groups from Day 1 to Day 4. All treatment groups
showed a marked increase in CrCl, with the mean levels
ranging from 2.304-2.595 ml/min on Day 1 to 0.381-0.459
ml/min on Day 4. Vehicle control animals showed an increase
in CrCl on Day 6 (1.290 ml/min), which further increased by
Day 8, approaching baseline levels (1.802 ml/min). This con-
firms the transient nature of the nephrotoxic injury as renal
function began to improve by Day 6 with CrCl levels nearly at
baseline by Day 8. Likewise, CrCl for the animals adminis-
tered hUTC (Groups 2-4) were comparable or slightly lower
than those of the vehicle control animals. Treatment with
hUTC at a dose level of 3x10° cells/animal (Group 4) showed
an improved CrCl, compared to vehicle control, on Day 6
(1.792 ml/min verses 1.290 m[./min in the vehicle control).

TABLE 24

CrCl Analysis

Treatment
group Day 1 Day4 Day6 Day 8
1 - vehicle Mean (mL/min) 2.337 0.381 1.290 1.802
SEM (mL/min) 0.225 0.056 0.143 0.185
2-0.3x10° Mean 2.415 0.350 1471 1.956
SEM 0.164 0.030 0.168 0.214
3-1.0x10% Mean 2.595 0.459 1.340 1.632
SEM 0.282 0.078 0.220 0.204
4-3.0x10° Mean 2.304 0.420 1.792 2.264
SEM 0.177 0.080 0.152 0.202
[0186] Therenoprotective effects of hUTC in a rat model of

cisplatin-induced nephrotoxicity are described. Administra-
tion of 3.0e® hUTC resulted in a moderate reduction in BUN,
SCr and an increase in CrCl compared to vehicle control
treatment. Cisplatin is one of the most common anti tumor
agents used in the chemotherapy of malignancies. Therefore,
the administration of hUTC protects the kidney for nephro-
toxic injury, ultimately improving the outcome and quality of
life for cancer patients undergoing chemotherapy. In addition,
hUTC treatment may reduce the severity of acute tubular
necrosis and even prevent ARF associated with other medical
interventions such as those observed after cardiovascular sur-
gery as well as in some patients receiving antimicrobial
drugs, iodide contrast agents, anesthetics, immunosuppres-
sants and analgesics.

EXAMPLE 11

Evaluation of the Renoprotective Efficacy of Human
Umbilical Cord Tissue-Derived Cells in a Rodent
Model of Obstructive Nephropathy

[0187] The purpose of this prophetic example is to evaluate
the renoprotective effects of human umbilical cord tissue-
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derived cells (hUTC) in a unilateral ureter obstruction (UUO)
model of renal injury. The UUO model is an effective model
for short-term, obstructive nephropathy and tubulointerstitial
fibrosis. To evaluate renoprotective efficacy, cell biodistribu-
tion, blood-urea-nitrogen (BUN), serum creatinine (SCr) and
histological injury will be assessed in injured mice twelve
days post cell transplantation.

[0188] Female C57BL/6J mice (The Jackson Laboratory,
Bar Harbor, Me.) will be anesthetized with 1-3% Isofluorane.
The abdomen of each animal will be shaved and cleaned with
70% alcohol, followed by betadine. A midline, abdominal
incision will be made. The abdominal wall will be opened and
the intestines will be moved out onto the chest and protected
with wet gauze. The left kidney will be located and the ureter
dissected free of fat. Two, 8-0 non-absorbable ties will be
placed onthe ureter. The intestines will then be returned to the
abdomen and one cubic centimeter of warm saline will be
placed into the peritoneal cavity. The muscle layer will be
closed with 4-0 Dexon and the skin closed with staples. Isof-
lurane will be discontinued and the mice will be allowed to
recover with 100% oxygen on a heating pad until ambulatory.
[0189] Immediately after animals recovered from surgery,
hUTC will be thawed at 37° C., washed two times in Hanks
Balanced Salt Solution w/o Ca**/Mg** (HBSS) and resus-
pended in one milliliter of HBSS. Cells will then be counted
using a hemocytometer and cell viability will be determined
by trypan blue dye exclusion. Cells will be reconstituted at a
concentration of 1.0x10° viable cells/milliliter in HBSS.
Cells suspended in 200 microliters of HBSS will then be
transplanted, via tail vein injection, using a one-milliliter
syringe fitted with a 27-gauge needle.

