WO 2016/099949 PCT/US2015/063931

TREATMENT OF RETINAL DEGENERATION
USING PROGENITOR CELLS

CROSS REFERENCE TO RELATED APPLICATION

{8061} This application claims benefit of U.S. Provisional Application Serial No.
62/092,658, filed December 16, 2014, and U.S, Provisional Application Seriaf No.

62/236,732, filed October 2, 2015, the entire countents of cach is incorporated by referonce

herem.
FIELD OF THE INVENTION

18002} This fovention relates to the field of cell-based or regenerative therapy for
ophthalmic diseases and disorders. In particular, the invention provides methods and
compositions for the regeneration or repair of ocular cells and tissue vsing progenitor cells,
such as umbilical cord tissue-derived cells and placenta tissue-derived cells, and conditioned

media prepared from those cells,
BACKGROUND

18003] As a complex and sensitive organ of the body, the eye can expericnce numerous
discases and other deleterious conditions that affect ts ability to function normaily. Many of
these conditions are associated with damage or degeneration of specific ocular cells, and
tissues made up of those cells. As one example, diseases and degenerative conditions of the
optic verve and retina are the leading causes of blindness throughout the world, Damage or
degeneration of the cornea, lens and associated ocular tissues represent another significant

cause of vision loss worldwide.

18004] The retina contains seven layers of alternating cells and processes that convert a
light signal into a neural signal. The retinal photoreceptors and adjacent retinal pigment
epttheliom (RPE) form a functional unit that, in many disorders, becomes wmbalanced due to
genetic mutations or cavironmental conditions (including age). This results in loss of
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photoreceptors through apoptosis or secondary degencration, which leads to progressive
deterioration of vision and, in some instances, t¢ blindness (for a review, sge, ¢.g., Lund, R,
D et al., Progress in Retinal and Eve Research, 2001; 20 415-449), Two classes of ocular

disorders that fall into this pattern are age-related macular degeneration (AMD) and retinitis
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pigmentosa (RP).

16605] AMD 15 the most conmmaon cause of vision loss in the United Siates in those
people whose ages are 50 or older, and its prevalence increases with age. The primary
disorder in AMD appears to be due to RPE dysfimetion and changes in Bruch's membranes,
characterized by, among other things, lipid deposition, protein cross-linking and decreased
permeability to mutrients (see Lund ef @/, 2001 supra). A variety of clements may contribute
to macular degeneration, including genetic makeup, age, nutrition, smoking, and exposure to
sunlight or other oxidative stress. The nonexudative, or "dry” form of AMD accounts for
S0% of AMD cascs; the other 10% being the exudative-neovascular form (“wet” AMD). In
dry-AMID paticnts, there is a gradual disappearance of the retinal pigment epithclium (RPE),
resulting in civeumscribed areas of atrophy. Since photoreceptor loss follows the

disappearance of RPE, the affected retinal arcas have little or no visual function.

[B806] Current therapies for AMD involve procedures, such as, for example, laser
therapy and pharmacological intervention. By transferring thermal encrgy, the laser beam
destroys the leaky biood vessels under the macula, slowing the rate of vision loss. A
disadvantage of lager therapy is that the high thermal energy dekivered by the beam also
destroys healthy tissue nearby. Neurgscience 4" edition, (Purves, D, ef af. 2008} states

"¢ iurrently there is no treatment for dry AMD."

(8810 RPE transplantation has been unsuccessful in humans. For example, Zarbin, M,
2003 states, "{wlith ngrmal aging, buman Bruch's membrane, especially in the submacular
region, undergoes numercus changes (¢.z., increased thickness, deposition of ECM and
lipids, cross-linking of protein, non-cnzymatic formation of advanced glyeation end
products). These changes and additional changes due to AMD could decrease the
bivavailability of ECM ligands (e. g., laminin, fibronectin, and collagen IV} and cause the
extremely poor survival of RPE cells in eves with AMD. Thus, aitbough human RPE cells
express the mtegring needed to attach to these ECM molecules, RPE cell survival on aged
submacuolar human Brock's membrane is impaired.” (Zarbin, MA, Trans Am Ophthalmol

Soc, 2003; 101:493-514).

{8611} Retinitis pigmentosa is mainly considered an inherited disease, with over 100
mutations being associated with photoreceptor loss (seec Lund e ¢, 2001, sapra). Though
the majority of mutations target photoreceptors, some affect RPE colls directly, Together,

these routations affect such processes as molecular trafficking between photoreceptors and
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RPE celis and phototransduction.

18612} Orther less common, but nonetheless debilitating retinopathies can also involve
progressive cellular degeneration leading to vision loss and blindness. These include, for

examnple, diabetic retinopathy and choroidal neovascular membrane (CNVM).
{1, patiny ! )

18013] The advent of stem cell-based therapy for tissue repair and regencration provides
potential treatments for a nomber of aforementioned cell-degenerative pathologies and other
geular disorders. Stem cells are capable of self-rengwal and differentiation to generate a
varigty of mature cell lincages. Transplantation of such cells can be utilized as a clinical tool
for reconstituting a target tissue, thereby restoring physiclogic and anatoroic functionality,
The application of stem cell technology is wide-ranging, inclading tissue engineering, gene
therapy delivery, and celi therapeutics, i.c., delivery of biotherapeutic agenis to a target
location via exogenously supplied living cells or celiular components that produce or contain
those agents. (For a review, see, for example, Tresco, P. A, et al., Advanced Drug Delivery

Reviews, 2000, 42: 2-37).

6614} Recently, it has been shown that postpartum-derived cells amehiorate retinal
degeneration (US 2010/0272803). The Royal College of Surgeons {RCS) rat presents with a
tyrosine recepior kinase (Mertk) detect affecting outer segment phagocytosis, leading to
photoreceptor cell death. (Feng W. et al,, 7 Riol Chem., 2002, 10: 277 (19): 17016-17022).
Transplantation of retinal pigment epithelial (RPE) cells nto the subretinal space of RCS rats
was found to limit the progress of photoreceptor loss and preserve visual function. (US
2010/G272803). | also has been demonstrated that postpartum-derived cells can be used to
promote photoreceptor rescuc and thus preserve photoreceptors in the RCS model. (1S
2010/0272803). Injection of human umbilical cord tissue-derived cells (hUTCs) subretinally
mto RCS rat eye tmproved visual acuity and ameliorated retinal degeneration (US
2010/0272803; Lund RD, et al., Stem Cells. 2007.25(31:602-611). Morcover, treatment with
conditioned medium {CM) dertved from bUTC restored phagocytosis of ROS in dystrophic

RPE cells in vitro. (US 2010/0272803).

18615] The clearance of apoptotic colls by phagocytes 1s an tdegral component of normal
lite, and defects in this process can have significant imphications for self-tolerance and
autoimmunity (Ravichandran et al., Cold Spring Harb Perspect Biol., 2013, 5(1): aQ08748,
doi: 10.1101/cshperspect.al08748. Review). The recogaition and removal of apoptotic cells

are mainly mediated by professional phagocytes (receptors bind pathogen for phagocytosis),

L
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such as macrophages, monocytes, and other white blood cells, and by non-professional
phagocytes (phagocyiosis is not the principal function), such as cpithelial cells, RPE celis,
endothelial cells. Numerous “cat me” signals have been identified to date including changes
m glycosylation of surface proteins or changes in surface charge (Ravichandran et al, Cold
Spring Harb Perspect Biol., 2013). Externalization of phosphatidylserine (PS) is a hallmark
of apoptosis, and is the best studied “cat me” sigoal (Wu et al., Trends. Cell Biol. 2006, 16
{4): 189-197). “Eat me” signals arc recognized by phagocytic cnguifiment receptors cither
directly {as with PS receptors) or indirectly via bridge molecules and accessory receptors
(Erwig et al., Cell Dearh. Differ., 2008; 15:243-250). The bridge molecules milk-fat-globule-
EGF-factor 8 (MFG-ES), growth arrest-specific 6 (Gasd), protein S, thrombospondins
(TSPs}, apolipoprotein H (previously known as B2-glycoprotein |, B2-GPT) all bind to PS on
the apoptotic cell surface. MFG-ES can then be recognized by avB3 and avB5 integrins
through its RGD motif (Hanayama et al,, Science, 2004, 304: 1147-1150; Borisenko ot al,,
Cell Death Differ., 2004; 11:943-9435), Gas6 by receptor tyrosing kinases of the Axl, Tyro3
and Mer family (Scott et al., Nature, 2001; 411:207-211) and apolipoprotein H to the B2-GP1
receptor (Balasubramanian et al., J Bio Chem, 1997; 272:31113-31117). Other bridge
molecules are linked to the recognition of altered sugars and/or lipids on the apoptotic cell
surtace, such as the members of the collectin family surfactant protein A and D {Vandivier et

al., ./ fmmunol, 2002; 169:3978-398},

18016} The collectin family of molecules are then recognized through their interactions of
their collagenous tails with calreticulin {CRT), which in turn signals for uptake by the
phagoeyte through the low-density lipoprotein {(LDL)-receptor-related protein (LRP-1/CDY1)
(Gardai ot al., Cell, 2003; 115:13-23). As ancther example, the first bridge molecule
wdentiticd was thrombospondin (TSPY-1 (Savill et al,, J (lin fnvesr, 1992; 900 1513-1522), an
extraceliular matrix glycoprotein and thought to bind to TSP-1 binding sites on apoptotic
cells and then bind to a receptor complex on the phagocyte comprising the avB3 and avfi3
imtegrins and the scavenger recepior CD36. Amexin | belongs to the annexin family of
CaZ+-dependent phospholipid-binding proteins and are preferentially located on the cytosolic
face of the plasma membrane. Annexin [ was shown to co-localize with PS.

18617 Phagocytosis of ROS by RPE is essential for retinal function (Famemann et al,,
FPNAS, 1997, 94:12932-937). Receptors reported to participate in RPE phagocytosis of ROS
mchide a scavenger receptor CD36, integrin receptor avP3, a receptor tyrosine kinase known

as Mertk, and the mannose receptor (MR} {CD206) (Kevany ¢t al., Physiology, 2009; 25:8-
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15). Finnemann found that isolated ROS possess externalized PS, whose blockade or
removal reduces their binding and engulfment by RPE in colture (Finnemana ¢t al., PNAS.

2002; 109 (21): 8143-8148). However, RPE phagocytosis is still poorly understood.
SUMBMARY

[8818] This tnvention provides compositions and methods applicable to cell-based or
regencrative therapy for ophthalmic discases and disorders. In particular, the invention
features methods and compositions for treating ophthalmic diseasc or condition, including the
regeneration or repair of ocular tissue using progenitor cells, sach as postpartum-derived
cells, and conditioned media generated from those colls. The postpartum-derived cells may

be umbilical cord tissue-derived cells (UTCs) or placental tissue-derived cells (PDCs).

[B019] (e aspeet of the invention is a method of treating ophthalmic disease comprising
administering to a subject progenitor cells, or a conditioned media prepared from a
population of progenitor cells, wherein the cells secrete bridge molecules. In an embodiment
of the mvention, the bridge molecules are scercted by the cell population in the conditioned
media. ina further embodiment, the bridge molecules are selected from MEFG-ES, Gaso,
thrombospondin (TSP)-1 and TSP-2. In embodiments of the jnvention, the cells are
progenttor cells. T particular embodiments of the invention, the cells are postpartum-derived
cells. In embodiments of the invention, the postpartium-derived cells are isolated from houman

wmbilical cord tissue or placental tissue substantially frec of blood.

{8028} In embodiments, a population of progenitor cells, for example postpartum-derived
cells, secretes bridge molecules. in an embodiment, conditioned media prepared from a
popufation of progemnitor cells, for example postpartum-derived cells, contains bridge
molecules secreted by the cell population. Such bridge molecules secreted by the cells and
secreted in the conditioned media are selected from MEG-ES, Gas6, TSP-1 and TSP-2. The
postpartum-derived cells arc ambilical cord tissue-derived cells (HTCs) or placental tissue-

derived cells (PDCs).

{8621} In one embodiment, the bridge molecules inhibit the apoptosis of photoreceptor
cells. In another embodiment, bridge molecules secreted by progenttor celis, and secreted in
conditioned media, reduce the loss of photoreceptor cells. In an embodiment, the loss of
photoreceptor cells 1s reduced by the bridge molecules stimulating phagocytosis of

photoreceptor fragments.



WO 2016/099949 PCT/US2015/063931

8022 In another embodiment, the population of cells described above or conditioned
media prepared from the population of cells described above modifics rod outer segment
(ROS} to facilitate phagocytosis. In a further embodiment, the bridge molecules enhance

binding and internalization of ROS by retinal pigment epithelial (RPE) cells.

{8623} In another embodiment, the population of cells described above or conditioned
media prepared from the population of cells deseribed above containg receptor tyrosine
kinase (RTK} trophic factors secreted by the cell population. In a specific embodiment, the
trophic factors are BDNF, NT3, HGF, PDGF-CC, PDGF-DD, and GDNF. In embodiments,

the RTK trophic factors mediate phagocytosis in retinal pigment epithelial (RPE) cells.

{8024} In certain embodiments, the RTK trophic factors mediate phagocytosis by RPE
cells to phagocyiose shed photoreceptor fragments (photoreceptor fragments shed by the
cellsy. In a further embodiment, the RTK trophic factors activate receptors on RCE celis 1o

stimulate phagocytosis.

[3825] Another aspect of the invention features a method for reducing the loss of
photoreceptor cells i retinal degencration, the method comprising administering to the eye a
population of progenitor cells or a conditioned media prepared from the population of
progenitor cells in an amount effective to reduce the loss of photoreceptor cells. Inan
embodiment of the invention, the progenttor cells are postparturu-derived cells. Tna
particular embodiment, the postpartum-derived cells are isolated from human umbilical cord
tissue or placental tissue substantially free of blood. As in other embodiments, the
postpartun-derived cells secrete bridge molecules. In embodiments, the conditioned media
contains bridge molecules secreted by the cell population, such as a population of
postpartum-derived cells. Such bridge molecules seereted by the postpartum-derived cells

are selected from MEG-ES, Gas6, TSP-1 and TSP-2.

[B826] In another embodiment, the conditioned media is generated from an isolated
postpartum-derived cell or a population of postpartam-derived cells, derived from human
umbilical cord tissue or placental tissue substantially free of blood, In embodiments, the
postpartum-derived ccll is capable of expansion in culiure and has the potential to
differentiate into a cell of a neural phenotype; wherein the cell requires L-valine for growth
and is capable of growth in at least about 5% oxygen. This cell further comprises one or
maore of the following characteristics: {a) potential for at least about 40 doublings in culture;

(b} attachment and cxpansion on a ceated or uncoated tissue culture vessel, wherein the
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coated tissue culture vessel comprises a coating of gelatin, laminim, collagen, polyomithine,
vitronectin, or fibronecting (¢) production of at least one of tissue factor, vimentin, and alpha-
smooth nwscle acting {d) production of at least one of CDLG, CDI3, CD44, CDT3, CDHYG,
PDGFr-alpha, PD-L2 and HLA-A B.C; (¢} lack of production of at least one of CD31, CD34,
CD4S, CD8G, CD8s, CD117, CD141, CDI78, B7-H2, HLA-G, and HLA-DR PP, DQ, as
detected by flow cyiometry; (f) cxpression of a gene, which relative to 3 human ccll thatis a
fibroblast, a mesenchymal stem cell, or an tliac crest bone marrow cell, is increased for at
least one of a gene encoding: interleukin ¥; reticudon §; chemokine (C--¥--C motif) ligand 1
(melonoma growth stinmtlating activity, 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 dehydrogenase T family member AZ; renin; oxidized fow density lipoprotein
receptor 1; Homo sapiens clone IMAGE:4179671; protein kinase C zeta; hypothetical protein
DEFZp364F013; downregulated in ovarian cancer 1 and Homo sapiens gene from clone
DEFZp547k1113; {g) expression of @ gene, which relative to a human cell that is a fibroblast,
a mesenchymal stem cell, ¢or an iliac crest bone marrow cell, is reduced for at least one of a
gene encoding: short stature homeobox 2; heat shock 27 kDa protein 2; chemokine (C--X--C
motif) ligand 12 (stromal cell-derived factor 1); elastin (supravalvular aortic stenosis,
Williams-Beuren syndrome); Homo sapiens mBNA; ¢DNA DKFZpS86M2(22 {from clone
DKFZpSB6MZ022}; mesenchyme homeo box 2 (growth arrest-specific homeo box); sine
oculis homeobox homolog 1 (Drosophila); crystallin, alpha B; disheveled associated activator
of morphogenesis 2; DKFZPSE6B2420 protein; similar to neuralin 1; tetranectin
(plasminogen binding protein); src homology three (SH3Y and cysteine rich domain;
cholesterol 25-hydroxylase; runt-related transcription factor 3; interleukin 11 receptor, alpha;
procollagen C-endopeptidase enhancer; frizzied homeolog 7 (Drosophila); hypothetical gene
BCOG8967; collagen, type VI, alpha 1; tenasein C (hexabrachion); iroguois homeobox
protein §; hephaestin; integrin, beta 8; synaptic vesicle glycoprotein 2; neuroblastoma,
suppression of tumorigenicity 1; insulin-like growth factor binding protein 2, 36 kDa; Homo
sapicns ¢DNA FLI2280 fis, clone MAMMA1001744; cytokine receptor-like factor §;
potassium intermediate/small conductance calcium-activated channel, subfamily N, member
4; integrin, beta 7; transcriptional co-activator with PDZ-binding motif (T AZ); sinc oculis
horaeobox homolog 2 (Drosophila); KIAA1034 protein; vesicle-associated membrane protein

5 {myobreviny; EGF-containing tibulin-like extracellolar matrix protein | early growth
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response 3; distal-less homeo box 5; hypothetical protein FLI20373; aldo-keto reductase
family 1, member C3 (3-alpha hydroxysteroid dehydrogenase, type H); biglyean;
transcriptional co-activator with PDZ-binding motif (TAZ); fibronectin 1; proenkephalin;
mtegrin, beta-like | (with EGF-like repeat domains); Homo sapiens mRNA full length insert
cDNA clone EURCIMAGE 1968422; EphA3; KIAAG367 protein; natrivretic peptide
recoptor C/guanylate cyclase C (atrionatrivretic peptide receptor O); hypothetical protein
F1J14054; Homo sapiens mRINA; ¢cDNA DEFZp564R222 (from clone DKFZp5648222);
BCLZ/adenovirus E1B 19 kDa interacting protein 3-like; AE binding protein 1; eytochrome ¢
oxidase subunit Via polypeptide 1 {muscle); similar to nearalin 1; B cell translocation gene
1; hypothetical protein FLJ23191; and DKFZp5%6L151; and (h} lack expression of BTERT
tclomerase. In one embodiment, the ymbilical cord tissue-derived cell further has the
characteristics of (i) secretion of at least ong of MCP-1 IL-6, 1L-8, GCP-2, HGF, KGF, FGF,
HB-EGF, BDNF, TPO, MIPib, 1309, MDC, RANTES, and TIMPL; (§} lack of secretion of at
least one of TGF-beta2, MiPla, ANG2, PDGFbb, and VEGF, as detected by ELISA. In
another embodiment, the placenta tissue-derived cell further has the characteristics of (i)
secretion of at least one of MCP-1, 1L-6, IL-8, GCP-2Z, HGF, KGF, HB-EGF, BDNF, TPO,
MiPla, RANTES, and TIMPI; (i) lack of secretion of at least one of TGF-beta2, MiPlb,
ANG?2, PDGEBb, FGF, and VEGF, as detected by ELISA,

{8627} In specific embodiments, the posiparium-derived ccl has all the identifying
features of cell type UMB 022803 (P7) (ATCC Accession No. PTA-6067); cell type UMB
(22803 (P17} (ATCC Accession No. PTA-6068), cell type PLA 071003 (P8) (ATCC
Accession No, PTA-6074); cell type PLA 071003 (P11} (ATCC Accession No. PTA-607S);
or cell type PLA 071003 (P16) (ATCC Accession No. PTA-6079. In an embodiment, the
postpartum-derived ccll derived from umbilicus tissue bas all the identitying features of cell
type UMB 022803 (P7) (ATCC Accession No. PTA-6067) or cell type UMB 022803 (P17)
{ATCC Accession No. PTA-6068). In another embodiment, the postpartum-derived cell
derived from placenta tissuc has all the identifying features of cell type PLA 671003 (P8}
(ATCC Accession Mo, PTA-6074); cell type PLA 071003 (P11 (ATCC Accession No. PTA-
6075); or cell type PLA 071003 (P16 {ATCC Accession No. PTA-6079.

16028] In certain embodiments, postpartura-derived cells are isolated in the presence of
One oF mWore enzyme activities comprising metalloprotease activity, nucolytic activity and
neutral protease activity. Preferably, the postpartum-derived cells have a normal karyotype,

which is maindained as the cells are passaged in colture. In preferred embodiments, the

0
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postpartum-derived cells express each of CDI1G, CD13, CD44, CD73, CD90. In
embodiments, the postpartum-derived cells express cach of CD10, CDI3, UD44, CD73,
CD90, PDGFr-alpha, and HLA-AB,C. Tn preferred embodimoents, the postpartume-derived
cells do not express CD31, CD34, CD45, CO11T. In embodiments, the postpartum-derived
cells do not express CD31, CD34, CD45, CDi17, CD141, or HLA-DR DP DG, as detected

by flow cytometry. In embodiments, the cells lack expression of BTERT or telomerase.

{8828 In embodiments, as above, the cell population is a substantially homogeneous
population of postpartam-derived cells. In a specific embodiment, the population is a
homogeneous population of postpartum-derived cells. In embodiments of the invention, the
postpartum-derived cells are derived from human umbilical cord tissue or placental tissue

substantially free of blood.

18036 In certain embodiments, the population of postparture-derived cells or the
conditioned medium prepared from the cell population as described above is administered
with at least one other cell type, sach as an astrocyte, oligodendrocyte, neuron, neural
progenitor, noural stem cell, retinal epithelial stem cell, corneal epithelial stom cell, or other
multipotent or phuripotent stem cell. To these embodimenis, the other ccll type can be
administered simultancoosly with, before, or afier the population of postpartum-derived cells

ot the conditioned medivm prepared from the population of postpartum-derived cells.

{8031} Likewise, in these and other embodiments, the population of postpartum-derived
cells or the conditioned medium prepared from the population of postpartum-derived cells as
described above is administered with at least onc other agent, such as a drug for ccular
therapy, or another beneficial adjunctive agent such as an anti-inflaromatory agend, anti-
apoptotic agents, antioxidants or growth factors. In these embodiments, the other agent can be
administered simultancoosly with, before, or afier, the popelation of postpartum-derived cells

ot the conditioned medium prepared from the pepulation of postpartum-derived cells.

{88321 In various embodiments described herein, the popudation of postpartum-derived
cells {umbilical or placental) or the conditioned medium generated from postpartura-derived
cells is administered to the eye, for example the surface of an eye, or to the intevior of an eye
or to a location n proximity to the eye, ¢.g., behind the eve. The population of postpartum-
derived cells or the conditioned medium prepared from the population of posipartum-derived
cells can be adminisiered through a cannula o1 from a device tmplanted in the patieni's body

within ot in proximity to the eye, or may be administered by troplantation of a matrix or
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scaffold with the population of cells or the conditioned media.

18633} Another aspect of the invention features a conmposition for reducing the loss of
photoreceptor cells i a retinal degenerative condition, comprising a population of progenitor
cells or a conditioned media prepared from a population of progenitor cells in an amount
ctiective to reducing the loss of photoreceptor cells. Preferably, the progenitor celis are
postparturn-derived cells as described above. More preferably, the postpartumn-derived cells
are isolated from a postpartum umbilical cord or placenta substantially free of blood as
described above. The degenerative condition may be an acute, chronic or progressive

conditton.

{6634} In certain embodiments, the composition above comprises at least one other cell
type, such as an astrocyte, oligodendrocyte, neuron, neural progenitor, neural stom cell,
retinal opithelial stem cell, corneal epithehial stem cell, or other vwltipotent or pharipotent
stem cell. In these or other embodiments, the composition comprises at least one other agent,
such as a drug for treating the ocular degenerative disorder or other beneficial adpmetive

agents, ¢.g., anti-inflammatory agents, anti-apopiotic agents, antioxidants or growth factors,

{8635} In embodiments as described above, the composition is a pharmaceutical
composition further comprising a pharmaceutically-acceptable carrier. In certain
embodiments, the pharmaceutical compositions are formulated for administration to the
surface of an eve. Alternatively, they can be formulated for administration to the mterior of
an eye or in proximity to the eye {e.g., behind the eye). The pharmaceutical compositions
also can be foromulated as & matrix o7 scaffold containing the progenitor cells or conditioned

media prepared from the progenitor cells as described above.

{8036} According to yet another aspect of the invention, a kit is provided for treating a
patient having an ocular degenerative condition. The kit comprises a pharmacecutically
acceptable carrier, progenitor cells or a conditioned media generated from progenitor cells
such as cells isolated from postpartum tissue, preferably the postpartum-derived cells
described above, and instructions for using the kit in a method of treating the patient. The kit
may also contain one or more additional coroponents, such as reagents and instructions for
generating the conditioned medium, or a population of at least one other cell type, or one or

more agents useful in the treatment of an ocular degenerative condition.

18837} Other aspects of the invention include a method of reducing the loss of

photoreceptor cells in retinal degeneration, the method comprising administering a

10
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composition comprising 8 population of progenttor cells or a conditioned media prepared
from a population of progenitor cells, in an amount effective to reduce the loss of
photoreceptor cells. Preferably the progenitor cells are postpartum-derived cells or the
conditioned media is prepared from a population of postpartum-derived cells as described
herein. In embodiments of the invention, the postpartum-derived cells are isolated from
umbilical cord tissue or placental tissue substantially free of blood. In a specific
cmbodiment, the postpartum-derived cells or the conditioned media prepared from a
population of postpartum-derived cells contains bridge molecules secreted by the cell
popelation. Such bridge molecules seercted by the postpartam-derived cells or seereted in

the conditioned media are selected from MFG-E#, Gas6, TSP-1 and TSP-2.

{6638} In some embodiments, the present invention provides a method for reducing the
loss of photoreceptor cells in retinal degencration, the method comprising administering to
the cye postpartumn-derived cells or a conditioned media prepared from a population of
postpartum-derived cells in an amount effective to reduce or prevent the loss of photoreceptor
cells. The postpartam-derived cells are derived from ambilical cord tissue or placental tissoe
substantially free of blood. In some embodiments, the population of postpartom-derived cells
1§ a substantially homogeneous population. s particular embodiments, the population of

ceils s homogeneous,

18039} In further aspects of the invention described herein, the population of postpartuo-
derived cells (umbilical or placental) or the conditioned mediunm generated from postpartum-
derived cells protects retinal cells or improves retinal damage from oxidative stress or
oxidative damage. In an embodiment, the present invention is a method of reducing retinal
degeneration, the method corprising administering a population of postparture-derived cells
or conditioned media generated from a population of postpartum-derived cells to the eve in
an amount effective to reduce or protect from oxidative stress or damage. In emboediments of
the invention, the postpartum-derived cclls are isclated from umbilical cord tissue or
placental tissue substantially free of blood. In embodiments, retinal cells and tissue are
exposed to oxidative stress or oxidative damage. In embodiments herein, retinal cells and
tissue are photoreceptor cells or retinal epithelivm, including retinal pigruent epithelial (RPE)
cells. In embodiments herein, oxadative stress or oxidative damage 15 bigh oxygen tension,

sunfight exposure, including chronic samlight exposure.

8044} An embodiment is a method of reducing the loss of photoreceptor cells in retinal

,....
J—y
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degeneration, the method comprising administering a population of postpartum-derived cells
or conditioned media generated from a population of postpartum-derived cells to the eye in
an amount effective 1o reduce or protect from oxidative stress or damage. 1o cmbodiments,
the postpartum-derived cells are 1solated from umbilical cord tissue or placental tissue
substantially free of blood. In embodiments, retinal cells and tissue are exposed to oxidative
stress or oxidative damage. In embodiments herein, retinal cells and tissue are photoreceptor
cells or retinal epithelium, including retinal pigment epithelial (RPE) cells. 1o embodimenis
herein, oxidative stress or oxidative damage is selected from high oxygen tension, sunlight
exposure, meluding chronic sunlight exposure, free radical stress, photoxidation, and light-

induced damage.

18641} I one embodiment, the present invention is a method for reducing the loss of
photoreceptor cells in retinal degeneration, the method comprising administering a population
of postpartum-derived celis or conditioned media generated from a population of postpartum-
derived cells in an amount effective to reduce or prevent the loss of photoreceptor cells,
wherein the cell population is 1solated from postpartum tissoe substantially free of blood, and
wherein the celf population is capable of expansion in culture, bas the potential to
differentiate into cells of at least a neural phenotype, maintains a normal karyoetype upon

passaging, and has the following characteristics:
a) potential for 40 population doublings in culture;
b} production of CD1G, CD13, CB44, CD73, and CD90; and
¢} lack of production of CD31, CD34, CDH45, CD117, and CD141, and

wherein the population of postpartum-derived cells secretes bridge molecules, wherein
conditioned media prepared from a population of postpartum-derived cells contains bridge
molecules secreted by the cell population. In some embodiments, the bridge molecules
secreted by the posipartum-derived cells are selected from MFG-ER, Gas6, TSP-1 and TSP-2.
In some embodiments, the population of cells is a substantially homogeneous population. In
particular erobodiments, the population of cells 1s homogeneous. The postpartom-derived
cells ave umbilical cord tissue-derived cells or placental fissue-derived cells. Inan
embodiment, the umbilical cord tissas-derived celf population seeretes MCP-1, 1L-6, 1L-8,
GCP-2, HGF, KGF, FGF, HB-EGF, BDNF, TPO, MiPib, 1309, MDC, RANTES, and
TIMPI. In embodiments, the umbilical cord tissue-derived cell population lacks secretion of

TGF-betaZ, MIP1a, ANGZ, PDGFBb, and VEGF, as deiected by FLISA. In ancther
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embodiment, the placental tissue-derived cell population secretes MCP-1 -6, IL-8, GCP-2,
HGF, KGF, HB-EGFE, BDNF, TPO, MiP1a, RANTES, and TIMP1. In embodiments, the
placental tissuc-derived cell population lacks seerction of TGF-betaZ, MIPlb, ANG?2,
PDGEBb, FGF, and VEGF, as detected by ELISA. Tn embodiments, the umbilicus-derived
cells or placental-derived cells are positive for HLA-A B,C, and negative for HLA-

DR,DP, DO, In further embodiments, the umbilicus-derived cells lack expression of hRTERT

ot tefomerase.

{80431 In one embodiment, the present invention 15 a method for reducing the loss of
photoreceptor cells in retinal degenceration, the method comprising adminisicring a population
of postpartun-derived cclis, or a conditioned media prepared from a population of
postpartum-derived cells, in an amount effective to reduce the loss of photoreceptor celis,
wherein the cell population is isolated from human umbilical cord tissue substantially free of
blood, and wherein the cell population is capable of expansion in culture, bas the potential to
differentiate into cells of at least a neural phenotype, maintains a normal karyotype upon

passaging, and has the following characteristics:

a) potential for 40 population doublings in culture;
b} production of CD10, CB13, CD44, CIX73, and CDSG;
¢} lack of production of CD31, CD34, CD45, CD117, and CD141, and

d) increased expression of gencs encoding interleukin 8 and reticulon 1 relative (o a

human cell that is a fibroblast, a mesenchymal stem celi, or an iliac crest bone marrow

cell, and
wherein the population of postpartum-derived cells secreies bridge molecules, or wherein the
conditioned media prepared from a population of postpartum-derived cells contains bridge
molecules secreted by the cell population. In embodiments, the bridge molecules secreted by
the population of postpartum-derived cells, or bridge molecules i the conditioned media
secreted by the population of postpartuny-derived cells are selected from MFG-ES, Gasé,
TEP-1 and TSP-2. In embodiments, the cell population secretes MCP-L, 1L-6, 1L-8, GCP-2,
HOF, KGF, FGF, HB-EGF, BDNF, TPO, MiPlb, 1309, MDC, RANTES, and TIMPI. In
some embodiments, the cell population lacks secretion of TGF-betaZ, MiPla, ANGZ,
PDGFbb, and VEGF, as detected by ELISA. In embodiments, the cell population is positive
for HLLA-A B,C, and negative for HLA-DRDP, DQ. In some crubodiments, the population of

cells is a substantially homogeneous population. In particolar embodiments, the the
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population of cells 1s homogeneous. Further, the cell population lacks expression of KFTERT

or telomerase.

18043} In certain embodiments, the present invention provides a method for reducing the
loss of photoreceptor cells in retinal degeneration, the method comprising adminmistering a
popufation of umbilicus-derived cells, or conditioned media prepared from a population of
umbilicus-derived ceils, in an amount effective to reduce or prevent the loss of photorcceptor
cells, wherein the cell population 1s 1solated from human umbilical cord tissue substantially
free of blood, and wherein the cell population is capable of expansion in culture, has the
potential to differentiate into cclls of at least a noural phenotype, and has the following

charactoristics:
a. potential for 40 population doublings in culture;
b. production of CD10, CD13, CD44, CD73, and CDYY; and

c. increased expression of genes, encoding interleukin 8 and reticulon 1 relative

to a human cell that is a fibroblast, a mesenchymal stem cell, or an iHiac crest bone

marrow cell, and
the population of postpartum-derived cells seerctes bridge molecules, wherein the
conditioned media prepared from a population of postpartum-derived cells contains bridge
molecules secreted by the celf population. In embodiments, the bridge molecules secreted in
the population of postpartiun-derived cells secretes bridge molecules, or bridge molecules
seereted in conditioned media are selected from MFG-ES, Gas6, TSP-1 and TSP-2. In
embodiments, the cells lack production of, or are negative for CD31, CD34, CD45, CD117,
and CD 141, fn an embodiment, the umbilical cord tissue-derived cell population secretes
MCP-1, IL-6, TL-8, GCP-2, HGF, KGF, FGF, HB-EGF, BDNF, TPO, MIPib, 1309, MDC,
RANTES, and TIMP1, and lacks secretion of TGF-betaZ, MiPla, ANG2, PDGFbb, and
VEGF, as detected by ELISA. In embodiments, the population of umbilicus-derived cells are
positive for HLA-AB,C, and negative for HLA-DR,DP,DQ. Further, the cell population
tacks expression of hTERT or telomerase. In some embodiments, the population of celis is a
substantially homogeneous population. In particular embodiments, the the population of cells

is homogeneous.
[8044] Another aspect of the invention is 3 method of making a conditioned media

comprising culturing a population of cells, wherein the conditioned media contains bridge

molecules secreted by the cell popelation. In an embodiment of the invention, the bridge
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molecules are secreted by the cell population in the conditioned media. In a further
embodiment, the bridge molecules are selected from MFG-ES, Gas6, thrombospondin (TSP)-
1 and TSP-2. inembodiments of the tuvention, the cells are progenitor cells. In particular
embodiments of the fnvention, the cells are postpartum-derived cells. In emboediments of the
mvention, the postpartum-derived cells are isolated from homan umbilical cord tissue or

placental tissue substantially free of blood.

{8045 In the embodiments of the Invention as described above, the population of
postpartum-derived cells have the following characteristics: attachment and expansionon a
coated or uncoated tissue culture vessel, wherein the coated tissue culture vessel comprises a
coating of gelatin, laminin, collagen, polyornithine, vitronectin, or fibronectin; production of
vimentin and alpha-smooth muscle acting and positive for HLA-A B,C, and negative for

HLA-DR.DP,DO.

HUELY In embodiments of the invention as described above, the retinal degeneration,
retinopathy or retinal/macular disorder is age-related macular degeneration. In an alternate
embodiment, the retinal degeneration, retinopathy or retinal/macular disorder is dry age-

related macular degencration.

{8847} In embodiments of the invention as described above, the loss of photoreceptor
cells is reduced or prevented by inhibiting the apoptosis of the photoreceptor cells. In
embodiments, the loss of photoreceptor cells is reduced or prevented by stimulating the

phagoeytosis of shed photoreceptor fragments.
BRIEF DESCRIPTION OF THE DRAWINGS

{8048} Figures 1A - 1B show the effect on dystrophic RPE phagocytosis with pre-
mcubation in a preparation of RUTC CM1 with serum. FIG. 1A, Pigmented dystrophic RPE
was preincubated with the CM1 preparation {with serum). For controls, tan hooded normal
and pigmented dystrophic RPE were preincubated with control mediurm (DMEM:IF12
medium + 10% FBS + Pen (SOU/mi)/Strep (50 pg/mi)). Incubation time was 16 hours. {tan
N: tan hooded normal RPE; pig D: pigmented dystrophic RPE; con: control; M: medium;
CM: conditioned medium; w: with)., Values are mean = SD of mumber of phagocyiized ROS
in the counted ficlds in one sarople (n=11 or 12 per sample; n: mumber of fields counted); p <
.08 versus pig D control. FIG, 1B, Dystrophic RPE was preincubated with CM1 {with

serum). For controls, normal and dystrophic RPE were preincubated in control media with
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seram. Incubation time was 24 hours. (N: normal RPE; D dystrophic RPE; D (1) miplicate
1; D 2y wiplicate 2; D (3): triplicate 3; con: control; M: medium; CM: conditioned medium;
w: with). Values are mean =+ 5D of number of phagocytized ROS inthe counted fickds in one

sample (=11, 12 or 13 per sample; nw: number of fields counted). p < 0.05 versus D control.

{8649} Figure 2 shows the effect on dystrophic RPE phagocyiosis with pre-incubation in
a preparation of hUTC CM 1 without serum.  Pigmented dystrophic RPE was preincubated
with CM1 (without serum}. For controls, tan hooded normal and pigmented dystrophic RPE
were preincubated in control media without serum. Incubation time was 24 hours. (tan N: tan
hooded normal RPE; pig I pigmented dystrophic RPE; con: control. M: medium; CM:
conditioned medium; wo: without. Values are mean = SD of number of phagocytized ROS in
the counted fields in one sample (n=9, 10, 11 or 12 per sample; n: number of fields counted);

» < 0.05 versus pig D control,

{3058 Figures 3A-3D show the effect on phagocytosis with pre-incubation i hUTC
CM. (FIG. 3A) Effect on phagocytosis with pre-incubation in hUTC CMZ. Pigmented
dystrophic RPE was preincubated with CM2. For conirels, tan hooded normal and pigmenied
dystrophic RPE were preincubated in control media. Incubation tioe was 24 hours, (tan N:
tan hooded normal RPE; pig D pigmented dystrophic RPE; con: control. M: medium; CM:
conditioned medium), Values are mean = 8D of number of phagocytized ROS in the counted
ficlds in one sample (n=8 or 10 per samiple; u; number of ficlds counted). (FIGS. 3B - 3D
Effect on phagocytosis with pre-incubation in hUTC CM3. Dystrophic RPE was
preincobated with the CM3. For controls, normal and dystrophic RPE were preincubated in
control media. Incubation time was 24 hours. FIG. 3B, (N: normal RPE; D: dysirophic
RPE; con: control; M: medivm; CM: conditioned medium). Values are mean = 8D of number
of phagocytized ROS in the counted fields in triplicate samples (n=5-12 per sample; n:
number of fields counted); p < 0.05 versus Dcon M control. FIG, 3C. Normal RPE control
was from CM3 test §. {(N: normal RPE; D: dystrophic RPE; con: conirel; M: medium; CM:
conditioned medivm). Values are mean + SD of number of phagocytized ROS in the counted
ficlds in one sample (w=11 or 14 per sample; n pumber of fields coumted); p < 0.05 versus
Dcon M control. FIG, 3B, (N: normal RPE; N1: normal RPE from culture; N2: normal
RPE from N2 culture; tan N: tan hooded normal RPE; D dystrophic RPE; con: control; M:
medium; CM: conditioned medium). Values are mean + SD of numnber of phagoceytized ROS
in the counted fields in one sample (n=12 or 13 per sample; e nomber of ficlds counted); p <

(.05 versus D+con M control.
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{051 Figures 4A-4C show the effect of hUTC on phagocytosis in RCS RPE cells in
vitro. RCS RPE cells co-cultured with hUTC plated in transwells (FH.13E) or incubated
with hUTC CM (FEG. 13F) for 24 bours and then subjected to phagocyiosis assay. N, normal
RPE; D: dystrophic RCS RPE; CM, conditioned medium. Increased phagocytosis was
observed in RCS RPE co-cultured with hBUTC or incubated with hUTC CM. (FIG. 13G)
Photorecepior OS incubated with hUTC CM for 24 hours and then fed to RCS RPE cells for
phagocytosis assay in the absence of hUTC CM. Phagocytosts of hUTC CM-treated OS by

RCS RPE was restored. Data represent the mean £ SEM (n=3), *¥*¥p<(.0001.

[8052] Figures 54 - 5B show the results of RTK ligand assays for BDNF or HB-EGF.
Dystrophic RPE cells were incubated with BDNF (200 ng/md) (FIG. 53A) or HB-EGF (200
ng/ml) (FIG. 8B) in MEM + 5% FBS (MEMS) for 24 h. For positive control, dystrophic
RPE cells were incubated in CM3 for 24 h. For other controls, normal and dystrophic RPE
were incubated 1o MEMS for 24 hoand subjected 1o phagocyiosis assay. (N normal RPE; D:
dystrophic RPE; con: control; M: medium; CM: conditioned mediunm). Values are mean +
ST of number of phagocytized ROS in the counted fields in duplicate or triplicate samples

(n=1%, 11 or 12 per sample; n: number of fickds counted); p < .05 versus D control.

{8053} Figares 6A - 68 show the results of RTK ligand assays for PDGF-DD, Ephrin
A4, and HGF. Dystrophic RPE cells were incubated with PDGF-DE (FIGS. 64, 6B), Ephrin
A4 {FIG. 6C) or HGF 200 ng/m) (FIGS, 6D, 6K) in MEMS for 24 h and then subjected to
phagocyiosis assay with the addition of ROS in MEMS containing PDGF-DI3, Ephrin A4 or
HGF (medim was not changed when adding ROS). For positive control, dystrophic RPE
cells were incubated in CM3 for 24 h. For other controls, normal and dystrophic RPE were
meubated 1o MEMS for 24 h and subjected 1o phagocytosis assay. (N: normal RPE; D
dystrophic RPE; con: control; M: mediom; CM: conditoned mediom). Values are mean & SD
of number of phagocytized ROS in the counted fields in duplicate or triplicate samples (=10,

11 or 12 per sample; n: number of fields counted); p < (.05 versus D control.

B854} Figures TA - 7B show the results of RTK ligand assays for Ephrin B2,
Diystrophic RPE cells were incubated with Ephrin B2 {200 ng/ml). For positive control,
dystrophic RPE cells were incubated in CM3. For other controls, normal and dystrophic RPE
were incubated in MEMS for 24 b and subjected to phagocytosis assay. (N: normal RPE; D:
dystrophic RPE; con: control; M: mediom; CM: conditioned mediom). Values are mean +

SD of number of phagocytized ROS in the counted fields in duplicate or triphicaie samples
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(=10, 11 or 12 per sample; n: number of ficlds counted); p < 4.08 versus D control.

{3655} Figures 84 - 8C show dystropic RPE cells treated with endothelin-1, TGF-f1, or
-6, (FIG. 8A) Endothehin-1 or TGF-B1 {at 200 ng/ml.) assayed for phagocytosis compared
o normal controls, (FIGS. 8B, 8C) Dystrophic RPE cells incubated with recombinant
human endothelin-1, TGF-BI or 1L-6 at 200 ng/mL and assayed for phagocytosis. hUTC
CM3 was used as a positive control. For other controls, normal and dystrophic RPE were
mevbated in MEMS for 24 h and subject to phagocytosis assay. (N: normal RPE; D
dystrophic RPE). Vahies are mean 4 5D of nomber of phagoeytized ROS in the counted

ficlds per sample (n=10 per sample; o number of fields counted).

8054} Figure 9 shows dystrophic RPE cells fed with ROS preincubated with various
concentrations of vitronectin and assayed for phagocytosis, along with normal controls. ROS
was preincubated with control medium (DMEM + 10% FBS) or CM3. In parallel, ROS wag
preincubated in MEM20 with various concentrations of human recombinant vitronectin (4, 2,
1, 0.5 ug/mb) respectively. For controls, normal RPE alone or dystrophic RPE alone was
cultored in MEM20, then chaonged to MEMS in the presence of unireated ROS (resuspended
m MEM20 and fed to RPE cells) for phagocytosis assay. {N: normal RPE; D! dystrophic
RPE; Con M: control medium; V: vitronectin)., Values are mean + SD of number of
phagocytized ROS in the counted fields per sample (w=10 per sample; u: number of ficlds

counted).

{8857} Figure 18 shows gene expression lfevel of RTK ligands identified in hUUTC. Total
mRNAs wore extracted from hUTC and RNA-Seq was performed to identify and quantify the
RTK ligands gone expression in hUTC. The identified RTK ligands were sorted based on the
corresponding RTK subfamibies and ranked according to their FPKM value. Gene expression
of multiple RTK hgands for 1S RTK sobfamilies were detected in hUTC.

[6658] Figures 11A ~ 116G show levels of selected RTK hgands measured in hUTC CM.
{FIGS 11A-11F) Levels of RTK figands compared to those from NHDF and ARPE-19
conditioned mediuvm. BDNF is secreted in high level in hUTC conditioned medium
compared to NHDF and ARPE-19 conditioned medim (FIG, 114}, NT3 fevel is high in
BUTC CM compared to NHDEF CM, whereas the amount of NT3 in ARPE-19 conditioned
medium and control medivun was undetectable (FI1G, 118). HGF is secreted in high level in
hUTC CM compared to NHDF and ARPE-19 conditioned medivm (FIG. 13C). PDGF-CC

and PDGF-DD levels in BUTC conditioned mediom are low compared to NHDF and ARPE-
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19 conditioned medivm (FIG. 11D and Fig. 11E, respectively). GDNF 1s scereted in hUTC
and NHEF conditioned medium, with trace amount in ARPE-19 conditioned medium (FIG.
1), All values are mean = 51 of triplicate samples, except NT3 is mean = 8D of duplicate
samples. (FIG. 11G) Levels of RTK ligands measored by ELISA. (Data shown are the
mean & SEM; n=3).

Figures 12A — 12 E show levels of bridge molecules measured in BUTC CM. (FIGSR. 12A-
12E). Levels of bridge molecules compared to NHDF and ARPE-19 conditioned medium.
FiG. 12A shows the MEG-ER level 1n hUTC, ARPE-19 and NHDF conditioned medium.
Yalues are mean + SD of duplicate or triplicate samples. FIG. 12B shows the Gasé level in
hUTC, ARPE-19 and NHDF conditioned mediom. Values are mean £ S0 of duplicate
samples. FIG. 120 shows TSP-1 fevel in hUTC, ARPE-19 and NHDF conditioned medium.
Values are mean + SD of duplicate samples. FIG. 12D shows the TSP-2 fevel in BUTC,
ARPE-19 and NHDF conditioned medium. Values are mean £ SD of duplicate samples.
(FIG. 12F) Levels of bridge molecales measured by ELISA. Data shown are the mean +

SEM (w=2 for TSP-1 and TSP-2; n=3 for all MFG-ESR).

18059] Figures 13A — 13C demonstrate the effect oo phagocytosis with preincubation of
dystrophic RPE cells with hUTC conditioned medium (CM). For controls, normal RPE alone
or dystrophic RPE alone was preincubated in its regular growth medium MEMZ{
(MEM+20% FBS). o parallel, dysirophic RPE was also preincubated with CM3. In
addition, ROS was tested to be preincubated with hUTC CM3, Values are mean £ 8D of
number of phagocytized ROS in the counted fields per sample. FIG. 134, 0=10-20 per
samaple; FI1G. 138 is raw data. FIG, 13C, =17 per sample and cach sample is in duplicate.

{n: number of ficlds counted); FIG. 13D is raw data.

{8068} Figores 14A ~ 14D show the effect of bridge molecules and RTK ligands on rod
outer segment (ROS) phagocytosis by RCS RPE cells. ROS was preincubated with control
medium (DMEM + 10% FBS) or hUTC conditioned media. In parallel, ROS was
preincobated in control medivm with various concentrations of human recombinant MFG-ES
(FEG. 14A), Gaso (FIG. 14B), TSP-1 (FIG. 140), or TSP-2 (FIG. 14D). For controls,
normal RPE alone or dystrophic RPE alone was cultured for phagocytosis assay. (N: normal
RPE; N+ROS: normal RPE cells fed with untreated ROS during phagocytosis assay; Dt
dystrophic RPE cells; D+ROS: dystrophic RPE celis fed with untreated ROS during

phagocytosis assay; Con M: control medium; D+ROS+Con: dystrophic RPE cells fed with
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control medium pre-incubated ROS; CM4: the 4™ batch of hUTC conditioned medium).
D+ROSHCMA4: dystrophic RPE cells fed with CM4 pre-incubated ROS; DAROS+MFG-E4:
dystrophic RPE cells fod with MFG-ES pre-incubated ROS. Values are mean + 5D of
number of phagocytized ROS in the counted fields per sample (n=10 per sample; n: number
of fields covmted). *P<(0.001, D+ROS pretreated with MEG-ER, Gasé, TSP-1 or T8P-2 vs.
DHROSHConM, and DHROS; #*P<0.0001, DHROS+HCM4 vs. DAROS, and DAROSHConM.
{FIGS., 14E-14H) Photoreceptor OS were incubated with recombinant human MFG-ES
(FIG. 14K}, Gas6 (FIG. 14F), TSP-1 (FIG. 14G), or TSP-2 (FIG. 14H} for 24 howrs and
then fed to RCS RPE cells for phagoceytosis assay in the absence of hUTC CM. OGS pre-
incubated with hUTC CM was used as a positive control for the assay. Phagocytosis of OS by
RCS RPE cells was rescued in a dose-dependent manuer by MFG-ER, Gaso, TSP-1 or TSP-2.
{(FIGS. 141-14K) RCS RPE cells were incubated with recombinant human BDNF (FIG.
1415y, HGF (FIG. 14d) or GDNF (FIG. 14K} for 24 hours, and then subject to phagocytosis
assay. RCS RPH incubated with hUTC UM was used as a posttive control for the assay.
BDNF, HGF or GDNF dose-dependently increased the phagocytosis in RCS RPE cells. Data
represent the mean + SEM (n=3). ¥*¥*p<(.0001, ***p<<0.001, **p<0.01, *p<0.05, ns. not

significant.

6861 Figures 1SA-18C. RTK hgands and bridge molecules for hUTC-induced
phagocytosis rescue in RCS RPE. (FIG. 18A) ELISA of cell culture supernatants collected
from untransfected hUTC and hUTC transfected with siRNAL (FIG, 158) Expression of RTK
ligands BDNF, HGF and GDNF were silenced by siRNA transfection of hUTC. Knockdown
(KB hUTC CM were harvested. RCS RPE were incubated with KD hUTC CM for 24 hours
and then subject to phagocytosis assay. The effect of hRUTC on RCS RPE phagocyiosis was
abolished when BDNF, HGF or GDNF was knocked down. (FIG. 18C) Expression of bridge
molecules MFG-ES, TSP-1 and TSP-2 were silenced in hUTC by siRNA transfection. KD
hUTC CM were harvested. RCS RPE were fed with OS pre-incubated with KD hUTC CM for
24 hours and subject to phagocyiosis assay. Knocking-down of MFG-E&, TSP-1 or TSP-2
reduced the hUTC-mediated OS phagocytosis rescue in RCS RPE. CM prepared from
uniransfected and scrambled siRNA transfected hUTC were used as controls. Data represent
the mean + SEM, 1=3 for (B} and (T}, 0=6 for untransfecied, mock and scrambled siRNA
transfected hUTC CM ELISA (A). ¥F¥*p<(.0001, *¥¥p<0.001, ¥¥p<0.01, *p<0.05, v. 5. not

significant.
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[8862] Figures 16A~16D. hiJTC-secreted bridge molecules bind to photoreceptor O3,
Immuncfloorescence (IF) staining of OS incubated with individual recombinant human
MEG-E8 (124 ng/ml), Gast (8.75 ng/mi), TSP-1 (1.2 tg/ml) or TSP-2 (238 ng/ml)
{FIG. 16A), or hUTC CM (FIG. 16B), or control medium (FIG. 16C) for 24 hours with
subsequent double IF staining of rthedopsin with Alexa Floor 568 conjugated anti-
rhodopsin antibody and of bridge molecules with Alexa Fluor 48% conjugated anti-MFG-
ER, anti-Gas6, anti-TSP-1, anti-THP-2, mouse IgG2A or mouse 1gG2B isotype control
antibody. The rhodopsin-stained O8 particles also stained positively with each of the
recombinant bridge molecule proteins or the seereted bridge molecules present in hUTC
CM. (FIG, 168} The specificity of anti-rhodopsin antibody was confirmed by double IF
staining of OS with Alexa Fluor 568 conjugated anti-rhodopsin antibedy and Alexa Fluor
488 conjugated mouse IgG2b, x isotype control antibody. Upper panel (FIGS., 16A-16D),
bridge molecule and isotype antibody staining; lower panel (FIGS. 16A-16D), rhodopsin

antibody staining.

{8863 Figures 17A — 17F show hUTC and hUTC conditioned media protection from
oxidative stress or damage. FIGS, 17A-178 illustrate hUTC conditioned medis protected
AZE-containing RPE celis from non-viability afier 430 nm irradiation. (F1G. 17A). Cell
death was assayed using a two-color fluorescence assay. hUTC conditioned media and
unconditioned control media (250 pL/well) were incubated with AZE-laden ARPE-19 cells

i

for 7 days. The percent of non
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FI1G. 178 shows pooled data from the 5% and 10% FBS treatments. V

V. p < {(L.05; one-way ANOVA and Newman Keols multiple comparison test.
FIGS, 17C-17D ilhustrate hUTC conditioned media protected ARPE-19 cells against AZE
photooxidation-associated reduced cell viability. (FIG. 17C). Cell viability was assayed by
MTT. hUTC conditioned media and unconditioned control media (250 ul/well) were
mcubated with AZE-laden ARPE-19 cells (7 days, 37 °C, 5% CQOy, 5% FBS). Bar height is
indicative of MTT absorbance and reflects cell viability. FIG. 17D shows poeled data from
the 5% and 10% FBS treatments. Values arc mean +/- SEM; 4 replicates/2 experiments. * p
> 0.05; ** p<{L.05; one-way ANOVA and Newman Keols multiple comparison test. FIGS.
17E-17F illystrate hUTC conditioned medis protected ARPE-19 cells against acute H,O) -
associated reduced coll viability, Cell viability was assayed by MTT (FIG. 17E) and crystal
violet (FIG. 175). The y axis represents the corrected OD reading at 550mm. Datais

presented as the mean & standard deviation. p<(.05 by two-way ANOVA,

[\
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6064 Other features and advantages of the invention will be apparent from the detailed

description and cxamples that foliow.

BETAILED DESCRIPTION

[B065] Various patents and other publications are referred to throughout the specification.
Each of these publications is tncorporated by reference herein, in its entirety. In the
following detailed description of the illusirative cmbodiments, reference is made to the
accompanying drawings that form a part hereof. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention, and it is understood
that other embodimenis may be utilized and that logical structural, mechanical, electrical, and
chemical changes may be made without departing from the spirit ot scope of the fuvention.
To avoid detail not necessary to enable those skilled in the art to practice the embodiments
described herein, the description may omit certain information known to those skilled in the
art. The following detailed description is, therefore, not to be taken in 8 limiting sense, and

the scope of the illustrative embodiments are defined by the appended claims.

Definitions

18866} Various terms used throughout the specification and claims are defined as set forth

below and are intended to clarnify the invention.

{8067} Stem cells are undifferentiated cells defined by the ability of a single cell both to
self-renew, and to differcntiate to produce progeny cells, including self-renewing progenitors,
non-renewing progenitors, and termdnally differentiated cells. Stem ceils are alse
characterized by their ability to differentiate in vitro fnto functional cells of various cell
lineages from mukbtiple germ layers {endoderm, mesoderm and ectodermy), as well as to give
risc to tissues of multiple germ layers following transplantation, and to coniribute

substantially to most, if not all, tissues following injection into blastocysts.

{8868} Stem cells are classified according to their developmental potential as: (1)
totipotent; {2) pluripotent; (3 multipotent; (4) oligopotent; and (5) unipotent. Totipotent cells
arc able 1o give rise to all cobryonic and extracmbryonic cell types. Pluripotent cells are able
to give rise to all embryonic cell types. Multipotent cells inchude those able to give riscto a

subset of cell lincages, but all within a particular tissue, organ, or physiclogical system (for
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example, hematopoictic stem cells (HSC) can produce progeny that include HSC (self-
rengwal), blood cell-restricted oligopotent progenitors, and all cell types and cloments (e.g.,
platelets) that are normal components of the blood). Cells that are oligopotent can give rise to
a more restricted subset of cell lineages than multipotent stem cells; and cells that are

gnipotent arg able to give rise to a single cell hineage (¢.g., spermatogenic stem cells).

8069 Stem cells are alse categorized on the basis of the source from which they may be
obtained. An adult stem cell is generally a nuiltipotent undifferentiated cell found in tissue
comprising meltiple differentiated cell types. The adult stem cell can repew itself. Under
normal circumstances, it can also differentiate to yield the specialized cell types of the tissue
from which it originated, and possibly other tissue types. Induced pluripotent stem celis (iPS
cells) are adult cells that are converted into plaripotent stem cells. (Takshashi et al,, Cell,
2006; 126(41:663-676; Takahashi ef 4/, Cell, 2007; 131:1-12). Ancmbryonic stemcellis a
pluripotent cell from the funer cell mass of a blastocyst-stage embryoe. A fetal stern cell is
one that originates from fetal tissucs or membranes. A postpartum stem cell 18 a multipotent
or pluripotent cell that originates substantially from extracmbryonic tissue available after
birth, namely, the placenia and the umbilical cord. These cells have been found to possess
features characteristic of pluripotent stem cels, jncluding rapid proliferation and the potendial
for differentiation into many cell lineages. Postpartum stem cells may be blood-derived (e.g.,
as arc those obtained from umbilical cord blood) or non-blood-derived (e.g., as obtained from

the non-blood tissues of the umbilical cord and placenta).

{88761 Embryonic tissue is typically defined as tissue originating from the embryo
{(which in humans refers to the period from fortilization to about six wecks of development).
Fetal tissuc refers 1o tissue originating from the fetus, which o humans refers to the period
from about six weeks of development to parturition. Extracmbryonic fissue 1s tissue
associated with, but not originating from, the embryo or fetus. Extracmbryonic tissues
imciude extracmbryonic membranes (chorion, amnion, yolk sac and allantois), vmbilical cord

and placenta (which itself forms from the chorion and the maternal decidua basalis).

{8871} Differentiation is the process by which an unspecialized ("oncommitted™) or less
specialized cell acquires the features of a specialized cell, such as a nerve cell or a muscle
cell, for example. A differentiated cell is one that has taken on a more specialized
{"committed”) position within the lneage of a cell. The term committed, when applicd to the

process of differentiation, refers to g cell that has proceeded in the differentiation pathway to
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a point where, under normal circamstances, it will continue to differentiate nto a specific cell
type or subset of celf types, and cannot, under normal circumstances, differentiate into 2
differcut cell type or revert to a fess differentiated cell type. De-differcutiation refers to the
process by which a cell reverts 1o a less specialized {or commitied) position within the
lincage of a cell. As ased herein, the lineage of a cell defines the heredity of the cell, 1.e.
which cells it came from and what cells it can give rise to. The lincage of a cell places the cell

within a hereditary scheme of development and diffcrentiation.

{88731 In a broad sense, a progenitor cell is a cell that has the capacity to create progeny
that are more differentiated than itself, and yot retains the capacity to replenish the pool of
progenitors. By that definttion, stem cells themselves are also progenitor cells, as are the
more immediate precursors to terminally differentiated cells. When referring to the cells of
the present nvention, as described in greater detail below, this broad definition of progenitor
cell may be used. In a2 parrower sense, a progenttor cell is often defined as a cell that is
miermediate in the differentiation pathway, 1.e., it arises from a stem cell and is intermediate
in the production of a mature cell type or subset of cell types. This type of progenitor cell is
generally not able to self-renew. Accordingly, if this type of cell is referred o herein, it will
be referred to as a non-repewing progenitor cell or as an intermediate progenitor or precursor

cell.

18073} As used herein, the phrase “differentiates into an ocular lincage or phenotype”
refers 1o a cell that becomes partially or fully committed to a specific ocular phenotype,
mclading without Himitation, retinal and corneal stem cells, pigment epithelial cells of the
retina and iris, photoreceptors, retinal ganglia and other optic neural lincages (¢.g., refinal
chia, microgha, astrocytes, Mueller cells), cells forming the crystalline lens, and epithehial
cells of the sclera, comea, himbus and conjunctiva. The phrase “differentiates into a neural
lincage or phenotype” refers to a cell that becomes partially or fully committed to a specific
neural phenotype of the CNS or PNS, i.¢., 2 neuron or a glial cell, the latter category

melading without Bmitation astrocytes, oligodendrocyies, Schwann cells and microghia.

8474} The cells exemplified herein and preferred for use in the present invention are

generally referred to as postpartum-derived cells (or PPDCs). They also may semetimes be
referred to more specifically as umbilicus-derived cells or placenta-derived cells (UDCs or
PDCs). In addition, the cells may be described as being stem or progenitor cells, the latter

term being vsed in the broad sense. The term derived is used to indicate that the cells have

o
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been obtained from their biclogical source and grown or otherwise manipulated in vifro (e.g.,
cultered in 8 Growth Medium to cxpand the popuolation and/or to produce a cell line). The in
vifro manipulations of umbilical stem cells and placental stem cells and the unique features of
the umbilicus-derived cells and placental-derived cells of the present invention are described
in detail below. Cells isolated from postpartum placenta and smbilicus by other means is also
considered suitable for use in the present invention. These other cells are referred to herein as

postparturn cells (rather than postpartum-derived cells).

[8875] Various terms are used to describe cells in colture. Cell culture refers generally to
cells taken from a living organism and grown under controlled conditions (Min culture” or
"cultured”). A primary coll culture is a culture of cells, tissues, or organs taken divectly from
an organism(s) before the first subculture. Cells are expanded in culture when they are placed
in a Growth Mediun under conditions that facilitate cell growih and/or division, resalting in
a larger population of the cells. When cells are expanded in culture, the rate of cell
proliteration is sometimes measured by the amount of time needed for the cells to double in

number, This is referred to as doubling time.

18876} A ccll line 18 a population of celis forroed by one or more subcultivations of a
primary cell enlture. Bach round of subculturing s referred to as a passage. When cells are
subcultured, they are referred to as having been passaged. A specific population of cells, or a
cell line, is sometimes referred to or characterized by the number of times it has been
passaged. For example, a caltured cell population that has been passaged ten times may be
referred to as a P10 colture. The primary culture, 1.¢., the first colture following the isolation
of cells from tissue, is designated PO. Following the first subculture, the cells are described as
a secondary culture (P1 or passage 1). Aftor the second subculture, the cells become a tertiary
culture (P2 or passage 2}, and so on. it will be understood by those of skill in the art that there
may be many population doublings during the period of passaging; therefore the nomber of
popufation doublings of a culture is greater than the passage number. The expansion of cells
(i.e., the nmumber of population doublings) during the period between passaging depends on
many factors, inchuding but not Bmited to the seeding density, sobstrate, medium, growth
conditions, and time between passaging.

18077} The term Growth Meditum generally refers to a medium sufficient for the culturing
of PPDCs. In particular, one presently preferred medium for the culturing of the cells of the

imvention comprises Dulbecco’s Modificd Essential Media (aiso abbreviated DMEM berein).

[
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Particularly preferred 1s DMEM-low glucose (also DMEM-LG herein) (Invitrogen, Carlsbad,
Calif.). The DMEM-low glucose is preferably supplemented with 15% {v/v) fetal bovine
serum {e.g. defined fetal bovine serum, Hyclone, Logan Utab), antibiotics/antinmycotics
{{preferably S0-100 Untts/milliliter penicillin, 56-100 microgram/milliliter streptomycin, and
0-0.25 microgram/milliliter amphotericin B; Invitrogen, Carlsbad, Calif}), and 0.081 % {(v/v)
2-mercaptocthanol {Sigma, St. Louis Mo.). As used in the Exampies below, Growth Medium
refers to DMEM-low glucose with 15% fetal bovine serum and antibiotics/sntimycotics
(when penicillin/streptomycin are inchuded, it s preferably at 50 U/ml and 50 microgramy/ml
respectively; when peniciliny/streptomycin/amphotericin are used, it is preferably at 100

Jmal, 100 microgranvmi and (.25 microgram/mi, respectively). In some cases different
growth media are used, or different supplomentations arc provided, and these are normally

mdicated tn the text as supplementations to Growth Medium.

18078 A conditioned medium 1s a medivm in which a specific cell or popudation of cells
has been cultured, and then removed. When cells are cultured in a medium, they may secrete
cellular factors that can provide trophic support to other cells. Such trophic factors include,
but arc not limited {0 hormongs, cytokings, extracellnlar matrix (ECM), proteins, vesicles,
antibodics, and granules. The medium containing the cellular factors is the conditioned
medium.

18879 Generally, a trophic factor is defined as a substance that promotes survival,
growth, differentiation, proliferation and/or maturation of a cell, or stinuilates mereased
activily of a cell. The interaction between cells via trophic factors may occur between cells of
different types. Cell interaction by way of trophic factors is found in essentially all ccl types,
and is & particularly significant means of comamunication among neural cell types. Trophic
factors also can function in an autocrine fashion, 1.e., a cell may produce trophic factors that

affect its own survival, growth, differentiation, proliferation and/or maturation.

{BO8G] When referring to cultured vertebrate cells, the term senescence (also replicative
seneacence or cellular senescence) refers to a property attributable to finite cell cultures;
namely, their mability to grow beyond a finite number of population doublings (sometimes
referred to as Haytlick's bmit). Alhough ccliular senescence was first described using
fibroblast-like cells, most normal human cell types that can be grown successfully n cubture
undergo cellular senescence. The 1n vitro lifespan of different cell types varies, but the

maximum lifespan is typically fewer than 100 population doublings (this is the number of
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doublings for all the cells in the culture to become senescent and thus render the culture
unable {o divide). Senescence does not depend on chironological time, but rather is measured

by the number of cell divisions, or population doublings, the culture has indergone.

{8031} The terms ocular, ophthabmic and optic are used interchangeably herein to define
"of, or about, or related to the eye.” The term ocular degenerative condition {or disorder) is
an inclusive term encompassing acute and chronic conditions, disorders or diseases of the
eye, mnclusive of the neural connection between the eye and the brain, involving cell damage,
degeneration or loss. An ocular degenerative condition may be age-related, or it may result
from injury or trauma, or it may be related to a specific discasc or disorder. Acute ocular
degenerative conditions include, but are not Hmited to, conditions associated with cell death
or compromise affecting the eye mclading conditions arising from cerebrovascular
msufficiency, focal or diffusc brain trauma, diffuse brain damage, infection or mflammatory
conditions of the cye, retinal tearing or detachment, fotra-ocular fesions (contusion
penctration, compression, laceration) or other physical injury {e.g., physical or chemieal
burns). Chronic ocular degenerative conditions (including progressive conditions) include,
but are not Himited to, retinopathics and other retinal/macular disorders such as retinitis
pigmentosa (RP), age-related macular degeneration {AMD), choroidal neovascular membrane
{CNVM); retinopathies such as disbetic retinopathy, ccclusive retinopathy, sickle cell
retinopathy and hypertensive retinopathy, central retinal vein occlusion, stenosis of the
carotid artery, optic neurepathies such as glaucoma and related syndromes; disorders of the
lens and outer eye, ¢.g., limbal stem cell deficiency (LSCD), also referred to as Hmbal
epithelial cell deficiency (LECD), such as ocenrs in chemical or thermal injury, Steven-
Johnson syndrome, contact lens-induced keratopathy, ocular cicatricial pemphigoid,
congenital discases of aniridia or ectodermal dysplasia, and sultiple endocrine deficiency-

associated kerating,

{8082} The term treating {or treatment of) an ocular degenerative condition refers to
amelorating the effects of, or delaying, halting or reversing the progress of, or delaying or

preventing the onset of, an ocular degenerative condition as defined herein.

16883] The term effective amount refers to a concentration or amount of a reagent or
pharmaceutical composition, such as a growth factor, differentiation agent, trophic factor, cell
poputlation or other agent, that is effective for producing an intended result, incloding cell

growth and/or differentiation in vitro or in vive. or treatment of ocular degenerative
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conditions, as described herein. With respect to growth factors, an effective amount may
range from about | nanogram/milliliter to about 1 microgramy/mifliliter. With respect to
PPDCs as administered to a patient in vivo, an effective amount may range from as few as
several lumdred or fewer, 1o as many as several million or more. fn specific embodiments, an
effective amount may range from 10” to 11", more specifically at least aboat 107 cells. Tt will
be appreciated that the number of cells to be administered will vary depending on the
spocifics of the disorder to be treated, including but not imited to size or total volume/surface
arca to be treated, as well as proximity of the site of administration 1o the location of the

region to be treated, among other factors familiar to the medicinal biclogist.

16084] The torms effective period (or time) and effective conditions refer 1o a period of
time or other controllable conditions {¢.g., temperature, huomidity for in vitro methods),
necessary of preferred for an agent or pharmaceutical composition to achieve its intended

resuit,

[BO&S] The term patient or subject refers to animals, including mammals, preferably
humans, who are treated with the pharmaceutical compositions or in accordance with the

methods described herein.

{6886} The term pharmaceutically acceptable carrier (or medium), which may be used
mterchangeably with the term biologically compatible carrier or medium, refers to reagents,
cells, compounds, materials, compositions, and/or dosage forms that are not only compatible
with the cells and other agents to be administered therapeutically, but also are, within the
scope of sound medical judgment, suitable for use in contact with the tissues of human beings
and animals without excessive toxicity, irritation, allergic respouse, or other complication

commensurate with a reasonable benefit/risk ratio.

{8087} Several terms are used hercin with respect to cell replacement therapy. The terms
autologous transter, sutologous transplantation, antograft and the hike refer to treatments
wherein the cell donor is also the recipient of the cell replacement therapy. The terms
allogeneis transfer, allogeneic transplantation, aliograft and the like refer to treatments
wherein the cell donor is of the same specics as the recipient of the cell replacement therapy,
but is not the same individual. A cell transfor in which the donor's cells and have been
histocompatibly matched with a recipient is sometimes referred to as a syngeneic transfer.
The terms xenogeneic transfer, xenogeneic transplantation, xenograft and the like refer to

treatments wherein the celi donor is of a different species than the recipient of the cell
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replacement therapy. Transplantation as used herein refers to the introduction of autologous,

or allogeneic donor cell replacement therapy into a recipient.

{6088} As used herein, the term “about” when referring to a measurable value such as an
amount, a temporal duration, and the like, is meant to encompass variations of between +
20% and + 0.1%, preferably = 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.

Bescription

{8689} Ocular degenerative conditions, which encompass acote, chronic and progressive
disorders and discases having divergent causes, bave as a conunon feature the dysfunction or
loss of a specific or vulnerable group of ocular cells. This commonality enables development
of similar therapeutic approaches for the repair or regeneration of vulnerable, damaged or lost
ocular tissue, one of which is cell-based therapy. Development of cell therapy for ocular
degenerative conditions has been imited to a comparatively fow types of stem or progenitor
cells, including ocular-derived stem cells themselves {e.g., retinal and comeal stem celis),
cembryonic sicm cells and a fow types of adult stom or progenitor celis {e.g., neural, mucosal
epithehial and bone marrow stem cells). Cells isolated from the postpartum wobilical cord
and placenta have been identified as a significant new source of progenitor cells for this
purpose. {(US 2005-0037491 and US 2010-0272803) Moreover, conditioned media
generated from cells isolated from the postpartum placenta and embilical cord tissue provides
another new source for treating ocular degenerative conditions. Accordingly, 1u its various
embodiments described herein, the present invention features methods and compositions
{including pharmaceoatical compositions) for repair and regeneration of ocular tissues, which
use conditioned media from progenitor cells and cell populations isolated from postpartum
tissues. The invention is applicable to ocular degenerative conditions, but is expected to be
particularly suttable for a mumber of ocolar disorders for which treatment or cure has been
difficult or unavailable, These include, without himitation, age-related macular degencration,
retinitis pigmentosa, diabetic and other retinepathies.

869481 Conditioned media derived from progenitor cells, such as cells isolated from
postpartum umbilical cord or placenta in accordance with any method known in the art is

expected to be suitable for use in the present invention. In one embodiment, however, the
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mvention uses conditioned media derived from umbilical cord tissue-derived cells (RUTCs)
or placental-tissue derived cells (PDCs) as defined above, which are derived from umbilical
cord tissue or placenta that has been rendered substantially free of blood, preferably in
accordance with the method set forth below. The hUTCs or PDCs are capable of expansion
i culture and have the potential to differentiate into cells of other phenotypes. Certain
cmbodiments feature conditioned media prepared from such progenitor cells, compositions
comprising the conditioned media, and methods of using compositions such as
pharmaceutical compositions for treatment of patients with acute or chronic ocular
degenerative conditions. The postpartum-derived cells of the present tnvention have been
characterized by their growth properties in culture, by their cell surface markers, by their
gene expression, by their ability to produce certain biochemical trophic factors, and by their
mmiunological properties. The conditioned media derived from the postpartum-derived cells

have been characterized by the trophic factors and bridge molecules seereted by the cells.

Prepavation of Progenitor cells

{6091 The cells, cell populations and preparations comprising cell lysates, conditioned
media and the like, used in the compositions and methods of the present invention are
described herein, and in deiail in ULS, Patent Nos, 7,524,449, and 7,510,873, and U.S. Pub.
App. No. 2005/0058634, both incorporated by reference hercin. According to the methods, a
mammabian umbilical cord and placenta are recovered upon or shortly after termination of
cither a full-term or pre-term pregunancy, for example, after expulsion of after-birth. The
postpartum tissue may be transported from the birth site to a laboratory in a sterile container
such as a flask, beaker, culture dish, or bag. The container may have a solution or mediom,
including but not Hmited to 2 salt sohution, such as, for example, Dulbecco's Maodified Eagle's
Medium (DMEM) or phosphate buffered saline (PBS), or any sclution used for transporiation
of organs used for transplantation, such as University of Wiscounsin solution or
perfluorochemical solution. One or more antibiotic and/or antimyeotic agents, such as but
not limited to penicillin, streptomyein, amphotericin B, gentamicin, and nystatin, may be
added to the medium or buffer. The postpartum tissue may be rinsed with an anticoagulant
solution such as heparin-containing solution. It is preferable to keep the tissuc at about 4-10°
C prior to extraction of PPDCs. 1t is even more preferable that the tissue not be frozen prior

to extraction of PPDCs.
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[8093] Isolation of PPDCs preferably occurs in an aseptic environmment. The ambilical
cord may be separated from the placenia by means known in the art. Aliernatively, the
wubilical cord and placenta are used without separation. Blood and debris are preferably
removed from the postpartnm tissue prior to 1solation of PPDCs. For example, the postpartum
tissue may be washed with buffer solution, such as but not hmited to phosphate boffered
saline. The wash buffer also may comprise one or more antimycotic and/or antibiotic ageuts,

such as but not Hoted to penicillin, streptomycin, amphotericin B, gentamicin, and nystatin.

[B893] Postpartam tissue comprising a8 whole placenta or umbilical cord, or a fragment or
section thereof is disaggregated by mechanical force {mincing or shear forces). In a presently
preferred embodiment, the tsclation precedure also utilizes an enzymatic digestion process.
Many enzymes are known in the art to be usefisl for the isolation of individual cells from
complex tissug matrices to facilitate growth in culture, Ranging from weakly digestive (e.g.
deoxyribonucleases and the neutral protease, dispase) to strongly digestive (e.g. papain and
trypsing, such enzymes are available commercially. A nonexhaustive list of enzymes
compatible herewith includes mucolytic enzyme activities, metalloproteases, neutral
proteases, sering proteases (such as trypsin, chymotrypsin, or ¢lastase}, and
deoxyribonucleases. Presently preferred are enzyme activities selected from metalloproteases,
newtral proteases and mucolytic activities. For example, collagenases are known to be useful
for isolating various cells from tissues. Deoxyribonucleases can digest singlestranded DNA
and can minimize cell clumping during isolation. Preferred methods nvolve enzymatic
treatment with for example collagenase and dispase, or collagenase, dispase, and
hyaluronidase, and such methods are provided wheren in certain preferred embodiments, a
mixture of collagenase and the neutral protease dispase are used in the dissociating step.
More preferred are those methods that employ digestion o the presence of at least one
collagenase from Clostridim histolyticum, and either of the protease activities, dispase and
thermo lysin. Still more preferred are methods employing digestion with both collagenase
and dispase enzyme activitics, Also preforred are methods that inchude digestion with a
hyaluronidase activity m addition to collagenase and dispase activities. 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 3 (Roche} series of
enzyme combinations are suitable for use in the instant methods. Other sowrces 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
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enzyme combinations for their utility in isolating the cclls of the invention. Preferred enzyme
treatments are 0.5, 1, 1.5, or 2 hours long or longer. In other preferred embodiments, the

tissuc is incubated at 37° C during the enzyme treatment of the disseciation step.

18694} In some embodiments of the nvention, postpartum tissue iS separated intg
sections comprising various aspecis of the tissue, sach as neonatal, neonatal/maternal, and
maternal aspocts of the placenta, for instance. The separated sections then are dissociated by
mechanical and/or enzymatic dissociation according to the methods deseribed hevein. Cells
ot neonatal or maternal lineage may be identified by any means known in the art, for

example, by karyotype analysis or in sifu hybridization for a Y chromosome.

{8095} Isclated cells or postpartum tissue from which PPDCs grow out may be used to
miiiate, or sced, cell cultures. Isolated cells are transferred to sterile tissue culture vessels
cither unceated or coated with extracellular matrix or Higands such as laminin, collagen
(native, denatured or crossiinked), gelatin, fibronectin, and other exiracellular matrix
proteins. PPDCs are cultured in any culture medium capable of sustaining growth of the cells
such as, but not Himited to, DMEM (high or low glucose}, advanced DMEM, DMEM/MCDR
201, Bagle's basal medium, Ham's F10 medivm (F10), Ham's F-12 mediom (F12), Iscove's
modified Dulbecco's mediom, Mesenchymal Stem Cell Growth Mediom (MSCGM],
DMEM/F12, RPMI 1640, and cellgro FREE™, The culiure medium may be supplemented
with one or more components including, for exaropie, fetal bovine serom (FBS), preferably
about 2-15% (v/v); equine serum (ES); human serum (HS); beta-mercaptoethanol (BME or 2-
ME)}, preferably about 8.001% (v/v); one or more growth factors, for exampie, platelet-
dertved growth factor (PDGF), epidermal growth factor {(EGF), fibroblast growth factor
(FGF), vascular endothelial growth factor (VEGF), msulin-like growth factor-1 (1GF-1),
leukocyte inhibitory factor (LIF) and evythropoieting amino acids, including L-valine; and one
or more antibiotic and/or antimycotic agents to control microbial contamination, such as, for
cxample, penicillin G, streptomycin sulfate, amphotericin B, gentamicin, and nystatin, cither
alone or in combination. The culture medium preferably comprises Growth Mediom

(DMEM-low glucose, seram, BME, and an antibiotic agent}.

18096] The cclis are sceded in culture vessels at a density to allow celt growth, Ina
preferred embodiment, the cells are cultured at about 0 to about § percent by volume CGOy in
air. In some preferred embodiments, the cells are coltured at about 2 to about 25 percent Oy in

air, preferably about 5 to about 20 percent O, in air. The cells preferably are cultured at
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about 25 to about 40° C and mwove preferably are cultured at 37° C. The cells are preferably
cultured in an incubator, The medium in the culture vessel can be static or agitated, for
example, using a bioreactor. PPDCs preferably are grown under low oxidative stress (e.g.,
with addition of ghitathione, Vitamin C, Catalase, Vitamin £, N-Acctylcysteine). "Low
oxidative stress”, as used herein, refers to conditions of no or minimal free radical damage to

the cultured cells.

{6097} Methods for the selection of the most appropriate culture medivm, mediom
preparation, and cell culture techmiques are well known in the art and are described in a
varigty of sources, including Dovle er af,, (eds.), 1995, CELL & TISSUE CULTURE:
LABORATORY PROCEDURES, John Wiley & Sons, Chichester; and Ho and Wang (eds.),
1991, ANIMAL CELL BIOREACTORS, Butterworth-Heinemann, Boston, which are

imcorporated herein by refercnce.

{6098 After culturing the iselated cells or tissue fragments for a sufficient period of time,
PPDCs will have grown out, either as a result of migration from the postpartum tissue or cell
division, or both. In some embodiments of the invention, PPDCs are passaged, or removed to
a separate culture vessel containing fresh medium of the same or a different type as that used
mitially, 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 arce
passaged between about 3 and about 25 times, more preferably are passaged about 4 fo about
12 times, and preferably are passaged 10 or 11 times. Cloning and/or subcloning may be

performed to confirm that a clonal population of cells has been isolated.

18099] In some aspects of the invention, the different cell types present 1n postpartum
tissue are fractionated into subpopulations from which the PPDCs can be isolated. This may
be accomplished using standard techniques for ccll separation mchuding, but not himted to,
enzymatic treatment to dissociate postpartum tissue into s component celis, followed by
cloning and selection of specific cell types, for example but not Hnuted to selection based on
morphological and/or biochemical markers; 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 centrifagation; centrifugal elutriation {counter-

streaming centrifugation); unit gravity scparation; countercurrent distribution;
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electrophoresis; and fluorescence activated cell sorting (FACS). For a review of clonal
selection and cell separation techniques, sce Freshney, 1994, CULTURE OF ANIMAL
CELLS: A MANUAL OF BASIC TECHNIQUES, 3rd Ed., Wiley-Liss, Inc., New York,

which 1s Incorporated herein by reference.

1801867  The culture medium is changed as necessary, for example, by carefully aspirating
the medivm from the dish, for cxample, with a pipetie, and replenishing with fresh medium.
{ncubation is continued until a sufficient number or density of cells accumulates in the dish,
The original explanted tissue sections may be removed and the remaining cells trypsinized
using standard techniques or using a celf scraper. Aftor trypsinization, the cells are collected,
removed to fresh medium and incubated as above. In some cmbodiments, the medium is
changed at least once at approximately 24 hours post-trypsinization 1o remove any floating

cells. The cells remaining in culture are considered to be PPDCs.

{88181  PPDCs may be eryopreserved. Accordingly, n a preferved embodiment described
1 greater detail below, PPDCs for autologous transfer (for either the mother or child) may be
dertved from appropriate posipartum tissues following the birth of a child, then cryopreserved

s0 as 1o be avaiable in the gvent they are later needed for transplantation.

Characteristics of Progenitor cells

1801821 The progenitor cells of the invention, such as PPDCs, may be characterized, for
example, by growth characteristics (¢.g., population doubling capability, doubling time,
passages 1o senescence), karyotype analysis (e.g., normal karvotype; maternal or neonatal
lineage), flow cytometry {e.g., FACS analysis), immumohistochemistry and/or
immunocytochemistry (e.g., for detection of opitopes), 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 clotting assay
or analysis of PDC-conditioned mediom, for example, by Enzyme Linked ImmunoSorbent
Assay (ELISA}), mixed lymphocyte reaction {c.g., as measure of stimulation of PEMCs),
and/or other methods known in the art.

180183] Examples of PPDCs derived from umbilicus tissue were deposited with the

r

American Type Culture Collection on (ATCC, 10801 University Boulevard, Manassas, VA,

20010) Jun. 10, 2004, and assigned ATCC Accession Numbers as follows: (1) strain

designation UMB 022803 (P7) was assigned Accession No. PTA-6067; and (2) strain
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designation UMB 022803 (P17) was assigned Accession No. PTA-6068. Examples of
PPDCs derived from placental tissue were deposited with the American Type Culture
Collection {ATCC, Manassas, Va.) and assigned ATCC Accession Numbers as follows: (1)
strain designation PLA 071003 (PR) was deposited Jun. 15, 2004 and assigned Accession No.
PTA-6(74; (2} strain designation PLA 071003 (P11} was deposited June 15, 2004 and
assigned Accession No. PTA-6(75; and (3) sirain designation PLA 071603 (P16) was

deposited Jun. 16, 2004 and assigned Accession No. PTA-6079.

[86184]  In various embodiments, the PPDCs possess one or more of the following growth
features: (1) they require L-valine for growth in culture; (2) they are capable of growth in
atmospheres containing oxygen from about 5% to at least about 20%; (3) they have the
potential for at least about 40 doublings in culture before reaching senescence; and (4) they
atiach and expand on a coated or uncoated tissuc culture vessel, wherein the coated tissuc
culture vessel comprises a coating of gelatin, laminin, collagen, polyomithine, vitronectin or

fibronectin.

180188  In cortain embodiments the PPDCs possess a normal karvotype, which is
maintained as the cells are passaged. Karyotyping is particularly useful for identifying and
distinguishing neonatal from maternal cells derived from placenta. Methods for karyotyping

are available and known io those of skill i the art.