[0190] All animals will be sacrificed on day 12 post cell
transplantation by carbon dioxide asphyxiation. Kidneys,
lungs, brain and heart will be removed from each animal. Half
of each kidney will then be fixed in 10% neutral buffered
formalin for histological analysis. The remaining kidney half,
and all other organs will be snap frozen in liquid nitrogen. All
frozen organs will then be homogenized using an Omni TH
homogenizer fitted with a 7 mm disposable rotor stator gen-
erator probe (Omni International, Inc., Marietta, Ga.). Total
RNA will then be extracted using an RNeasy Plus Mini Kit
(Qiagen, Valencia, Calif.). RNA will be eluted with 50 ul.
DEPC-treated water and quantified using a Nanoprop 1000
(Nanoprop Technologies, Wilmington, Del.). RNA will be
reverse transcribed using random hexamers and Tagman
reverse transcription reagents (Applied Biosystems, Foster
City, Calif.). PCR reactions will be performed on cDNA
samples using human specific 2 microglobulin primer
probes (catalogue number 4310886E, Applied Biosystems,
Foster City, Calif.). PCR will be performed using an ABI
Prism 7900 HT Sequence Detection System (Applied Bio-
systems, Foster City, Calif.).

[0191] At the time of necropsy, whole blood will be col-
lected, allowed to clot, placed into microcentrifuge tubes, and
centrifuged at 2500 rpm for 15 minutes to separate serum
from other blood components. Serum samples will then be
analyzed using a VetAce Chemistry Analyzer (Alpha Wasser-
mann Diagnostic Technologies, LL.C, West Caldwell, N.J.).
[0192] Fixed kidney tissue will be embedded in paraffin
wax, sectioned (5 um-thick) and stained with hematoxylin/
eosin (H&E) and Masson’s Trichrome. The sections will then
be scored for tubular injury (tubular necrosis, dilation, inter-
stitial cellular infiltrate) and interstitial fibrosis (collagen
deposition) using a scoring index ranging from 1 to 4
(1=minimal, 2=mild, 3=moderate, 4=severe). The evaluator
will be blinded to the treatment group assignments.
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[0193] It is expected that administration of human umbili-
cal cord tissue-derived cells will result in a reduction in the
overall content of tubular injury as assessed by histological
evaluation.

EXAMPLE 12

Evaluation of the Renoprotective Efficacy of Local
Human Umbilical Cord Tissue-Derived Cell Trans-
plantation in a % Remnant Model of Chronic Kidney
Disease

[0194] The purpose of this prophetic example is to deter-
mine the renoprotective effects of local, subcapsular implan-
tation of hUTC in a rodent model of chronic renal disease.
[0195] SD rats (n=30; 8 week-old, male) with an initial
weight of 200-250 g will be used for these experiments. The
rats will be anesthetized with an intraperitoneal injection (5
mg/kg) of a 4:1 solution of ketamine hydrochloride and xyla-
zine hydrochloride. Kidney failure will be induced by a two-
stage nephrectomy procedure. The upper and lower parts of
the left kidney (two thirds of one kidney) will be resected
using silk ligature while preserving the renal capsule. Ten
days later, the right kidney will be removed, leaving approxi-
mately & of the total kidney mass (% nephrectomy). Apply-
ing soft pressure with methylcellulose will stop bleeding, and
the peritoneum and skin will be closed in layers with resorb-
able 4-O Vicryl sutures.

[0196] Five weeks after the 3s-nephrectomy procedure,
hUTC will be transplanted under the capsule of the remaining
tissue of rats with kidney failure using fibrin gel matrix.
Fibrinogen solution (1.0 mL) containing hUTC (60 million
cells) and thrombin solution (1.0 mL) will be prepared. Rats
will be anesthetized, and the remnant kidney will be exposed
by a midline laparotomy. Through a syringe designed for
simultaneous injection of the fibrin and thrombin solutions,
0.1 mL of the 1:1 (volume ratio) mixture of thrombin and
fibrinogen solution containing cells will be injected into the
subcapsular space through an 18-gauge hypodermic needle.
As a control, % nephrectomized rats will be injected with
fibrin matrix only.