[88186]  In other embodiments, the PPDCs may be characterized by production of certain
proteins, including: (1) prodoction of at least one of vimentin and alpha-smooth muscle actin;
and (2} production of at least one of C1Q, CD13, CD44, CB73, CHog0, PDGEr-alpha, P
L2 and HLA-A,B,C cell surface markers, as detected by flow cytometry. In other
embodiments, the PPDCs may be characterized by lack of production of at least one of
CD31, CD34, CD4S, CDBG, CD86, CD117, CDi41, CD178, B7-H2, HLA-G, and HLA-
DR,DP, G ccll surface markers, as detected by flow eytomeiry. Particularly preferred are

cells that produce vimentin and alpha-smooth muscle actim,

1881871 In other embodiments, the PPDCs may be characterized by gene cxpression,
which relative to a aman cell that is a fibroblast, a mescochymal stero cell, or an iliac crest
bone marrow cell, 1s increased for a gene encoding at least one of interfeukin §; reticulon 1;
chemokine (C--X--C motif) higand 1 (melonoma growth stimulating activity, alpha);
chemokine (C--X--C motif) igand 6 (granulocyte chemotactic protein 21 chemokine {C--X--

C motif) ligand 3; tumor necrosis factor, alpha-induced protein 3; C-type lectin superfamily

Lo
A
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member 2; Wilms tumor | aldehyde dehydrogenase 1 family member AZ2; rening oxidized
low deunsity 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 DKFZpS47k1113. In an embodiment, the PPDCs derived from
ambilical cord tissue may be characterized by gene expression, which relative to a human cell
that is a fibroblast, a mesenchymal stem cell, or an iliac crest bone marrow cell, 1s increased
for a gene encoding at least one of interloukin &; reticulon 15 or chemokine (C--X--C motif)
ligand 3. Tn another embodiment, the PPDCs derived from placental tissue may be
characterized by gene expression, which relative to a human cell that i a fibroblast, a
mesenchymal stem cell, or an iliac crest bone marrow cell, is increased for 2 gene encoding at

least one of renin or oxidized low density Upoprotein receptor 1.

{86188] In vet other embodiments, the PPDCs may be characterized by genc expression,
which relative to a human cell that is a fibroblast, a mesenchymal sten cell, or an iliac crest
bone marrow cell, 1s reduced for a gene encoding at least one of: short stature homeobox Z;
heat shock 27 k¥Da protein 2; chemokine (C--X--C motit) ligand 12 (stromal cell-derived
factor 1); clastin (supravalvular aortic stenosis, Williams-Beuren syndrome); Homo sapicns
mRNA; cDNA DKFIpS86M2022 (from clone DK FZpa8aMZ022); mesenchyme homeo box
2 {growth arrest-specific homeo box); sine oculis homeohox homolog 1 {Drosophila);
crystallin, alpha B; disheveled associated activator of morphogenesis 2; DEKFZP586B2420
protein; similar to neuralin 1; tetranectin (plasminogen binding protein); ste homology three
(SH3) and cysteine rich domain; cholesterol 25-hydroxylase; runt-related transcription factor
3; tnterlenkin 11 receptor, alpha; procollagen C-endopeptidase enhancer; frivzled homolog 7
(Drosophila); hypothetical gene BCO0BY67; collagen, type VL alpha I tenascin C
{hexabrachion); iroquois homeobox protein 5; hephacsting integrin, beta 8; synaptic vesicle
glycoprotein 2; neuroblastoma, suppression of tumorigenicity 1; insulin-like growth factor
binding protein 2, 36 kDa; Homo sapiens ¢BNA FLI12280 fis, clone MAMMAT0(1744;
cytokine receptor-ike factor 1; potassium intormediate/small conductance calcium-activated
channel, subfamily N, member 4; integrin, beta 7; transcriptional co-activator with PDZ-
binding motif (TAZ); sine oculis homecbox homolog 2 (Drosophila); KIAAIQ34 protein;
vesicle-associated membrane protein 5 (myobreviny;, EGF-containing fibulin-like
extracetiular matrix protoin 1; carly growth response 3; distal-less homeo box 5; hypothetical
protein FLI20373; aldo-keto reductase family 1, member C3 (3-alpha hydroxysteroid

dehydrogenase, type 11); biglycan; transcriptional co-activator with PDZ-binding motif
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(TAZ); fibronectin 1; proenkephalin; integrin, beta-like 1 (with EGF-like repeat domains);
Homo sapicns mRNA full length insert ¢cDNA clone EUROIMAGE 1968422; EphA3;
KIAAQ367 protein; natriaretic peptide receptor C/guanylate cyclase C (atrionatriuretic
peptide receptor C); hypothetical protein FLI14054; Homo sapiens mRNA; cDNA
DKFZpS64B222 (from clone DKFZp564B222); BCL2/adenovinus E1B 19 kDa interacting
protein 3-like; AE binding protein 1; and cytochrome ¢ oxidase subunit Vila polypeptide 1

{muscle).

[8818%]  In other embodiments, the PPDCs may be characterized by secretion of bridge
molecules selected from MFG-ER, Gas6, TSP-1 and TSP-2. Further, the PPDCs derived
from umbilical cord tissue may be characterized by secretion of at least one of MCP-1, 1L-6,
1L-8, GCP-2, HOF, KGF, FGF, HB-EQF, BDNF, TPO, MIP1b, 1309, RANTES, MDC, and
TIMPI. In some embodiments, the PPDCs derived from umbilical cord tissue may be
characterized by lack of secretion of at least one of TGF-beta2, ANG?2, PDGFbb, MIPla and
VEGF, as detected by ELISA. In alternative embodiments, PPDCs derived from placenta
tissue may be characteristized by secrstion of at {east one of MCP-1, 1L-6, 1L-8, GCP-2, HGF,
KGF, HB-EGF, BDNF, TPO, MIPla, RANTES, and TIMP1, and lack of sceretion of at least
one of TGF-betaZ, MiP1b, ANGZ, PDGFbb, FGF, and VEGF, as detected by ELISA. In

further embodiments, the PPDCs lack expression of RTERT or telomerase.

801187 In preforred embodiments, the cell comprises two or more of the above-listed
growth, protein/surface marker production, gene expression or substance-secretion
characteristics. More preferred are those cells comprising, three, four, or five or more of the
characteristics. Still more preferred are PPDCs comprising six, seven, or cight or more of the
characteristics. Still more preferred presently are those cells comprising all of above

characteristics.

{80111}  In particularly preferred embodiments, the cells isolated from human vmbilical
cord tissue substantially free of blood, which are capable of expansion in culture, lack the
production of CD117 or CD4S, and do not express BTERT or telomerase. In one
embodiment, the cells lack production of CID117 and CD45 and, optionally, also do not
telomerase. In yet another embodiment, the cells are isolated from homan umbilical cord
tissue substantially free of blood, are capable of expansion in culture, lack the production of

CD117 or £D45, and do not express hTERT or telomerase, and have one or more of the
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following characteristics: express CD 10, CD13, CD44, CD73, and CD90; do not express
CD31 or CD34; express, relative to a human fibroblast, mesenchymal stem cell, or iliac crest
hone marrow cell, increased levels of interleukin 8 or reticulon 1; and have the potential to

differentiate.

86112} Among cells that ave presently preferred for use with the invention 1n several of its
aspects are postpartum cells having the characteristics described above and more particularly
those wherein the cells have normal karyotypes and matntain normal karyotypes with
passaging, and further wherein the cells express each of the markers CD1G, CD13, CD4d4,
CD73, CD94g, PDGFr-alpha, and HLA-A B.C, wherein the cells produce the
immunologically-detectable proteins which correspond to the listed markers, Stili more
preferred are those cells which in addition to the foregoing do not produce proteins
corresponding {o any of the markers CD31, CB34, D45, CD117, CD141, or HLA-

DR,DP, DO, as detected by flow cytometry. In further preferred embodiments, the cells lack

expression of BTERT or telomerase.

{88113}  Cortain cells having the potential to differentiate along lines leading to various
phenotypes are unstable and thus can spontancously differentiate. Presently preferred for use
with the invention are cells that do not spontancously differentiate, for example along newral
incs. Preferred colls, when grown in Growth Medium, are substantially stabic with respect to
the cell markers produced on their surface, and with respeet to the expression pattern of
various genes, for example as determined using an Affymetrix GENECHIP. The cells remain
substantially constant, for example in their surface marker characteristics over passaging,

through multiple population doublings.

{86114} However, one feature of PPDCs is that they may be deliberately induced to
differentiate into varicus Hneage phenotypes by subjecting them to differentiation-indocing
cell culture conditions. Of use in treatmoent of certain ocular degencrative conditions, the
PPDCs may be induced to differentiate nto neural phenotypes using one or more methods
known in the art. For instance, as exemplified herein, PPDCs may be plated on flasks coated
with laminin in Newrobasal-A medivm (invitrogen, Carlsbad, Calif.) containing B27 (B27
supploment, Invitrogen), b-glatamine and Penicitiin/Streptomycin, the combination of which
is referred to herein as Neural Progenitor Expansion (NPE) mediom. NPE media may be
forther supplemented with BFGF and/or EGF. Alernatively, PPDCs may be induced to

differentiate in vifro by: {1} co~culturing the PPDCs with neural progenitor cells; or (2)
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growing the PPDCs in newral progenitor cell-conditioned medium.

{68115]  Differentiation of the PPDCs into neural phenotypes may be demonstrated by a
bipolar cell morphology with extended processes. The induced cell populations may stamn
positive for the presence of nestin. Differentiated PPDCs may be assessed by detection of
nest in, Tull (BUI tubuliny, GFAP, tyrosine hydroxylase, GABA, 04 and/or MBP. In some
embodiments, PPDCs have exhibited the ability to form three-dimensional bodies

characteristic of neuronal stem cell formation of neurospheres.
Cell Populations

88116]  Another aspect of the jovention features populations of progenitor cells, such as
postpartum-derived cells. The postpartam-derived celis may be isolated from placental or
umbilical tissue, In a preferred embodiment, the cell populations comprise the PPDCs
described above, and these cell populations are described in the section below.

861171 Insome embodiments, the cell population is heterogencous. A heterogencous cell
population of the invention may comprise at least about 5%, 10%, 20%, 30%, 40%, 50%,
60%, 70%, 8%, 90%, or 95% of the cell. The heterogencous cell populations of the
mvention may further comprise the progemtor cells {postpartum-derived cells), or other
progenttor cells, such as epithelial or neural progenitor cells, or it may further comprise fully

differentiated cells.

{80118}  In some embodiments, the population is substantially homogeneous, 1.¢.,
comprises substantially only PPDCs (preferably at least about 86%, 97%, 98%, 99% or more
of the cells). Tn some embodiments, the cell population is homogeneous. In embodiments,
the homogeneous cell population of the invention may comprise umbilicus- or placenta-
derived cells. Homogeneous populations of umbilicus-derived cells are preferably free of
cells of matemal lincage. Homogeneous populations of placenta-derived cells may be of
neonatal or maternal lincage. Homogeneity of a cell population may be achieved by any
method known in the art, for example, by cell sorting (e.g., flow eytometry) or by clonal
expansion in accordance with known methods. Thus, preferred homogencous PPDC
populations may comprise a clonal cell Hine of posipartum-derived cells. Such populations

are particularly useful when  cell clone with highly desirable functionality has been 1solated.

{88119}  Also provided herein are populations of cells incubated in the presence of one or

more factors, or under conditions, that stinudate stem cell differentiation along 2 desived
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pathway {e.g., neural, epithelial). Such factors are known in the art and the skilled artisan will
appreciate that determination of suitable conditions for differentiation can be accomplished
with routine experimentation. Optimization of such condifions can be accomplished by
statistical experimental design and analysis, for example response sarface methodology
allows simnltancous optimization of multiple variables, for example in a biclogical calture.
Presently preforred faciors inchude, but are not Himited fo factors, such as growth or trophic
factors, demethylating agents, co-culture with noural or epithelial ineage cells or culture in
neural or epithehal lineage cell-conditioned mediom, as well other conditions known in the
art to stinnidate stom cell differentiation along these pathways (for factors useful in neural
differentiation, see, ¢.g., Lang, K. . D. ef ¢/, 2004, J. Neourosci. Res. 76: 184-192; Johe, K.
K. et al, 1996, Genes Devel, 10: 3129-3140; Gottleib, ., 2002, Ann. Rev. Neurosct. 25:
381-407).

Conditioned Medinm

180128]  In one aspect, the invention provides conditioned medium from cultured
progenitor cells, such as postpartum-derived celis, or other progenitor cells, for use in vitro
and in vivo as deseribed below. Use of sach conditioned medim allows the beneficial
trophic factors secreted by the cells to be used allogencically in a patient without mtroducing
miact cells that could trigger rejection, or other adverse immunological responses.
Conditioned medinm is prepared by culturing cells (such as a population of cells) in a culture
mediom, then removing the cells frony the medium. In certain embodimenis, the postpartum

cells are UTCs or PIDCs, more preferably hUTCs,

188121} Conditioned mediom prepared from populations of cells as described above may
¢ used as s, further concentrated, by for example, ultratiltration or lyophilization, or even
dried, partially purified, combined with pharmaceutically-acceptable carriers or diluents as
are known in the art, or combined with other compounds such as biologicals, for example
pharmaceutically useful protein compositions. Counditioned medium may be used in vitre or
in vive, alone or for example, with autologous or syngeuneic live cells. The conditioned
medium, if imtroduced in vive, may be introduced locally at a site of treatment, or remotely to

provide, for example needed celinlar growth or trophic factors to a patient.

{80122}  Previously, it has been demonstrated that human umbilical cord tissue-derived
cells improved visual function and ameliorated retinal degeneration {See US 2010/0272803.

1t also has been demonsirated that postpartum-derived celis can be used to promote

40
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photoreceptor rescue and thus preserve photoreceptors in the RCS model. (See US
2000/0272803). Injection of hUTC subretinally into RCS rat eye improved visual acuity and

amehorated retinal degeneration.

1881231  Asprovided herein, various preparations of hUTC conditioned mediom were
prepared and evaluaied for phagocytosis rescue activitics. Sceding density and culture
conditions were found to affect activity level for conditioned media. For hUTC in serum
(CM 1), hUTCs were seeded at 5,000 viable cells/cnt® in T75 cell culture flask in hUTC
growth medium (DMEM low glucose + 15% FBS + 4 mM L-glutamine), and cultured for 24
hours. Mediom was replaced with 21 ml of DMEM/F 12 complete medivm (BMEMF12
mediunm + 10% FBS + Pen (S0U/od)/Strep (50 pg/mil), cells were cultured for another 54

hours, and the culture supernatant was coliected and frozen at -70°C (cryopreserved).

1881247  For serun-free medivm (CM1 serum-free), medivm was replenished at day 2 with
21 mi of DMEM/F12 serum-free medium (DMEM:F12 medivm + Pen (S0U/mlY/ Strep (50
ug/ml)). CM I with or without serom restored phagoeytosis activity (Figures TA-1B and 2).
Another conditioned medivm (CM2) was prepared under the same procedure as CMi with
serum, except the cells were cultured T225 flasks with 63 ml. of medium per flask, and the
mcobation time after medium change was 48 hours, This media, however, bad no activity,
{Figure 3A). A UM3 was prepared with the same conditions as CMZ but with 10,000 viable

cells/ony’, and stimulated phagocytosis in dystrophic RPE, (Figures 3B-3D),

[B86125]  Ofthe conditions tested, CM2 was found to lack activity (Figure 3A), CMZ2 had a
shortened incubation time of 48 b, compared to the incubation time for CM1 of 54 hours.
CM3 was prepared by doubling the cell seeding density with the same mcubation time after
medium change, compared to CMZ, and found to be active. Therefore, to obtain an active
CM, initial cell seeding density and cell incubation time after mediom change are two

important conditions.

{81267  Retinal pigment epithchum (RPE) cells from Royal College of Surgeons (RCS)
rat bave defective phagocytosis of rod outer segment (ROS) due to muiation in the Merik
gene. Mertk is a raember of receptor tyrosine kinase (RTK) fanily and is thought to play a
role in RPE phagocytosis, Basic fibroblast growth factor (bFGF), a Hgand of FOF RTK, was
shown to indvce phagocytic competence in cultured RPE cells from RCS rats (McLaren, ef

al., FEBS Letters, 1997; 412:21-29), In an embodiment of the inveniton, hUTC rescue of
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dystrophic RPE phagocytosis is through secretion of RTR ligands, activating RTK signaling

and cnhancing signaling of other phagocyiosis-related recepiors.

861271 In an embodiment of the invention, RTK higands BDNF, HB-EGF, PDGF-DD,
Ephrin A4, HGF, and Ephrin B2, have rescue effect on phagocytosis by the RCS dystrophic
RPE celis. In a particular embodiment, BDNF, PDGF-DE, and Ephein B2 have positive

rescue offects. (Sce Figures SA, 6A — 6B and 7A - 7B).

[B86128] Non-RTK hgands activate different receptors from RTE, and do not have a
similar effect on phagocytosis as RTK ligands (Figures $A-8C and Figure 9). hiUTC has
heen shown to secrete vitronectin, endothelin-1, TGF-f1, and 1L-6. Receptors for vitronectin
nclude ovf3 and avBS inlegrins. Finnemann ot al. reported that phagocytosis of ROS by
RPE cells requires ovBS integrin (Finnemann et al., 1997, supra). While hUTC CM
mereased phagoceytosis in dystrophic RPE cells, endothelin-1, TOF-Bi or HL.-6 {concentration
{200 ng/mL)}, and vitronectin (various concentrations) had no effect on RCS RPE

phagocyiosis {Figures 8A-8C, Figure 9).

861297 RNA analysis from conditioned media-treated and ontreated dystrophic RPE for
gene expression profiling show that hUTC express multiple genes of RTK ligands within
15 RTK subtamilies (Figure 10, and Table 1-1). hUTC alsc express genes of bridge
molecules, including MFG-ES, Gas6, protein §, TSP-1 and TSP-2 (Table 1-3). RCS RPE
express genes in 18 RTK subfamilies (Table 1-2). Among the 18 are the 15 RTK
subfamiiics corresponding to the RTK ligand genes expressed in hUTC, RCS RPE also
express receptor genes for bridge molecule binding, incluoding integrin avP3, avBs, Axl,

Tyro3, MerTK, and CD36 (Table 1-4).

{86138} The oanscripiomic profile of both RCS RPE cells and hUTC using RNA-Seq
followed by mformatics data analysis shows RCS RPE cells express multipie RTK genes,
while hUTC expresses genes for nultiple RTK Hgands (Tables 1-1 to 1-4 and Table 2-1).
Specifically, RTK ligands of seven RTK subfamilies have relatively high gene expression
fevels. These ligands include BDINF (brain-derived neurotrophic factor) and NT3
{neurotrophin 3) ~ligands of Trk family, HGF (hepatocyie growth factor) -a ligand of Mot
family, PDGF-DD (platelet-derived growth factor type D} and PDGF-CC (platelet-derived
growth factor type C) -ligands of PDGF family, ephrin-B2 -a ligand of Eph family, HB-EGF

{hepann-binding epidermal growth factor) -a ligand of ExbB family, GDNF {ghal cell-
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derived neurotrophic factor) -a Hgand of Ret family, as well as agrin -a Hgand of Musk

family.

166131} Inan embodiment of the invention, BONF, NT3, HGF, and GDNF are secreted in
hUTC conditioned media, and at higher levels in comparison with those from normal human
crmal fibroblast (NHDF) and ARPE-19 cells, as measured in ELISA assays. {Figures 1iA-
11C and 11F}. In another embodiment, BUTC seerete low tevels of PDGF-CC and PDGE-
DD compared to NHDEF or ARPE-19 (Figures 11D, 11E). In a further embodiment, ephrin-
B2 and HB-EGF are not detected in conditioned medivm of hUTC, NHDF, and ARPE-19, as
measured in ELISA assays. These cells cither do not secrete the two proteins, or the levels
arc below the limit of detection of the ELISA assay. The levels of agrin in BUTC, NHDF and
ARPE-19 conditioned medium are similar to that in control medium; agrin detected in all the

conditioned medium samples may be from the medium.

{88132} Based on the RNA-Seg-based transcriptome profile analysis of RCS RPE cells,
the level of bridge molecules and other factors secreted i hUTC conditioned medium
demonstrates further the effect on phagocytosis, and consequently, apoptosis. As shown,
RCS RPE cells express gones of many recepiors identified to date that recognize “eat me”
signals on apoptotic cells. These receptors tnclude scavenger recoptors (SR-A, LOX-1,
CD68, CD36, CD14), integrins (avP3 and avp3), receptor tyrosine kinases of the Axl and
Tyro3, LRP-1/CD91, and PS receptor Stabilin 1 (Table 3-1; adapted from Erwig L-P and
Henson PM, Cell Death and Differentiation 2008; 15: 243-250). Moreover, hUTC expresses
a number of bridge molecule genes tncloding TSP-1, TSP-2, surfactant protein D (5P-D),
MFG-E8, Gaso, apolipoprotein H, and annexin 1. In an embodiment of the invention, hUTC
secrete MFG-ER, Gasgo, TSP-1, TSP-2 in hUTC conditioned media. (Figures 12A-12F and
Table 3-2). In another embodiment, hUTC do not secrete apolipoprotein H, SP-D or anmexin
T{Table 3-2). In certain embodiments, hUTC secrete MEG-ER and TSP-2 at significantly
higher levels than NHDF and ARPE-19. (Figures 12A and 12D).

[86133]  In an aspect of the invention, hUTC conditioned media stimulates ROS
phagocytosis when feeding RCS RPE cells with ROS preincubated with h(UTC CML
Phagocytosis of the dystrophic RPE cells was completely rescued. As shown in Figures 13A-
130, untreated dystrophic RPE cells have reduced phagoeytosis compared to normal RPE
cells. In an embodiment of the imvention, preincubation of dystrophic RPE cells with hUTC

M rescues phagocytosis. This occurs even without hUTC CM being present during the
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assay. In embodiments of the invention, phagocytic-related receptors and their signaling
pathways arc up-regulated during the preincubation period. Robust enbancement of
phagocytosis was observed when hUTC CM was present throughout the phagocytosis assay
whether dystrophic RPE cells were pretreated with hUUTC CM ornot. 1o an embodiment,
dystrophic RPE cells, fod with ROS pretreated with hUTC CM, restores or rescues
phagocytosis, This occurs even in the absence of hUTC CM during the phagocytosis assay.
In particular embodiments of the jnvention, hUTC CM may prime or modify ROS that
enhances ROS binding and internalization, through for example, bridge molecules/opsonins

that favorably facilitate phagocytosis.

180134}  In embodiments of the invention, bridge mwolecules MFG-ESR, Gas6, TSP-1 and
TSP-2 mediate ROS phagocytosis by RCS RPE cells. Dystrophic RPE cells fed with ROS
preincubated with various concenitrations of MEG-ES, Gas6, TSP-1 or TSP-2 and assayed for
phagocyiosis showed rescue of ROS phagocytosis (Figures 14A-14H). In a particular
embodiment, hUTC conditioned media mediates RCS RPE phagocytosis rescue through

secretion of bridge molecules, for example, MFG-ER, Gas6, TSP-1 and TSP-2.

1801358]  Inan embodiment, RTK ligands, such as BDNF, HGF and GDNF stimulate
hUTC-mediated phagocytosis rescue in RCS RPE. RTK ligands BDNTF, HGF and GDNF
rescued phagocytosis in RCS RPE (FIGS. 141-J). Recombinant RTK ligand and bridge
molecule proteins can mimic the effect of hUTC CM and restore RCS RPE phagocytosis, and

are involved m hUTC-mediated phagocytosis rescue in RCS RPE.

180136]  siRNA mediated gene sifencing demonsirated BDNF, HGF, GENF, MFG-ES,
Gasd, TSP-1 and TSP-2 knocked down (silenced) in hUTC. Mock or scrambled siRNA
transfection had no effect on hUTC secretion of these factors. siRNA targeting MFG-ER, TSP-
1, TSP-2 and HGF vielded almost 100% knockdown efficiency; 80% and 65% knockdown
were observed for BDNF and GDNF, respoctively (Figures 15A-158). Kuocking-down each
of the bridge molecules MFG-E8, TSP-1, TSP-2 decreased the phagocytosis of OS5 by RCS
RPE (FIG. 15C). In a particular embodiment, RTK ligands BDNF, HGF and GDNF, are
required for hUTC -mediated phagocytosis rescue in RCS RPE. In another embodiment,
bridge molecunles such as MFG-ER, Gas6, TSP-1 and TSP-2 are required for hUTC-

mediated phagocytosis rescue in RCS RPE.

Cell Modifications, Compounents and Preducts
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[BO137]  Progemitor cells, such as postpartum celis, may also be genetically modified to
produce therapeutically uscfil gene products, or {o produce antineoplastic agents for
treatment of tumaors. Genetic modification may be accomplished using any of a variety of
vectors including, but not hmited to, integrating viral vectors, e.g., retrovirus vector or adeno-
assoctated viral vectors; non-integrating replicating vectors, e.g., papilloma virgs vectors,
SV40 vectors, adenoviral vectors; or repiication-defective viral vectors. Other methods of
miroducing DNA into celis include the use of liposomes, clectroporation, a particle gun, or

by direct DNA injection.

{88138}  Hosts cells are preferably transformed or transfected with DNA controlled by or in
operative association with, one or more appropriate expression control clements such as
promoter or enhancer sequences, transcription terminators, polyadenylation sites, among
others, and a sclectable marker. Any promoter may be used to drive the expression of the
mserted gene. For example, viral promoters include, but are not lmited to, the CMV
promoter/enhancer, 5V40, papillomavirus, Epstein-Basr virus or elastin gene promoter. In
some embodiments, the control elements used to control expression of the gene of interest
can allow for the regulated cxpression of the genc so that the product is synthesized only
when needed in vivo. If transient expression is desired, constitutive promoters are preferably
ased in a non-integrating and/or rephication-defective vector. Alternatively, inducible
promoters could be used to drive the expression of the inserted gene when necessary.
Inducible promoters include, but are not limited to those associated with metaliothionein and

heat shock proteins.

{88139}  Following the iniroduction of the forcign DNA, engineered cells may be allowed
to grow in enviched media and then switched to selective media. The selectable marker inthe
foreign DNA confers resistance 1o the selection and allows cells to stably integrate the
foreign DNA as, for example, on a plasmid, into their chromosomes and grow to form foci
which, in turn, can be cloned and cxpanded into cell lines. This method can be

advantageously used to engineer cell lines that express the gene product.

{88146] Cclls may be genetically engincered to "knock out” or "knock down” expression
of factors that promote fnflammmation or rejection at the tmplant site. Negative modulatory
techmiques for the reduction of target gene expression levels or target gene product activity
levels are discussed below. "Negative modulation,” as used herein, refers to a reduction in the

level and/or activity of target gene product refative to the level and/or activity of the target
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gene product in the absence of the modulatory treatment. The expression of a gene native to a
neyron or ghal cell can be reduced or knocked out using a number of techaiques including,
for example, inhibttion of expression by inactivating the gene using the homologous
recombination technigue. Typically, an exon encoding an important region of the protein {or
an exon 5’ to that region) 1s interrapted by a positive selectable marker, e.g., neo, preventing
the production of normal mRNA from the target gene and resulting in inactivation of the
gene. A gene may alse be inactivated by creating a deletion in part of a gene, or by deleting
the entive gene. By using a construct with two regions of homology to the target gene that are
far apart in the genome, the sequences intervening the two regions can be deleted
(Mombacrts ef ¢f., 1991, Proc. Nat. Acad. Sci. U.S.A. 88:3084-3087). Antisense,
DNAzymes, ribozymes, smoall interfering RNA (siRNA) and other such molecules that inhibit
expression of the target gene can also be used to redoce the level of target gene activity. For
cxample, antisense RNA molecules that inhibit the expression of major histocompatibility
gene complexes {HLA) have been shown to be most versatile with respoct to immune
responses. Still further, triple helix molecules can be utilized in reducing the level of target
gene activity. These techniques are described in detatt by L. (. Davis ef ol (eds), 1994,
BASIC METHODS IN MOLECULAR BIOLOGY, 2nd ed., Appleton & Lange, Norwalk,
CT.

180141} In other aspects, the invention provides cell bysates and cell soluble fractions
prepared from postpartum cells, preferably PPDCs, or heterogeneous or homogeneous cell
populations comprising PPDCs cells, as well as PPDCs or populations thercof that have been
genetically modified or that have been stimulated to differentiate along a nevrogenic
pathway. Such lysates and fractions thercof have many utilities. Usc of the cell lysate
soluble fraction (i.e., substantially free of membranes} in vive, for example, allows the
beneficial intracetlular milieu to be used allogeneically in a patient withouot introducing an
appreciable amount of the cell surface proteins most hkely to trigger rejection, or other
adverse immunological responses. Methods of lysing cells are well known in the art and
melade various means of mechanical disraption, enzymatic disraption, or chemical
disruption, or combinations thereof. Such cell lysates may be prepared from cells divectly in
their growth medium and thus containing secreied growth faciors and the like, or may be
prepared from colls washed free of medivm in, for example, PRS or other selution. Washed
cells may be resuspended at concentrations greater than the original population density if

preferred.
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{80142  In one embodiment, whole cell lysates are prepared, ¢.g., by disrupting cells
without subsequent separation of cell fractions. In apnother cmbodiment, 3 ccll membraoe
fraction is separated from a soluble fraction of the cells by routine methods known in the art,

e.g., centrifugation, filtration, or similar methods.

1801431  Cell lysates or cell soluble fractions prepared from populations of progenitor cells,
such as postparturnn-derived cells, may be used as is, further concentrated, by for example,
uhtrafilivation or lyophilization, or even dried, partially purified, combined with
pharmaceutically-acceptable carriers or dituents as are known in the art, or combined with
cther compounds such as biologicals, for example pharmaceutically useful protein
compositions. Cell lysates or fractions thereof may be used in vitre or in vive, alone or for
example, with autologous or syngencic hive cells. The lysates, if introduced in vivo, may be
mtroduced locally at a site of treatment, or remotely to provide, for example needed cellular

growth factors to a paticnt.

[80144]  In a further embodiment, postpartum cells, preferably PPDCs, can be cultured in
vitro to produce biological products in high yield. For example, such cells, which cither
naturally produce a particular biological product of interest {c.g., a trophic factor), or have
been genetically engimeered to produce a biological product, can be clonally expanded osing
the colture techniques described berein. Alternatively, cells may be expanded in a medinm
that induces differentiation to a desived lineage. in either case, biological products produced
by the cell and secreted into the medium can be readily isolated from the conditioned mediom
using standard separation techniques, e.g., such as differential protein precipitation, ion-
exchange chromatography, gel filtration chromatography, clectrophoresis, and HPLC, to
name a fow. A "biorcactor” may be used to take advantage of the flow method for fecding,
for example, a three-dimensional culture in virro. Essentially, as fresh media s passed
through the three-dirmensional cultare, the biological product is washed out of the culture and
may then be isolated from the cutflow, as above,

[8145]  Alternatively, a biclogical product of interest may remain within the cell and,
thus, its collection may require that the cells be lysed, as described above. The biological
product muay then be purified using anyone or more of the above-listed techniques.

[80146] In another embodiment, an extraceliular matrix (ECM) produced by culturing
postpartum cells {preferably PPDCs) on hiquid, solid or semi-solid substrates is prepared,

collected and utilized as an aliernative to tmplanting live cells into a subject in need of tissue
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repair or replacement. The cells are cultured in vitro, on a three dimensional framework as
described elsewhere herein, under conditions such that a desired amount of ECM is secreted
onto the framework. The cells and the framework are removed, and the ECM processed for
further use, for example, as an Injectable preparation. To accomplish this, cells on the
framework are killed and any cellular debris removed from the framework. This process may
be carricd out in a number of diffcrent ways. For example, the iving tissue can be flash-
frozen in hquid niirogen without a cryopreservative, or the tissue can be inunersed 1o sterile

distilied water so that the cells burst in response to osmotic pressure,

1801471  Once the cells have been killed, the cellolar membranes may be disrupted and
cellular debris removed by treatioent with a mild detergend rinse, such as EDTA, CHAPS or a
zwitterionic detergent. Alternatively, the tissue can be enzymatically digested and/or
extracted with reagenis that break down cellular membranes and allow removal of cell
condents. Example of such enzymes fnciude, but are not imited to, hyaluronidase, dispase,
proteases, and nucleases. Examples of detergents include non-ionic detergents such as, for
example, alkylaryl polyether alcohol (TRITON X-108), cetylphenoxy polyethoxy-ethanol
(Robm and Haas Philadelphia, Pa.), BR1J-33, a polycthoxyethanoliauryl ether {Atlas
Chemical Co., San Diego, Califl), polysorbate 20 (TWEEN 20}, a polyethoxycthano! sorbitan
mone laureate (Robm and Haas), polyethylene lawryl ether (Robm and Haas); and fonic
ctergents such as, for example, sodium dodecyl sulphate, sulfated higher aliphatic alcohols,
sulfonated alkancs and sulfonated alkylarencs containing 7 to 22 carbou atows in @ branched

ot unbranched chain.

{88148} The collection of the ECM can be accomplished in a variety of ways, depending,
for exanmiple, on whether the new tissue has been formed on a three-dimensional tramework
that is biodegradable or non-biedegradable. For example, if the framework s non-
biodegradable, the ECM can be removed by subjecting the framework o sonication, high-
pressure water jots, mechanical scraping, or mild treatment with detergents or enzymes, of

any combination of the above,

1801491 I the framework is bicdegradable, the ECM can be collected, for example, by
allowing the framework to degrade or dissolve in solution. Altcrmatively, if the biedegradable
framework is composed of a material that can itself be injected along with the ECM, the
framewaork and the ECM can be processed in fofe for subsequent injection, Alternatively, the

ECM can be removed from the biodegradable framework by any of the methods described
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above for collection of ECM from a non-biedegradable framework. All collection processes

arc preferably designed so as not to denature the ECM.

1801587  Afer it has been collected, the ECM may be processed further. For example, the
ECM can be homogenized to fine particles using techniques well known in the art sach as by
sonication, so that it can pass through a surgical needle. The components of the ECM can be
crosstinked, if desired, by gaouma rradiation. Preferably, the ECM can be irradiated between
1,25 10 2 mega rads 1o sterifize and cross link the ECM. Chemical crosslinking using agents

that are toxic, such as glutaraldehyde, is possibie but not generally preferred.

{98151 The amounts and/or ratios of proteins, such as the various types of collagen
present in the ECM, may be adjusted by mixing the ECM produced by the cells of the
imvention with ECM of one or more other celi types. In addition, biologically active
substances such as proteins, growth factors and/or drags, can be incorporated into the ECM.
Exemplary biologically active substances include tissue growth factors, such as TGF-bets,
and the like, which promote healing and tissue repair at the site of the injection. Sach
additional agents may be utilized in any of the embodiments described herein above, e.g.,
with whole cell lysates, soluble cell fractions, or further purified components and products

produced by the cclls.

Pharmaceutical Compositions

801521 In another aspect, the invention provides pharmaceutical compositions that use
progenttor cells such as postpartom cells (preferably PPDCs), cell populations thereef,
conditioned media produced by such cells, and cell components and products produced by
such celis in various methods for treatment of ocular degencrative conditions. Certain
embodiments encompass pharmaceutical compositions comprising live cells (e.g., PPDCs
alone or admixed with other cell types). Other embodiments encompass pharmaceutical
compositions comprising PPRC conditioned mediim, Additional embodiments may use
cellular components of PPDC (e.g., ccll lysates, soluble cell fractions, ECM, or components
of any of the foregoing) or products (e.g., trophic and other biological factors produced
naturally by the cells or through genetic modification, conditioned mediom from culturing the
cells). In either case, the pharmaceutical composition may further comprise other active
agents, such as anti-inflammatory agends, anti-apopiotic ageunts, antioxidants, growth factors,

neurotrophic factors or neuroregenerative, neuroprotective or ophthalmic drogs as known in
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the art.

{68153}  Examples of other components that may be added to the pharmaceutical
compositions include, but are not Hmited to: (1) other neuroprotective or neurchencficial
drugs; (2) selected extracellular matrix components, such as one or more types of collagen
koown in the art, and/or growth factors, platelet-rich plasma, and drugs (alternatively, PPDCs
may be genetically engineered to express and produce growth factors); (3) anti-apoptotic
agents {e.g., ervthropoietin (EPO), EPO mimetibody, thrombopoietin, insulin-like growth
factor {(IGF)-1, IGF-11, hepatocyte growth factor, caspase inhibitors); (4) anti-inflammatory
compounds {c.g., p38 MAP kinase inhibitors, TGF-beia inhibitors, statins, 1L-6 and [L-1
mmhibitors, PEMIROLAST, TRANILAST, REMICADE, SIROLIMUS, and non-steroidal
anti-inflammatory drugs (NSATDS) (such as TEPOXALIN, TOLMETIN, and SUPROFEN);
{5} immunosuppressive or immunomoedulatory agents, such as calcineurin inhibitors, mTOR
mhibitors, antiproliferatives, corticosteroids and various antibodies; (6) antioxidants such as
probucel, vitaminsg C and £, conenzyme Q- 10, glutathione, L-cysteine and N-acetylcysteine;

and (6} local anesthetics, to name 3 fow.

[88184]  Pharmaceutical comapositions of the invention comprise progenitor cells, such as
postpartum cells (preferably PPDCs), conditioned media generated from those cells, or
components or products thereof, foromulated with s pharmaceutically acceptable carvier or
medium. Suitable pharmaceutically acceptable carriers include water, salt sohution {such as
Ringer's solution), alcohols, oils, gelating, and carbohydrates, such as lactose, amylose, or
starch, fatty acid esters, hydroxymethylcellvlose, and polyvinyl pyrolidine. Such
preparations can be sterilized, and if desired, mixed with auxifiary agents such as lobricants,
prescrvatives, stabilizers, wetting agents, emulsifiers, salis for influencing osmotic pressure,
buffers, and coloring. Typically, but not exclusively, pharmaceutical compositions
comprising cellular components or products, but not Hve cells, are formulated as liquads.
Pharmacecutical compositions comprising PPDC live cells are typically formulated as hiquids,
semisolids (e.g., gels) or solids {e.g., matrices, scaffolds and the ke, as appropriate for

ophthalmic fissue engincering).

[801858]  Phamaceutical comapositions may comprise auxihiary components as would be
familiar to medicinal chemists or biologists. For example, they may contain antioxidants in
ranges that vary depending on the kind of antioxidant used. Reasonable ranges for

commonly used antioxidants are about 0.01 % to about (1.15% weight by volume of EDTA,
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about 0.01 % to about 2.0% weight volume of sodiom sulfite, and about .01 % to about
2.0% weight by volume of sodium metabisuifite. One skilled in the art may usc a
concentration of abowt 0.1 % weight by volume for cach of the above. Other representative
compounds include mercaptopropionyl glyveine, N-acetyl cysteine, beta-mercaptocthylamine,
ghutathione and similar species, although other antioxidant agents suitable for ocular
adminisiration, ¢.g. ascorbic acid and s salts or sulfitc or sodivm metabisulfite may also be

emiployed.

[88186] A buffering agent may be used to maintain the pH of eye drop formulations in the
range of about 4.0 to about 8.0; so as to minimize trritation of the eye. For direct intravitreal
or infraocular injection, formulations should be at pH 7.2 10 7.5, preferably at pH 7.3-7.4. The
ophthalmologic compositions may also include tonicity agents suttable for administration to
the eyve. Among those suitable is sodium chloride to make formulations approximaiely

isotonic with 0.9% saline solution.

{88187 In certain embodiments, pharmaceutical compositions are formulated with
viscosity enhancing agents. Exemplary agents arc hydroxyethyleeliulose,
hydroxypropyleclinlose, methylcellulose, and polyvinylpyrrolidone. The pharmaceutical
compositions may have cosolvents added if needed. Suitable cosolvents may include
glyeerin, polyethylene glycol {PEG), polysorbate, propylene glycol, and polyvinyl alcohol
Preservatives may also be included, e.g., benzalkonium chioride, benzethonium chloride,

chlorobutanol, phenylmercuric acetate or nitrate, thimerosal, or methyl or propylparabens.

{88158} Formulations for injection arc preferably designed for single-use administration
and do not contain preservatives. Injectable solutions should have sotonicity equivalent to
(.9% sodium chloride solution (osmolality of 290-300 milliosmoles). This may be attained
by addition of sodiom chloride or other co-solvents as Hsted above, or excipients such as

buftering agents and antioxidants, as listed above.

[881887  The tissues of the anterior chamber of the cye are bathed by the agueous humor,
while the retina is under continuous exposure to the vitreous. These fluids/gels exist in a
highly reducing redox state because they contain antioxidant compounds and cnzymes.
Therefore, it may be advantageous to include a reducing agent in the ophthalmologic
compositions, Suitable reducing agents include N-acstyloysteing, ascorbic acid or a salt
form, and sodium sulfitc or metabisulfite, with ascorbic acid and/or N-aceiyleysteing or

glutathione being particularly suitable for injectabie solutions,
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[808168]  Pharmaceutical compositions comprising cells or conditioned medium, or cell
components or cell products may be delivered to the eye of a patient in one or more of sgveral
delivery modes known in the art. In one embodiment that may be suttable for use i some
mstances, the compositions are topically delivered 1o the eye in eye drops or washes. In
another embodiment, the compositions may be delivered to various locations within the eyve
via periodic intraocular injection or by infusion in an irrigating sclution such as BSS or BSS
PLUS (Alcon USA, Fort Worth, Tex.). Aliernatively, the compositions may be applied in
other ophthalmelogic dosage forms known to those skilled in the art, such as pre-formed or in
situ-formed gels or liposomes, for example as disclosed in ULS. Pat. No. 5,718,922 t¢
Herrero-Vanrell, In another embodiment, the compaosition may be delivered to or through the
lens of an eye in need of treatment via a contact lens {e.g. Lidofilcon B, Bausch & Lomb
CW79 or DELTACON (Delafilcon A} or other object temporanly resident upon the surface
of the eye. In other embodiments, supports such as a collagen comneal shicld (e.g. BIG-COR
dissolvable corneal shiclds, Summit Technology, Watertown, Mass.) can be employed. The
compositions can also be administered by infusion into the eyeball, either through a camnula
from an osmotic pump (ALZET, Alza Corp,, Palo Alto, Calif) or by traplantation of timed-
release capsules (OCCUSENT) or biodegradabic disks (OCULEX, OCUSERT). These routes
of administration have the advantage of providing a continuous supply of the pharmaceutical

composition to the eye. This may be an advantage for local delivery to the cornea.

881617  Pbarmaceutical compositions conprising live cells in a semi-solid or solid carrier
are typically formmlated for surgical implantation at the site of ocular damage or distress. Tt
will be appreciated that Hiaquid compositions also may be administered by surgical procedures,
for example conditioned media. In particular embodimenis, semi-solid or solid
pharmaceutical coraposiiions may comprise semi-permeable gels, lattices, cellular scaffolds
and the like, which may be non-biodegradable or biedegradable. For example, in certain
embodiments, 1t may be desirable or appropriate to sequester the exogenous cells from their
surroundings, vet enable the cells to secrcte and deliver biclogical molecules to surrounding
cells. In these embodiments, cells may be formulated as autonomous implants comprismg
living PPDCs or cell population comprising PPDCs surrounded by a non-degradable,
selectively permeable barrier that physically separates the iransplanted cells from host tissue.
Such tmplanis are sometimes referred to as "mmunoprotective,” as they have the capacity to
provent immune cells and macromolecules from killing the transplanted cells in the absence

of pharmacologically induced immunosuppression (for a review of such devices and
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methods, see, e.g., P. A, Tresco et of., 2000, Adv. Drug Delivery Rev. 42: 3-27).

198162]  In other embodiments, different varicties of degradable gels and networks are
atilized for the pharmaceutical compositions of the invention. For example, degradable
materials particularly suitable for sustained release formuiations include biocompatible
polymers, such as poly (lactic acid}, poly (lactic-co-glycolic acid), methylcellulose,
hyaluronic acid, collagen, and the like. The structure, sclection and use of degradable
polymers in drog debivery vehicles have been reviewed in several publications, inclading, A,
Domb ef gf., 1992, Polymers for Advanced Technologies 3:279-291. 1.8, Pat. No. 5,869,079
to Wong ef ¢l discloses combinations of hydrophilic and hydrophobic entitics in a
biodegradable sustained release ocular implant. In addition, .S, Pat. No. 6,375,972 to Guo et
al., U.S. Pat. No. 5,902,598 to Chen et af, V.S, Pat. No. 6,331,313 to Wong ef ¢/, U.S. Pat.
No. 5,707,643 tc Ogura ef af., U.S. Pat. No. 5,466,233 t¢c Weiner ¢f ¢f. and U.S. Pat. No.
6,251,090 10 Avery ef ¢f. each describes intraccular implant devices and systems that may be

used to dehiver pharmaceutical compositions.

1801631 In other embodiments, e.g., for repair of neural lesions, such as a damaged or
severed optic nerve, it may be desirable or appropriate 1o deliverthe cellsonorina
biodegradable, preferably biovesorbable or bioabsorbable, scaffold or matrix. These typically
three-dimensional biomaterials contain the living cells attached to the scaffold, dispersed
within the scafteld, or incorporated in an extracellular matrix entrapped in the scaffold. Once
mplanted 1nto the target region of the body, these implants become integrated with the host
tissue, wherein the transplanted cells gradually become established (see, e.g., P. A. Tresco ef
al., 2000, supra; see also D. W, Hutmacher, 2001, 1. Biomater. Sci. Polymer Edn. 12: 107-
1743,

[80164] Examples of scaffold or matrix (sometimes referred to collectively as
“framework”) material that may be used in the present invention include nonwoven mats,
porous foarns, or self-assembling peptides. Nonwoven mats may, for example, be formed
using fibers comprised of a synthetic absorbable copolymer of glycolic and lactic acids
(PGA/PLA), sold under the trade name VICRYL (Ethicon, Inc., Semerville, N.J). Foams,
composed of, for example, poly {epsilon-caproiactone)poly {glveolic acid) (PCL/PGA)
copolymer, formed by processes such as freere-drying, or lyophilized, as discussed in U.S.
Pat. No. 6,355,699 alsc may be atilized. Hydrogels such as self-assembling peptides {(e.g.,

RAD16) may also be used. /n sifu-forming degradable networks are also suitabie for use in
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the invention (see, e.g., Anseth, K. S. ef al, 2002, J. Controlled Release 78: 199-209; Wang,
D, et al, 2003, Biomaterials 24: 3969-3980; U.S. Patent Publication 2002/0022676 to He et

al ). Thesc materials are formulated as fluids suitable for injection, and then may be induced
by a variety of means {¢.g., change in temperature, pH, exposure to light) to form degradable

hydrogel networks in situ or in vive.

{80165]  In another embodiment, the framework is a felt, which can be composed of a
multifilament yam made from a bioabsorbable matenial, c.g., PGA, PLA, PCL copolymers or
blends, or hyaluronic acid. The yarn is made into a felt using standard textile processing
techirigques consisting of crimping, cutting, carding and needling. In another embodiment,

cells are sceded onto foam scaffolds that may be compaosite structures.

180166] In many of the abovementioned embodiments, the framework may be moelded into
a usctud shape. Furthermore, #t will be appreciated that PPDCs may be cultured on pre-
formed, non-degradable surgical or implantable devices, e.g., in a manner corresponding to

that used for preparing fibroblast-containing GEC endovascular coils, for instance (Marx, W.

F.etal, 2001, Am. J. Neurcradiol. 22: 323-333).

1861671  The matrix, scatfold or device may be treated prior 1o inoculation of cells in order
to enhance cell attachment. For example, prior to inoculation, nylon matrices can be treated
with 0.1 molar acetic acid and incubated in polylysine, PBS, and/or collagen 1o coat the
nylon. Polystyrene can be similarly freated using sulfuric acid. The external surfaces of a
framework may also 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 {¢.g., collagens, clastic fibers, reticular fibers), glycoproteins, glycosaminogiycans
{e.g., heparin sulfate, chondroitin-4-sulfate, chondroitin-6-sulfate, dermatan sulfate, keratin
sulfaie), a cellular matrix, and/or other materials such as, but not hmited to, gelatin, alginates,

agar, agarose, and plant gums, among others.

[88168]  Frameworks containing Hving cells are prepared according to methods known in
the art. For example, ccils can be grown freely in a culture vessel to sub-confluency or
contluency, lifted from the culture and inoculated ondo the framework. Growth factors may
be added 1o the culture medium prior to, during, or subsequent to inoculation of the cells to
rigger differentiation and tissue formation, if desived. Alternatively, the frameworks
themselves may be modified so that the growth of cells thereon is enbanced, or so that the

risk of rejection of the implant is reduced. Thus, one or more biclogically active compounds,
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meluding, but not lmited to, anti-inflammatory agents, immunosuppressants or growth

factors, may be added to the framework for local release.

Methods of Use

{66169}  Progenitor cells, such as postpartum cells (preferably hUTCs or PDCs), or cell
populations thereof, or conditionsd medium or other components of or products produced by
such celis, may be used in a varicty of ways to support and facilitate repair and regeneration
of ocular cells and tissues. Such utilitics encompass in viro, ex vivo and in viveo methods.
The methods set forth below are directed to PPDCs, but other postpartum cells may also be

suitable for use in those methods.

in Viire and Ex Vive Methods

[88178]  In one embodiment, progenitor cells, such as postpartum cells (preferably hUTCs
or PDCs), and conditioned media generated therefrom may be used i vitro 1o screen a wide
variety of compounds for offectiveness and cytotoxicity of pharmaceutical agents, growth
factors, regulatory factors, and the like. For example, such screening may be performed on
substantially homogencous populations of PPDCs to assess the efficacy or toxicity of
candidate compounds o be formulated with, or co-administered with, the PPDCs, for
treatment of a an ocular condition. Alterpatively, such screcning may be performed on
PPDCs that have been stinuilated to differentiate mio a cell type found n the eve, or
progenttor thereof, for the purpose of evaluating the efficacy of new pharmacestical drag
candidates. in this embodiment, the PPDCs are maintained in vifro and exposed to the
compound to be tested. The activity of a potentially cytotoxic compound can be measured by
its ability to damage or kill cells in cubtuve. This may readily be assessed by vital staiming

techniques.

{BO171]  As discussed above, PPDCs can be cubtured in vifro to produce biological
products that are either naturally produced by the cells, or produced by the cells when
induced to differentiate into other lincages, or produced by the cells via genetic modification.
For instance, TIMP1, TPO, KGF, HGF, FGF, HBEGFE, BDNF, MiP1h, MCP1, RANTES,

1309, TARC, MDC, and 1L-8 were found to be scercted from umbilicus-derived cells grown
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i Growth Medivm. TIMPL, TPO, KGF, HGF, HBEGF, BDNF, MiPla, MCP-1, RANTES,
ARC, Eotaxin, and IL-% were found to be secreted from placenia-derived PPDCs cultured in

Growth Medium (see Examples).

180172] In this regard, an embodiment of the invention features use of PPDCs for
production of conditioned mediuvm. Production of conditioned media from PPDCs may
cither be from undiffercutiated PPDCs or from PPDCs tucubated under conditions that
stimuldate differentiation. Such conditioned media are contemplated for use n in vitro or ex
vivo colture of epithehial or neural precursor cells, for example, or in vive to support
transpianted cells comprising homogenecous populations of PPDICs or heterogencous

populations comprising PPDCs and other progenitors.

1801731  Cell lysates, soluble cell fractions or componenis from PPDCs, or ECM or
components thercof, may be used for a varicty of purposes. As mentioned above, some of
these components may be used in pharmaceutical compositions. In other embodiments, a cell
lysate or ECM is used to coat or otherwise treat substances or devices to be used surgically,
or for implantation, or for ex vivo purposes, to promote healing or survival of cells or tissues

contacted in the course of such treatments.

186174}  As described in Examples 14 and 16, PPDCs have demonsiraied the ability to
support survival, growth and ditferentiation of adult neural progenitor cells when grown in
co-culture with those cells. Likewise, previous studies indicate that PPDCs may function to
support cells of the retina via trophic mechanisms. (US 2010-0272803). Accordingly, PPDCs
arc uscd advantageously in co-cultures in vitro to provide trophic support to other cells, in
particular neural cells and neural and ccular progenitors (e.g., neural stem cells and retinal oy
corneal epithelial stem cells). For co-cultare, it may be desirable for the PPDCs and the
desired other cells to be co-cultured under conditions i which the two cell types are in
comdact. This can be achieved, for exarnple, by sceding the cells as a heterogencous
population of cells n culture mediom or onto a suitable culture substrate. Alternatively, the
PPDCs can first be grown to confluence, and then will serve as a substrate for the second
desired cell type in culture. In this latier embodiment, the cells may fiwther be physically
separated, .g., by a membrane or similar device, such that the other coll type may be
removed and used separately, following the co-culture period. Use of PPDCs in co-culture to
promote expansion and differentiation of neural or ocular cell types may find applicability in

rescarch and in clinical/therapeutic arcas. For instance, PPDC co-culture may be utilized to
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facilitate growth and differentiation of such cells in culture, for basic rescarch purposes or for
use in drug screening assays, for example. PPEC co-culture may also be utitized for ex vivo
expansion of neural or ocular progenitors for later administration for therapeutic purposes.
For example, neural or ocular progenitor cells may be harvested from an individual,
expanded ex vive in co-cubture with PPDCs, then returned to that individual (autelogous
ransfer) or another individual (syngeneic or allogeneic transfer). In these embodiments, i
will be appreciated that, following ex vivo expansion, the mixed population of cells
comprising the PPDCs and progenitors could be administered to a patient in need of
treatment. Alternatively, in situations where autclogous transfor is appropriate or desirable,
the co-culiured cell populations may be physically separated in culiure, cnabling removal of

the autologous progenitors for administration to the paticot.

in Vive Methods

[80175]  As sct forth in the Examples, conditioned media may effectively be used for
ireating an ocular degenerative condition. Once transpianted into a target location in the eye,
conditioned media from progenitor cells, such as PPDCs provides trophic support for ocular

cells in situ.

180176] The conditioned media from progenitor cells, such as PPDCs may be administered
with other beneficial drugs, biological moelecules, such as growth factors, frophic factors,
conditioned medium (from progenitor or differentiated cell cultures), or other active agents,
such as anti-inflammmatory agents, anti-apoptotic agents, antioxidants, growth factors,
neurotrophic factors or veuroregenerative or neuroproiective drags as known in the art.

When conditioned media 1s adnunistered with other agents, they may be administered
together in a single pharmaceutical composition, or in separate pharmaceutical compositions,
simuliancously or sequentially with the other agents {either before or after administration of

the other agents).

881777 Examples of other components that may be administered with progenitor cells,
such as PPECs, and conditioned media products inclhude, but are not imited to: (1} other
newroprotective or neurobeneficial drugs; (2) selected extracellular matrix components, such
as one or more types of collagen known tn the art, and/or growth factors, platelet-rich plasma,
and drugs {altcrnatively, the cells may be genetically engineered to express and produce

growth factors); (3) anti-apopiotic ageuts (e.g., erythropoietin (BP0}, EPO mimetibody,
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thrombopoietin, nsulin-like growth factor (IGF)-1, IGF-11, hepatocyte growth factor, caspase
nhibitors); {4) anti- inflammatory compounds {c.g., p38 MAP kinasc inhibitors, TGF-beta
mhibitors, statins, I.-6 and 1L-I inhibitors, PEMIROLAST, TRANILAST, REMICADE,
SIROLIMUS, and non-stereidal anti-inflammatory drugs (NSATDS) (such as TEPOXALIN,
TOLMETIN, and SUPROFEN); (S) immunosuppressive or immunomodulatory agents, such
as calcineuwrin inhibitors, mTOR inhibitors, antiproliferatives, corticosteroids and various
antibodies; (6) antioxidants such as probucol, vitamios C and E, conenzynoe 3-10,

glutathione, L-cysteine and N-acetyleysteine; and (6) local anesthetics, to name a fow,

{88178}  Liguid or fluid pharmaceutical compositions may be administered to a more

general location in the eve {¢.g., topically or intra-ocularly).

180179} Other embodiments encompass methods of treating ocular degenerative conditions
by administering pharroaceutical compositions comprising conditioned medium from
progenitor cells, such as PPDCs, or trophic and other biological factors produced naturally by
those cells or through genetic modification of the cells. Again, these methods may further
comprise administering other active agents, such as growth faciors, neurotrophic factors or

neuroregencrative of neureprotective drugs as known in the art.

{88188] Dosage forms and regimes for adnuinistering conditioned media from progenitor
cells, such as PPDCs, or any of the other pharmaceutical compositions described herein are
developed in accordance with good medical practice, taking into account the condifion of the
ndividual patient, ¢.g., nature and extent of the ocular degenerative condition, age, sex, body
weight and general medical condition, and other factors known to medical practitioners.
Thus, the effective amound of a pharmaceutical composition 1o be administered to a patient is

determined by these considerations as known in the art.

{86181} It may be desirable or appropriate to pharmacologically immumosuppress a paticnt
prior to imtiating cell therapy. This may be accomplished through the use of systemic or
local immumosuppressive agents, or it may be accomplished by delivering the cells inan
encapsulated device, as described above. These and other means for reducing or chiminating
an immpune response to the fransplanied cells are known in the art. As an aliernative,
conditioned media may be prepared from PPDCs genetically modified to reduce theiwr

mpnogenicity, as mentioned above.

8081827  Survival of transplanted cells in a living paticot can be determained through the use

of a variety of scanning techniques, e.g., computerized axial tomography (CAT or CT) scan,
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magnetic resonance imaging (MR1) or positron emission tomography (PET) scans.
Dietermination of ranspiani survival can also be done post mortem by removing the tissue
and examining i visually or through a microscope. Aliernatively, celis can be treated with
stains that are specific for neural or ocular cells or products thereof, e.g., neurotransmitiers.
Transplanted cells can also be identified by prior incorporation of tracer dyes sach as
rhodamine-or fhuorescein-labeled microspheres, fast blue, ferric microparticles, bishenzamide
or genetically introduced reporter gone products, such as beta-galactosidase or beta-

glucuronidase.

{80183}  Functional integration of transplanted celis or conditioned mediunt into ocular
tissuc of a subject can be assessed by cxamining restoration of the ocular fimetion that was
damaged or diseased. For example, effectiveness i the treatment of macular degeneration or
other retinopathics may be determyined by improvement of visual acuity and ovaluation for
abnormalities and grading of stereoscopic color fundus photographs. {Age-Related Eye
Disease Study Research Group, NEL NIH, AREDS Report No.§, 2001, Arch. Ophthalmol.
119: 1417-1436).

Kits and Banks

[88184]  In another aspect, the invention provides kits that utilize progenitor cells, such as
PPDCs, and cell populations, conditioned medium prepared from the cells, preferably from
PPDCs, and components and products thereof in various methods for ocular regeneration and
repair as described above. Where used for treatment of ocular degenerative conditions, or
other scheduled treatment, the kits may inchude one or more cell populations or conditioned
medium, including at feast postpartunn cells or conditioned medium derived from postpartum
cells, and a pharmaceutically acceptable carrier (hiquid, semi-solid or sohid). The kits also
optionally may inclode 2 means of administering the cells and conditioned medium, for
example by injection. The kits further may include instructions for use of the cells and
conditioned meduma. Kits prepared for field hospital use, such as for military use may
mehide full-procedure supplies including tissue scaftolds, surgical sutures, and the like,
where the cells or conditioned medium are to be used in conjunction with repair of acute
imjuries. Kiis for assays and in vitro methods as described hercin may contain, for example,
one or more oft (1) PPDCs or components thereof, or conditioned mediumm or other products
ot PPDCs; (2) reagents for practicing the in vitro method; (3) other cells or ecll populations,

as appropriate; and {4) instructions for conducting the in vitre method.
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[88185]  In yet another aspect, the invention also provides for banking of tissues, cells, cell
populations, conditioned mediom, and cellular components of the invention. As discussed
above, the cells and and conditioned medium are veadily cryvopreserved. The invention
therefore provides methods of eryopreserving the cells in a bank, wherein the cells are stored
frozen and associated with a complete characterization of the cells based on immonological,
biochemical and genetic propertics of the cells. The frozen cells can be thawed and expanded
or used directly for antologous, syngeneie, or allogeneic therapy, depending on the
requirements of the procedure and the needs of the patient. Preferably, the information on
each cryopreserved sample is stored in 8 computer, which is searchable based on the
requircments of the surgeon, procedure and patient with suitabic maiches being made based
on the characterization of the cells or populations.  Preferably, the cells of the invention are
grown and expanded to the desived quantity of cells and therapeatic cell compositions are
prepared either separately or as co-cultures, in the presence or absence of 3 matrix or support.
While for some applications it may be preferable to use cells freshly prepared, the rerainder
can be crvopreserved and banked by freezing the cells and entering the information in the
computer to associate the computer entry with the samples. Even where #t is not necessary to
match a source or donor with a recipient of such cells, for immunological purposes, the bank
system makes it easy to match, for example, desirable biochemical or genetic properties of
the banked cells to the thevapeutic needs. Upon matehing of the desired properties with a
banked sample, the sample is retrieved and prepared for therapeutic use. Cell bysates, ECM
or celtular components prepared as described herein may also be crvopreserved or otherwise

preserved (e.g., by lyophilization) and banked in accordance with the present invention.

[88186] The following cxamples are provided to describe the invention in greater detail.

They are intended to llustrate, not to lint, the nvention.

{88187 The following abbreviations may appear in the examples and elsewhere in the
specification and claims: ANG2 {(or Ang?2) for angiopoictin 2; APC for antigen-presenting
cells; BONF for brain-derived neurotrophic factor; bFGF for basic fibroblast growth factor;
bid (BID) for "bis in die” (twice per day); CK18 for cytokeratin 18; CNS for central nervous
systen, CXC ligand 3 for chemokine receptor ligand 3; DMEM for Dulbecco's Minimal
Essential Mediom; DMEM: g (or DMEM:Lg, DMEM:LG) for DMEM with low glicose;
EDTA for ethylene diamine tetraacetic acid; EGF (or B) for epidermal growth factor; FACS
for fhuorescent activated cell sorting; FBS for fetal bovine serum; FGF (or F) for fibroblast

growth factor; GCP-2 for gramufocyte chemotactic protein-2; GDNF for ghal cell-derived
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neurotrophic factor; GF AP for ghal fibsillary acidic protein; HB-EGF for heparim-binding
epidermal growth factor; HCAEC for Human coronary artery endothelial cells; HGF for
hepatocyte growth factor; BMSC for Human mesenchyroal stem celis; HNF-lalpha for
hepatocyte-specific wranscription factor; HVVEC for Human umbilical vein endothelial cells;
1309 for a chemokine and the ligand for the CCRE receptor; IGF-1 for insulin-hke growth
factor 1; 1L-6 for interleukin-6; IL-8 for interleukin 8:K 19 for keratin 19; K8 for keratin 8;
KGF for keratinocyte growth factor; LIF for leukemia inhibttory factor; MBP for myelin
basic protein; MCP-1 for monocyte chemotactic protein 1; MDC for macrophage-derived
chemokine; MIPlalpha for macrophage inflanmmatory protein 1 alpha; MIPtheta for
macrophage inflammatory protein 1 beta; MMP for matrix metalloprotease (MMP); MSC for
mesenchymal stem cells; NHDF for Normal Human Dermal Fibroblasts; NPE for Neural
Progenitor Expansion media; NT3 for newrotrophin 3; 04 for oligodendrocyte or ghial
differentiation marker 04; PBMC for Peripheral bood mononuclear cell; PBS for phosphate
buftered saline; PDGF-CC for platelet derived growth factor C; PDGF-DD for platelet
derived growth factor D; PDGFbD for platelet derived growth factor bb; PO for "per os” (by
mouth); PNS for peripheral nervous system; Rantes {or RANTES) for regulated on
activation, normal T cell expressed and scercted; thGDF-S for recombinant buman growth
and differcntiation factor 5; SC for subcutancously; SDF-lalpha for stromal-derived factor 1
aipha; SHH for sonic hedgehog; SOP for standard operating procedure; TARC for thymus
and activation-regulated chemokine; TCP for Tissue culture plastic; TCPS for tissue culiure
polystyrene; TGFbeta? for transforming growth factor beta?; TGF beta-3 for rransforming
growth factor beta-3; TIMP1 for tissue inhibitor of mamix metalloproteinase {; TPO for
thrombopoietin; TUJ for BHI Tubuling VEGF for vascular endothelial growth factor; vWFE

for von Willebrand factor; and alphaFP for alpha-fetoprotein.

[66188)  The present invention is further illustrated, but not limited by, the following

examples.

EXAMPLE 1
Effect of Umbilicus-Derived Cell Conditioned Media to Rescue

Phagocytosis Activity in vifro with dystrophic RPE cells

{66189} It is well established that retinal pigment epithelium (RPE) cells from Royal

College of Surgeons (RCS) rat exhibit impaired rod outer segment {ROS) phagocytosis due

61



WO 2016/099949 PCT/US2015/063931

to a null motation in the Mertk gene. (Feng W. et al,, J Biol Chem. 2002, 10: 277 (1%9%:
17016-17022). It has been shown that injection of human umbilical tissuc derived ccli
(hUTC) subretinally imto RCS rat eye improved visual acuity and appear to ameliorate retinal
degeneration. (US 2010/0272803). In this example, treatment with conditioned medium

{CM} derived from hUTC restored phagocytosis of ROS in dystrophic RPE cells in vitro.

881987 bUTC conditioned mediurg was examined: 1) 1o evaluate the effect on dystrophic
RPE phagocytosis using new preparations of hUTC CM; 2) to 1solate RNA of acceptable
guality from CM-treated and untreated dystrophic RPE for use in gene expression profiling
by RNA-Seg; 3) to examine whether selected RTK ligands can increase the level of
phagocytosis it RPE from the RCS rat that cannot use the Mertk signaling pathway; and 4) to
test whether other non-RTK Higands, which activate ditferent receptors from RTK, could

exhibit similar function.

Materials and Methods

180181} Huwman umbilical tissue derived cell (hUTC) were obtained from the methods
described n Examples 6 — 18 following, and in detail in U.S. Patent Nos. 7,524,489, and
7,510,873, and U.S. Pub. App. No. 2005/00558634, cach incorporated by reference herein.
Brietly, human umbilical cords were obtained with donor consent following live births from
the National Discase Rescarch Interchange (Philadeiphia, PA). Tissues were minced and
enzymatically digested. After almost complete digestion with a Dulbecco’s modified
Eagie's medium (DMEM)-low glucose (Lg) (Invitrogen, Carisbad, CA) medium
containing a mixture of S U/ml. collagenase {Sigma, St. Louis), the cell suspension was
filtered through a 70 [tm filter, and the supernatant was centrifuged at 350 g Isolated cells
were washed in DMEM-Lg a fow times and seeded at a density of 5,000 celis/cm’ in
DMEM-Lg medium containing 15% (v/v) FBS (Hyclone, Logan, Utah) and 4 mM L-
ghutamine (Gibco, Grand Island, NY). When cells reached approximately 70% confluence,
they were passaged using TrypLE (Gibco, Grand Island, NY). Cells were harvested after
several passages and banked.

188192}  Primary Culture of RPE Cells: RPE cells were obtained from 6-11 day old
pigmenied normal (RCS rdy+/p+} {congeunic control) or dystrophic (RCS rdy-/p+) rats. The
anterior part of the cve was removed anterior to the imbus. The retina was gently removed

and the eve cup was imcubated in 4% (w/v) dispase (> 0.8 U/mg, Roche Diagnostics,
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Mannheim, Germany) for 20-30 minutes. The RPE sheets were removed, suspended in
growth medium (DMEM + 10% FBS [new paper 20%;] + Pen {(200U/mi)/Strep (200 ug/mi}),
writurated with trypsin treatment, and plated in etther a 8-well chamber shide well or on g
circular glass cover slip placed in a well of a 24-well dish. The cells were incubated at 37°C

in 5% viv CO,.

1801931 Sulforhodamine Staining of RPE Cells: RPE culture were maintained for 24 b 1o
72 h in growth medium containming sulforhodamine (40 pg/ml final concentration). The cells
were statned 36 h to 48 h before the addition of ROS. The sulforhodamine-containing
medium was removed 6 h to 18 h before the addition of ROS, and the culture was maintained

m several changes of fresh growth mediom.

1801841  Isolation of Rai photoreceptor OF. Eyes were obtained from 2 - 4 or 6 - 8-week
old Long Evans rats several bours after light onset. Retinas were isolated, homogenized with
Polvtron (8 mm generator) or a Dounce glass homogenizer, layered on top of 27% - S0%
linear sucrose gradient, and centrifuged at 38,000 rpm in SWA41 rotor (240,000x2) for | howr
at 4°C. The top two ROS bands were collected, diluted with HBSS, and centrifuged at 7060

rpro in HB-4 rotor (R000xg) for 10 minutes to pellet the ROS.

{88195] FITC Staining of ROS: The ROS pellet was resuspended in serum-free culture
medium (MEM basal mediunm only) at about 1 mi per pellet. The FITC stock selution (2
mg/ml in 0.1M sodium bicarbonate, pH 9.0-9.5}) was added to a final concentration of 10
ug/ml and incobated at room temperatare for 1 h. The FITC-stained ROS is pelleted by
centrifugation in a microfoge at 8000 rpm, 10 minutes, resuspended in growth medium

(MEM?28), counted, and diluted to a final concentration of 187/ml.

186196} HUTC Conditioned Medium (CAM): Three sets of hUTC conditioned medium
{CM) and a conirol medium were prepared and vsed for testing in the phagocytosis assay.

7

1. CMI with sevum preparation

1801971 Onday 1, bUTC was sceded at 5,000 viable cells/con® in T75 celt culture flask in
hUTC growth medium (DMEM low glacose + 15% FBS + 4 mM L-glutamine). Cells were
cultured for 24 hours in 37°C, 5% CQO, incobator. On day 2, medium was aspirated, washed
twice with DPBS, and repicnished with 21 ml of DMEM/F12 complete medium
(DMEM:F12 medium + 10% FBS + Pen (S0U/MmIYStrep (50 pg/ml}). Cells were cultured for
another 54 hours, Control mediom (DMEM:F12 medium + 1039 FBS + Pen (SO0U/mb)/Strep

(50 pg/ml)) alone was also cultured for 54 b On day 4, cell culture sopernatant and control
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medium were collected and centrifuged at 250 g, § min at RT, aliquoted 1n cryotube at 3

mL/tube, and frozen immediately at -70°C freezer.

2. CMi-serum free preparation

[80138] Onday 1, BUTC was seeded at 5,000 viable cells/cmt” in T75 cell cultare flask in
hUTC growth mediom (DMEM low glucose + 15% FBS + 4 mM L-ghutamine)}. Cells were
cultured for 24 hours in 37°C, 5% CQ; incubator. On day 2, medium was aspirated, washed
twice with DPBS, and replenished with 21 ml. of DMEM/F12 serum-free moediom
(DMEM:F12 medium + Pen (SOU/MIY/Strep (50 pg/ml)). Cells were cultured for another 54
k. Serum-free control medinm (DMEM:F12 medium + Pen (S0U/mlYStrep (50 ug/ml)
alone was also cultured for 54 h. On day 4, cell culture supernatant and control medium were
collected and centrifuged at 250 g, 5 min at R, aliquoted in cryotube at 3 ml/tube, and

frozen immediately at -70°C freezer.
3. CMZ preparation

[68199]  The same preparation as CMI with serum preparation and hUTC seeded at 5,000
viable cells/om’, except the cell culture flasks are T225 flasks with 63 mL of medium per

flask, and the incubation time afier medium change was 48 hours.
4. CM3 preparation

[808288]  The same preparation as UM?2, except the hUTC sceding density was increased to

10,000 viable cells/cm®, and the incubation time after medium change was 48 hours,

[802611  Phagocytosis dssav: 5 x 10" sulforhodamine-stained RPE cells were plated in
multi-well plate, maintained m MEM + 20% (v/v) FBS for 6 days, then in MEM + 5% (v/v}
FBS 24 h before the assay {2 or more replicates per sample). Fresh mediom was added 3 h
before the addition of ROS, and the assay was staried by overlaying the culture with FITC-
ROS (107/m] in MEM + 20% (v/v) FBS) and incubating at 37°C for 3 to 19 h (8 h typically),
At the end of the incubation, the cells were vigorously washed to remove unbound ROS and

fixed with 2% {w/v} paraformaldebyde (Sigma, St. Louis, MG}
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[88282)  RPE phagocytosis of ROS was optimized with respect 1o the protocols for
preparation and culture of primary RPE, preparation of ROS, and the phagocytosis assay

itself.

1802831 RTK ligands: The RTK ligands vsed were: Recombinant Human Ephrin-B2 (Cat
# pro-937, Lot # 111ZPEFNB2Z, ProSpec-Tany TechnoGene Lid,, Israel}, Recombinant
Human BDNF (Cat # 248-BD-025/CF, Lot # NG4012051, R&D Systems, Inc., Minneapolis,
MN), Recominant Human HB-EGF (Cat # 259-HE-030/CF, Lot # J13012021, R&D Systems,
Inc., Minmeapolis, MN}, Recombinant Human HGF (Cat # PHGO254, Lot # 73187181A, Life
Technologies, Carlsbad, CA), Recombinant Human Ephrin A4 (Cat # E199, Lot # 1112R245,
Leince Technologies, Inc., St Louis, MQ), and Recombivant Human PDGF-DD (Cat # 1159-
SB-02S8/CF, Lot # OTHO412071, R&D Systems, Inc., Minneapolis, MN). Reconstitution of
imdividoal RTK ligand stock solution followed the vendors’ data sheets: Recombinant
Human BDNF and HB-HGF were reconstituted at 100 yg/ml. and 250 pg/ml. in sterile PBS,
respectively. Recombinant Human HGE was reconstituted at 300 pg/mb in sterile, distilled
water. Recombinant Humman Ephrin A4 was reconstituted at 100 pg/mi. in sterile PRS.
Recombinant Human PDGF-DD was reconstituted at 100 ug/ml in steriie 4 mM HCL The

reconstituted stocks were aliquoted and frozen at -70°C freezer.

1802841  The culture media was changed to MEM + 5% {v/v} FBS (MEMS), and ligands
were added to the dystrophic celis at 200 ng/ml, incubated for 24 h followed by the addition
of ROS n the presence of the Higands, and the cells were subjected to phagocytosis assay.
Normal RPE replicates were preincubated in MEMS and assayed for phagocytosis as

controls.

1862858}  Non-RTPK Jigands: Non-RTK ligands used were: Recombinant Homan
Vitronectin (Cat # 2308-VN-050, Lot # NBHO713021, R&D Systems, Inc., Minneapolis,
MN), Recombinant Huoman TGF-B1 (Cat # 240-8-010/CF, Lot # AV5412113, R&D Systems,
fnc., Minneapolis, MN), Recombimant Human [L-6 (Cat # 206-1L-G10/CF, Lot #
(QJZ071204 1, R&D Systems, Inc., Minneapolis, MN), and Human Endothelin-1 (Cat # hor-
307, Lot # 12ZHIPEDN11Z, ProSpec-Tany TochnoGene Lid., Isracl). Reconstitution of
mdividual non-RTK ligand stock solution followed the vendors™ data sheets: Recombinant
Human Vitronectin and [L-6 were reconstituted at 100 pg/ml in sterile PBS, vespectively.

Recombinant Human TGF-BI was reconstituted at 100 gg/mL in sterile 4 mM HCL
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Recombinant Homan Endothelin-1 was reconstituted at 100 ug/mL in sterile 13MQ-cm HO.

The reconstituted stocks were aliquoted and frozen at -70°C freezer.

180286]  Assay of Conditioned Media for Phagocytosis Rescue Activity: Replicates of
dystrophic (1) RPE were incubated with 1 mi each of conditioned media for about 24 h. For
control, replicates of congenic control (N) RPE were incubated in Control medium
(DMEM:Fi2 medium + 10% FBS + Pen {50U/mlyStrep (50 pug/ml}) for the same time. After
the incubation, the conditioned media and control media were removed, replaced with fresh

MEMS, and the RPE were subjected to phagocytosis assay.

1802871 Assays to examine effects of non-RTK ligands on RCS RPE cell phagocyiosis:
BUTC CM3 was used as a positive control for the assays. For tests of endothelin-1, TGF-B1
and 1L-6, dystrophic (D) RPE were incubated with 1 mi sach of conditioned media for 24 h.
Conditioned media was then removed, replaced with fresh MEM + 5% (v/v) FBS (MEMS)
and subject to phagocytosis assay (fed with ROS for 8 b in MEMS). For other countrols,
normal and dystrophic RPE were incubated in MEMS for 24 h and subject to phagocytosis
assay. Dystrophic RPE cells were incubated with recombinant human endothelin-1, TGE-B1
or L6 at 200 ng/ml. in MEMS for 24 b and then subjected to phagocytosis assay with the
addition of ROS in MEMS containing recombinant human endothehn-1, TGF-B1 or [L-6

{medium was not changed when adding ROS).

180288]  Fortests of vitronectin, ROS was preincubated with control medium (DMEM +
10% FBS) or conditioned media for 24 h in CO) cell culture incobator at 37°C. Tn parallel,
RGOS was preincubated im MEM + 20% (v/v) FBS (MEMZ20) with varicus concentrations of
human recombinant vitronectin (4, 2, 1, (.5 yg/ml) respectively for 24 hin COy cell culture
incubator at 37°C. Adier the incubation, the ROS was spun down without wash, resuspended
m MEM20 and fed to the dystrophic RPE cclls in the presence of MEMS for phagocytosis
assay. For controls, normal RPE alone or dystrophic RPE alone was coltured in MEM20,
then changed to MEMS in the presence of untreated ROS (resuspended in MEMZ 0 and fed to

RPE celis) for phagocytosis assay.

180289}  Imaging and Quantitation: The living RPE cells were examined by phase contrast
and fluorescence microscopy using an inverted microscope equipped with epifluorescence

optics, a fluorescence microscope, and a digital camera. FITC-ROS bound to the cell surface,
mgested FITC-ROS, and phagolysosomes were identified as defined in McLaren et al. (fnvest

Ophthaimol Vis Sci., 1993; 34(2):317-326.). Quantitation of bound and ingested ROS was
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performed on fixed cells on cover ships. Counts were made at 250x magnification with the
appropriate filiers and a grid (field size, 40 x 40 pm). Representative fields (10 to 15 per
culiure) were counted for various types of cells, and the data were expressed as the mean of
pooled values obtained per time point from 2-3 separate experiments. Statistical significance

was assessed by Stadent’s t-test for paired data, and was considered at p < 0.05.

1802187 Assay accepiance criteria: The absolute level of phagocytosis varies in
experiments depending on a multitude of factors, including the quality of isolated RPE and
prepared ROS. Effort was made to use RPE of the same lineage, 1.¢., time of harvest and
preparation, for comparison of the effects of different treatments on the cells. The assay was
sudged to be legitimate if the relationship of the phagocytosis level in the normal compared to

the dystrophic 1s approximately 1:0.3.

180211)  Relative phagocytnsis: Relative phagocytosis is the level of phagocytosis shown
by dystrophic RPE compared to the congenic control (normal) as the reference point. The
fevel of phagocytosis could be expressed as a mean number of ROS/field, or as a mean

number of ROS/cell.

180212} Isolation of RNA. hUTC was sceded at 5,000 colis/cm” and grown in DMEM-Lg
medium containing 15% (v/v) FBS (Hyclone, Logan, Utab) and 4 mM L-glitamine {Gibeo,
Grand Island, NY) for 24 hours followed by modium change to DMEM:F12 medium
containing 10% (v/v} FBS and grown for another 48 hours. Cells were then collected for total
RNA extraction and DNA removal using the Qiagen RNAcasy extraction and on-column
DNAse kit (Qiagen, Valencia, CA). The integrity and quantity of RNA in the samples was
determuned using NanoDvop 1000 spectrophotometer (Thermo Fisher Scientific, "Waltham,
MA} and Agilent 2100 Bicanalyzer (Agilent Technologies, Santa Clara, CA). Library
preparation and sequencing were performed by Expression Analysis Inc., Durham, NC, RNA
fibravies were prepared using Humina’s TruSeq RNA-Seq Sample Prop kit following
manufacturer’s instructions, and sequenced with Hluouna's HiSeq 2000, Sequencing reads
were mappaed to the reference human gonome (GRCh37 patchy) using the software
ArrayStudio version 6.1, Fragments Per Kilobase of transcript per Million mapped reads
(FPK M) was used to calculate gene exprossion.

{B0213]  After isolation, RCS RPE cells were first seeded in 96-well plate in friplicates for
about a week, the time point when the medium was changed to either hUTC conditioned
media or control medium was considered as 0 h. RNA was extracted at 2, 4, 8 and 24 h,

respectively, using Trizol (Life Technologies, Carisbad, CA) according to the manufacturer’s
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protocol. RNA extracted from triplicate at each time point was pooled as one sample. The
concentrations of the samples were determined spectrophotometrically, along with the
260/280 absorbance ratio.

[80214] Replicates of dystrophic RPE (~2.4 x 10° cach) were treated with or without
conditioned media as shown 1o the scheme below:

iscdate RCS RPE, seed ali celis on
the same day in multiple wells in
S&-well plats |

S o

n Cufture for & week .
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Resulis

Conditioned Mediag Tests

190218} Three conditioned media preps (CM1, CM2, CM3} were tested for their
phagoceytosis rescue activities with dystrophic RPE and comparison with normal RPE as

described tn Methods.

80216]  CM1: CM1 was tested twice (FIGS. 1A and 18), once using tan normal RPE,
and again using pigmented RPE. Phagocyiosis rescue activity was observed. It should be
noted that in FIG. 1A, the basal level of phagocyiosis in pigmented dystrophic RPE was
almost 50% of the level of tan hooded normal RPE, which falls beyond the acceptance range

(< 30 % of normal phagocytosis fevel), Effect of CMI-serum free medium was also tested
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(FIG. 2). The difference between dystrophic cells with and without CM{-serum free was

statistically significant.
18621717 CM2Z: CM?Z was tested and found to lack activity (FIG. 30

{86218} CM3: After the medivm change on day 1, the incubation time for CMZ {not
active) was 48 h whereas the incubation time for CM1 (active) was 54 h. To obtain an active
conditioned media, initial cell secding density and cell incubation time after mediom change
are two aspects to be considered. CM3 was prepared by doubling the cell sceding density
with the same incubation time after medium change, compared to CM2. CM3 was assayed
multiple times to confirm the presence of activity (FIGS. 44, 48, 4C), and showed a

phagocytosis rescue activity of ap to 100%.
Phagocytosis in RCS RPE
SV

882197  Isolated RPE cells from RCS rat eyes were cultured in virro for phagocytosis
assay. Untreated RPE cells from normal congenic control rat eye were used as control {o
show normal tevel of phagocytosis. The defoctive phagocytosis in RCS RPE was restored to
the fevel of normal RPE when the RUCS RPE are co-cultured with hUTC (FIG. 4A) or treated
with hUTC conditioned medivm (CM) (FIG. 4B). Phagocytosis of OF by RCS RPE was
rescued when the cells were fod with OS pre-incubated with hUTC CM and subjected fo
phagocytosis in the absence of hUTC CM (FIG. 4C). hUTC as demonstrated secrete specific

factors to promote RPE phagocytosis.

RTK Ligand Assays

1802207 BDNF and HB-EGF assays: Duplicates of dystrophic RPE were treated with
BDNF and HB-EGF and assayed for phagocytosis as described in Methods, along with
normal controls (FIGS. 54, 5B). Ten to twelve observations were made per sample. The
dystrophic cells tended to show a higher rate of phagocytosis than usual compared o normal
cells, but 1t did not prevent the nterpretation of the results. BDNF showed phagocytosis
rescue activity, higher than that of CM3.

[80221] PDGF-DBD, Ephrin A4, and HGF assays: The number of cells being counted
for every sampling were expressed as both per ficld (FIGS. 6A, 6C, 6D) and per cell (FIGS.
68, 68}, The results were not affected, since the number of cells counted for every frame

was constant. PDGE-DD (FIG. 6A), Eplrin A4 (FIG. 6C) and HGF {FIG. 6D) all
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upregulated phagocytosis in dystrophic RPE cells compared to untreated control. PDGFR-DD

showed the most rescue effect, greater than that of CM3.

{66222} Ephrin B2 assay: Ephrin B2 showed a very high phagocytosis rescue activity,
higher than that of CM3. Both per field (FIG. 7A) and per cell (FIG. 7B) results were

determined.

Non-RTK Ligand Assays

180223} Effect of endothelin-1, TGF-§1 or IL-6 on RCS RPE phagacytesis: Dystropic
RPE celis were treated with endothelin- 1, TGF-B1 or 1L-6 and assaved for phagocytosis as
described n Materials and Methods, along with normal controls (FIGS. BA-8C). Ten
chservations were made per sample. FIGS. 8A and 8B show two separate assays. The basal
phagocytosis level of normal and dystrophic RPE cells in FIG. 4B is lower than that in FIG.
8A due to the variation of cells tselated from rats and different preparation of ROS; the assay
is considered valid as the relationship of the phagocytosis level in the normal compared to the
dystrophic is approximately 1:0.3. To compare with the results in FIG. 8A, the daia in FIG.
8C was normalized so that the phagoceytosis level of the normal and dystrophic RPE cells
were the same as those from FIG. 8A. hUTC CM3 increased phagoeytosis in dystrophic RPE
cells, while endothelin-1, TGF-J1 or IL-6, at the concentration {200 ng/mL} tested in the

assays, bad no effect on RCS RPE phagocyiosis.

[66224] Effect of vitronectin on RCS RPE phagoeytosis: Dystrophic RPE cells were
fed with ROS preincubated with various concentrations of vitronectin and assayed for
phagocviosis as described in Materials and Methods, along with normal controls (Figure 9.

Ten observations were made per sample.

1802281 As for the control medium and hUTC conditioned media used for the study,
control mediom contained 10% FBS, the amount of vitronectin in the control medium was ~
500 ng/ml. hWUTC conditioned media may contain more vitronectin compared to control
medium as hUTC constitutively secrctes vitronectin, In contrast to ROS pretreated with
BUTC CM3, ROS pretreated with conirol medium appears to have had no effect on
dystrophic RPE phagocytosis. Vitronectin, at all the concentrations tested, had a similar
effect to that of the control mediim. These results are consistent with reselts reported in
previous publications (Edwards et al., J Cell Physiol. 1986, 127: 293-296; Miceli et al., invest

Ophthalmol Vis Sci., 1997, 38(8): 1588-1597). Vitronectin is an active component of serum
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and is responsible for serum-stinnidated aptake of ROS by cultured RPE cells isolated from
human donor eyes (Miceli ¢t al., 1997}, However, for rat RPE cells, the effect of serum on
phagocytosis i normal RPE compared to dystrophic RCS RPE is different. Edwards ot al.
showed that cultured RCS rat RPE cells and normal congenic control RPE cells phagocytived
comparable low amounts of ROS in serum-free mediom. The presence of 20% of serom in
mediwm dramatically increased {6-fold) phagoceytosis in normal RPE cells, but not in RCS

RPE cells (Edwards et al,, J Cell Physiol, 1986, 127 263-296)

[86226] The corrent results indicate that vitronectin is not involved in hUTC CM-mediated

enbancement of phagocytosis in RCS RPE cells.