[0197] Serum samples will be obtained on days O (prior to
% nephrectomy) and on day 1 (day of cell transplantation),
days 7, 14, 21, 28 and 35 (day of necropsy). Blood urea
nitrogen and creatinine will be quantified using a VetAce
Chemistry Analyzer (Alpha Wassermann Diagnostic Tech-
nologies, LL.C, West Caldwell, N.J.).

[0198] Animals in all groups will be sacrificed five weeks
post cell transplantation by carbon dioxide asphyxiation.
Kidneys will be removed for histology and transcriptional
analysis. Half of each kidney will be snap-frozen in liquid
nitrogen for RT-PCR analysis. Messenger RNA will be iso-
lated from the frozen kidney tissue by study coordinator and
subjected to transcriptional analysis utilizing low-density
microarray cards containing pro-fibrotic and inflammatory
genes. The remaining corneal kidney section will be fixed in
10% neutral buffered formalin for downstream histological
analysis.

[0199] Kidney tissue fixed for histology will be histologi-
cally processed, sectioned (5 um-thick) and stained with
hematoxylin/eosin. Tubular injury will be evaluated and
scored by a veterinary pathology.

[0200] In this study, subcapsular transplantation of 6.0e6
hUTC embedded in fibrin is expected to slow the progression
of renal injury in % nephrectomized rodents. It is expected
that both serum creatinine and blood urea nitrogen values will
be significantly reduced in the hUTC treated animals as com-
pared to the control animals. In addition, histological injury
assessment should reveal a reduction in tubular necrosis and
tubular dilation in the treated animals. A reduction in the
overall extent of inflammatory gene expression in hUTC
treated rodent kidneys relative to control group kidneys is also
expected to be observed.
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<160>

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQUENCE LISTING

NUMBER OF SEQ ID NOS: 10

SEQ ID NO 1

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 1

gagaaatcca aagagcaaat gg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 2

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 2

agaatggaaa actggaatag g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 3

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 3

tcttegatge tteggattee

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 4

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 4

gaattctegg aatctetgtt g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 5

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 5

ttacaagcag tgcagaaaac ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 6

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

22

Synthetic

21

Synthetic

20

Synthetic

21

Synthetic

21

Synthetic
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-continued

primer

<400> SEQUENCE: 6

agtaaacatt gaaaccacag cc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 7

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 7

tctgcagete tgtgtgaagyg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 8

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 8

cttcaaaaac ttctccacaa cc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 9

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 9

cccacgecac gctetec

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 10

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400>

SEQUENCE: 10

tcctgtcagt tggtgetec

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

22

Synthetic

20

Synthetic

22

Synthetic

17

Synthetic

19

What is claimed:

1. A method of treating a patient having a disease of or
damage to at least one kidney, comprising administering to
the patient cells obtained from human umbilical cord tissue in
an amount effective to treat the disease or damage, wherein
the umbilical cord tissue is substantially free of blood, and
wherein the cells are capable of self-renewal and expansion in
culture and have the potential to differentiate; require L-va-
line for growth; can grow in at least about 5% oxygen; do not
produce CD117 or HLA-DR; express alpha smooth muscle
actin; and express, relative to a human fibroblast, mesenchy-
mal stem cell, oriliac crest bone marrow cell increased levels
of oxidized low density lipoprotein receptor 1, interleukin 8,
or reticulon 1.

2. The method of claim 1, wherein the cells express oxi-
dized low density lipoprotein receptor 1, reticulon, chemok-
ine receptor ligand 3, and/or granulocyte chemotactic protein
2.

3. The method of claim 1, wherein the cells express CD10,
CD13, CD44, CD73, and CD90.

4. The method of claim 1, wherein the cells are adminis-
tered by injection or infusion.

5. The method of claim 1, wherein the cells are adminis-
tered encapsulated within an implantable device.

6. The method of claim 1, wherein the cells are adminis-
tered by implantation of a matrix comprising the cells.

7. The method of claim 1, wherein the cells are adminis-
tered with at least one other cell type.
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8. The method of claim 7, wherein the at least one other cell
type is administered simultaneously with, or before, or after,
the cells obtained from human umbilical cord tissue.

9. The method of claim 1, wherein the cells are adminis-
tered with at least one agent.

10. The method of claim 9, wherein the at least one agent is
administered simultaneously with, before, or after adminis-
tration of the cells obtained from human umbilical cord tis-
sue.