Isolarion of RNA from Conditioned media-treated Dystrophic RPE

1802271 Several rounds of this experiment were performed as described in Methods to
cbtain the necessary RNA samples. The RNA samples were used for RNA sequencing by
Expression Analysis, Ine. For experiment 1, the RIN scores of sample 8 and 9 did not meet
the RINA sequencing criteria. Both samples were removed from the sequencing list. For
experimaent 2, the RIN score of sample 1 did not meet the RNA sequencing criteria and was

removed from the sequencing Hst. (Sequencing results below).

Experiment 1

Tube 2607280 cone Vol anti for RIN RIN
I. control 2.12 93ag/ul 37l S2ug F3ug/Sul 8.6
2. 2k con 1.91 64ngiul 37ul 36ng 64ng/Sul 8.6
med

3, 2h CM 1.69 3dng/ul 57ul 1.%9ug 34ng/Sul 8.6
4. 4k con 1.75 44ng/sul 37ul 2.5ug 44ng/Sul 6.9
med

8, 4h CM 1.90 34ng/Sul 57ul . Sug 34ng/Sul

6. 8hcon 1.64 46ng/Sul 37l 2.6ug dong/Sul 8.5
med

7.8 CM 1.90 45ng/5ul 37ul 2.6ug 45ng/Sul 7.7
8. 24h con 1.94 S3ag/Sul 57ul 3.0ug 53ug/5ul TN/A
nied

9. 24h CM 1.84 S5ng/Sul 37ul 3.ing Sang/Sul N/A
Experiment 2

Tube 260/280 concentration | volume amount RIN
Untreated 2.4 14S ng/ul 19 ul 2.8 ug 1.6
conirol

2h control 2.00 153 ng/ul 190l 2.9 ug 9.1
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2h CM3 2.04 237 ng/ul 19ul 4.5 ug 3.7
4h control 2.00 120 ng/ul 19 ul 2.3 ug 8.8
4h CM3 2.08 179 ng/ul 194l 34 g 8.1
8h control 2.13 158 ng/ul 19 ul 3.0ug 2.0
Rh CM3 2.20 181 ng/ul 19 ul 34ug 9.4
24h control 2.07 124 ag/ul 19wl 2.4 ug 8.8
24h CM3 2.20 154 ng/ul 194l 2.9 ug 2.1

862281 hUTC expression of the genes of RTK ligands and bridge molecules was
shown by RNA-Seg-based transcriptome profiling of hUTC. Gene expression of
multiple RTK ligands for 15 RTK subfamilies were detected (Table i-1). The
expression level of the RTK Hgand genes for each RTK subfamily were sorted and
graphed based on the valies of Fragments Per Kilohase of transcript per Million mapped
reads (FPRM) (FIG. 10; Table 1-1}). Gene expression of bridge molecules, including MFG-
E¥, Gasé, protein 8§, TSP-1 and TSP-2, were also detected (Table 1-3).

862291  Gene expression for the corresponding RTK subfamilies and receptors for the

bridge molecudes in RCS RPE show RTK superfamily can be grouped into 20 subfamilies
based on kinase domain sequences {Robinson DR, et al,, Oncogene. 2000;15(49).5548-

5557). Gene expression of 8 out of 20 RTK subfamilies were detected in RCS RPE (Table

1-2). Among the 18 are the 15 RTK subfamilics corresponding to the RTK ligand genes

expressed in hUTC. Gene expression of recoptors reported for bridge molecule binding

(Kevany BM, et al,, Paysiology, 2010;25(1):8-15) were also detected in RCS RPE (Table 1-

4y, including imtegrin avP3, avP3, Axl, Tyro3, Mer'TK, and CD36.

Table 1-1. Identification of RTK ligand gene cxpression in BUTC by RNA-Seq

Ligands for Gene Gene synonyms Gene full name
RTK symbol | RTK figand gene
subfamilies expression level
(FPKM) in RUTC
Ligands for DDR| COLIAL | 1877.890 014 collagen, type L, aipha 1
COLIAZ | 1157386 014 collagen, type |, alpha 2
COL3ATL | 669952 EDS4A coliagey, type HE, alpha |
COL4AAR | 235,031 ICH, POREN2 coliagen, type IV, alpha £
COL4AL | 220303 HtANAC,ICHJ’ORENl’zm“e collagen, type IV, alpha 1
COL5A2 | 201936 _— collagen, type V, alpha 2
COLSAL | 156.091 cotiagen, type V, alpha |
COL4AS | 7.592 ASLN ATS,CANM cotiagen, type IV, alpha 5
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family COL4Aa6 | 1075 CXDELGZ2.3,DELXg22.3 | collagen, type IV, alpha 6
COLSA3 | 0.204 coliagen, type V, alpha 3
COL4A4 | 0,119 {CA44 collagen, type IV, alpha 4
COL4ASZ | 8.037 collagen, type IV, alpha 3
{Goodpasture antigen}
COLIOAI 0.003 collagen, type X, alpha 1
Ligands for AXL | GASE i51.146 AXLLGAXSE growth arrest-specitic 6
family
Ligands for ALK | MDK 144.837 ARAP MK, NEGE? mdkine {neurite growth-
family promoting factor 2)
— : HARP,HBGEFE HBNE, NEG | pleinirophin
S P > s
PIN 46,156 £l
Ligands for TRK | BDNF 69.197 ANONZ BULN2 hram-derived neu o tophic
family factor
NTF3 9.066 HDNENGH-Z,NGFZNT3 | neurotrophin 3
NGF 6.654 Beta-NGEF HSANS NGEFB nerve growth factor (beta
polypeptide)
NTF4 0.025 neurotrophin 4
Ligzmd§ fo.r FGFES 53,267 HBGE-5,5mag-82 fibroblast growth tacior 5
FGFR famiily  rpsps—17573973 B FCE O N HNGE TSt srowin Tactor 3
2 {basic)
FGED 14.544 AFGE ECGE, ECGE- {ibroblast growih factor 1
beta, BCGFA,ECGFB,FGF- | (acidic)
1,FGE-
alpha, FGFA GLIGT03 HBG
FGYT 6.72 HBGH-7 KGE {ibroblast growth factor 7
FGRI0 $.404 FGF-20 fibroblast growth factor 20
EGFI2 0,140 FGFIZBFHE {ibroblast growth facior 12
FGFIT 0.127 FHF3 fbroblast growth factor 11
rr 4 o FGE-14,FHF- fibroblast growth factor 14
FGF14 1 0.109 4. FHF4,5CA27
FGED 0.060 GAFFIBFG-9,5YNS3 tibroblast growth factor 9
{ghia-activating factor)
PGEFLS 0.027 FGE-IRZFGES fibroblast growth factor 18
Lagands for AGRN 51.041 agrin
MUSK family
Ligands for HBEGE | 35.11 DITRDTS, DTS HEGEL | hepanin-binding BGE-hke
EGER Family 1 arowth factor
NRGI 16.23 ARIAGGF,GGR2,HGL HR | neureguilin |
0 G, HR
EGE 3.240 HOMG4,URG eptdermal growth factor
MNEGS 0,265 HRG4 neuregulin 4
AREG 0.233 AR CRDGE,SDGE amphiregulin
NRG2 0.055 DON T, HRGZNTAK nevregolin 2
EREG 0.027 ER epireguiin
TGEFA 0.044 THGA transtorming growth
factor, alpha
BTC 0.03% betacellithn
NRGS3 0.603 HRG3,pro-NRG3 neuregulin 3
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Ligands for PDGRFC 13022 FALLOTEIN,SCDGF piatelet derived
PDGFR family 9 growth factor C

EITLG 15.05 FPHZ KL~ KIT Tigand
9 LKL MGESCFE,SF,SHEPT
Okl 391 CHF-T,MCSTE colony stimulating iactor
6 ! {macrophage)
PDGEA ]7.748 PDGF-APDGE] platelet-derved
growth factor alpha
FLT3LG | 1335 FL,FLT3L fms-related tyrosine
kinase 3 ]1gand
PDGED | 0815 TEGE,SCDGE-B,SCDGEB | platelet derved
growth factor D
PDGEB | 0.009 PDOGEZ SIS, SNV, c-518 platelet-derved
erowth facior beta
Ligands for VEGEB | 27.74 VEGFL,VRF vascular endothelial
VEGFR family 4 growth factor B
VEGFA | 26.08 MVUDLVEGE, VPE vascular endothelial
¢ growth factor A
VEGEC | 24.43 Flta-L,VRP vascuiar endothehal
2 erowth factor C
PGE 0.82% DIz piacental growth factor
S1900.PGEFL, PLGE, PIGE-
Lagands for EPH | EFNBZ | 16.89 BEPLGY HTEL Hik- ephirin-B2
afml‘v 5 L, LERKS
EFNA4 | 5.884 EFLAEPLGA, LERKS ephrin-Ad
EENBT 4779 CENDLCFNS EFL3 EPLAZE ephnn-Bi
Eik- L LERK?
EENAS | 1,923 AFLEFL3 EPLGT GLOCIM, | ephrin-A3
LERK 7,RAGS
EFNR3 1.301 EFL6,EPLGELERKE ephrin-B3
EFNA3 [ 0416 EFLZ EPLGS Ehil- ephrimn-A3
LLERK3
EFNAT J0.137 BOLECKLG EFLLLEPLGIL | ephrin-Ad
LERK- LLERKLUTNFAIPS
EFNA2 ] 0.043 ELE-1 BEPLGE HEKT- ephrin-A2
LLERK- 6, LERKS
Lagands for RYK | WNTSA | 14,539 hWHNT5A wingless-type MMTV
famly int eﬂraLm site farnily,
mernher 5A
Ligands for RET | GDNF 9.169 ATFLATF2 HFBI1- ghial cell denved
family GDNFHS CR3 newrotrophic factor
ARTN 0.482 ENOVINEVNNBN artemin
PSPN 0.020 PSP persephin
NRTN 0.G18 NTN neurturin
l:igz§;1ds for TIE | ANGPT1 | 6.251 AGPLAGPTANGH angiopoictin |
family ANGPTI 0060 AGPIZ,ANGE AngIOPOIStn 2
ANGPT4 | 0.007 AGPS ANG-3,ANGE apgopoietn 4
L lgands for IGF2 4.455 Ci1 ortd3,IGE-H,PPOYT74 msulin-bke growth factor
INSR Family 2 (somatomedin A)
IGF! (.003 IGF-LIGF1AIGF] mulm- ike growth factor
I {somatomedin C)
Ligands for MET| HGF 4,175 DENB39 - h(,p(ﬂmy > growth

TCFHGEFB HPTASE

factor {lepapoictin A;
scatter factor)
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family

MST1

DISF1352, DNFISSE HGEL,

MSP NEI552

macrophage stimulating |
{hepatocyle growth
factor-like)

Table 1-2 Identification of RTK ligand gene expression in RCS RPE cells by RNA-Seq

RTK subfamilies| Gene RTK gene (3ene synonyms (ene full name
synihol expression
level (FPKM) 1
RCS RPE
DR fammly Ddrl 38385 Cak,Drdl, PTEZD giscmdm domain receplor tyrosing
nase
Ddr2 /.314 Tyro 10 discoidin domain recepior tyrosing
kinase
FGER tarmly Fele? 93.112 fibroblast growth factor receptor 2
Fgfil 43.382 Fibrobiast growth factor receptor 1
Fefr3 24,743 fibroblast growth factor receptor 3
Felrd 0.054 fibroblast growth factor receptor 4
PDGEFR fanuly  [Pdgbb 76.095 PDGER- platelet derived growih factor
receptor, beta polypeptide
Pdafra 9.439 APDGFR,PDG | platelet derived growth factor
FACE receptor, alpha polypeptide
Caflr 5.491 ChE-E-R,ChF- | colony stimulating tactor 1 receptor
IR,M-CSF-R,c-
Fli3 1.095 Fik2,CIH 35 fms-related tyrosine kipase 3
Bt 10.420 SUFRCDHT | v kit Hardy-uckerman 4 foline
sarcoma viral oncogene homolog
AXL famaly Axl 62.61% Ax] receptor tyrosine Kinase
N : edy C-THET PTOto-Oneogene fyrosing
Mertk 29.044 J kmasep B
Tyro3 5.929 Brt TYRO3 protemn tyrogine kinase
ENSR Family Tt 41.997 mnsuitn-like growth factor 2 receptor
Toflr 11.571 IGHFIRCJITKIZ | insubn-hike growth factor 1 receptor
{ngr 6.479 suln receptor
PTK7 family Pik7 40.073 tyrosine-protein kinase-like 7
[Source:RefSeq
peptide;AcciNP_001100359]
RYK family Ryvk 25,103 recepior-like tyrosine kinase
EPH family Ephbd 21.234 Eph ceceptor: B4 [Source: MG
SymbolL AMGL104757]
Epha2 13.613 Hph receptor A2
Ephad i1.658% RGD 15 60587 Eph receptor Ad
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Ephh3 4.508 Epb receptor 133
Bphbé 3.519 Eph receptor B6
Epha? 3.493 Eph receptor A7
Ephb2 2.191 RGPS 04232 Eph receptor B2
Ephad 1.871 Ephreceptor A3
Ephal 1.364 Epb receptor Al
e . BEHK- EPH receptor AS
ReYil 4 o -
Eptad 1 0.421 LEIs]LEsl.
Ephhbl 0.162 Ephb2,Erk el Eph receptor 131
Ephad 0.015 Ephein type-A receptor 8
[Sowrce:UniProtKB/Swiss-
Prot AcciP29321]
MET family Met 17.608 Hgly met proto cmeogens
Mstlr [.054 CQW 136, P8, K0 | macrophage stimulating 1 receplor met-
n,btk % & ) S
relate {c- ¢i tosine kinase
ROR family Rorl 7.241 RGDT559469 receptor tyrosine kinase-lke
orphan receptor |
Ror2 4.023 receptor tyrosing kinase-like
orphan receptor 2
EGFR Family | Erbb2 5467 v-erb-b2 erythroblastic Teakemia
viral oncogene homolog 2,
neuro/ghioblastoma derived
oncogene homolo {avian)
. . ERBRI ErhR- epidermal growth factor receptor
ot 1.353 | Rrp P £ seep
Erbbd 0.174 v-erb-a erythroblastic leukemia
vira oncogene homolog 4
{avian}
Exbb3 0.042 nuc-ErbB3 v-erb-bl erythroblastic leukenna
viral oncogene homolog 3 (avian)
MUSK fanuly Musk 3.25 Nskl muscle, skeletal, receptor tyrosing
kinase
TRK family Ntrk3 1,883 wkl neurotrophic tyrosing kinase,
receptor, type 3
Nirk2 0755 RATTREBITR | neyrotrophic tyrosine kinase,
EBLTkrbtrk- o i,
B.irkB receptor, type 2
Nirkd 0.051 frk nevrotrophic tyrosine kinase,
receplor, e 1
VEGEFR fammby | Fltd 1.799 Vegfrs fmg-related tyrosine Kimase 4
Kdr 1.629 vastular endothelial growth
factor recepior 2 precursot
[Source:RefSeq e tide;Ace NP
037194
Fitl 0.280 VEGER-1 FMS-reiated tyrosine kinase |
ALK family Lik 1.427 leukocyte receptor tyrosine kinase
ALK 0.027 anapiastic lyraphoma receptor
tyrasine kinase
STYKI family | Stykd 1306 RGD1564211 sering/threonine/tyrosine kinase |
RET family Ret 0.337 ret profw-oncoRens
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TIE family

I Tek [

0.116 P he-2Tie2

TEK tyrosine kinase, endothehal

Table 1-3. 1dentification of bridge molecule gene expression in KJTC by RNA-Seq

Gene bridge molecule {jene synonyms Gene full name
syrubol | gene expression
fevel {(FPKND)
i hUTC
MFEGES | 217.889 BA46 EDILL HMFG HsT19888, MFG- milk fat
B8 MFGM,O0AcGD3 §,8ED,3PAG T §.hP47 globule-EGF
factor #
GASS 151.146 AXLLGAXSY growth arrest-
specific 6
THBSI | 123.018 THBS, THBS-1, TSP, TSP-1, TSP thrombospondin 1
THBS2 | 114.245 TSPz thrombospondio 2
PROST | 1.2068 PROS,PS21,PS22,P523 PR24,PS25,PSA, THPHS, THP )
Hé protein S {(alpha)

Table -4, Identification of bridge molecule receptor gene expression in RCS RPE by

RNA-8eq
Geng bridge molecule Gene synonyms Gene full name
symbol recepior
£ONC CXPression
level

Itgav 47.430 integrin alpha V

{tgbs 119.220 RGD1563276 integrin, beta 5

ligh3 3.185 integrin beta 3

Axi 62.618 Axl receptor tyrosine
Kinase

Mertk 29.044 rdy C-IEr Proto-oncogens
tyrosine kinase

Tyro3 8.929 Bt TYRO3 protein tyrosing
kinase

Cdib (4.028 D36 molecule
(thrombospondin receptor)
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EXAMPLE 2

Receptor tyrosine kinase (RTK) ligands measurement in hUTC conditioned medium

190238]  The wranscriptomic profile of both RUS RPE cells and hUTC using RNA-Seq and
mformatics data analysis showed that RCS RPE cells express multiple RTK genes, while
hUTC expresses genes for meltiple RTR higands (Table 2-1). RTK hgands of seven RTK
subfamilics, having relatively high gene cxpression levels in hUTC, were measured in hUTC
conditioned media in comparison with those from normal human dermal fibroblast (NHDF)
and ARPE-19 cells. These higands include BONF and NT3 -Hgands of Trk family, HGF -a
ligand of Met family, PDGF-BD and PDGF-CC -ligands of PDGF family, ephrin-B2 -a
ligand of Eph family, HB-EGF -a ligand of ErbB family, GDNF -a ligand of Ret family, as
well as agrin -a ligand of Musk family.

Table 2-1. Summary of RTK gene oxpression classification in RCS RPE cells and RTK
ligands gene expression classification in hUTC from transcriptome profile analysis.
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i ,

fnsulin receptorfamily * ¥

HGE recaptor/Met family &

Eptifamily £ ¥

Tie-family + S

Retfamily

ALK faniily % “

Materials and Methods

862317 hUTC (Lot NB12898P7 prepared from PDL20 Rescarch Bank, page 7), ARPE-19

cells (passage 3) and NHDF (passage 10} were used for the study.

[802327  Human BDNF ELISA kit {catalog #DBDO0, lot #311653, standard detection
range: 62.5-4000 pg/mL; sensitivity: 20 pg/mi.), human HOF ELISA kit {catalog #DHG00,
ot #3073 19, standard detection range: 125-8000 pg/mL; sensitivity: <40 pg/mL}, human
PDGF-CC ELISA it (catalog #DCCO0, lot # 309376, standard detection range: 62.5-4000
pgimb; sensifivity: 4.08 pg/mL), human PDGF-DD BELISA kit {catalog #DDDO0, lot #
310518, standard detection range: 31.3-2000 pg/mL; sensitivity: 1.67 pg/mL) were from
R&D Systems, Ine., Minocapolis, MN. HB-EGF ELISA kit {catalog #ab100531, lot

#GRI135979-1, standard detection range: 16.4-4000 pg/ml; sensitivity: <20 pg/ml) and NT3
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ELISA kit (catalog #ab1006135, lot #GR 1412811, standard detection range: 4.12-3000
pg/mb; sensitivity: <d pg/mL) were from abcam, Cambridge, MA. Human GDNF ELISA kit
(catalog #RABO20S, lot #3019130270, standard detection range: 2.74-2000 pg/ml,;
sensitivity: 2.74 pg/mL) was from Sigma, St. Louis, MI. Human ephrin-B2 ELISA kit
{catalog #MBS916324, lot #R21199424, standard detection range: 15.6-1000 pg/mL;
sensitivity: 15.6 pg/ml) and agrin ELISA kit (catalog #MBS454684, lot #EDL201310110,

standard detection range: 31.2-2000 pg/mb; sensitivity: <13.6 pg/ml) were from

MyBioSource, Ine., San Diego, CA.

1802331 Preparation of HUTC, ARPE-1Y and NHDF conditioned media: On day 1, hUTC,
ARPE-19 and NHDF were seeded, respectively, at 10,000 viable colls/em® in T75 coll culture
flasks in 15 ml of BUTC growth medium (DMEM low glucose + 15% v/iv FBS + 4 oM L-
ghitamine}. Cells were caltured for 24 h in 37°C $% CO, incobator. On day 2, media were
aspirated and replenished with 21 mL of DMEM/F12 complete mediumn (DMEM/F12
medium + 10% v/v FBS + 50U/l Pen/30 pg/md Strep). Cells were cultured for another 48 h.
Control medium (BMEM/F 12 complete medium) alone was also cultared for 48 h. On day 4,
cell culture supernatants and control medium were coliccted and centrifeged at 250 g, 5 min
at 4°C, aliquoted in cryotube at 0.5 mL/ube, and frozen immediately at -70°C freezer. The

frozen samples were thawed and used for ELISA.

Results

180234] Levels of selected RTK ligands measured in hUTC conditioned medium are

summarized in Table 2-2.

Table 2 2. Cons;emmtiom of BDNF \*T?; HGF PDGF-CC, PRGF-DD, GDNF, ephrin-B2,

L

180238]  Levels of selected RTK ligands measured in hUTC conditioned medium were also

compared with those from NHDF and ARPE-19 conditioned medium, as normalized at
pg/mb/ /1x10° cells. hUTC seereted 72.7 7 pg/mL of BDNF per million colis per 48 h, compared
to 20.4 pg/mL and 16.2 pg/mL of BDNF per miflion cells per 48 h from NHDF and ARPE-
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19, respectively (Figure 11A). The amount of BDNF in control medium was undetectable.

(F1G. 11G).

862361 hUTC and NHDF secreted a low amount of NT3 (Figure 11B). The amount of

NT3 in ARPE-19 conditioned medium and control medium was undetectable.

1802377 bUTC secreted 23.7 pg/ml. of HGF per million celis per 48 b, compared te 3.9
pg/ml and 0.4 pg/mL from NHDF and ARPE-19, respectively (Figare HC), The amount of

HGF i the control medium was undetectable. (FIG. 11G).

1862381  The amounts of PDGF-CC and PRGF-DD m bUTC CM compared to those in
NHDF and ARPE-19 CM are shown in Figure 11D and Figure 11E. 0.3 pg/mL of PDGF-CC

and 3.1 pg/mL of PDGF-DD were detected in control medium, respectively.

{88238 hUTC secreted 9.5 pg/mb. of GDNF per nullion cells per 48 h compared to 8.5
pg/mb of GDNF from NHDF. ARPE-19 ounly released trace amoont of 1.3 pg/mL of GDNF
per million cells per 48 h (Figure 11F). The amouni of GDNF in control medium was
undetectable. (FIG. 11G).

1802461 The levels of eplrin-B2 and HB-EGF in conditioned medium of hUTC, NHDF,
and ARPE-1Y were under the detection lumit of the ELISAs (15.6 pg/mli. and 20 pg/mb.,
respectively). The levels of agrin in hUTC, NHDF and ARPE-19 conditioned medium were

similar to that in control medium,

180241]  Effects of BDNF, HGF, PDGF-DD, ephrin-B2 and HB-EGF tested in RCS RPE
phagocytosis assay using the doses at 200 ng/mL all showed positive effect on rescoing
phagocytosis in RCS RPE cells. {(Example ). However, the actual concentrations of these

Higands secrcted front hUTC 1o conditioned medium appear lower than the level tested.

EXAMPLE 3
Bridge molecules in hUTC conditioned medium

[882421  The transcriptomic profile of both RCS RPE cells and hUTC showed that RCS
RPE cells express genes of receptors that recognize “eat me” signals on apoptotic cells.

(Erwig L-P, Cell Death and Differentiation 2008; 15: 243-250). These receptors include
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scavenger receptors (SR-A, LOX-1, CD68, C336, CD14), integrins (avpR3 and avps),
receptor tyrosine kinases of the Axl and Tyro3, LRP-1/CD91, and PS recepior Siabilin 1.
Moreover, BUTC expresses a number of bridge molecule genes including TSP-1, TSP-2,
surfactant protein D (SP-D), MFG-ER, Gast, apolipoprotein H, and annexin [, Secretion of
bridge molecules in hUTC conditioned mediom was examined and the levels compared with

those from ARPE-19 and normal human dermal fibroblast (NHDF).

Materials and Methods

1802437  bUTC (PDLI20, master cell bank number 25126057}, ARPE-19 cells (passage 3)
(ATCC, Manassas, VA) and NHDF (passage 11) {Lonza, South Plainfield, NJ) were used for

the shudy.

180244}  Human Gas6 BELISA kit {catalog #SKO0098-01, lot #20111218) and buman SP-D
ELISA kit (catalog #5K00457-01, lot #2011 1135) from Aviscera Bioscience, Santa Clara,
CA. The standard detection range of human Gas6 ELISA kit is 62.5-8000 pg/mL with the
scusttivity of 31 pg/mi. The standard detection vange of human SP-D ELISA kit is 78-5000
pg/ml. with the sensitivity of 30 pg/ml. Human MFG-ER ELISA kit (catalog #DFGERQ, lot
#307254, standard detection range: 62.5-4000 pg/mL; sensitivity: 4.04 pg/mL}, human TSP-1
ELISA kit (catalog #DTSP10, lot #307182, standard detection range: 7.81-500 ng/ml;
sensitivity: .355 ng/ml.}, and human TSP-2 ELISA kit (catalog #DTSPIO, lot #307260,
standard detection range: 0.31-20 ng/mL; sensitivity: 0.025 ng/mL) were from R&ED Systems,
Inc., Mimneapolis, MN. Apolipoprotein H homan ELISA kit {catalog #ab 108814, lot
#ORI26934, standard detection range: 0.625-40 ng/ml., sensittvity: 0.6 ng/ml) was from
Abcam, Cambridge, MA. Human Anpexin | (ANX-1} ELISA kit (catalog #MBS704042, lot
#IN103140947, standard detection range: .312-20 ng/mL; sensitivity: 0.078 ng/mL) was from

MyBioSource, inc., San Diego, CA.

Table 3-1 Suvmmary of phagocyte recepiors, bridge melecules and
phagocyte binding sites gn apoptotic celis.
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Baogyei ot seveplor on shsyreyte Rridge matevuk Finadbng site on apopdsstic o

Thromleondes

s

Mote that receptor tyvosine kinases Tyre3 and Ax] are alvse PS-bridge molecule

recepiors and bind to Gass.
180248 Preparation of WUTC, ARPE-19 and NHDF conditioned media: Onday 1, hUTC,
ARPE-1% and NHDF were seeded, respectively, at 10,000 viable cells/cm” in T75 cell culture
flasks in 15 mL of WUTC growth medivm (DMEM low ghucose + 15% FBS + 4 mM L~
ghutaming). Culture for 24 h in 37°C 5% CO; incubator. On day 2, media was aspirated and
replenished with 18 ml, of DMEM/F12 coraplete medium (DMEM:F12 medium + 10% FBS
+ Pen (50U/Mml)/Strep (50 pg/ml)). Cells were cultured for another 48 h. Control mediom
(DMEM:F12 medium + 10% FBS + Pen (50U/mlYStrep (50 ng/ml)) alone was also cultured
for 48 h. Om day 4, cell culture supernatants and control medinm were collected and
centrifuged at 250 g, 5 min at 4°C, aliquoted in cryotube at 0.5 mE/tube, and frozen

immediately at -70°C freezer. The frozen samples were thawed and used for ELISA.

Results

180246} hUTC secreted 77.2 ng of MFG-E¥ per million cells per 48 b, compared to 7.6 ng
and 17.5 ng of MFG-ER per million cells per 48 h from ARPE-19 and NHDF, respectively
(Figure 12A). The concentration of MEG-ER in hUTC conditioned medium was 15.5 ng/mi.

The amount of MFG-EE in control mediim was undetectable. (FI1G. 12E).
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[B80247] bhUTC secreted 352.8 pg of Gasd per million cells per 48 b, compared to 183.% pg
from ARPE-19 and 1101 pg from NHDF {Figure 12B). The concentration of Gas6é in hUTC
conditioned mediurg was 70.6 pg/ml. The amount of Gaso 1n control medium was

undetectable. (FIG. 11G)

186248] hUTC secreted 759.2 ng of TSP-1 per million cells per 48 b, compared to 4744.6%
ng of TSP-1 per million cells per 48 b from ARPE-19 and and 2487.55 ng from NHDF
(Figure 120). The concentration of TSP-1 in hUTC conditioned medium was 1518 ng/mlL.

4.0 ng/mL of TSP-1 was detected in control mediom, (FIG. 12E),

1902497  hUTC secreted 44.2 ng of TSP-2 per million cells per 48 h compared to 30 ng of
TSP-2 from NHDF, ARPE-19 released negligible amount of 0.08 ng of TSP-2 per million
cells per 48 h (Figure 12D). The concentration of TSP-2 in hUTC conditioned medium was
8.8 ng/ml.. Trace amount of TSP-2 {(0.02 ng/ml.} was detected in control medium. (FIG.
12E).

{88256} The level of Apolipoprotein H in the conditioned medium of hUTC, ARPE-19 and
NHDF was similar to that in control medium (6.8 ng/ml}. Levels of SP-IJ and Annexin 1 in
hUTC, ARPE-19 and NHDF conditioned media as well as control medium were under the
detection fmit of the ELISAs (<30 pg/mL and <78 pg/mL, respectively). The cells cither do

not seerete the two proteios, or the levels are below the Hmit of detection.

{88251 A sammary of bridge molecules examined in hUTC conditioned median and their

concentrations is listed in Table 3-2.

Table 3-2. Sammary of bridge molecules examined i hUTC conditioned medium

-
-

180252] Among the bridge molecules measured, MFG-ES, Gas6, TSP-1 and TSP-2 are
bridging molecule candidates involved in hUTC-mediated phagocytosis rescuc in RCS RPE

cells.
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[88253]  Binding of bridge molecules opsonized ROS would activate the integrin and RTE
signaling pathways, which would compensate for the absence of Mertk signaling, and lead to

rescue of phagocyiosis.

EXAMPLE 4

Effect of hUTC conditioned medinm and bridge molecules on Rod (uter Segment
{(ROS) Phagoeytosis by RCS RPE cells

[B80254]  The direct effect of hHUTC conditioned media on ROS phagocyvtosis was examined
by feeding RCS RPE cells with ROS preincubated with hUTC conditioned media. (US
2010/0272803). The phagocytosis of the dystrophic RPE cells was completely rescued.
Here, the effect of bridge mwlecules present or secreted in hUTC conditioned media was
mvestigated. Currently, the only “eat-me” signal identified on ROS is phosphatidylserine

{PS) (Finnemann ef al, PNAS, 2012; 109 (211:8145-8148).

Materials and Methods

{80255]  Procedurcs for RPE isolations, primary culture of RPE cells, sulforhodamine
staining of RPE cells, isolation of rat ROS, FITC staining of ROS, phagocytosis assay,
imaging and guantitation, assay acceptance criteria, and relative phagocytosis level are

described in Example §.

1802861 RUTC Conditioned Mediuwm (CM}: hUTC CM3 was used for the study. On day
1, hUTC was seeded at 10,000 viable cells/em” in T75 cell cultare flask in hUTC growth
medium (DMEM low glacose + 15% FBS + 4 oM L-ghutamine ). Culture for 24 hours in
37°C 5% CO; incubator. On day 2, medium was aspirated and replenished with 21 mL of
DMEM/F12 complete mediom (DMEM:F 12 medium + 16% FBS + Pen (50U/ml)y/Strep (50
wg/mb)). Cells were cultured for another 48 hours. Conirol mediom (DMEM:F12 medivm +
10% FBS + Pon (50U/Mmb/Strep (50 pg/ml)) alone was alse cultured for 48 h. On day 4, cell
culture supermnatant and control medium were collected and centrifuged at 250 g, S min at RT,

alicuoted in cryotube at 3 mL/tabe, and frozen immediately at -70°C freezer,
o 2 o

{B0257]  Recombinant human bridge molecules: Recombinant Human MFG-ER (Cat #
2767-MF-050, Lot # MPP2(312061), recombinant Human Gas6 (Cat # 885-GS-050, Lot #
GNT5013011), recombinant Human TSP-1 (Cat # 3074-TH-050, Lot # MVEF3613041),

recombinant Homan TSP-2 (Cat # 1635-T2-050, Lot # HUZ1713021), were all obtained from



WO 2016/099949 PCT/US2015/063931

R&D Systems, Inc., Minneapolis, MN. Reconstitution of individual protein stock solution
was to follow the vendor’s data sheets: Recombinant Human MFG-ES, TSP-1 and TSP-2
were reconstituted at 100 pg/roll in sterile PBS, respectively. Recombinant Homan Gast was
reconstituted at 100 pg/mL in sterile water. The reconstituted stocks were aliquoted and

frozen at -70°C freezer.

1B0258]  Effects of bridge molecules on RCS RPE cell phagecytosis: ROS was
preincubated with contro! mediom (DMEM + 10% FB3) or CM3 for 24 hin CGy cell culture
incubator at 37°C. In parallel, ROS was preincubated in control medium with various
concentrations of human recombinant MFG-E&, Gas6, TSP-1 or TSP-2 for 24 hin C0; cell
culture incubator at 37°C. After the incubation, the ROS was spun down without wash,
resuspended in MEMS and fed 1o the dystrophic RPE cells in the presence of MEMS for
phagocytosis assay. For conirols, normal RPE alone or dystrophic RPE alone was cultured in
MEMZ2G, then changed to MEMS in the presence of untreated ROS (resuspended in MEMZ20

and fed 1o RPE cells) for phazocyviosis assay.
J £OC3 y

188289  Effects of RTK figands on RCY PRE cell phagocytosis: RS RPE were
cubated with recombinant human BDNF, HGF and GDNF individually for 24 hours, and
then 05 was added for phagoeytosis assay. RCS RPE incubated with hUTC CM was used as

a positive control.

[80268] siRNA knockdowsn: The On-TARGETphis human siRNA-SMARTpools
directed against human BDNF, HGF, GDNF, MFG-ES, Gas6, TSP-1 and TSP-2, as well as
ON-TARGETpius Non-targeting pool {(scrambled siRNA pool} were puschased from GE
Dharmacon (Lafayette, CO). 25 oM of cach siRNA pool was incorporated indo hUTC

respectively, using DharmaFECT transfection reagent (GE Dharmacon).

180261} Andbodies for immunofinorescence staining: Unconjugated monoclonal
antibodies for the bridge molecules (human MFG-ES, Gas6, TSP-1 and TSP-2), as well as
mouse 12G2A and IgG2ZB isotype control antibodies were obtained from R&D Systems, Inc.,
Minneapolis, MN. These antibodies were conjugated with Alexa Fluor 488 fluorophore by
Lite Technologies (Hugene, OR). An unconjugated monoclonal anti-rhodopsin antibody
(EMD Millipore Corp., Temecula CA) was conjugated with Alexa Fluor 568 by Life
Technologies (Eugene, OR). An unconjugated mouse [gG2b, x isotype control antibody was
obtained from Biolegend Inc. (San Diego, CA) and conjugated with Alexa Fluor 488

fluorophore by Life Techuologies (Eugene, OR}). It was used as an isotype control antibody

86
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for Alexa Fluor 568 conjugated anti-rhodopsin antibody. Alexa Fluor 488 conjugated mouse
1gGZ A was used as an isotype control antibody for Alexa Fluor 488 conjugated anti-human
MFG-E8, Gaso, or TSP-2 antibodies. Alexa Fluor 488 conjugated mouse 1g(G2B was used as

an isotype control antibody for Alexa Fluor 488 conjugated human TSP-1 antibody.

1868262) [Immunofiuorescence: 10x 10° 08 were incubated for 24 hours at 37°C in | mL
of BUTC CM, 1 mi. of control medivm, or 1 ml. of control mediurn containing 124 ng/mlL.
MFG-E8, 8.75 ng/mL Gaso, 1.2 ug/ml TSP-1 or 238 ng/ml TSP-2. OF were pelleted,
washed and embedded in Tissue-Tek O.C.T compound (Sakura Finetek USA| Inc., Torrance,
CA}. A cryostat (Leica CM 1950, Leica Microsystems, Inc., Buffalo Grove, Hhinois) was used
to obtain 10 tAm serial sections. The sections were transferred 1o glass slides for the
mnmumefluorcscence staining. Circled spots with the OS pieces were treated with blocking
buffer (10% {v/v) goat serum, 1% (v/v) BSA, and 0.1% {v/v) Triten x 106 in PBS) for 1 how
at room temperature and then double stained with Alexa Fluor 568 conjugated anti-thodopsin
antibody and Alexa Fluor 488 conjugated anti-MFG-ER, anti-Gas, anti-TSP-1, anti-TSP-2, or
mouse [ghA or 1gG25 isotype control antibody for 2 hours at 4°C. After washing three times
with PBS, scctions were mounted in Vectashield mounting media (Vector Laboratories, Inc.,
Burlingame, CA) and evaluated with 2 Zeiss Photomicroscope 1 (Carl Zeiss, Uberkochen,
Germany) equipped with epifluorescence. Tmages were captured with a Kodak 290 digital
camera and analyzed using Kodak Microscopy Documentation System 290 Photoshop image
analysis software (Hastman Kodak, Rochester, NY). Images were made at 250 x magnification

with the appropriate filters.

Kesults

[88263]  As shown in Figures 13A and 13B (experiment 1) and Figures 13C and 13D
(experiment 2}, untreated dystrophic RPE cells reduced phagocytosis compared to normal
RPE ¢ells. Preincubation of dystrophic RPE cells with hUTC conditioned media completely
rescued phagocytosis without hUTC conditioned media being present during the assay, More
robust enhancement of phagoceytosis was observed when hUTC conditioned media was
present throughout the phagocytosis assay whether dystrophic RPE cells were pretreated with
BUTC conditioned media or not. Bystrophic RPE cells, fed with ROS pretreated with hUTC
conditioned media, showed a restoration of phagocytosis in the absence of hUTC conditioned

media during the phagocyiosis assay.

&7
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[88264]  Dystrophic RPE cells were fod with ROS preincubated with various
concentrations of MFG-E% (15.5 ug/mi; 31 ng/mi; 62 ng/mb; 124 ug/ml), Gas6 (70 pg/mi;
350 pg/ml; 1750 pgimb; 8750 pg/ml), TSP-1 (152 ng/mb.; 304 ng/ml; 608 ng/mi,; 1216
ng/mb) or TSP-2 8.8 ng/ml; 26.4 ng/ml; 79.2 ng/ml; 237.6 ng/ml) and assayed for
phagocytosis (FIGS. 14 A-14D}. Ten observations were made per sample. The ROS
phagocytosis was rescued by feeding RCS RPE cells with ROS preincubaied with MFG-ES,
Gasé, TSP-1 or TSP-2.

[8062658] Fach of MFG-ER, Gasé, TSP-1 and TSP-2 dose-dependently increased the
phagocytosis level in RCS RPE cclls (FIGS. 14E-14H). Similarly, BDNF, HGF and GENF
dose-dependently increased the phagocytosis level in RCS RPE cells, with the effect of HGF
being the strongest even at the lowest dose. When applied at higher concentrations, BDNF,
HGF and GDNF were able {0 rescue phagocytosis in RCS RPE (FIGS. 141-J). These resulis
show that recombinant RTK ligand and bridge molecule proteins can mimic the effect of
BUTC CM and restore RCS RPE phagocytosis, and are involved in hUTC-mediated

phagocytosis rescue in RCS RPE.

168266] BDNF, HGF, GDNF, MFG-ER, Gas6, TSP-1 and TSP-2 were knocked down in
hUTC by siRNA mediated gene silencing. Scrambled siRNA pool that does not target any
genes was used as knockdown control. The knockdown efficiency of each factor was
examined by measuring the level of cach factor in the cell culture supernatants collected from
BUTC transfected with siRNA (FIG. 15A). Mock or scrambled siRNA transfection had no
effect on hUTC secretion of these factors. siRNA targeting MFQG-ES, TSP-1, TSP-2 and HGF
yielded almost 100% knockdown cfficiency; 80% and 65% knockdown were observed for
BDNF and GDNF, respectively (FIG. 15A). siIRNA targeting Gas6 in hUTC did not work
{data not shown). CM was produced from siRNA-wansfected hUTC and applied to RCS RPE
to identify the effects of RTK ligands and bridge molecule knockdown. RCS RPE were
cuftured with CM produced from hUTC transfecied with siRNA targeting BDNF, HGF or
GONF (FIG, 15B), or were fod with OS pre-treated with CM produced from hUTC
transfected with siIRNA targeting MFG-ES, TSP-1 or TSP-2 (FIG. 1SC). CM prepared
from untransfected and scrambled siRNA transfected hUTC were used as knockdown
control CMs. Individual knockdown of cach of the RTK ligands abolished the offect of
hUTC CM on phagocytosis rescue compared to that of knockdown contro! CMs (FIG.

15B). Knocking-down of each of the bridge molecules decreased the phagocyvtosis of OS

58



WO 2016/099949 PCT/US2015/063931

by RCS RPE (FI1G. 15C). These RTK ligands and bridge molecules are required for

hUTC-mediated phagocytosis rescue in RCS RPE.

{86267  Dual staining for cach individual bridge molecule and rhodopsin ensuved that OS
was evaluated. Rhodopsin is the visoal pigments localized in photoreceptor OS andis a
hallmark for OS staining (Szabo K, et al. Cell Tissue Res, 2014;356(1):.49-63). Rhodopsin-
stained (Alexa Fluor 568 coujugated, red) particles, pre-incubated with individual
recombinant human bridge molecule, stained positively with cach of the four bridge
molecule antibodics (Alexa Fluor 488 conjugated, green), but not with the Alexa Fluor 488
conjugated mouse 1gG2A or 1gG2ZB isotype conirol antibody (FIG. 16A). Similar resulis
were obtained for O8 incubated with hUTC CM (FIG. 16B), whereas no staining for any of
the bridge molecules was observed for control medium-incubated O3 (FIG. 16C). The
specificity of the anti-rhodopsin antibody was confirmed by double staining of the OS
particles with Alexa Fluor 568 conjugated anti-rhodopsin antibody and Alexa Fluor 488
conjugated mouse IgG2b, X 1sotype control antibody. The OS was stained positively only
with anti-rhodopsin antibody (FIG. 16D). Bridge molecules MFG-ES, Gass, TSP-1 and
TSP-2 in hUTC CM co-localized with rhodopsin on OF demonstrated that the bridge

molecules bind to OS,

EXAMPLES
hUTC Protection of RPE from Oxidative Damage

[90268]  Oxidative stress can compromise the health of retinal pigment epithelium. The
effect of WUTC and hUTC conditioned media to tmprove the health of RPE celis exposed to
oxidative damage was investigated.

Materials and Methods

[80269]  Hydrogen peroxide (H)(,), crystal violet and Thiazokyvl Blue Tetrazolium

Bromide (MTT) were obtained from Sigma-Aldrich (St Louis, M),

{8027¢]  Ham’s F10 medium, Penicillin-Streptomycin Solution (5000 units/mi
penicillin/5000ug/mL streptomycin), Trypsin-EDTA solution (0.05%), low glucose DMEM,

L-glutamine 200mM were obtained from Life Technologies).

%9
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{88271} Hyclone FBS and formaldehyde were purchased from Thermo Scientific.
Isopropanal, glacial acetic acid and bydrochloric acid were purchased from Fisher Scientific
(Pittshurgh, PA). Ethanol was obtained Decon Labs inc. (King of Prussia, PA). PBS was

obtained from Lonra (South Plainfield, NJ).

{80272 ARPFE growth medium: DMEM with 4.5 ¢/LL glucose and sodium pyruvaie
without L-glotanine and phenol red) (Mediatech, Inc. A Coming Subsidiary, Manassas, VA)
supplemented with 5% or 10% heat-inactivated fetal boving serum (FBS, Life Technologies,
Grand Island, NY), 1X Minimum Essential Medivm - Non-Essential Amino Acids (MEM-
NEAA, Life Technologies) and 0.0 1mg/ml. Gentamicin Reagent Solution (Life

Technologies).

1882731 5% ARPE growth medium containing 10uM AZFE:. DMEM (Mediatech, Inc.)
supplemented with 5% heat-inactivated FBS (Life Technologics), 1X MEM-NEAA (Life
Technologies), 0.01mg/mL Gentamicin Reagent Solution {Life Technologies) and 10gM

AZE (prepared by the lab of Dr. Janet Sparvow).

90274 AUTC complete medium: DMEM low glucose (Life Technologies) supplersented
with 153% Hyclone® FBS (Thermo Scientific, Logan, Utah) and 4mM L-glotamine (Life

Technologies).

{88275} AUTC FBS medium: DMEM (Mediatech, Inc.) supplemented with 5% or 0%
heat-inactivated FBS (Lifc Technologies), 1X MEM-NEAA (Life Techoologies), 0.01mg/mi

Gentamicin Reagent Solution (Life Techuologies) and 4mM L-glutandne (Mediatech, Inc.).

186276} AUTC conditioned medium: hUTC (Research Bank NB12898P6, PDLZ{) were
sceded at 5000 colls/em” in hUTC complete medium (15mL) in 2 T75 cultare flasks at 37°C,
59 COy. 24 hours post-seeding, mediom was removed from each flask and cells were
washed 3 times with 15mL 1X Dulbecco's phosphate-buffered saline (DPBS). Following the
third wash, 15mb of 5% or 10% FBS hUTC medium were added to cach of the flasks.

Fifteen ml of 5% or 10% FRS hUTC media was also added to 2 empty T75 flasks and served
as controls. Al flasks were returmned to 37°C, 5% CO» for 48 hours. After 48 hours, media
was removed from cach flask and centrifuged at 250 x g for 5 minutes at 4°C. Media was

placed on ice and then aliquoted and stored at -80°C.

Q0
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{88277 ARPE-19 Cell Culturve for A2E Study: On Day 1 ARPE-19 cells were seeded in 8-
well Nooc™ Lab-Tek™ II chamber slides (Nalge Nunc International Corporation, Rochester,
NY) at a density of 40,000 cells/well in a final volome of 300ul. 10% ARPE growth medium.
24-hours post-sceding (Day 2) the medium on the cells was removed and replaced with
300uL S% ARPE growth mediom. One week later (Bay 9), medivan was again removed and
replaced with fresh 5% ARPE growth mediom. On Day 14, media was removed and
replaced with fresh $% ARPE growth medivm containing 10pM AZE. Ou Days 17 and 21,
media was removed again and replaced with fresh AZE-containing mediinn. On Day 24, the
AZE containing medium was removed and replaced with fresh S% ARPE growth mediom,

and the cells were allowed to quiesce for five days.

180278] On Day 29, medium was removed from each well and replaced with 250ull of 3
or 10% hUTC conditioned or control media (5% and 1% FBS hUTC media not cxposed to
cells). On Days 32 and 35, the conditioned and condrol media were removed from the cells

and replaced with fresh conditioned or control media.

On Day 36, all media were removed from each well and cells were washed once
with 12X DPBS. 200 uL. fresh DPBS was subsequently added to each well and cells were
exposed to 430 wm light delivered from a tungsten halogen source for 20 minutes. Following

light exposure the DPBS was removed and cell viability assays were performed.

180288 MTT Assay for A2E Study: Cytotoxicity was measured by a metabolic (MTT, (3-
{4.5-Dimcthylthiazol-2-y1)-2,5-Diphenyltctrazolivm Bromide) colorimetric microtifer assay
{Roche Diagnostics Corporation, Indianapolis, IN). To perform the MTT assay, 20 ul. of
MTT labeling reagent (Roche Diagnostics Corporation) was added to 0.2 mL of $% culture
medium in cach well. After 4 hours of incubation, another 200 ul. of sclubilization solution
was added to cach well for an overnight incubation. After contrifugation at 13,000 rpm for
2 minutes, supernatants were measured spectrophotometrically at 570 nm (SpectaMax MJ,
Molecular Devices, Sumnyvale, CA). A decrease in the absorbance at 570 mm of reduced

MTT is indicative of diminished celfular viability. Data werc analyzed with Prism Software.

{88281 Dead Red Assay for AZE Study: Nonviable cells were quantified after labeling by
a fhuorescence exclusion assay that allowed for the labeling of apoptotic nucle! because of a
loss of plasma membrane integrity during the latter stages of cell death. Following hight

exposure cells were returned to 5% ARPE growth mediom. Eight hours after blue light
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exposure, the nuclet of dead cells were stained with the membrane impermeable dve Dead
Red (Life Technologies; 1/500 dilution, 15 min incubation) and all nuclei were stained with
4.6 -diamino~-Z-phenylndole (DAPT) (Life Technologics). Brictly, cells were washed twice
with prewarmed (37°C) Hank’s Balanced Salt Solution (1X) HBSS (Life Technologies). 250
sl of Dead Red working solution (8ul Dead Red stock + 4mL HBSS) were added (o cach
well for 15 minutes at room temperature. After 15 minutes cells were washed twice with
HBSS, 300 b of 4% formaldehyde prepared is 1X DPFBS were added to cach well for 30
minutes at reorg teraperature. Cells wore washed 3 times with 1X DPBS and incubated with
DAPT (1:300 prepared in 13X DPBS) working solution for 5 minutes at room temperature.
Cells were washed 3 times with 1X DPBS. Shides were mounted and coverslipped and
eplicates were assayed by counting DAPI-stained and Dead-Red stained nuclei in at least

3 microscopic ficlds within the arca of iHlumination in cach well. Values are presented as

Dead-Red-stained nuclel/DAPT stained nuclel x 100,

188282  Cell Culture for H0s Study: ARPE-19 cells (Ame

Manassas, VA) were grown in Ham's F10 Medium containing 10% FBS and SO vnits/mL
penicillin/50 pg/mL streptomycin as monolayers in T75 flasks at 37°C, 5% CGy. For co-
culture experiments with hUTC, the ARPEI9 cells were grown 0 80-90% confluency in T-
75 flasks and subsequently seeded in 24-well cell culture plates. ARPE-19 cells were allowed
to grow in 10% FBS growth mediom until the 3rd day after seeding when the media was
changed o basal medivm (Ham’s F10 media supplemented with 2% FBS and 50 units/mL

peoictilin/S0 pg/ml streptomycin.

[80283] hUTC were seeded onto cell culture inserts (pore size 1 pm) at 5000 colls/cm’ in
bUTC complete growth (low glacose DMEM supplemented with 15% FBS and 4mM L-
glotamine) for 24 hours. Inserts were transferred to ARPE-19 cells growing on cell culture
plates for 72 hours and grown in hUTC complete medivm. Inserts were removed and ARPE-
19 cells were treated with HO» (0 — 1500 puM) prepared in serum free Ham’s F10 media for

9 hours.

1808284]  Crystal Vielet Cell Viability Assay for H,(2; Study: The relative cell viability was
deternined by crystal violet uptake. Following treatments, cells were fixed in 4%
paraformaldehyde in PBS and stained in a solution of .1% crystal violet, 109 cthanol. After
washing with water, the remaining stain was dissolved in 10% acetic acid and the absorbance

measured with a microplate reader at 550 nm.
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[BO28S]  MTT dssay for HO; Study: Cells were incubated with 0.25 mg/mL MTT in
serum-free medivm at 37°C for 3 hours. The medium was then removed and acidic
wopropanol {1ul. concentrated HCL per Iml. isopropanch) was added to solubilize the
produced blae formazan (MTT metabolic product). The density of blue formarzan was

measured at 550 nm with a background wavelength at 630 nm using a microplate reader.

Resulis

180286} hUTC conditioned media protected AZ2E-laden RPE cells from blue light-induced
damage. ARPE-19 viability was assessed post-trradiation by labeling cells with the
membrane-impermeant dye Dead Red and all nuclet with DAPTL. Nuclet counted in digital
images provided the percent of viable and non-viable cells (FIGS. 17A-17B). In the absence
of 430 nm ilumination, 10pM A2E had no effect on ARPE-19 viability. Cells that were
meubated with control media and subjected to 430nm dlumination showed high levels of
nonviable cells (~50%). Tn contrast, treatment with hUTC conditioned media resulted in a

reduction in the number of nonviable cells (~20%:).

{88287 Cell viability was also measured by MTT assay (FIGS. 17C-17D), which is based
on the ability of healthy cells to cleave the yellow tetrazolivm sait MTT (o purple formazan
crystals. Production of formazan is proportional to the number of viable cells in the culture.
ARPE-19 cells treated with control media and exposed o Hight showed a reduction in
viability compared to ARPE-19 cells that were loaded with 10pM AZE and not cxposed to
light. Cells treated with 5 or 10% hUTC conditioned media showed higher viabilities than

those exposed {o control media.

{86288} Following total HaO» treatment, ARPELS cell viability was deteremined by the
crystal violet and MTT assays (FIGS. 17E-17F). ARPE-19 cells that were co-cultured with
BUTC showed improved viabilities following treatment with 1500 pM HyO, compared to

unireated control cells.

EXAMPLE ¢
Derivation of Cells from Postpartum Tissne
[80289]  This cxample describes the preparation of postpartars-derived cells from placental
and umbilical cord fissues. Postpartum umbilical cords and placentae were obtained apon

birth of either a full term or pre-term pregnancy. Cells were harvested from five separate
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donors of umbilicus and placental tissue. Different methods of cell isolation were tested for
their ability to yield cells with: 1) the potential to differentiate into cells with different
phenotypes, a characteristic common to stem cells; or 2) the potential to provide trophic

factors useful for other cells and tissges.

Methods & Materials

1882901  Umbilical cell isolation: Umbilical cords were obtained from National Disease
Research Interchange (NDR1, Philadelphia, Pa.). The tissues were obtained following normal
deliveries. The cell isolation protocol was performed aseptically in a laminar flow hood. To
remove bicod and debris, the cord was washed in phosphate butfered saline (PBS; Invitrogen,
Carlsbad, Calif)} in the presence of antimycotic and antibiotic (100 units/miililiter peniciliin,
100 micrograms/mithiliter streptomycin, 6.25 micrograms/milliliter amphotericin B). The
tissues were then mechanically dissociated in 150 cm” tissue culture plates in the presence of
50 milliiters of medium (DMEM-Low glucose or DMEM-High glucose; Invitrogen), until
the tissue was munced into a fine pulp. The chopped tissues were transforred fo 50 millititer

conical tubes (approximately 5 grams of tissue per wibe).

{88291]  The tissue was then digested in either DMEM-Low glucose medium or DMEM-
High glucose medium, each containing antimycotic and antibiotic as deseribed sbove. In
some experiments, an enzyme mixture of collagenase and dispase was used ("C:D™)
collagenase (Sigma, St Louis, Moe.), 500 Units/milliliter; and dispase {Invitrogen), 50
Units/milliliter in DMEM-Low glucose medium). In other experiments a mixture of
collagenase, dispase and hyaluronidase ("CiD:H"™) was used (collagenase, 500
Units/millititer; dispase, SO Units/milliliter; and hyaluronidase (Sigma), 5 Units/milliliter, in
DMEM-Low ghacose). The conical tubes containing the tissue, medivm and digestion
enzymes were incubated at 37° C in an orbital shaker (Environ, Brooklyn, NJY.) at 225 rpm

for 2 hrs.

{80292}  After digestion, the tissues were centrifuged at 150%g for 5 minutes, and the
supernatant was aspirated. The peliet was resuspended in 20 nlhiliters of Growth Mediom
{DMEM-Low glacose {Invitrogen), 1S percent (v/v) fetal bovine serum (FBS; defined bovine
serumy; Lot#FAND 18475 Hyclone, Logan, Utah), 0.001% (v/v) 2-mercaptoethanol (Sigma), |
mitiliter per 100 milliliters of antibictic/antinyycotic as described above. The cell suspension

was filtered through a 70-micrometer nylon cell strainer (BD Biosciences). An additional 5
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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.

1802931 The filtrate was resuspended in Growth Mediem (total volume 50 milliliters) and
centrifuged at 1507g for § minutes. The supernatant was aspirated and the cells were

resuspended 50 milliliters of fresh Growth Mediura. This process was repeated twice more.
{82941  Upon the final centrifugation, superpatant was aspirated and the cell pellet was
resuspended i 5 milliliters of fresh Growth Medium. The number of viable cells was
deternined using Trypan Blue staining. Cells were then cultured under standard conditions.

186265]  The cells isolated from umbilical cords were seeded at 5,000 celis/om” onto

7
7

gelatin-coated T-75 ¢m’ flasks (Corning Inc., Corning, MN.Y.) in Growth Medium with
antiblotics/antimycotics as deseribed above. After 2 days (in various experiments, cells were
mcvbated from 2-4 days), spent mediom 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 ) 1o
passage 1. On subsequent passages {(from passage | to 2 and so on), cells reached sub-
confluence (75-85 percent confiucnce) in 4-5 days. For these subsequent passages, cells were
sceded at 5000 cells/em’. Cells were grown in a bumidified jncubator with 3 pereent carbon

dioxide and atmospheric oxygen, at 37° C.

188296}  Placental Cell Bsolation: Placental tissue was obtained from NDRI (Philadeiphia,
Pa.). The tissues were from a pregnancy and were obtained at the time of a normal surgical

delivery. Placental cells were 1solated as described for umbilical cell isolation

1802977  The following example applies to the isolation of separate populations of

maternal-derived and neonatal-derived cells from placental tissue,

{88298} The cell isolation protocol was performed aseptically in a laminar flow hood. The
placental tissuc was washed in phosphate buffered saline (PBS; Invitrogen, Carlsbad, Califl)
m the presence of antimycotic and antibiotic (as described above) to remove blood and
debris. The placental tissue was then dissected into three sections: top-line (neonatal side or
aspect), mid-line (mixed cell isclation nconatal and maternal) and bottom ine (maternal side

ot aspect).

[86299]  The separated sections were individuaily washed several times in PBS with
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antibiotic/antimycotic to further remove blood and debris. Each section was then
mochanically dissociated in 150 em?” tissue culture plates in the presence of 50 milliliters of
DMEM-Low ghicose, to a fine pulp. The pulp was transferred to 30 milliliter conical tubes.
Each tube contained approximately 5 grams of tissue. The tissue was digested in either
DMEM-Low glacose or DMEM-High ghicose median containing antimycotic and antibiotic
{100 U/milliliter penicillin, 100 micrograms/milliliter streptomycin, .25
micrograms/milliliter amphotericin B) and digestion cnzymes. o some experiments an
enzyme mixture of collagenase and dispase ("C:D") was used containing collagenase (Sigma,
St Loais, Mo.) at SO0 Units/milliliter and dispase (Invitrogen) at SO Units/milliliter in
DMEM-Low ghicose medium. In other experimenis a mixture of collagenase, dispase and
hyvaluronidase (C:[3:H) was used {collagenase, 500 Units/milliliter; dispase, 50
Units/miliiliter; and hyaluronidase (Sigma), 5 Units/milliliter in DMEM-Low glacose). The
conical tubes containing the tissue, medium, and digestion cnzymes were incubated for 2 h at

37° C in an orbital shaker (Environ, Brooklyn, N.Y.} at 225 pm.

[60380]  After digestion, the tissues were cenirifuged at 150%g for 5 minutes, the resultant
supernatant was aspirated off. The pellet was resuspended in 20 milliliters of Growth
Medium with penicillin/streptomycin/smphotericin B, The cell suspension was filtered
through a 70 micometer nylon cell strainer (BD Biosciences), chased by a rinse with an
additional 5 milliliters of Growth Medium. The total cell suspension was passed through a 40
micometor nylon cell strainer (BD Biosciences) followed with an additional 5 milliliters of

Growth Medium as a rinse.

{88381}  The filtrate was resuspended fn Growth Mediom (total volume 50 milliliters) and
contrifuged at 150°g for 5 minutes. The supernatant was aspirated and the cell peliet was
resuspended in 5O milliliters of fresh Growth Medium. This process was repeated twice more.
After the final centrifugation, supernatant was aspirated and the cell pellet was resuspended
in 5 milliliters of fresh Growth Medium, A cell count was determined using the Trvpan Blue
Exclusion test. Cells were then cultured at standard conditions.

1883621  LIBERASE Cell Isolation: Cells were isolated from umbilicus tissues in DMEM-
Low glucose reedivm with LIBERASE (Bochringer Mannheum Corp., Indianapolis, Tnd. ) (2.5
milfigrams per milliliter, Blendzyme 3; Roche Applied Sciences, Indianapolis, Ind.) and
hyaluronidase (5 Units/milliliter, Sigma). Digestion of the tissue and isolation of the cells was

as described for other protease digestions above, using the LIBERASE/hyaluronidase mixture
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m place of the C:D or C:D:H enzyme mixture. Tissue digestion with LIBERASE resulted in

the isolation of cell populations from postpartum tissues that expanded readily.

1803831 Cell isolation using other enzyme combinations: Procedures were compared for
isolating cells from the vmbilical cord using differing enzyme combinations. Enzymes
compared for digestion included: 1} collagenase; if) dispase; it} hyaluronidase; iv)
collagenase: dispase mixture (C:DY; v) collagenase: hyaluronidase mixture (C:H}; vi} dispase:
hyaluronidase mixture (D:H); and vi) collagenase: dispase: hyaluronidase mixture (C:D:H).
Drifferences in cell isolation utilizing these different enzyme digestion conditions were

observed (Table 6-1).

180384]  Isolation of cells from residual blood in the cords: Other attempts were made 1o
isolate pools of cclls from vmbilical cord by different approaches. In one instance umbilical
cord was sliced and washed with Growth Medium to dislodge the blood clots and gelatinous
material. The mixture of blood, gelatinous material and Growth Medium was collected and
centrifuged at 150%g. The pellet was resuspended and seeded onto gelatin-coated flasks in
Growth Medium. From these experiments a cell population was isolated that readily

expanded.

180385}  Isolation of cells from cord blood: Cells have alse been isolated from cord ood
samples attained from NDR 1 The tsolation protocol used here was that of international
Patent Application WO 2003/025149 by Ho er of. (Ho, T. W, er ¢/, “Cell Populations Which
Co-Express CB49C and CD96,” Application No. PCT/US02/29871). Samples (50 milliliter
and 10.5 milliliters, respectively) of umbilical cord blood (NDRL Philadelphia Pa.) were
mixed with lysis buffer (filter-sterilized 155 mM amumonium chloride, 10 millimolar
potassium bicarbonate, 0.1 millimolar EDT A buffered to pH 7 .2 (all components from
Sigma, St. Louts, Me.)). Cells were lysed at a ratio of 1:20 cord blood to lysis buffer. The
resuiting coll suspeunsion was vortexed for 5 scconds, and incubated for 2 minutes at ambicnt
temperature. The lysate was centrifuged (10 minutes at 2007g). The cell pellet was
resuspended n complete minimal cssential medium (Gibeo, Carlsbad, Calif) containing 10
percent fetal bovine serum (Hyclone, Logan Utah), 4 millimolar glutamine (Mediatech,
Herndon, Va.}, 100 Units penicillin por 100 milliliters and 100 micrograms streptomycio per
100 malhhiters (Gibeo, Carisbad, Calif)). The resuspended cells were centrifuged (10 minutes
at 200"g), the supernatant was aspirated, and the cell pellet wag washed in complete medium.

Cells were seeded directly into cither T7S5 flasks (Corning, N.Y.), T75 laminin-coated flasks,
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or T175 fibronectin-coated flasks (both Becton Dickinson, Bedford, Mass.).

190386]  leolation of cells using different enzyme combinations and growth conditions: To
determine whether cell populations could be isolated under different conditions and expanded
ander a variety of conditions immediately after isolation, cells were digested in Growth
Mediom with or without 0.001 percent (v/v) Z-mercaptoethanocl (Sigma, St. Louis, Mo.),
using the cozyme combination of C:1:H, according to the procedures provided above.
Placental-derived cells so isolated were seeded under a variety of conditions. All cells were

srown 1n the presence of penicilhin/streptomyein. (Table 6-2).
£ ] 3 !

1803871 fsolation of cells using different enzyme combinations and growth conditions: In
all conditions cells attached and expanded well between passage 0 and | {Table 6-2). Cells in
conditions 5-8 and 13-16 were demonsirated to proliferate well up to 4 passages after seeding

at which point they were cryopreserved and banked,

Results

180388] (el isolation using different enzyme combinations: The combination of C:DH,
provided the best cell yield following isolation, and generated celis, which expanded for
many more generations in cultore than the other conditions (Table 6-1}. An expandable cell
popelation was not attained uvsing collagenase or hyaloronidase alone. No attempt was made

to determine if this result is specific to the collagen that was tested.

Table 6-1: Isclation of cells from umbilical cord tissue using varying enzyme combinations

Enzyme Digest Cells isofated Cell Expaunsion
Collagenase X X
Dispase +{>10 h)
Hyaluronidase X X
Collagenase:Dispase ++ (<3 h} ++
Collagenase:Hyaluronidase ++ (<3 h} +
Dispase:Hyaluronidase + (>10 h}) +
Collagenase: Dispase:Hyaluronidase (< 3 By At

Key: + = good, ++ = very good, +++ = ¢xcellent, X = no success
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Isolation of cells using different enzyme combinations and growth condifions:

Celis attached and expanded well between passage 0 and 1 under all conditions tested for

enzyme digestion and growth (Table 6-2). Cells in experimental conditions 3-8 and 13-16

profiferated well op to 4 passages after seeding, at which point they were eryopreserved. Al

cells were cryopreserved for further investigation.

Table 6-2: Isolation and culture expansion of postpartum cells under varying conditions:

Condition | Medhmn | 18% FBS | BME Gelatin 20% Oy Growth Factors

b DMEM-Lg Y Y Y Y N

2 DMEM-Lg Y Y Y N (5%} N

3 DMEM-Lg Y Y N Y N

4 DMEM-Lg Y Y N N {5%) N

5 DMEM-Lg N (2% ’ N {Laminin) Y EGF/FGF (20 ng/m)

6 DMEM-Lg N (2% N (Laminin} | N (5%} EGF/FGF (20 ng/ml)

7 DMEM-Lg | N{2%) Y N Y PDGF/VEGF
{Fibronectin}

8 DMEM-Lg | N{2%) Y N N (5%) PDGE/VEGF
{Fibronectin}

9 DMEM-Lg Y N Y Y N

i0 DMEM-Lg Y N Y N {5%) N

il DMEM-Lg Y N N Y N

i2 DMEM-Lg Y N N N (5%) N

i3 DMEM-Lg | N {2%) N N (Laminin) Y EGF/FGF (20 ng/mi)

14 DMEM-Lg | N(2%) N N (Laminin) § N {53%) EGF/FGF 20 ng/md)

is DMEM-Lg | N {2%) N N Y PDGF/VEGF
(Fibronectin)

16 DMEM-Lg | N {2%) N N N (5%} PDGF/VEGE
{Fibronectin)

1803181  Isolation of cells from residual blood in the cords: Nucleated cells attached and

grew rapidly. These cells were analyzed by flow cytometry and were similar to cells obtained

by enzyme digestion.
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{88311} fsolation of cells from cord blood: The preparations contained red biood cells and
plateiets. No nucleated cells attached and divided during the fisst 3 weeks, The medium was

changed 3 weeks afier seeding and no cells were observed to attach and grow.

180312]  Swmmary: Populations of cells can be derived from umbilical cord and placental
fissue efficiently using the enzyme combination collagenase (& matrix metalloprotease),
dispase {a newtral protease) and hyaluronidase {2 mucolytic enzyme that breaks down
hyaluronic acid). LIBERASE, which is a Blendzyme, may also be used. Specifically,
Blendzyme 3, which is collagenase (4 Wansch units/g) and thermolysin (1714 casein Units/g)
was also used together with hyaloronidase to isolate celis. These cells cxpanded readily over

many passages when cultured in Growth Medium on gelatin-coated plastic.

(863137 Cells were also isolated from residual blood in the cords, but not cord blood. The
presence of cells in blood clots washed from the tissue that adhere and grow under the

conditions used may be due to cells being released during the dissection process.

EXAMPLE 7
Karyotype Analysis of Postpartum-Derived Celis

{83141 Cell lines used in cell therapy are preferably homogeneous and free from any
contaminating cell type. Cells used in cell therapy should have a normal chromosome mumber
(46) and stracture. To identify placenta-and umbilicus-derived cell Hines that are
homogeneous and free from cells of non-postpartom tissue origin, karyotypes of cell samples

were analyzed.
Methods & Materials

{88318}  PPDCs from postpartum tissuc of a male neonate were cultured in Growth
Mediom containing penicillin/streptomycin. Postpartom tissue from a male neonate (XY}
was selected to allow distinction between neonatal-derived cells and maternal derived cells
(X, X). Cells were sceded at 5,000 cclis per square centimeter in Growth Medium m a 725
flask {Corning Inc., Corning, N.Y.} and expanded to 80% confluence. A T25 flask containing
cells was filled to the neck with Growth Medium. Samples were delivered to a clinical
cytogenetics laboratory by courter {estimated fab to lab transport time is one hour). Cells

were analyzed during metaphase when the chromosomes are best visuahized, Of twenty cells
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m metaphase counted, five were analyzed for normal homogeneous karyotype number (two),
A cell sample was characterized as homogenecous if two karyotypes were observed. A cell
saraple was characterized as heterogencous if more than two karyotypes were observed.
Additional metaphase cells were counted and analyzed when a heterogeneous karyotype

number {four) was identified.
Resulis

190316]  All cell samples sent for chromosome analysis were inferpreted as exhibiting a
normal appearance. Three of the 16 cell lines analyzed exhibited a heterogeneous phenotype
(XX and XY) indicating the presence of cells derived from both nconatal and maternal
origins {Table 7-1). Cells derived from tissue Placenta-N were isolated from the neonatal
aspect of placenta. At passage 7ero, this cell ine appeared homogeneous XY. However, at
passage nine, the cell line was heoterogeneous (XX/XY), indicating a previously undetected

prescnce of cells of maternal origin.

Table 7-1. Karyotype results of PPDCs.

Metaphase cells Metaphase cells Number of
Tissue passage counted analyzed karyotypes ISCN Karyotype
Placenta 22 20 3 2 46 , XX
Umnibilical 23 20 S 2 46, XX
Urnbilical 6 20 5 2 46, XY
Placenta 2 20 3 2 46, XX
Umbilical 3 20 3 2 46, XX
Placenta-MN 0 20 5 2 46, XY
Placenta-V 8] 2 5 2 46, XY
46, XY[18}/46,
Placenta-M G 21 3 4 KXXI3]
Placenta-M 4 28 5 2 46, XX
46, XY[5}/46,
Placenta-N Q 25 5 4 XX[207
Placenta-N
1 { 20 5 2 46, XY
Placenta-N 46, XY[21/40,
C3 1 20 6 4 KX{18}
Placenta-N
C4 1 20 3 2 46, XY
Placenta-N
15 ) 20 5 2 46, XY
Placenta-N
C20 i 20 5 2 46, XY
Placenta-N
22 i 20 3 2 46, XY

Key: N- Neonatal side; V-~ villous region; M- maternal side; C- clone
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{88317 Summary: Chromosome analysis identified placenta-and wmbilicus-derived cells
whose karyotypes appeared normal as interpreted by a clinical cytogenetic laboratory.
Karyotype analysis also identified cell lines free from maternal cells, as determined by

homogeneous karyotype.,

EXAMPLE S
Evalnation of Human Pesipartum-Derived Cell Surface Markers by Flow Cytometry

188318} Characterization of cell surface proteins or "markers” by flow cytometry can be
used to determine a cell ling's identity. The consistency of cxpression can be determined from
multiple donors, and in cells exposed to different processing and culturing conditions.
Postpartom-derived cell (PPDC) lines isolated from the placenta and umbilicos were

characterized (by flow cytometry), providing a profile for the identification of these ccli lines.

Methods & Materials

[B0319] Media and culiure vessels: Cells were cultured in Growth Medium (Gibeo
Carlsbad, Calif.y with penicillin/streptomycin. Cells were cultired in plasma-treated T78,
T150, and T223 tissue culture flasks (Corning Inc., Corning, N.Y.} until confhient. The
growth surfaces of the flasks were coated with gelatin by incubating 2% (w/v} gelatin

(Sigma, St. Lowuis, Mo.) for 20 minutes at room temperature.

1803207 Awnvibody Staining and flow cyiometry analysis: Adherent cells 1o flasks were
washed in PBS and detached with Trypsi/ EDTA. Cells were harvested, centrifuged, and
resuspended in 3% (v/v) FBS in PBS at a cell concentration of Ix107 per milliliter. In
accordance to the manufacture’s specifications, antibody to the cell surface marker of interest
{sce below) was added to one hundred nuicrobiters of cell suspension and the mixture was
incubated in the dark for 30 minuies at 47 €. After incubation, cells were washed with PBS
and centrifuged to remove unboond antibody. Cells were resuspended in SO0 microliter PBS
and analyzed by flow cytometry. Flow cytometry analysis was performed with a
FACScalibur™ instrument (Becton Dickinson, San Jose, Calif). Table 8-1 lists the antibodies

to cell surface markers that were used.
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Table 8-1: Antibodies used in characterizing cell surface markers.

Antibody Manufacture Catalog Number
D10 BD Pharmingen {San Diego, CA) 555375
Cii3 BD Pharmingen (San Diego, CA) S55394
CD31 BD Pharmingen (San Diego, CA) 555446
CD34 BD Pharmingen (San Dicgo, CA) 555821
CD44 B Pharmingen {San Diego, CA) 555478
CD45RA BD Pharmingen {San Diego, CA) 555459
CD73 BD Pharmingen (San Diego, CA) 550257
CDo BD Pharmingen (San Diego, CA) 555596
CD117 BD Biosciences (San Jose, CA) 3403529
CD141 B3 Pharmingen {San Diego, CA) 559781
PEGFr-alpha BD Pharmingen (San Diego, CA} 556002
HLA-A B, C BD Pharmingen (han Dicgo, CA) 555553
HLA-DR, DP, DG | BD Pharmingen (San Diego, CA) 555558
[gG-FITC Sigma {5t. Louis, MO} F-6522
1gG-PE Sigma (5t. Louis, MO} P-4685

1803211 Placenta and umbilicus comparison: Placenta~-derived cells were compared fo

ambilicus-derive cells at passage 8.

1803221 Passage to passage comparison: Placenta-and umbilicus-derived cells werg

analyzed at passages 8, 15, and 20.

1883231 Donor to donor comparison: To compare differences among donors, placenta-

dertved cells from different donors were compared to cach other, and umbilicus-derived cells

from different donors were compared to each other.

1803241  Surface coating comparison: Placenta-derived cells cultured on gelatin-coated

flasks was compared to placenta-derived cells cultured on uncoated flasks. Umbilicus-derived

cells cultured on gelatin-coated flasks was compared to umbilicus-derived cells coltured on

uncoated flasks.

180325]  Digestion enzyme comparison: Four treatments used for isolation and preparation

of cells were compared. Cells isolated from placenta by treatment with 1) collagenase; 2)

collagenase/dispase; 3) collagenase/hyaluronidase; and 4) collagenase/hyaluronidase/dispase

were compared.

883261  Placental laver comparison: Cells denived from the maternal aspect of placental

tissue werg compared to cells derived from the villous region of placental tissue and cells

derived from the neonatal fotal aspect of placenta.
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Results

1803271 Placenta vs. umbilicus comparison: Placenta-and ambilicus-derived cells
analyzed by flow cytometry showed positive expression of CDNQ, CD 13, Ch4dd, CD73,
CDY0, PDGFr-alpha and HLA-A, B, C, indicated by the increased values of fluorescence
relative to the TgG control. These cells were negative for detectable expression of CD31,
CD34, CD4S, CB117, CDi41, and HLA-DR, DP, DQ, indicated by flucrescence values
comparable to the IgG control. Variations in fluorescence values of posiiive curves were
accounted. The raean (i.c. CD13) and range (i.c. CS0) of the positive curves showed some
variation, but the corves appeared normal, confirming a homogenous population. Both

curves individually exhibited valucs greater than the 1g( control.

[80328)  Passage to pasrage comparison--placenta-derived cells: Placenta-derived cells at
passages 8, 15, and 20 analyzed by flow cyvtometry all were positive for expression of CDHG,
CD13, Ch4d, CD73, CD90, PDGFr-alpha and HLA-A, B, C, as reflected in the increased
value of fluorescence relative to the 1gG control. The cells were negative for expression of
CD31, CD34, CD45, CD117, CD41, and HLA -DR, BP, DQ having fluorescence values

consistent with the Ig(s control.

{B0328]  Passage to passage comparison--umbilicus-devived cells: Umbihcus-derived cells
at passage 8§, 15, and 20 analyzed by flow cytometry all expressed CD10, CD13, CD44,
CD73, CD9g, PDGFr-alpha and HLA-A, B, C, indicated by increased fluorescence relative to
the 1gG conirol. These cells were negative for CD31, CD34, CD45, CD117, CH141, and

HLA-DR, DP, DO, indicated by fluorescence values consistent with the 1gG control

1803387 Donor to donor comparison--placenta-derived cells: Placenta-derived cells
1solated from separate donors analyzed by flow cytometry cach expressed CD1G, CDI3,
ChD44, CD73, CBY{, PDGFr-alpha and HLA-A, B, €, with increased vahies of fluorescence
relative o the [gQ control. The cells were negative for expression of CD31, CD34, CD45,
CD1v7, CD141, and HLA-DR, DP, Q as indicated by fluorescence value consistent with

the 1gQ control.

18033%]  Donor to donor comparison--umbilicus derived cells: Umbilicus-derived cells
1solated from separate donors analyzed by flow cytometry cach showed positive expression
of CD10, CD13, Chd4, CD73, ChoO, PDGFEr-alpha and HLA-A, B, C, reflected in the

increased values of fluorescence relative to the igG control. These cells were negative for

104



WO 2016/099949 PCT/US2015/063931

expression of CD31, CD34, CD45, CD117, CD141, and HLA-DR, DP, DQ with fluorescence

values consistent with the IgG control.

1803321 The effect of surface coating with gelatin on placenta-derived cells: Placenta-
derived cells expanded on either gelatin-coated or uncoated flasks analyzed by flow
cytometry all expressed of CD10, CD13, CD44, CD73, CD9Q, PDGEr-alpha and HLA-A, B,
C, reflected in the increased values of fluorescence relative to the IgQG control. These cells
were negative for expression of CD31, CD34, CD4S, CD117, CB141, and HLA-DR, DP, DO

mdicated by fhuorescence values consistent with the IgG control.

1803331 The gffect of surface coating with gelatin on umbilicus-derived cells: Umbilicus-
derived cells expanded on gelatin and umcoated flasks analyzed by flow cytometry all were
positive for expression of CD10, CD13, Ch44, D73, COOG, PDGFr-alphs and HLA-A, B,
C, with increased values of fhuorescence relative to the 1gG control. These cells were negative
for expression of CD3 1, CD34, CD4S, CD1Y, CD 141, and HLA-DR, DP, DQ, with

fluorescence values consistent with the 1gG control

180334]  Effect of enzyme digestion procedure used for preparation of the cells on the cell
surface marker profile: Placenta-derived cells 1solated using various digestion enzymes
analyzed by flow cytometry all expressed CD 10, CD13, CD44, CD73, CDY, PDGFr-alpha
and HLA-A, B, C, as indicated by the increased values of fluorescence relative to the IgG
control. These cells were negative for expression of CD31, CD34, CD4S, CD117, CD141,

and HLADR, DP, D} as indicated by fluorescence valies consistent with the 1gG control.

180338]  Placenital laver comparison: Cells isolated from the maternal, villous, and
neonatal layers of the placenta, respectively, analyzed by flow cytometry showed positive
expression of CD10, CD13, CD44, CR73, CD90, PDGEr-alpha and HLA-A B, C, as
indicated by the increased valoe of fluorescence relative to the IgG control. These cells were
negative for expression of CD31, CD34, CD45, CO117, CDI4Y, and HLA-DR, DP, DQ as

mdicated by fhuorescence values consistent with the [gG control.

190336]  Summary: Analysis of placenta-and ubilicus-derived cells by tlow cytometry
has established of an identity of these cell hines. Placenta-and umbilicus-derived cclis are
positive for CR Y, CD13, CB44, CB73, COOO, PDGFr-alpha, HLA-A B,C and negative for
CD31, CD34, Ch4s, CD117, Chi41 and HLA-DR, DP, DQ. This identity was consistont
between variations i variables inchuding the donor, passage, culture vessel surface coating,

digestion enzymes, and placental layer. Some variation in individoal fluoreseence value
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histogram curve means and ranges was observed, but all positive curves under all conditions
tested were normal and expressed fluorescence values greater than the 1gG conirol, thus
confirraing that the celis comprise a homogenous population that has positive expression of

the markers.

EXAMPLE S
Immunshistochemical Characterization of Postpartum Tissue Phenstypes

1883371  The phenotypes of cells found within human postpartum tissues, namely vmbilical

cord and placenta, was analyzed by immunochistochemistry.

Methods & Materials

188338} Tissue Preparation: Homan umbilical cord and placenta tissue was harvested and
immersion fixed in 4% (w/v) paraformaldehyde overnight at 4° C. Immunchisiochemistry
was pertormed using antibodics 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; Chemic on, Temecula, Califl), alpha-smooth muscle actin (SMA; 1:400; Sigma),
cytokeratin 18 (CK18; 1:400; Sigma), von Willehrand Factor (vWF; 1:200; Sigma), and
C34 (hurean CD34 Class 1 1:100; DAKOCytomation, Carpinteria, Calif). In addition, the
following markers were tested: antthuman GROalpha--PE (1: 100; Becton Dickinson,
Franklin Lakes, N.J), antthuman 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, Calify ona
dry ice bath containing ethanol. Frozen blocks were then sectioned (10 pm thick) using 2

standard cryostat (Leica Microsysteros) and mounted ondo glass slides for staining.

188339}  Immunolistochemistry: nmonchistochemistry was performed similar to previous
studies {(c.g., Messina, ef @f,, 2003, Exper. Neurcl. 184: 816-829). Tissue sections were
washed with phosphate-buffered saline (PBS) and exposed to a protein blocking solation
containing PBS, 4% (v/v) goat serum (Chemic on, Temecula, Calify, and 0.3% (v/v) Triton
(Triton X-100; Sigma) for 1 hour to access intraceilular antigens. In instances where the

epitope of interest would be located on the cell surface (CD34, ox-LDL RY), Triton was
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omitied in all steps of the procedure in order to prevent epttope loss. Furthermore, in
nstances where the primary antibody was raised against goat {GCP-2, ox-LDL R1, NOGO-
A}, 3% (v/v) donkey scrum was used n place of goat serum throughout the procedure.
Primary antibodies, diluted m blocking solution, were then applied to the sections for a peried
of 4 howrs at room temperature. Primary antibody solutions were removed, and caltares
washed with PBS prior to application of secondary antibody solutions {1 hour at room
temperature) containing block along with goat anti-mouse 1g(G-- Texas Red (1:250;

Molecular Probes, Eugene, Oreg.) and/or goat anti-rabbit {gG--Alexa 48R (1:250; Molecular
Probes) or donkey anti-goat IgG--FITC (1:150; Santa Cruz Biotech). Cultures were washed,
and 10 micromeolar DAPT (Molecular Probes) was applied for 10 minutes to visualize cell

nuclet.

{86348} Following immunostaining, fluorescence was visualized using the appropriaic
fluorescence filter on an Olyrapus foverted epi-flucrescent microscope {Olympus, Melville,
N.Y.). Positive staining was represented by fluorescence signal above control staining.
Representative images were captured using a digttal color video camera and ImagePro
software (Media Cybernetics, Carlsbad, Califl). For triple-stained samples, cach image was
taken using only one emission filter at a time. Layered montages were then prepared using

Adobe Photoshop software (Adobe, San Jose, Calif)),

Results

188341} Umbilical cord characterization: Vimentin, desmin, SMA, CKI8, vWF, and
CD34 markers were expressed in a subset of the cells found within umbilical cord. Tn
particular, vWF and CD34 expression were restricted to blood vessels contained within the
cord. CD34+ cells were on the innermost layer (lomen side). Vimentin expression was found
throughout the matrix and blood vessels of the cord. SMA was Himited to the matrix and outer
walls of the artery & vein, but not contained with the vessels themselves. CK 8 and desmin
were observed within the vessels only, desmin being restricted to the middle and outer fayars.
188342} Placenia characterization: Vimentin, desmin, SMA, CRI8, vWFE, and CD34 were
all observed within the placenta and regionally specific.

{80343]  GRQOalpha, GCP-2, ox-LDL R and NOGO-4 Tissue Expression: None of these

markers were observed within umbilical cord or placental tissue,
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{80344  Swmmary: Vimentin, desmin, alpha-smooth muscle actin, cytokeratin 18, von
Willebrand Factor, and CD34 are expressed in cells within human umbilical cord and

placonta.

EXAMPLE 18
Analysis of Postpartum Tissue-Derived Cells using Oligonucieotide Arvays

19034587  Affymetrix GENECHIP arrays were used to compare gene expression profiles of
ambilicus-and placenta-derived cells with fibroblasts, human mesenchymal stem cells, and
another cell line derived from human bone marrow. This analysis provided a characicrization

of the postpartun-derived celis and identificd unique molecular markers for these cells.

Methods & Materials

1803461  Isolation and culture of cells: Homan ambilical cords and placenta were obtained
from National Disease Research fnterchange (NDRY, Philadeiphia, Pa.) from vormal full term
deliveries with patient consent. The tissues were received and cells were isolated as described
in Example 6. Cells were cultured in Growth Mediam (using DMEM-LG) on gelatin-coated

tissue culture plastic flasks, The cultures were incubated at 37° C with 5% COs.