11. The method of claim 1, wherein the cells exert a trophic
effect on the kidney of the patient.

12. The method of claim 1, wherein the damage to the
kidney is induced by age, trauma, toxin exposure, drug expo-
sure, radiation exposure, oxidation, immune-complex depo-
sition, or transplant rejection.

13. A pharmaceutical composition for treating a patient
having a disease of or damage to at least one kidney, com-
prising a pharmaceutically acceptable carrier and cells
obtained from human umbilical cord tissue in an amount
effective to treat the disease or injury, wherein the umbilical
cord tissue is substantially free of blood, and wherein the cells
are capable of self-renewal and expansion in culture and have
the potential to differentiate; require L-valine for growth; can
grow in at least about 5% oxygen; do not produce CD117 or
HLA-DR; express alpha smooth muscle actin; and express,
relative to a human fibroblast, mesenchymal stem cell, or iliac
crest bone marrow cell increased levels of oxidized low den-
sity lipoprotein receptor 1, interleukin 8, or reticulon 1.

14. The pharmaceutical composition of claim 13, wherein
the damage to the kidney is induced by age, trauma, toxin
exposure, drug exposure, radiation exposure, oxidation,
immune-complex deposition, or transplant rejection.

15. The pharmaceutical composition of claim 13, further
comprising at least one other cell type.

16. The pharmaceutical composition of claim 13, further
comprising at least one agent.

17. The pharmaceutical composition of claim 13, formu-
lated for administration by injection or infusion.

18. The pharmaceutical composition of claim 13, wherein
the cells are encapsulated within an implantable device.

19. The pharmaceutical composition of claim 13, wherein
the cells are seeded on a matrix.

20. A kit for treating a patient having a disease of or damage
to at least one kidney, comprising a pharmaceutically accept-
able carrier, cells obtained from human umbilical cord tissue
in an amount effective to treat the disease or injury, wherein
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the umbilical cord tissue is substantially free of blood, and
wherein the cells are capable of self-renewal and expansion in
culture and have the potential to differentiate; require L-va-
line for growth; can grow in at least about 5% oxygen; do not
produce CD117 or HLA-DR; express alpha smooth muscle
actin; and express, relative to a human fibroblast, mesenchy-
mal stem cell, oriliac crest bone marrow cell increased levels
of oxidized low density lipoprotein receptor 1, interleukin 8,
or reticulon 1, and instructions for using the kit in a method
for treating a patient having a disease of or damage to at least
one kidney.

21. The kit of claim 20, further comprising at least one
reagent for and instructions for culturing the cells.

22. The kit of claim 20, further comprising a population of
at least one other cell type.

23. The kit of claim 20, further comprising at least one
agent.

24. A method of treating a patient having a disease of or
damage to at least one kidney, comprising administering to
the patient a composition comprising a soluble cell fraction,
lysate, extracellular matrix, or conditioned medium prepared
from cells obtained from human umbilical cord tissue,
wherein the umbilical cord tissue is substantially free of
blood, and wherein the cells are capable of self-renewal and
expansion in culture and have the potential to differentiate;
require L-valine for growth; can grow in at least about 5%
oxygen; do not produce CD117 or HLA-DR; express alpha
smooth muscle actin; and express, relative to a human fibro-
blast, mesenchymal stem cell, or iliac crest bone marrow cell
increased levels of oxidized low density lipoprotein receptor
1, interleukin 8, or reticulon 1.

25. A pharmaceutical composition for treating a patient
having a disease of or damage to at least one kidney, com-
prising a pharmaceutically acceptable carrier and a lysate,
extracellular matrix, or conditioned medium prepared from
cells obtained from human umbilical cord tissue, wherein the
umbilical cord tissue is substantially free of blood, and
wherein the cells are capable of self-renewal and expansion in
culture and have the potential to differentiate; require L-va-
line for growth; can grow in at least about 5% oxygen; do not
produce CD117 or HLA-DR; express alpha smooth muscle
actin; and express, relative to a human fibroblast, mesenchy-
mal stem cell, oriliac crest bone marrow cell increased levels
of oxidized low density lipoprotein receptor 1, interleukin 8,
or reticulon 1.