1883477 Homan dermal fibroblasts were purchased from Cambrex Incorporated
{Walkersville, Md.; Lot number SF0844) and ATCC CRL-1501 (CCD3%SK). Both lincs were
cultured in DMEM/F 12 medium (fnvitrogen, Carlshad, Califly with 10% {v/v) fetal bovine
seram {Hyclone) and pemicillin/streptomycin (lnvitrogen). The cells were grown on standard
tissue-treated plastic,

180348}  Human mesenchymal stem cells (hMSC) were purchased from Cambrex
Incorporated (Walkersville, Md.; Lot nombers 2F 1655, 2F1656 and 2F1657) and culned
according to the manufacturer’s specifications in MSCGM Media {Cambrex). The cells were
grown on standard tissue cultored plastic at 37° C with 5% COy.

[8034%] Human iliac crest bone marrow was received from the NDRI with patient consent.
The marrow was processed according to the method cutlined by Hao, er of. (W0{(3/025149).
The marrow was mixed with tysis buffer (155 mM NH 4C1 16 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
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was vortexed, incubated for 2 mimutes at ambient temperature, and centrifuged for 10 minutes
at 500™g. The supernatant was discarded and the cell pellet was resuspended in Minimal
Essential Medivm-alpha (Invitrogen) supplemented 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 mononuciear colls were seeded in tissue-cultured plastic flasks at Sx10°
cells/om’, The cells were incubated at 37° C with 5% CO, at either standard atmospheric O,
ot at 5% O, Cells were cultured for 5 days without a media change. Media and non-adherent

cells were removed after 5 days of culture. The adherent cells were maintained in culture.

190388]  feolation of mRNA and GENECHIP Analysis: Actively growing cultures of cells
were removed from the flasks with a cell seraper in cold PBS. The cells were centrifaged for
5 minuics at 300"g. The supernatant was removed and the cells were resuspended in fresh
PRS and centrifuged again. The supernatant was removed and the cell pellet was
mmediately frozen and stored at-80° C. Cellular mRNA was extracted and transeribed into
cDNA, which was then transcribed into eRNA and bigtin-fabeled. The biotin-labeled ¢cRNA
was hybridized with HG-U133A GENECHIP oligonucleotide array (Affymetrix, Santa Clara
Calif)). The bybridization and data collection was performed according to the manufacturer's
specifications. Analyses were performed using "Significance Analvsis of Microarrays”
{SAM) version 1.21 computer software (Stanford University; Tusher, V. G er af., 2001,

Proc. Natl. Acad. Sci. USA 98 8116-5121).

Results
188351} Fourteen different populations of cells were analyzed. The cells along with
passage information, culture substrate, and culture media are listed in Table 10-1,

Table 16-1. Cells analyzed by the microarray study. The cells hnes are
tisted by their identification code along with passage at the time of analysis,
cell growth substrate, and growth media.

Cell Population Passage Substrate Medium
Umbilical {022803) 2 Gelatin DMEM, 15% FBS, 2-ME
Umbilical (042103) 3 {elatin DMEM, 15% FBS, 2-ME
Umbilical (071003) 4 Gelaun DMEM, 15% FRS, 2-ME

Placenta (042203) 12 Gelatin DMEM, 15% FBS, 2-ME

Placenta (042903) 4 Gelatin DMEM, 15% FBS, 2-ME

Placenta (071003 3 Gelatin DMEM, 15% FRS, 2-ME
ICBM (070203} (5% Oy) 3 Plastic MEM 10% FBS
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HCBM (062703} (std O 5 Plastic MEM 10% FBS

ICBM (062703 (5% Oy 5 Plastic MEM 10% FBS
hMSC (Lot 2F1655) 3 Plastic MBCGM
hMSC (Lot 2F1656) 3 Plastic MSCGM
hMSC (Lot ZF1657) 3 Plastic MSCGM
hFibroblast (9F0844) g Plastic DMEM-F12, 10% FBS

hfibroblast (CCD395K) 4 Plastic DMEM-F12, 10% FBS

{88352} The data were ovahuated by g Principle Componcnt Aunalysis, analyzing the 290
genes that were differcutially expressed in the cells. This analysis allows for a relative

comparison for the similarities between the populations.

180353} Table 10-2 shows the Euclidean distances that were calculated for the comparison
of the cell pairs. The Euchidean distances were based on the comparison of the celis based on
the 290 genes that were differentially expressed among the cell types. The Euchidean
distance is inversely proportional to similarity between the cxpression of the 290 genes {ic.,

the greater the distance, the less similarity exists),

Table 18-2. The Euclidean Distances for the Cell Pairs.

Cell Paiv Euaclidean Distance
ICBM-hMSC 2471
Placenta-umbilical 2552
ICBM-Fibroblast 36.44
ICBM-placenta 37.0%
Fibroblasi-MSC 39.63
ICBM-Umbilical 40.15
Fibroblast-Umbilical 41.59
MSC-Placenta 42,84
MSC-Umbilical 46.86
ICBM-placenta 48.41

[80354]  Tables 10-3, 10-4, and 10-5 show the expression of genes increased in placenta-
derived cells (Table 10-3), increased in umbilicus-derived cells (Table 10-4), and reduced in
umbilicus-and placenta-derived cells (Table 10-5). The column entitled "Probe Set ID” refers
to the manufacturer's identification code for the sets of several oligonucieotide probes located
on a particular site on the chip, which hybridize o the named gene {cohmnn "Gene Name™),
comprising a sequence that can be found within the NCBI {GenBank) database at the

specified accession number {column "NCBI Accession Number™).
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Table 16-3. Genes shown to have specifically increased expression in the placenta-derived
cells as compared to other cell lines assayed
Genes Increased in Placenta-Derived Cells

lactin, superfamily member 2 {activation-induced)

Probe Seat iD Gene Name NCBI Accession
Number
208732 at C-type {calcium dependent, carbohydrate-recognition domain} AF070842

208087 s

Witms tumor 14

NM_024426

207016 s

aldehyde dehvdrogenase 1 family, member A2

AROT5228

DKFZp547K1113)

208367 _at renin NM_000537
210004 at oxidized low densily lipoprotein {lectin-like) receptor 1 AF(35776
214983 at Homo sapiens, clone IMAGE: 4179671, mRNA, partial cds AFQT0842
202178 at protein kinase C, zela NM 002744
209780 at hypothetical protein DKFZp584F013 AL138883
204135 at downregilated in ovarian cancar 1 NM 014880
213542 at Homo sapiens mRNA; cDNA DKFZp5471K1113 (from clone Al248730

Table 10-4. Genes shown to have specitically increased expression in the umbilicus-derived
cells as compared to other cell lines assaved

Genes [ncreased in Umbilicus-Derived Cells

Probe S« iD

Gene Name

NCBI Accession
Number

stimulating activity

202859 x at interieukin 8 NM 000584
211508 s at interizukin 8 AF043337
210222 s at reticulon 1 BC000314

204470 at chamokine {(C-X-C motif} ligand 1 {melanoma growth NM 031511

206336 _at

chemokine {C-X-C motif) ligand 8 (granulocyte chemotactic
protein 2)

NM_0029293

207850 at

chemoking (C-X-C meotif) igand 3

NM_ 062080

303485 at

reticulon 1

Nii 021136

202844 s at

tumor necrosis factor, alpha-induced protein 3

NM_ 008200

Table 18-5. Genes shown 1o have decreased expression in umbilicus- and placenta-derived
cells as compared to other cell lines assayed

Genes Decreased in Umbilicus- and Placenta-Darived Celis

Probe Sat D

Gene name

NCB! Accession
Number
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210135 s _at

short stature homeobox 2

205824 at

heat shock 27kDa protein 2

NM_001541.1

200887 at chemokine (C-X-C motif) ligand 12 (stromal celi-darived factor U18495.1
1

203866 at chemokine {C-X-C motif) ligand 12 (stromal celi-derived factor NM_ 000608, 1
1

212870 at elastin (supravalvular aortic stenosis, Williams-Beuren AALTH2TE

syndromas}
213381 _at Homeo sapiens mRNA; cDNA DKFZp586M2022 {from clone NS1149
DKFZp586M2022)
206201 s at | mesenchyme homeao box 2 {growth arresi-specific homao box) NI 0053241

205817 _at

sine oculis homaokox homolog 1 {Drosophila)

NM_005882.1

09283 _at

P

crystaliin, aigha B

AFO07162.1

212793 at

dishavelied associated activator of morphogenesis 2

BF513244

213488 at

DKFZP586B2420 protein

ALDS0143.1

200763 at

similar to neuralin 1

ALG4AB17E

205200 _at

tetranactin {plasminogen binding protein)

NM 0032781

205743 at

sre homology three (SH3) and cysteina rich domain

NM 0031481

200921 s _at

B-cell translocation gene 1, anti-proliferative

NM_001731.1

208932_at

cholesterol 25-hydroxylase

NM_0038586.1

204188 s at

runi-related transcription factor 3

AAB41630

210747 at

hypothetical protein FLJ23181

NM 0245741

304775 at

interleukin 11 receptor, alpha

NM 0045121

202455 at

procoliagen C-endopeptidase enhancer

N 0025033

203708 s at

frizzied homolog 7 (Drosophifa)

NM_ 003507 1

2127386 at hypothetical gene BCO08367 BE280456
214587 at collagen, type VHll, alpha 1 BEST7T96

201645 at

tenascin C (hexabrachion)

NM_002160.1

210232 _at

irogunis homecohox protein 5

UJed304.1

203203 s at

Hephaastin

NM_3147982.1

205816 _at

integrin, beta 8

NM_0022141

203068 _at synaptic vasicle glycoprotein 2 NM 014849.1
213802 at Homo sapiens cDNA FLIM12280 fig, clone MAMMA1001744 AU147793

208315 at cytokine receptor-like factor 1 NM 0047501
204401 at potassium intermediate/small conductance calcium-activated NM 0022501
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channel, subfamily N, member 4

218331 at

integrin, alpha 7

AKD22548.1

209663 s _at

integrin, alpha 7

AFG72132.1

213125 at

DRFZP586L151 protein

AWOCTE73

transcriptional co~activator with PDZ-binding motif (TAZ)

AADB1084

sine oculis homeobox homolog 2 {Drosophifa)

N 0169327

313435 at

KIAA 1034 protein

ABOZ8A57 1

208115 at

early growth response 3

NM_ 0044301

213707 s at

distal-less homeo box 5

NM_005221.3

218181 s at

hypothetical protein FLJ20373

NM_017762.1

200460 _at

aido-Keto reductase family 1, member C3 (3-alpha
hydroxysieroid dehydrogenase, type i)

ABO18580.1

213005 x at Biglycan AABA5ZRE8

201261 x at Biglvcan BCO024186.1
202132_at transcriptional co-activator with PDZ-binding motif (TAZ) AAD81084

214701 s at fibronactin 1 AJ276325.1
213791 _at Proenkephalin NM_ 0082111

205422 s at

integrin, beta-like 1 (with EGF-like repeat domains)

NM 0047871

214027 at

Homo sapiens mRNA full length insert cDNA clone
EURGCIMAGE 1988422

AL358052.1

208070 s at

EphA3

AF213452.1

212805 at

KIAAGSZGY protein

ABOD2365.1

210789 at

natriuretic peptide racaptor Clguanylats cyclase G
{atrionatriuratic peptide receptor )

AlB28380

210054 at

hypothetical protein FLJ14054

NM_0245863.1

213429 at

Homo sapiens mRNA; cDNA DKFZp584B222 (from clone
DKFZp564B222)

AW0OZ25579

204328 s at

vesicle-associatad membrane protein 5 {myobrevin)

NM_006634.1

EGF-containing fibulin-like extraceliular matrix protein 1

NM 0041052

221478 at

BCL2/adenovirus £E1B 18kDa interacting protain 3-like

AL132865.1

201792_at

4

AE binding protein 1

NM_001128.2

204570 _at

cytonhrome ¢ oxidase subunit Viia polypeptide 1 {muscle)

NM 0018641

201621 at

neurchiastoma, suppression of tumariganicity 1

NM_005380.1

202718 _at

insulin-like growth factor binding protein 2, 38kDa

NM_000587.1
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883551 Tables 10-6, 10-7, and 10-8 show the expression of genes
increased in human fibroblasts (Table 10-6), ICBM cells (Table 10-7), and
MSCs (Table 10-8).

Table 16-6. Genes that were shown to bave focreased
expression in fibroblasts as compared 1o the other cell fines
assayed.

Genes increased in fibrobiasts

dual specificity phosphatase 2

KIAAQ527 protein

Homo sapiens ¢DNA: FLI23224 fis, clone ADSUG2206
dyaein, cytoplasmic, intermediate polypeptide 1

ankyrin 3, node of Ranvier {ankyrin G)

inhibin, beta A (activin A, activin AR alpha polypeptide)
ectonuciootide pyrophosphatase/phosphodiesterase 4 (putative
function)

KIAA10S3 protein

microtubule-associated protein 1A

zing finger protein 41

HSPCO19 protein

Homo sapiens ¢cDNA: FLJ23564 fis, clone LNG10773
Homo sapiens mRNA; ¢DNA DKFZp564A672 (from clone
DKEFZp364A072)

LIM protein {similar to rat protein kinase C-binding cnigma)
mhibitor 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 eytokine receptor-like factor 2; cytoking
receptor CRLZ precursor [Homo sapisns]

transforming growth factor, beta 2

hypothetical protein MGL29643

antigen identified by monocional antibody MRC O0X-2

putative X-linked retinopathy protein

Tabhie 18-7. Genes that were shown to have tocreased expression in the
1ICBM-derived cells as compared to the other cell lnes assayved.

Genes Increased In ICBM Celis

scardiac ankyrin repeat protein

*MHC class | region ORF

sintegrin, alpha 10

*hypothetical protein FLIZ22362

UDP-N-acetyl-alpha-D-galactosamine polypeptide N-acetylgalactosaminyliransferase 3
{GalNAc-T3)
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sinterferon-induced protein 44

*SRY (sex determining region Y)-box 9 {campomelic dysplasia, sutosomal sex-reversal)
«keratin associated protein 1-1

*hippocalcin-like 1

sjagged 1 (Alagille syndrome}

sproteoglyean 1, secretory granule

Table 10-8. Genes that were shown to have increased
expression in the MSC cells as compared to the other cell lines
assayed.

{enes Dncreased In MSC Cells

*interienkin 26

'maftase-gluccamylase (alpha-glucosidase)

spucicar receptor subfamily 4, group A, member 2

»v-fos FBJ murine osteosarcoma viral oncogene homolog
hypothetical protein DC42

snuclear receptor subfamily 4, group A, member 2

*FBJ murine osteosarcoma viral oncogene homolog B
“WNT1 inducible signaling pathway protein |

=MCF.2 cell line derived transforming sequence
spotassium channel, subfamily K, member 15

»cartilage paired-class homeoprotein |

«Homo sapiens ¢DNA FLII2232 fis, clone MAMMATOG1206
*Homo sapiens cDNA FLI34668 fis, clone LIVERZO0077S
*jun B proto-oncogene

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

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

186356]  Summary: The present examination was performed {o provide a molecular
characterization of the postpartum cells derived from umbilical cord and placenta. This
analysis included cells derived from three different umbilical cords and three different
placentas. The examination also incloded two different lines of dermal fibroblasts, three Hnes
of mosenchymal stem cells, and three lings 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 differgntially expressed in these
five different cell types. These genes include ten genes that are specifically increased in the
placenta-derived cells and seven genes specifically increased in the umbilical cord-derived
cells. Fifty-four genes were found to have specifically lower expression levels n placents and
wmbilical cord, as compared with the other cell types. The expression of selected genes has

been confirmed by PCR {sece the example that follows), These results demonstrate that the

——n
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postpartum-derived cells have a distingt gene expression profile, for example, as compared to

bone marrow-derived cells and fibroblasis,

EXAMPLE 11
Ceil Markers in Postpartum-~Derived Cells

1803571 Inthe preceding example, similaritics and differences in cells derived from the
human placenta and the human umbilical cord were assessed by comparing their gene
expression profiles with those of cells derived from other sources (using an oligonuclectide
array}. Six "signaturc” genes were identified: oxidized LDL receptor 1, interleukin-8, rennin,
reticulon, chemokine receptor ligand 3 (CXC ligand 3}, and granulecyte chemotactic protein
2{GCP-1}. These "signature” gencs were expressed at relatively high levels m postpartum-

derived cells.

188388}  The procedures described i this example were conducted to verify the microarray
data and find concordance/discordance between gene and protein expression, as well as to
cstablish a series of reliable assay for detection of unique identifiers for placenta-and

umbilicus-derived cells.

Methods & Materials

186359]  (ells: Placenta-derived cells (three isolates, including one isolate predominately
neonatal as identified by karvotyping analysis), umbilicus-derived celis (four isolates), and
Normal Human Dermal Fibroblasts (NHDF; neonatal and adult) grown in Growth Medium
with penicillin/streptomycin in a gelatin-coated T7S flask. Mescchymal Stem Cells (MSCS)
were grown in Mesenchymai Stem Cell Growth Mediwm Bullet kit (MSCGM; Cambrex,
Walkerville, Md.).

{88368} Forthe IL-8 protocol, cells were thawed from Haoid nitrogen and plated in
gelatin-coated flasks at 3,000 cells/cm’, grown for 48 hours in Growth Medium and then
grown for further 8 hours in 10 milliliters of serum starvation medium [DMEM--low glucose
(Gibeg, Carisbad, Cahif), penicillin/streptomycin (Gibeo, Carlsbad, Calif) and 0.1 % (w/v)
Bovine Serom Albumin (BSA; Sigma, St. Louis, Moy, After this treatment RNA was
extracted and the supernatants were centrifuged at 150%g for 5 minutes o remove celiular

debris. Supernatants were then frozen at -80° C for ELISA analysis.
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{88361} Cell culture for ELISA assay: Postpartum cells derived from placenta and
umbilicus, as well as hyman fibroblasts derived from human neonatal foreskin were cultured
i Growth Medium in gelatin-coated T75 flasks. Cells were frozen at passage 11 in liquid
nitrogen. Cells were thawed and transferred to 15-malliliter centrifuge tubes. After
centrifugation at 150%g for 5 minetes, the supernatant 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 cells/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 14,000%g for § minutes {(and stored at-20° C).

1983627  To ostimate the number of cells in each flask, 2 milliliters of tyrpsin/EDTA
{((ibeo, Carlsbad, Calif) was added each flask. Afier cells detached from the flask, trypsin
activity was neutralized with 8 milliliters of Growth Medium, Cells were transforredto 2 13
milliliters centrifuge tube and centrifuged at 150%g for 5 minutes. Supernatant was removed
and 1 milliliter Growth Medium was added to each tube to resuspend the cells. Cell number

was estimated asing a hemocytometer.

1903631  ELISA assay: The amount of 1L-8 secreted by the cells into serum starvation
medium was analyzed using ELISA assays (R&D Systems, Minneapolis, Minn. ). Al assays
were tested according to the instructions provided by the manufacturer.

[B80364]  Toral RNA isolation: RNA was extracted from confluent postpartum-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-mercaptocthanof {Sigma, St Louis, Mo.)
according 1o the manufacturer’s instructions (RNeasy™ Mini Kit; Glagen, Valencia, Calif).
RNA was oxtracted according to the manufacturer's instructions (RNeasy” Mini Kit; Qiagen,
Valencia, Calif) and subjected to DNase treatment (2.7 U/sample) (Sigma St. Louis, Mo.).

RNA was eluted with 50 microfiters DEPC-treated water and stored at-80° C.

8083651  Reverse transcription: RNA was also extracted from human placenta and

2
wmbilicus. Tissue (30 milligram} was suspended in 700 microliters of buffer RLT containing
Z-roercaptoethanol. Samples were mechanically homogenized and the RNA extraction
procecded according to manufactarer's specification. RNA was extracted with SO microliters
of DEPC-treated water and stored at-807 C. RNA was reversed franscribed using random
hexamers with the TagMan® reverse transcription reagents (Applied Biosystems, Foster City,

Cality at 25° C for 10 nunutes, 37° C for 60 minutes, and 95° C for 10 minutes. Samples

—=
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were stored at-20° .

186366]  Gones identified by ¢cDNA microarray as uniquely regulated in postpartum cells
{signature genes-~including oxidized LDL receptor, interleukin-R, rennin and reniculon), were

further investigated using real-time and conventional PCR.

180367]  Real-time PUR: PCR was performed on ¢DNA samples using Assays-on-
Demand” gene expression products: oxidized LDL receptor (Hs00234028); rennin
(Fs00166915); reticulon (Hs(0382S 15); CXC higand 3 (Hs00171061); GCP-2
(Hs00605742); IL-8 {Hs00174103); and GAPDH {Applied Biosystems, Foster City, Calif )
were mixed with ¢DNA and "i‘aqMan(@ Universal PCR master mix according to the
manufacturer's instructions {Apphied Biosystems, Foster City, Califl} using a 7000 seqoence
detection system with ABI Prism 7000 SES software (Applied Biosystems, Foster City,
Calif). Thermal cycle conditions were tutially 50° C for 2 min and 95° C for 10 min,
followed by 40 cycles of 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).

188368}  Comventional PCR: Conventional PCR was performed using an ABI PRISM 7700
{Perkin Elmer Applicd Biosysterns, Boston, Mass., USA} to confirm the results from real-
time PCR. PCR was performed using 2 microliters of ¢cDNA solution, 1"AmpliTag Gold
vniversal mix PCR reaction buffer (Applied Biosystems, Foster City, Cahifl) and initial
denaturation at 947 C for § minutes. Amplification was optimized for each primer set. For IL-
8, CXC ligand 3, and reticulon (94° C for 15 seconds, 55° C for 15 seconds and 72° C for 30
seconds for 30 cyclesy; 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, §5°
C for 15 seconds and 72° C for 30 seconds for 33 eycles). Primers used for amplification are
listed in Table 11-1. Primer concentration 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 cthidiom bromide (Sigma, St.
Louis, Mo.). Tmages were captured using a 667 Universal Twinpack fibn (VWR
International, South Plainfield, N.J.) using a focal length Polaroid camera (VWR

International, South Plainfield, N.i).
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Fable 11-1: Primers used

Prizper name Primers
Oxidized LDL receptor S: 5 GAGAAATCCAAAGAGCAAATGG-3 (SEQ D NG
A SCAGAATGGAAAACTGGAATAGG -3 (BSEQ ID NG
Renin S S-TCTTCGATGCTTCGGATTCC -3 (“s}*() D NO:3)
A S-GAATTCTCGGAATCTCTGTTG -3 (SEQ D NO4)
Reticulon S - TTACAAGCAGTGCAGAAAACC- 3" {SEQ 1D NQO:5)
AL 8- AGTAAACATTGAAACCACAGCC-3 (SEQID
NC):()‘)
Interlenkin-8 S: 5~ TCTGCAGCTCTGTGTGAAGG-3" (SEQ ID NO:T

ArS C TTCAAAAACTTCTCCACAACC- 37 (SEQ ID NG:E)
Chemokine (CXC) ligand 3 % - CCCACGCCACGCTCTCC-3" (SEQ D NG9y
: 5 -TCCTGTCAGTTGGTGOTCC 37 (SEQ HY NO:10)

{88368 fmmunofluorescence: PPDCs were fixed with cold 4% (w/v) paraformaldehyde
(Sigma-Aldrich, 5t. Louis, Mo.) for 10 minutes at room temperature. Une isolate cach of
wubilicus-and placenta-derived cells at passage 0 (PO) (divectly after isolation) and passage
11 (P 11} {two isolates of placenta-derived, two isolates of umbilicus-derived cells) and
fibroblasts (P 11} were used. Immunoccytochemistry was performed using antibodies directed
against the following epitopes: vimentin (1:500, Sigma, St. Louis, Mo.), desmin (1:150;
Sigma--raised against rabbit; or 1:300; Chemicon, Temecula, Calif--raised against mouse,),
aipha-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 HI; 1:100;
DAKOCytomation, 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.1.}, 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 andi-lwman NOGA-A
(1: 100; Santa Cruz, Biotech).

{88376}  Cultures were washed with phosphate-buffered saline (PBS) and exposed to a
protein blocking solution containing PBS, 4% (v/v) geat serim {Chemie on, Temecula,
Calif), and 0.3% (v/v) Triton {Triton X-100; Sigma, St. Louis, Mo.) for 30 mimites to access
mtraceilnlar antigens. Where the epitope of interest was located on the cell surface (CD34,
ox-LDL R1}, Triton X-100 was omitted in all steps of the procedure in order to prevent
epitope loss. Furthermore, in jostances where the primary antibody was raised against goat
(GCP-2, ox-LDL R, NOGO-A), 3% (v/v) donkey serum was used 1n place of goat serom

throughout. Primary antibodics, dilsted in blocking solution, were then applied to the cultures
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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 geat anti-roouse IgG-- Texas Red
(1:250; Molecular Probes, Fugene, Oreg.) and/or goat anti-rabbit 1gG--Alexa 488 (1:250;
Molecular Probes) or donkey anti-goat 1gG--FITC (1:150, Santa Cruz Biotech). Cultures
were then washed and 10 micromoelar DAPE (Moelecular Probes) applied for 10 minuics to

visualize cell nuclet.

{86371} Following immumostaining, fluorescence was visuahized using an appropriate
fluorescence filter on an Olympus® mverted epi-fluorescent microscope (CGlymapus, Melville,
N.Y. ) Inall cases, positive staining represented fluorescence signal above control staining
where the entire procedure outhned above was followed with the exception of application of
a primary antibody solution. Representative images were captured using a digital color video
camora and ImagePro® software (Media Cybernetics, Carlsbad, Calif). For wiple-stained
samples, cach image was taken using only one emission filter at a time. Layered montages

were then prepared using Adebe Photoshop® software (Adebe, San Jose, Calif).

190372)  Preparation of cells for FACS analysis: Adherent cells in flasks were washed in
phosphate buffered saline (PBS) (Gibeo, 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 1 x 10 7 per modliliter. One hundred microliter aliquots were
delivered to conical tubes. Cells stained for intracelhdar antigens were permeabilized with
Permy/Wash buffer (BD Pharmingen, San Diego, Cahf). Antibody was added to aliquots as
per manufactures specifications and the cells were incubated for in the dark for 30 mimustes at
47 . Aftor incubation, cells were washed with PBS and centrifuged to remove excess
antibody. Cells requiring a secondary antibody were resuspended in 100 microliters of 3%
FBS. Secondary antibody was added as per manufactures specification and the cells were
mcubated in the dark for 30 minutes at 4° C. Afier incubation, cells were washed with PBS
and centrifuged to remove excess secondary antibody. Washed cells were resuspended in 0.5
milliliters PBS and apalyzed by flow cytometry. The following antibodies were used:
oxidized LDL roceptor 1 (5¢-5813; Santa Cruz, Biotech), GROa (555042; BD Pharmingen,
Bedford, Mass.}, Mouse IgG1 kappa, (P-4685 and M-5284; Sigma), Donkey agamnst Goat
1gG {s¢-3743; Santa Cruz, Biotech.). Flow cytometry analysis was performed with

vl

"ACSealibur (Becton Dickinson San Jose, Calif).
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Results

{66373}

cells derived from human placentae, adult and noonatal fibroblasis and Mesenchymal Stem

Results of real-time PCR for sclected "signature” genes performed on ¢DNA from

Celis (MSCs} indicate that both oxidized LDL receptor and reonin were expressed at higher
level in the placenta-derived cells as compared to other cells. The data obtained from real-
time PCR were analyzed by the AACT method and expressed on a logarithmie scale. Levels
of reticulon and oxidized LDL recepior cxpression were higher in umbilicus-derived cells as
compared to other cells. No significant difference in the expression levels of CXC ligand 3
and GCP-Z were found between postpartom-derived cells and controls. The results of real-
fime PCR were confirmed by conventional PCR. Sequencing of PCR products further
validated these ohservations. No sigoificant difference fo the expression level of CXC ligand
3 was found between postparfum-derived cells and controls using conventional PCR CXC

ligand 3 primers listed above in Table 11-1.

180374}  The production of the cvtokine, 1L-8 in postpartum was elevated in both Growth
Medium-cultured and serum-starved postpartum-derived cells. Al real-time PCR data was

validated with conventional PCR and by sequencing PCR products.

[883735]  When supernatants of cells grown m serum-free mediom were examined for the
presence of IL-8, the highest amounts were detected tn media derived from umbilical cells
and some isolates of placenta cells (Table 11-2). No HL-¥ was detected in medium derived

from human dermal fibroblasts.

Table 11-2: IL-8 protein expression measured by ELISA

PCT/US2015/063931

Cell type -8

Human Hbroblasis ND

Placenta Isolate | ND

UMBC Isolate | 2058.42-+-144.67
Placenta Isolate 2 ND

UMBC Isolate 2

2368.86422.73

Placenta Isolate3 {normai Oy

17.2748.63

Placenta Isolate 3 (fow(3,, W/O
BME)

T64.9249 88

Results of the ELISA assay for interlenkin-8 (11-8) performed on placenta-
and wnbilical cord-derived cells 35 well as human skin Sbroblasts. Values
are presented here are picogram/million cells, u=2, sexm.

NI Not Detected
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{80376] Placenta-derived cells were also exanined for the production of oxidized LDL
receptor, GUP-2 and GROalpha by FACS analysis. Cells tested positive for GCP-2. Uxidized

LD receptor and GRO were not detected by this method.

1803771 Placenta-derived cells were also tested for the production of selected proteins by
immunocytochemical analysis. Immediately afier isolation (passage 0}, cells derived frony the
human placenta were fixed with 4% paratormaldehyde and exposed to antibodies for six
proteins: von Willebrand Factor, C34, cytokeratin 1R, desmin, alpha-smooth muscle actin,
and vimentin. Cells staimed positive for both alpha-smooth muscle actin and vimentin, This
paticrn was preserved through passage 11, Only a few cells (<8%) at passage 0 stained

positive for cytokeratin 14,

{86378} Cells derived from the human umbilical cord at passage O were probed for the
production of selected proteins by imyounocytochemical analysis. Tounediately after isolation
(passage (), cells were fixed with 4% paraformaldehyde and exposed to antibodies for six
proteins: von Willebrand Factor, CE:34) cytokeratin 1R, desmin, alpha-smooth muscle actin,
and vimentin, Umbilicus-derived cells were positive for alpha-smooth muscle actin and

vimentin, with the staining patiern consistent through passage 11

{88379  Summary: Concordance between gene expression levels measured by microarray
and PCR (both real-time and conventional) has been established for four genes: oxidized
LDL receptor 1, rennin, reticulon, and 11-8. The expression of these genes was differentially
regulated at the mRNA level in PPDCs, with 1L-8 also differentially regulated at the protein
fevel. The prosence of oxidized LBL receptor was not detected at the protein level by FACS
analysis in cells derived from the placenta. Differential expression of GCP-2 and CXC
higand 3 was not confirmed at the mRNA level, however GCP-2 was detected at the protein
level by FACS analysis n the placenta-derived cells. Although this resuldt is not reflected by
data originally chiained from the micro array experiment, this may be due to a difference in

the sensitivity of the methodologies.

[88386] Immediately afier isolation (passage 0}, cclls derived from the human placenta
stained positive for both alpha-smooth nwscle actin and vimentin, This pattern was also
observed in cells at passage 11, Vimentin and alpha-smooth muscle actin expression may be
preserved in cells with passaging, tn the Growth Medivmm and ander the conditions utilized in
these procedures. Cells derived from the human ymbilical cord at passage (0 were probed for

the expression of alpha-smooth muscle actin and vimentin, and were positive for both. The
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staining patiern was preserved through passage 11

EXAMPLE 12
fn Vigro Tmmunological Evaluation of Postpartuwmn-Derived Cells

{83811  Postpartum-derived cells (PPDCs) were evaluated in vitro for their mmunological
characteristics in an effort to predict the immunological response, if any, these cells would
elicit upon in vive transplantation. PPDICs were assayed by flow cytometry for the presence
of HLA-DR, HLA-DP, HLA-DQ, CD&3, CD86, and B7-H2, These proteins are expressed by
antigen-presenting celis (AP¢) and arc required for the direct stimulation of nalve CD4 + T
cells (Abbas & Lichtman, CELLULAR AND MOLECULAR IMMUNOLOGY, 5th Ed.
(2003) Saunders, Philadelphia, p. 171). The cell lines were alse analyzed by flow cytometry
for the expression of HLA-G (Abbas & Lichtman, 2003, supra), CD 178 {Coumans, ef af,,
(1999} Journal of Immunological Mcthods 224, 185-196), and PD-12 (Abbas & Lichiman,
2003, supra; Brown, ef. al. (2003) The Journal of mounology, 170:1257-1266). The
expression of these proteins by cells residing in placental tissues is thought to mediate the
mmumno-privileged status of placental tissues i wiero. To predict the extent to which
placenta-and umbilicus-derived cell fines elictt an inunune response in vivo, the cell lines

were tested in a one-way mixed lymphoceyte reaction (MLR),

Methods & Materials
180382]  Cell culture: Cells were cultored to confluence in Growth Medium containing
O

penicillin/streptomycin in T73 flasks (Corning Inc., Corning, N.Y.) coated with 2% gelatin
Y ; g ; , g

(Sigma, St. Louis, Mo.).

1883831  Andibody Staining: Cells were washed in phosphate buffered saline (PBS) (Gibeo,
Carlsbad, Calit) and detached with Trypsin/EDTA (Gibeo, Carlshad, Mo.). Cells were
harvested, centrifuged, and re-suspended in 3% (v/v) FBS in PBS at a cell concentration of |
x 10" per milliliter. Antibody (Table 12-1) was added to one handred microliters of cell
suspension as por manufacturer's specifications and incubated in the dark for 30 minutes at 4°
C. After incubation, colls were washed with PBS and centrifuged to remove unbound
antibody. Cells were re-suspended in five hundred microliters of PBS and analyzed by flow

R . ™ . . . v e
cytometry using 8 FACSCalibur  mstrament {Becton Dickingon, San Jose, Calif).
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Table 12-1. Antibodies

Antibody Manufacturer Catalog Number
HLA-DRDPDO BD Pharmingen (San Diego, 5555588

CA)
CD8E BD Pharmingen {San Dicgo, 557227

CA)
CD54b BD Pharmingen (San Diego, 555665

CA)
B7-H2 BD Phamingen (San Diego, 552502

CA)
HLA-G Abcam (Cambridgeshire, UK) | ab 7904-100
D 17% Santa Cruz (San Cruz, CA) sc-19681
PD-L2 BD Pharmingen (San Diego, 557846

CA)
Mouse 12G2a Sigma (51, Louts, MO) F-6522
Mouse IgGlkappa Sigma (St Louis, M) P-4635

188384  Mixed Lymphocyte Reaction: Cryopreserved vials of passage 10 ambilicus-
derived cells labeled as cell line A and passage 11 placenta-derived cells labeled as cell line B
were sent on dry ice to CTBR (Senneville, Quebec) to conduct a mixed lymphocyie veaction
using CTBR SOP No. CAC-031. Peripheral blood mononuclear cells (PBMUCs) were
collected from mukltiple male and female volunteer donors. Stimelator (donor) alfogencic
PBMC, autologous PBMC, and postpartum cell lines were treated with mitomycin C.
Autologous and mitomyein C-treated stimuttator cells were added to responder (recipient)
PBMCs and eultured 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.

[88385]  The stimulation index for the allogencic donor {SIAD) was calcelated as the mean
profiferation of the recciver plus mitomycin C-treated allogeueic donor divided by the
bascline proliferation of the receiver. The stimulation index of the PPDCs was caleulated as
the mean proliferation of the recciver plus mitomycin C-treated postpartom cell ne divided

by the bascline proliferation of the recciver.
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Resulis

190386]  Mixed lymphocyie reaction—placenta-derived cells: Seven human voluuteer blood
domnors were screened to identify a single allogeneic donor that would exhibit a robust
proliferation response in 8 mixed lymphocyte reaction with the other six blood donors. This
donor was selected as the sllogeneie positive control donor. The remaining six blood donors
were selected as recipients. The allogeneic positive control dovor and placenta-derived cell
lines were treated with mitomycin C and cubtured in a mixed lymphocyte reaction with the

six individual allogeneic receivers. Reactions were performed i triplicate asing two cell
culture plates with three receivers per plate (Table 12-2). The average stimulation index
ranged froro 1.3 (plate 2) 10 3 (plate 1) and the allogencic douor positive coutrols ranged from

46.25 (plate 2} to 279 (plate 1) (Table 12-3).
Table 12-2, Mixed Lymphocyic Reaction Data - Cell Line B (Placenta)

DM for Proliferation Assay

System
ba

ine of re

MR allegenic donor #W03-7
MLR with cedl line (Micn

WAGS-7771

31 {donor)

M03-7768 Profiferation baseline of receiver 84 242

208 178.0 83.1€ 48.7
{alicgenic donor) § Conteal of autostimutation (Mtormyoin treated autologous cefis) 361 ¢ 817 1 304 427.3 166.71 38.0

Cell line type B {--
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Plate iD: Plate 2
Analytical Cutture
number Mezin 30
473.0 384.02
ORI 4183 151.76 16
Mes-7r 73 28719.0 | 41870 15
7347 169.02 23,0
Si {donor) 2]
5t {cell line} 2
Profiterat 393 376 188 818.0 73.2
MOB 7774 Control of autoshimulation {Mitor 261 381 568 403.3 38.4
MR allo nor 3 83101 42838 48283 107
MR vath 518 789 264 632.7 247 97 48.6
89
1
1272 300 544 7053 506.69 77
MO3.7775 Conirol 0{ E irealed aulo) ous\celis') ZSE ] 199" ’484_ 30?.0 1 55—.89 51.1
MLF afloge: iy ] 235584 10523 28968 21014.0 } 2479.74 451
MILR with cell ine (Mitarnyoin © teaied cell type B) 7GR g24 563 7817 181.05 24.1
S (donor) 30
3 {cell line} 1
Prolfiferation baseiine of receiver 1830 137 1045 Q043 78.2
MO3-7776 Control of auis v ated autologous cells) A20 218 3?4 344.0 318
788 (Mitomy roated) 28893 32485 34746 32044.0 9.2
MLR with cell line (Mitomycin C wreated cell type B) a 3 a a a
Si {donor) 35
Si {cell line) a

Table 12-3. Average stimulation index of placenta cells and an allogeneic
donor in a mixed bymphoecyte reaction with six individual allogeneic receivers,

Recipient Placenta
Plate | (veceivers 1-3) 279 3
Plate 2 (veceivers 4-6) 46.25 1.3

[88387]

Mixed lymphocyte reaction--umbilicus-derived cells: Six uman volanteer blood

donors were screcned to identify a single sllogeneic donor that will exhibit a robust

profiferation response in a mixed lymphocyte reaction with the other five blood donors. Thas

donor was selected as the allogeneic positive control donor. The remaining five blood donors

were selected as recipienis. 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 performed in triplicate using two cell culture plates with

three receivers per plate (Table 12-4). The average stimulation index ranged from 6.5 (plate

1} to 9 {plate 2) and the allogeneic donor positive conirols ranged from 42.75 (plate 1) to 70

(plate 2) (Vable 12-3).
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Table 12-4. Mixed Lymphocyte Reaction Data- Cell Line A (Umbilical cord)

DPM for Proliferation Assay

Anaiyticat
number

Contrel of aun: itomycin
MLR allogenic donor IMG4-2477 (M
MLR with cell lin

iMO4-2478

4581.7 | 1721.3¢

Miiomycin C reate

70
[
Proliter bz7 821.7
MOA-247G Control of atosimul 1 1»! 1 793.0
MLR allog 22707 243440
MIR with cell 1467 3505.0
47
7

21.8
iM04-2480 A,LS_A:
1.7
4.1
S {gonor)

S {cell line} 3
Profiferation baseline of receiver 895 451 B5&5 £567.0 122.44 218
MO2-2481 Control of aut wlation {Milomycn C treated au ous cells) 738 1252 AG4 818.0 400.04 48.9
MLR allogenic {(Mitornyo )] 13177 24385 15444 17835.3 | 6209.52 34.8
MLR with cefl tine (Mitomycin C reated celi type A) 4495 3671 4874 4280.0 12.5

a1

&

Fiate 1D: Plate 2
Analyticai Cu Replicats

number Sy 1 2 3 Mean SO CV
Praliferation b 432 3 474 4130 130.84 318
IMO4-2482 Contro! of sutostimutation (Mitomydl 1459 598 866.7 A487.31 54.3
HLR allo Sonor IMO4-2477 {Mitor ) 24288 31348 28818.3 | 3933.82 137
WMLR with sell line (Mitumycin C reated celi type A) 2762 8723 30623 | 272446 74.4

70

2
Profi aseline ot receiver 312 419 3492 360.0 54.34 15.1
Condrol of aviostimuiation (Mitornycin reated autclogous celis) 557 604 374 515.0 123.50 24.0
ol B o A Profit eline of 5101 3735 2973 3938.3 | 107819 274

Cellline typa A . N . - -

Cordrol of aulosti 1924 4570 2183 2882.3 | 14606.04 50.92

Table 12-8. Average stimulation index of umbilical cord-derived cells and an
allogeneic donor in a mixed tymphocyte reaction with five individual
allogeneic receivers.

Recipient Umbilical
Cord
Plate 1 (receivers 1-4) 42.75 6.5

Plate 2 (receiver 5) 70 9
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{80388} Awnvigen presenting cell markers--placema-derived cells: Histograms of placenta-
derived cells analyzed by flow cytometry show negative expression of HLA-DR, BP, DQ,
CDRG, CDh86, and B7-H2, as noted by fluorescence value consistont with the 1gG control,
mdicating that placental cell lines lack the cell surface molecules required to divectly

stimulate CD4 + T cells.

180389 [mmunomodulating markers--placenia-derived cefls: Histogrars of placenta-
derived cells analyzed by flow cytometry show positive expression of PI3-L2, as noted by the
ncreased value of fluorescence relative to the IgG control, and negative expression of CD17E

and HLA-G, as noted by fluorescence value consistent with the 1gG control.

1803%¢]  Awntigen presenting coll markers--umbilicus-derived cells: Histograms of
umbilicus-derived cells analyzed by flow cytometry show negative expression of HLA-DR,
DP, DO, CDE0, CDRG, and B7-H2Z, as noted by fluorescence value consistent with the igG
control, indicating that wobilical cell lines lack the cell surface molecules vequured to divectly

stimulate CD4 + T cells.

90391} fmmumomodulating cell markers--umbilicus-devived celis: Histograms of
ambilicus-derived cells analyzed by flow cytometry show positive expression of PD-L.2, as
noted by the increased value of fluorescence relative to the 1gG control, and negative
expression of CD78 and HLA-G, as noted by fluorescence value consistent with the IgG

control.

{88392} Swmmary: In the mixed lymphocyte reactions conducted with placenta-derived
cell fines, the average stimudation index ranged from 1.3 to 3, and that of the allogeneic
positive controls ranged from 46.25 to 279, Tn the nmixed lymphocyte reactions conducted
with wmbilicas-derived cell lines the average stimulation index ranged from 6.5 to 9, and that
of the allogeneic positive controls ranged from 42.75 to 70. Placents-and uvmbilicos-derived
cell lines were negative for the expression of the stinnilating proteins HLA-DR, HLA-DP,
HLA-DOQ, CDR0O, CD86, and B7-H2Z, as measured by flow cytometry. Placenta-and
umbilicus-derived cell lines were negative for the expression of immuno-modulating proteins
HUA-G and CD178 and positive for the expression of PD-L2, as measured by flow
cytometry. Allogeneic donor PBMCs contain antigen-presenting cells expressing HLA-DR,
DQ, CDR, CDR6, and B 7-H2, thereby allowing for the stimulation of naive CD4 + T colis.
The absence of antigen-presenting cell sarface molecules on placenta-and ombilicus-derived

cells required for the direct stinmlation of naive CD4+ T celis and the presence of PD-12, an
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mmunomodulating protein, may account for the low stimulation index extubited by these

cells in a MLR as compared (o allogeneic controls.

EXAMPLE i3
Secretion of Trophic Factors by Postpartum-Derived Cells

{88393}  The secretion of sciected trophic factors from placenta-and umbilicus-derived
cells was measured. Factors selected for detection included: (1) those known to have
angiogenic activity, such as hepatocyte growth factor (HOF) (Rosen er ol (1997) Ciba
Found. Symp. 212:215-26), monocyie chemotactic protein 1 (MCP-1) (Salcedo of af. (20003
Blood 96;34-40), interleukin-8 (ML-8) (Li et af (2003} ). Iromunol. 170:3369-76),
keratinocyte growth factor (KGF), basic fibroblast growth factor (bFGF), vascular endothelial
growth factor (VEGF) (Hughes ef ¢f. (2004) Ann. Thorac. Surg, 77:812-8), matrix
metailoproteinase 1 {TIMP1), angiopoictin 2 (ANG2), platelet derived growth factor (PDGFE-
bb), thrombopoietin (TPO), heparin-binding cpidermal growth factor (HB-HGF), stromal-
derived factor falpha (SDF-lalpha); (2} those known to have newrotrophic/meuroprotective
activity, such as brain-derived neurotrophic factor (BDNF) (Cheng ef o (2003) Dev. Biol
258;319-33), mterlenkin-6 (1L-6), gramulocyte chemotactic protein-2 (GCP-2), transforming
growth factor beta2 (TGFbetal) ; and (3) those known to have chemokine activity, such as
macrophage inflammatory protein lalpha (MIP1a), macrophage inflammatory protein 1 beta
(MiP1h), monocyte chemoattractant-1 (MCP-1), Rantes (regulated on activation, normal T
cell expressed and seercted), 1309, thymus and activation-regulated chemokineg (TARe),

Eotaxin, macrophage-derived chemokine (MDC), 11L-8).
Methods & Materials

1803%94]  Cell culture: PPDCs from placenta and umbilicus as well as human fibroblasts
derived from human neonatal foreskin were cultared in Growth Medium with
penicillin/streptomycin on gelatin-coated T7S flasks. Cells were cryopreserved at passage 1
and stored in bquid nitrogen. After thawing of the cells, Growith Medium was added to the
cells followed by transfer to a 15 milliliter centrifuge tube and centrifugation of the cclis at
150%g for 5 minutes. The supernatant was discarded. The cell pellet was resuspended in 4
milliliters Growth Medium, and cells were counted. Cells were seeded at 375,000 cells/75

em” flask containing 15 millititers of Growth Medium and cultured for 24 bowrs. The
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medium was changed to a serom-free medium (DMEM-low ghicose (Gibeo), 0.1% (w/v)
bovine serum albumin (Sigma), penicillin/streptomycin (Gibeo)) for 8 hours. Conditioned
serum-free medivm was collected at the end of incubation by centrifugation at 14,0007g for 5

mnutes and stored at -20° C.

[86395]  To cstimate the number of cells in each flask, cells were washed with PBS and
detached using 2 williliters wrypsi/BEDTA. Trypsin activity was inhibited by addition of 8
milliliters Growth Mediom. Cells were centrifuged at 150%g for 5 minutes. Supernatant was
removed, and cells were resuspended in 1 milhliter Growth Mediim. Cell munber was

estimated using 3 hemocytometer.

1803%6] ELIS4 assay: Cells were grown at 37 C in 5% carbon dioxide and atmospheric
oxygen. Placenta-derived cells (batch 101503} alse were grown in 5% oxygen or bela-
mercaptocthanol (BME). The amount of MCP-1, 1L-6, VEGF, SDF-lalpha, GCP-2, 11.-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.

180397} Searchlight mudtiplexed ELISA assay: Chemokines (MIP1la, MIPTb, MCP-1,
Rantes, 1309, TARC, Eotaxin, MDC, 1L.8), BDNF, and angiogenic factors (HGF, KGF,
bFGF, VEGF, TIMP1, ANG2Z, PDGF-bb, TPO, HB-EGF were measured using SearchLightw
Proteome Arrays (Pierce Biotechrelogy Tne.). The Protcome Arrays are multiplexed
sandwich ELISAs for the quantitative measurement 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
nto cach well of a 96-well plaie. Following a sandwich ELISA procedure, the entire plaic is
imaged to capture chemilinuinescent signal gencrated at cach spot within cach 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.

Results

{88398} ELISA assay: MCP-1 and 1L-6 were secreted by placenta-and umbilicus-derived
cells and dermal fibroblasts (Table 13-1). 5DF-lalpha was secreted by placenta-derived cells
cultured in 5% 0 Z and by fibroblasts. GCP-2 and IL-¥ were scereted by umbilicus-derived
cells and by placenta-derived cells cultured i the presence of BME or 5% 0, GCP-2 also

was secreted by homan fibroblasts. TGF-betaZ was not detectable by ELISA assay,
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Table 13-1. ELISA Results: Detection of Trophic Factors

MCP-1 | 16 VEGF | SDF-10, | GCP-2 | IL-8 TGF-

B2
Fihroblast 1741 613 2913 | 1941 2141 ND D
Placenta (842303 603 4112 ND | ED ND ND ND
Umbilical (022803} 115074 | 42340289 | WD | ND 160-11 | 2058145 | ND
Placenta (B71003) (95016 | 101 ND | ND WD ND ND
Unehilical (§71603) 2794:84 | 1356+43 | ND | ND 218498 | 2369123 | ND
Placenta (181503) BME 21410 | 6743 ND | ND 1459 ND
Placenta (101503) 5% 03, Tir16 33931 | ND (1497137 | 5442 765410 | ND
W/ BME

Key: ND: Not Detected., =/~ sem

180399 Searchlichi multiplexed ELISA assay: TIMP1, TPO, KGF, HGF, FGF, HBEGF,
BDNE, MIPIh, MCPI, RANTES, 1309, TARC, MDC, and 1L.-8 were secreted from
gmbilicus-derived cells (Tables 13-2 and 13-3). TIMPI, TPO, KGF, HGF, HBEGE, BDNF,
MiPla, MCP-1, RANTES, TARC, Eotaxin, and [L-8 were secreted from placenta-derived
cells (Tables 13-2 and 13-33. No Ang2, VEGF, or PDGF-bb wore detected.

Table 13-2. SEARCHLIGHT Multiplexed ELISA assay results

TIMPL | ANGZ | PRGEBR | TPO KGF | HGF | FGF VEGE | HBEGE | BDNF
hEB 19306.3 | ND NE 230.5 3.0 KD ND 279 1.3 ND
Pi 242995 1 ND ND 546.6 8.8 16.4 ND ND 3813 ND
Ul 577184 | ND KB 12400 | 5.8 5593 1 1487 | ND 4.3 165.7
P3 {41768 | ND ND 568.7 5.2 1G.2 ND ND 1.9 336
U3 218500 | ND ND 11345 1 9.0 195.6 | 308 NI 54 388.6

Key: hIB (human fibroblasts}, P1 (placenta-derived cells (042303)), U1 (umbilicus-derived cells (022803)),

P3 (placenta-denved celis{¢71003}), U3 (umblicus-derived cells (071003)), NI Not Detected.

Table 13-3. SEARCHLIGHT Maultiplexed ELISA assay results

MiPia | MIPIb | MCOPL | RANTES | 1309 TARC | Hetaxin | MBC 18
hiB ND N 33.6 NI ND 8.1 N N 2049
Pi 79.5 NP 2284 41 N 38 2.2 ND 413.5
U1 ND 80 16942 | ND 224 37.6 N iR9 5193¢.1
P3 N ND 102.7 ND ND 3.4 ND ND 638
U3 ND 52 20887 | 415 1i6 214 ND 4.8 105159

Key: hFB (human fibroblasts), P {placenta-denived PPDC (042303)), Ul fumbilicus-dertved PPDC {(022803)),

P3 (placenta-derived PPDC (071003)), U3 (umbilicus-derived PPDXC (071002)). ND: Not Detected.
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EXAMPLE 14
Short-Term Neural Differentiation of Postpartum-Derived Cells

[80488]  The abihity of placenta-and umbilicus-derived cells {collectively postpartum-

derived cells or PPDCs) to differentiate inio neural lincage cells was examined.

Methods & Materials

188481}  lsolation and Expansion of Postpartum Cells: PPDCs from placental and

umbilical tissues were isolated and cxpanded as described in Example 6.

{88482} Modified Woodbury-Rlack Protocol (4): This assay was adapted from an assay
originally performed to test the neural induction potential of bone marrow stromal cells (1}
Umbilicus-derived cells (022803) P4 and placenta-derived cells (0422033 P3 were thawed
and culture expanded in Growth Media at 5,000 colls/cr’ until sub-confluence (75%) was
reached. Cells were then trypsinized and seeded at 6,000 cells per well of a Titretek [ glass
slide { VWR International, Bristol, Conn.). As controls, mesenchymal stem cells {(P3; 1F2155;
Carabrex, Walkersville, Md.), osteoblasts (P5; CC2538; Cambrex), adipose-derived cells
{Artecel, U.S. Pat. No. 6,555,374 B1) (P6; Donor 2) and neonatal human dermal fibroblasts

(P6; CL2509; Cambrex) were also secded ander the same conditions,

1904837 All cells wore mitially expanded for 4 days in DMEM/F12 medium (Tovitrogen,
Carlsbad, Calif.) containing 15% (v/v) fetal bovine serum (FBS; Hyclone, Logan, Utah),
basic fibroblast growth factor (bFGE; 20 nanggrams/milliliter; Peprotech, Rocky Hill, N1},
epidermal growth factor (EGF; 20 navograms/mulliliter; Peprotoch) and
penicillin/streptomycin (Invitrogen). After four days, cells were rinsed in phosphate-buffered
saline (PBS; Invitrogen) and were subsequently cultured in DMEM/F 12 medium+20% (v/v)
FRS+penicillin/streptomycin for 24 hours. After 24 hours, cells were rinsed with PBS, Cells
were then cultured for 1-6 hours in an induction medium which was comprised of
DMEM/FI2 (serom-free) containing 200 mM butylated hydroxyanisele, 10 pM potassium
chloride, 5§ milligramy/milliliter insodin, 10 pM forskolin, 4 pM valproic acid, and 2 pM
hydrocortisone {all chemicals from Sigma, St. Louis, Mo.). Cells were then fixed in 100%
ice-cold methanol and foununocytochemistry was performed (sec methods below) o assess

human nestin protein expression.

188404]  Modified Woodbury-8lack Frotocol (B): PPDCs (umabilicus (022803 P11
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placenta (342203} P11 and adult human dermal fibroblasts (1F1853, P11) were thawed and
culture expanded in Growth Medium at 5,000 cells/cm’ until sub-confluence (75%) was
reached. Cells were then trypsinized and seeded at similar dewsity as in (A), but onto (1) 24
well issue culture-treated plates (TCP, Falcon brand, VWR International), (2) TCP wells+2%
{w/v) gelatin adsorbed for 1 hour at room temperature, or (3} TCP wells+20 pg/miliiliter

adsorbed mouse laminin (adsorbed for 3 miniomum of 2 hours at 37° C; Invitrogen).

[88485]  Exactly as in (A), cells were initially expanded and media switched at the
aforementioned timeframes. One set of cultures was fixed, as before, at § days and 6 hours,
this time with ice-cold 4% (w/v) paraformaidchyde {Sigma} for 10 minutes at room
temperature. In the second set of cultures, medivm was removed and switched to Neural
Progenitor Expansion medium (NPE) consisting of Meurobasal-A mediom (Invitrogen}
containing B27 (B27 supplement; nvitrogen), L-glutamine {4 mM)}, and
peniciilin/streptomycin (Invitrogen). NPH medium was further supplemented with retinoic
acid (RA; | puM; Sigma). This medium was removed 4 days later and cultares were fixed
with ice-cold 4% (w/v) paraformaldehyde (Sigma) for 10 minutes at room temperature, and

stained for nestin, GFAP, and TulJi protein cxpression (see Table 14-1).

Table 14-1. Summary of Primary Antibodies Used

Antibody Concentration Vender

Rat 401 (nestin} 1:200 Chemicon, Temecula, CA
Human Nestin 1:100 Chemicon

Tufl (B Tubulin) 1:500 Sigma, St. Louis, MO
GFAP 2000 DakoCytomation, Carpinteria, CA
Tyrosine hydroxylase (TH) 1:1000 Chemicon

GABA 1:400 Chomicon

Desmin (mouse) 1:300 Chemicon

alpha - alpha-smooth muscle 1:4060 Sigma

actin

Human nuclear protein (hNuc) 1:150 Chemicon

188486]  Two Siage Differentiation Frotocol: PPDCs (umbilicus (0422033 P11, placenta

(022803) P11), adult buman dermal fibroblasts (P11;1F1853; Cambrex) were thawed and
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culture expanded in Growth Mediom at 5,000 cells/cot until sab-confluence (75%) was
reached. Cells were then trypsinized and seeded at 2,000 cells/cm’, but onto 24 well plaies
coated with Jaminin (BD Biosciences, Franklin Lakes, N.J.) in the prescoce of NPE media
supplemented with bFGF (20 nanograms/milhiliter; Peprotech, Rocky Hill, N.J.) and EGF (20
nanograms/milliliter; Peprotech) [whole media composition further referred to as NPE+F+E].
At the same time, adult rat neural progenitors isolated from hippocampus (P4; (062603} were
also plated onto 24 welliaminin-coated plates in NPE+F+EH media. All cultures were
matntained in such conditions for a period of 6 days {cells were fed once during that time) at
which time media was switched to the differentiation conditions listed in Table 14-2 for an
additional period of 7 days. Cultures were fixed with ice-cold 4% (w/v) paraformaldehyde
{Sigma) for 10 minuies at rooi femperature, and stained for human or rat nestin, GF AP, and

Tuliprotein expression.

Table 14-2. Suromary of Conditions for Two-Stage Differentiation Protocol

A B
COND, # PRE-DIFFERENTIATION 2™ STAGE DIFF
1 NPE +F (20 ng/ml) + E (0 ng/mi) | NPE + SHH (200 ng/ml} + F§ (100
ng/mi)
2 NPE +F (20 ng/ml) + E Q20 ng/mi) | NPE + 5HH {200 ng/ml) + F8 (100
ng/ml) + RA (1 uM)

3 NPE +F 20 ng/ml) + E (20 ng/mi) | NPE + RA (I uM)
4 NPE +F 20 ng/od) + E (20 ng/ml) | NPE +F (20 ng/ml) + E (20 ng/ml)
3 NPE + F(20 ng/ml) + E (20 ng/mi) | Growth Medium

) NPE + F (20 ng/ml) + E (20 ng/md) | Condition 1B + MP52 (20 ng/ml)
7 MNPE + F (20 ng/ml) + E (20 ng/mly | Condition 1B + BMP7 (20 ng/ml)
8 NPE +F (20 ng/mdy + E (20 ng/mi) | Condition 1B + GDNF (20 ng/mi)
9 NPE + F (20 ng/md) + E (20 ng/ml) | Condition 2B + MP52 (20 ng/mi)
10 NPE + F (20 ng/ml) + E (20 ng/ml) | Condition 28 + BMP7 (20 ng/mi)
11 NPE + F {20 ng/ml) + E (20 ng/mi) | Condition 2B + GDNF (20 ng/mb
12 NPE + F (20 ng/mD + E (20 ng/mly | Condition 3B + MP32 (20 ng/ml)
13 NPE + F 20 ng/mh + E 20 ng/ml) | Condition 38 + BMP7 (20 ng/ml)
14 NPE + F (20 ng/md} + E (20 ng/mi) | Condition 3B + GPNF (20 ng/mli}
15 NPE +F (20 ng/o) + EQ0ng/ml) | NPE + MP32 (20 ng/od)
16 NPE + F (20 ng/ml) + E (20 ng/ml) | NPE + BMP7 (20 ng/mi)

7 NPE + F (20 ng/ml) + E (20 ng/mly | NPE + GONF (20 ng/m)

1804877  Multiple growih juctor protocol: Umbilicus-derived cells {P11; (042203)) were

thawed and culture expanded in Growth Medium at 5,000 cells/crs” until sub-conflucnce

(75%) was reached. Cells were then trypsinized and seeded at 2,000 cells/cmy, onto 24
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welhiaminin-coated plates (BD Biosciences) in the presence of NPE+F (20
nanograms/millititer+E (20 nanograms/milliliter}. In addition, some wells contained
NPE+F+E+2% FBS or 10% FBS. Afier four days of "pre-differentiation” conditions, all
media were removed and samples were switched to NPE medium supplemented with sonic
hedgehog (SHH; 200 nanograms/milliliter; Sigma, St. Loais, Mo.), FGFE (100
nanograms/milliliter; Peprotech), BDNF (40 nanograms/millifiter; Sigma), GDNF (20
nanograms/milliliter; Sigma), and retinoic acid (1 uM; Sigma). Seven days post medium
change, cultures were fixed with ice-cold 4% (w/v) paraformaldehyde (Sigma) for 10 minutes
at room temperature, and stained for homan nestin, GFAP, TwJl, desmin, and alpha-smooth
muscle actin expression.

180488]  Newural progenitor co-culture protocol: Adult rat hippocampal progenitors
{062603) were plated as nevrospheres or single ceils (10,000 cclls/well) onto laminin-coated
24 well dishes (BD Biosciences) in NPE +F (20 nanograms/milliliter) + B (20

nanograms/myilliliter).

1804891  Separately, umbilicus-derived cells (042203) P11 and placenta-derived cells
(022803 P11 were thawed and culture expanded in NPE +F (20 nanograms/oulliliter) +E (20
aanograms/milliliter) at 5,000 cells/cm? for a period of 48 hours. Cells were then trypsinized
and sceded at 2,500 colls/well onto existing cultures of neural progenitors. At that time,
existing medinvm was exchanged for fresh medium. Four days later, cultures were fixed with
we~-cold 4% (w/v) paraformaldehyvde (Sigma) for 10 minutes at room temperature, and

stained for human noclear protein (hNuc; Chemicon) {Table 14-1 above) to identify PPDCs.

190418]  fmmumocytochemistry: Tovmounoecytochemistry was performed using the antibodies
listed 1n Table 14-1. Cultures were washed with phosphate-buffered saline (PBS) and
exposed to a protein blocking solution contatning PBS, 4% (v/v) goat serum {Chemicon,
Temecuba, Calif), and 0.3% (v/v) Triton (Triton X-100; Sigma) for 30 minutes to access
miraceliular antigens. Primary antibodies, diluted in blocking solution, were then applied to
the cultures for a period of 1 hour at room temperature. Next, primary antibodies solutions
were removed and cultures washed with PBS prior {o application of secondary antibody
solutions (1 hour at room temperature) containing blocking solution along with goat anti-
mouse IgG-- Texas Red (1:250; Moleaular Probes, Fugene, Oreg.) and goat anti-rabbit 1gG--
Alexa 488 {1:250; Molecular Probes). Coltures were then washed and 10 micromolar DAPE

{Molecular Probes) applied for 10 minutes to visualize cell nucletn

——n
L
W



WO 2016/099949 PCT/US2015/063931

{80411 Following immumostaining, thuorescence was visuahzed using the appropriate
fluorescence filter on an Olympus inverted epi-fluorescent microscops (Olympus, Melville,
N.Y. ) Inall cases, positive staining represented fluorescence signal above control staining
where the entire procedure outlined above was followed with the exception of application of
a primary antibody sohution. Representative images were captured using a digital color video
camera and ImagePro software (Media Cybernetics, Carlsbad, Calif}. For triple-stained
samples, cach image was taken using only one cmission filter at a time. Layered montage

were then prepared using Adobe Photoshop software (Adobe, San Jose, Calit).
Resuits

1804121 Modified Woodburyv-Riack Protocol (4): Upou incubation in this neural induction
composition, all cell types transformed into cells with bipolar morphologies and extended
processes. Other larger non-bipolar morphologies were also observed. Furthermore, the
induced cell populations stained positively for nestin, a marker of multipotent negral stem

and progenitor celis.

1804131  Modified Woodbury-Black Protocol {B): When repeated on Hssug culture plastic
{TCP} dishes, nestin expression was not observed unless laminin was pre-adsorbed to the
culture surface. To further assess whether nestin-expressing cells could then go on to generate
mature neurons, PPDCs and fibroblasts were exposed to NPE+RA (1 uM}, 8 media
composition knowa to induce the differentiation of neural stem and progenitor cells into such
cells (2, 3, 4). Cells were stained for Tull, a marker for immature and mature neurons,
GFAP, a marker of astrocytes, and nestin. Under no conditions was Tull detected, nor were
cells with neuronal morphology observed. Forthermore, nestin and GF AP were no longer

expressed by PPDCs, as determined by immmunocytochemisiry.

{88414  Two-stage differentiation: Umbilicos and placenta PPDC isolates (as well as
human fibroblasts and rodent neural progenitors as negative and positive control cell types,
respoctively) were plated on laminin (neural promoting)-coated dishes and exposed to 13
different growth conditions {and two conirol conditions} known to promote ditferentiation of
nevral progenitors into neurons and astrocytes. In addition, two conditions were added to
examing the nfluence of GDFS, and BMP7 on PPDC differentiation. Generally, a two-step
differentiation approach was taken, where the cells were fivst placed in neural progenitor
expansion conditions for a period of 6 days, followed by full differentiation conditions for 7

days. Morphologically, both umbilicus-and placenta-derived cclls exhibited fundamental

136
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changes m cell morphology throughout the time-course of this procedure. However, neuronal
or astrocytic-shaped cells werg not observed except for in control, neural progenitor-plated
conditions. Jmmunocytochemistry, negative tfor human nestin, Tall, and GFAP contirmed

the morphological observations,

188415)  Multiple growih juctors: Following one week's exposure to a variety of newral
differentiation agents, cells were stained for markers indicative of veural progenitors (buman
nestin, neurons {Tull), and astrocyies (GFAP). Cells grown in the first stage in non-seram
containing media had different morphologies than those cells in serum containing (2% or
10%) media, indicating potential neural differentiation. Specifically, following a two step
procedure of exposing umbilicus-derived cells to EGF and bFGF, followed by SHH, FGFES,
GDNF, BDNF, and retinoic acid, cells showed long extended processes sinilar to the
morphology of cultured astrocytes. When 2% FBS or 10% FBS was included in the first
stage of differentiation, cell nurober was increased and cell morphology was unchanged from
control cultures at high density. Potential neural differentiation was not evidenced by

immunocytochemical analysis for human nestin, Tull, or GFAP.

180416]  Neural progenitor and PPDC co-culture: PPDCs were plated onto cultures of vat
nevral progenitors seeded two days carlier in noural expansion conditions (NPE+F+E). While
visual confirmation of plated PPDCs proved that these cells were plated as single cells,
human-specific nuclear staining (hiNuc) 4 days post-plating (6 days total) showed that they
tended to ball up and avoid contact with the neural progenitors. Furthermore, where PPDCs
attached, these cells spread out and appeared to be inmervated by differentiated nourons that
were of rat origin, suggesting that the PPDCs may have differentiated into muscle cells. This
chservation was based upon morpholegy under phase contrast microscopy. Another
observation was that typically large cell bodies (larger than neural progenitors) posscssed
morphologies resembling neoral progenitors, with thin processes spanping out in multiple
directions. hNuc staining (found in one half of the cell's nucleus) showed that in some cases
these humman cells may have fused with rat progenitors and assumed their phenotype. Control
wells containing only neural progenitors had fewer total progenitors and apparent
differentiated cells than did co-culture wells containing umbilicus or placenta PPDCs, further
mdicating that both urabilicus-and placenta-derived cells mfluenced the differentiation and
behavior of neural progenitors, either by release of chemokines and cytokines, ov by contact-

mediated effects.

——
L
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{88417} Summary: Multiple protocols were conducted to determine the short term
potential of PPDCs to differentiate into neural lincage cells. These imcluded phase contrast
imaging of morphology fn combination with tmownocyiochemistry for nestin, Tull, and
GFAP, proteins associated with multipotent neural stem and progenitor cells, immature and

mature neurons, and astrocytes, respectively.

EXAMPLE 158

Long-Term Neural Differentiation of Postpartum-Derived Cells

{80418]  The ability of umbilicus and placenta-derived cells {collectively postpartum-
derived cells or PPDCs) to vundergo long-term differentiation into neural Hneage cells was

evaluated.
Methods & Materials

884181 Lsolasion and Expansion of PPDCs: PPDCs were isolated and expanded as

described in previous Examples.

1884287 PPDC Cell Thaw and Flating: Frozen aliguots of PPDCs (umbilicus (022803)
P11;{042203) P11 (071003) P12; placenta (101503) P7) previously grown in Growth
Medium were thawed and plated at 5,000 cells/cm 2 in T-75 flasks coated with laroinin (BD,
Frankln Lakes, N.J.} in Neurobasal-A medium (Invitrogen, Carlsbad, Calit)) containing B27
(B27 supplement, Invitrogen), L-glatamine (4 mM), and Pemicillin/Streptomyein (10
milliliters), the combination of which is herein referred to as Neural Progenitor Expansion
(NPE) media. NPE media was further supplemented with bFGF (20 nanograms/milliliter,
Peprotech, Rocky Hill, N. 1) and EGF (26 nanograms/miliiliter, Peprotech, Rocky Hill, N.

1Ly, herein referred to as NPE+BFGF+EGF.

[B80421]  Control Cell Plating: 1n addition, adult human dermal fibroblasts (P11, Cambrex,
Walkersville, Md.) and mesenchymal stem cells (P35, Cambrex) were thawed and plated at the
same cell seeding density on faminin-coated T-75 flasks in NPE+BFGF+EGE. As a further
control, fibroblasts, umbilicus, and placenta PPDCs were grown in Growth Medium for the

period specified for all cultures.

1804221 Cell Expansion: Media from all cultures were replaced with fresh media oncea

week and cells observed for expansion. In general, cach culiure was passaged one time over a
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period of one month because of Hmited growth in NPE+DFGF+EGE.

1884231  fmmunocytochemisiry: After a pertod of one mounth, all flasks were fixed with
cold 4% (w/v) paraformaldehyde (Sigma) for 10 minutes at room temperature.
Immwmecytochemistry was performed using antibodies directed against Tull (BIII Tubulin;
1:500; Sigma, St. Louis, Mo.) and GFAF {glial {ibrillary acidic protein; 1:2000;
DakoCytomation, Carpinteria, Calif). Briefly, cultures were washed with phosphate-buffered
saline (PBS) and exposed to a protein blocking solution containing PBS, 4% (v/v) goat serum
{Chemic on, Temecula, Calif.), and 0.3% (v/v} Triton (Triton X-100; Sigma) for 30 minutes
to access intracelinlar antigens. Primary antibodies, diluted in blocking solution, were then
apphied to the cultures for a period of 1 hour at room teraperature. Next, primary antibodics
sohutions were removed and cultures washed with PBS prior to application of secondary
antibody solutions (1 howr at room temporature) containing block along with goat anti-mouse
1gG--Texas Red (1:250; Molecular Probes, Bugene, Oreg.) and goat anti-rabbit 1gG--Alexa
488 (1:250; Molecular Probes). Cultures were then washed and 10 micromolar DAPI

(Molecular Probes) applied for 10 mimites to visualize cell nuclei.

180424} Following immunostaining, fluorescence was visualized using the appropriate
fhuorescence filter on an Olympus inverted epi-fluorescent microscope {Olympus, Melville,
N.Y.). In all cases, positive staining represented fhuorescence signal above control staining
where the entire procedure cutlined above was followed with the exception of application of
a primary antibody solution. Representative images were captured using 8 digital color video
camera and ImagePro software (Media Cybernetics, Carlsbad, Calif). For riple-staimed
samples, cach image was taken using only one emission filter at a time. Layered montages

were then prepared using Adebe Photoshop software (Adobe, San Jose, Calif ).

Table 15-1, Supumary of Primary Antibodies Used

Antibody Concentration  Vendor
Tufi (BHI Tubuling 1:500 Sigma, St. Louis, MO
GFAP 12000 DakoCytomation, Carpinteria, CA
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Resulis

1984258] NPE+BFGF+EGF media slows preliferation of PPDCs and alters their
morphology. homediately following plating, a subset of PPDCs attached 1o the culture flasks
coated with laminin. This may have been due to cell death as a function of the freeze/thaw
process or because of the new growth conditions, Cells that did attach adopted morphologies

different from those observed 1n Growth Media.

180426  Clones of umbilicus-derived celly express neuronal proteins: Cultures were fixed
at one month post-thawing/plating and stained for the neuronal protein ToJ1 and GFAP, an
mtermediate filament found in astrocytes. While all control cultures grown in Growth
Mediom and human fibroblasts and MSCs grown in NPE+BFGF+EGF medim were foumd
{0 be Tull-/GFAP-, Tull was detected in the vmbilicus and placenta PPDCs. Expression was
observed in cells with and without neuronal-like morphologies. No expression of GFAP was
observed in either culture. The percentage of cells expressing Tult with neuronal-Hike
morphologies was less than or equal to 1% of the total population (n=3 umbtlicus-derived cell
isolates tested). While not guantified, the percentage of Tull + cells without neuronal
morphologics was higher in umbilicus-derived cell cultures than placenta-derived celf
cultures. These results appeared specific as age-matched controls in Growth Medium did not

express Tull.

{88427 Summary: Methods for generating differentiated neurons (based on Tull
expression and neuronal morphology) from umbilicus-derived cells were developed. While
expression for Tull was not examined ecarlier than one month in vitre, 1t is clear that at least a
small population of umsbilicus-derived cclls can give rise to neurons cither through default
differentiation or through long-term induction following one month of exposure to a minimal

media supplemented with L-ghotamine, basic FQF, and EGF.

EXAMPLE 16
PPDC Trophic Facters for Neural Progenitor Support
8064287 The influence of umbilicus-and placenta-derived cells {collectively postpartum-
dertved cells or PPDCs) on adult neural stem and progeniior celi survival and differentiation

through non-contact dependent (trophic) mechanisms was examined.

149
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Methoeds & Materials

188429]  Adult neural stem and progenitor cell isolation: Fisher 344 adult rats were
sacrificed by CO, asphyxiation followed by cervical dislocation. Whole brains were removed
mtact using bone rongeurs and hippocampus tissue dissected based on coronal incisions
posterior to the motor and somatosensory regions of the brain (Paxinos, G. & Watson, C.
1997, The Rat Brain in Stercotaxic Coordinates). Tissuc was washed in Neurobasal-A
medium (Invitrogen, Carlsbad, Calif)) contaiming B27 (B27 supplement; Invitrogen), L-
glotamine (4 mM; Invitrogen), and penicilli/streptomycin (Invitrogen), the combination of
which is herein referred to as Neural Progenitor Expansion (NPE) mediom. NPE medivm was
further supplemented with bFGF (20 nanograms/milliliter, Peprotech, Rocky Hill, N.J.) and
EGF (20 nanograms/milliliter, Peprotech, Rocky Hill, N.1), herein referred to as

NPE+bFGF-+EGE.

[88438]  Following wash, the overlying meninges were removed, and the tissue minced
with a scalpel. Minced tissue was collected and trypsin/EDTA (Invitrogen) added as 75% of
the total volume. DNase {100 microliters per 8 millifiters total volume, Sigma, 5t. Louis,
Mo.) was also added. Nexi, the tissue/media was sequentially passed through an 18 gauge
needle, 20 gauge needle, and finally a 25 gauge needle one time each (all needles from
Becton Dickinson, Franklin Lakes, N.J.). The mixtore was cenirifoged for 3 minutes at 250 g
Supernatant was removed, fresh NPE+BFGF+EGF was added and the pellet resuspended.
The resultant cell suspension was passed through a 40 micrometer cell strainer (Becton
Drickinson), plated on laminin-coated T-75 flasks (Becton Dickinson} or low claster 24-well
plates (Becton Dickinson), and grown in NPE+BFGF+EGFE media until sofficient cell

nurbers were obtained for the studies outlined.

188431} PPDC plating: Postpartum-derived cells {ombilicus (022803} P12, (042103) P12,
(071003) P12; placenda (042203) P12) previcusly grown in Growth Medium were plated at
5,000 cells/transwell insert (sized for 24 well plate) and grown for a period of one week n

Growth Medium in inserts to achieve confluence.

190432]  Adult neural progenitor plating: Neural progenitors, grown as neurospheres or as
single cells, were secded onto laminin-coated 24 well plates at an approximate density of
2,000 cells/well in NPE+BFGF+EQGF for a period of one day to promote celhular attachment.
One day later, transwell inserts containing postpartum cells were added according to the

following scheme:
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a. Transwell (umbilicus-derived cells in Growth Media, 200 microliters )+ neural
progenitors (NPE+BFGF+EGF, 1 milliliter)

b. Transwell (placenta-derived cells in Growth Media, 200 nicroliters)+ neural
progenitors (NPE+bFGEF+EGE, 1 milliliter)

c. Transwell (adult human dermal fibroblasts {1 F 1853; Cambrex, Walkersville,
Md.} P12 in Growth Media, 200 microliters)+neural progenitors

(NPE+bFGF+EGF, 1 milliliter)

d. Control: neural progenttors alone (NPE+BFGF+EGE, | milhiliter)
e. Control: neural progenitors alone (NPE only, 1 milliliter)

{88433} Imonunocyiochemisivy: After 7 days in co-culture, all conditions were fixed with
cold 4% (w/v) paraformaldehyde (Sigma) for a period of 10 mimites at room temperature.
Immunccytochemistry was performed using antibodies directed against the epitopes listed in
Table 14-1. Briefly, cultures were washed with phosphate-buffered saline (PBS) and exposed
to a protein blocking sohution containing PBS, 4% (v/v) goat serum {Chemic on, Temecula,
Calit), and 0.3% (v/v) Triton {Triton X-100; Sigma) for 30 minutes to access intracellular
antigens. Primary antibodies, diluted m blocking solution, were then applied to the cultures
for a period of 1 hour at room temperature. Next, primary antibodies solations were removed
and cultures washed with PBS prior to application of secondary antibody sohutions (1 hour at
room iemperature) containing blocking solution along with goat anii-mouse 1gG--Texas Red
(1:250; Melecular Probes, Eugene, Oreg.) and goeat anti-rabbit IgG--Alexa 488 (1:250;
Molecular Probes). Cultures were then washed and 10 micromolar DAPI (Molecular Probes)

applied for 10 minutes to visualize cell nuclel.

[B80434] Following immumostaining, thuorescence was visuahzed using the appropriate
floorescence filter on an Olympus inverted epi-fluorescent microscope {Olympus, Melville,
N.Y.). inall cascs, positive staining represenied floorescence signal above control staining
where the entire procedure outlined above was followed with the exception of application of
a primary antibody solution. Representative images were captured using a digital color video
camera and hnagePro software (Media Cybernetics, Carlsbad, Calif.}. For triple-stained
samples, cach image was taken using only one cmission filter at a time. Layered montages

were then prepared using Adobe Photoshop software (Adobe, San Jose, Calit).
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Table 16-1. Summary of Primary Antibodies Used

Antibody Conceniration Vendeor

Rat 401 {nestin} 1:260 Chemicon, Temecula, CA

Tull (Bl Tubulin) 1506 Sigma, St. Louis, MO

Tyrosine hydroxylase (TH) 1:1000 Chemicon

GABA 1:400 Chemicon

GFAP 1:2600 DakoCytomation, Carpinteria, CA
Myelin Basic Protoin (MBP) 1:400 Chemicon

188438} Quantitative analvsis of neural progenitor differentiation: Quantification of
hippocampal neural progenitor differentiation was examined. A minimum of 1000 cells were
counted por condition or if less, the total number of cells observed in that condition. The
percentage of cells positive for a given stain was assessed by dividing the number of positive

cells by the total number of cells as determined by BAPI (nuclear) staining,

190436]  Mass spectrometry analvsis & 213 gel electrophoresis: In order 1o identify unique,
secreted factors as a result of co-culture, conditioned media samples taken prior to culture
fixation were frozen down at-80° C overnight. Sampics were then applied to ultrafiltration
spin devices (MW cutoff 30 kD). Retentate was apphied to immunoaffinity chromatography
(anti-Hu-albumin; 1gY) (Jovmunocaftinity did not remove albumin from the samples). Filtrate
was analyzed by MALDL The pass through was applied to Cibachron Blue affinity

chromatography. Samples were analyzed by SDS-PAGE and ZD gel electrophoresis.

Resulis

1804371  PPDC co-culture sumulates adult neural progeniior differentiation: Following
culture with umbilicus-or placenta-derived cells, co-cultured neural progenitor cells derived
from adult rat hippocampus cxhibited significant differcntiation along all three major Hincages
m the central nervous system. This effect was clearly observed after five days in co-culture,
with numerous cells elaborating complex processes and losing their phase bright features
characteristic of dividing progenitor cells. Conversely, neural progenitors grown alone in the

absence of bFGF and EGF appeared unhealthy and survival was limited.
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[B0438]  After completion of the procedure, cultures were stained for markers indicative of
undifferentiated stem and progenitor cells (nestin), tmmature and mature nowrons (Tull),
astrocytes {GFAP), and mature oligodendrocytes (MBP), Dhifferentiation along all three
Ineages was confirmed while control conditions did not exhibit significant differentiation as
evidenced by retention of nestin-positive staining amongst the majority of cells. While both
umbilicus-and placenta-derived cells induced cell differentiation, the degree of differentiation
for all three lineages was less in co-cultures with placenta-derived cells than in co-cultures

with umbihicus-derived cells.

{88439} The percentage of differentiated neural progenitors foliowing co-culture with
wubilicus-derived ceils was quantified (Table 16-2). Umbilicus-derived cells significantly
enhanced the number of matare oligodendrocytes (MBP) (24.0% vs. (% in both control
conditions). Furthermore, co-culture enhanced the number of GFAP + astrocytes and Tull +
neurons i culture (47.2% and 8.7% respectively). These resulis were confirmed by nestin
staining indicating that progenttor status was lost following co-culture (13.4% vs. 71.4% m

control condition 4).

[60448]  Though differentiation also appeared 1o be influenced by adult hurman fibroblasts,
such cells were not able to promote the differentiation of mature oligodendrocytes nor were
they able to generate an appreciable quantity of neurons. Though not quantified, fibroblasis
did however, appear to enhance the survival of neural progenitors.

Table 16-2. Quantification of progenitor differentiation in control vs transwell co-
cubture with umbilical-derived cells (E=EGF, F=bFGF)

Antibady F+E/ Umb F+E/F+E F+E/removed
{Cond.1} {Cond. 4] {Cond, 5]
Tull 8.7% 2.3 % 3.6%
GFAP 472 % 30.2 % 10.9 %
MBP 23.0% 0% %
Nestin 134 9% 71.4 % 39.4 %

190441} Identification of unique compounds: Conditioned media from ubilicus-and
placenta-derived co-culiures, along with the appropriate controls {NPE media+{.7% serum,
media from co-culture with fibroblasts), were examined for differences. Potentially unique

compounds were identified and excised from their respective 2D gels.
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{88442 Summary: Co-culture of adult neural progenitor cells with umbilicus or placenta
PPDCs results in differentiation of those ceolls. Results presented in this example indicate that
the differentiation of adult newral progentior cells following co-cultire with unbilicus-
derived cells 18 particudarly profound. Specifically, a significant percentage of mature

oligodendrocytes was generated in co-cultures of umbikicus-derived cells.

EXAMPLE 17

Transplantation of Postpartum-Derived Cells

[88443]  Cells derived from the postpartum ombilicus and placenta are useful for
regenerative therapies. The tissug produced by postpartum-derived cells (PPDCs)
transplanted into SCID mice with a biodegradable material was cvaluated. The malerials
evaluated were Vieryl non-wowven, 35/65 PCL/PGA foam, and RAD 16 sclf-assembling

peptide hvdrogel.
Methods & Material

180444]  Cell Culture: Placenta-and umbilicus-derived cells were grown in Growth
Mediam (DMEM-low glucose (Gibeo, Carishbad Califly, 15% (v/v) fetal bovine serum (Cat.
#SH30070.03; Hyclone, Logan, Utah), 0.601% (v/v} betamercapiocthanol (Sigma, St. Louis,

Mo.}, penicillin/streptomycin {Gibco}) in g gelatin-coated flasks.

{88448 Sample Preparation: One million viable cells were seeded in 15 microhiters
Growth Medivm onte § mm diameter, 2.25 aun thick Vicryl non-woven scatfolds (64.33
milligrams/ce; Lot#3547-47-1) or 5 mm dismoeter 35/65 PCL/PGA foan (Lot# 3415-33),
Celis were allowed to attach for two hours before adding more Growth Medium to cover the
scaffolds. Cells were grown on scaffolds overnight. Scaffolds without cells were also
incubated in medium.

[B8d446] AD 16 self-assembling peptides (3D Matrix, Cambridge, MA) was obtained as a
sterife 1% (w/v) sofation in water, which was mixed 1:1 with 1 x 10% cells in 109% (w/v)
sucrose {Sigma, St Louts, Mo.), 10 mM HEPES in Dulbecco’s modified medium (DMEM;
Gibeo) immediately before use. The final concentration of cells in RAD 16 hydrogel was 1 x

10° cells/ 100 microliters.
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884471 Test Material (IN=4/Rx)

a. Vicryl non-wovent 1 x 10° umbilicus-detived celis

b, 35/65 PCL/PGA foam+ | x 10" umbilicus-derived cells

¢. RAD 16 self-assembling peptide+ 1 x 10° umbilicus-derived cells
d. Vieryl non-wovent 1 x 10° placenta-derived celis

e. 35/65 PCL/PGA foam+ 1 x 10° placenta-derived cefls

£ RAD 16 self-assembling peptidet | x 16° placenta-derived cells
g. 35/65 PCL/PGA foam

h. Vicryl non-woven

188448}  Animal Preparation: The animals were handled and maintained in accordance
with the current requirements of the Animal Welfare Act. Compliance with the above Public
Laws were accomplished by adhering to the Animal Welfare regulations (9 CFR) and
conforming to the current standards pronuidgated in the Guide for the Care and Use of

Laboratory Animals, 7th edition.

180449 Mice (Mus Musculus)/Fox Chase SCID/Male (Harlan Sprague Dawley, inc.,
Indianapolis, Ind.), 5 weeks of age: All handling of the SCID mice took place under a hood.
The mice were individually weighed and anesthetized with an intraperitoneal injection of a
mixture of 60 milligrams/kg KETASET (ketamine hydrochloride, Aveco Co., inc., Fort
Dodge, lowa) and 10 milligrams/kg ROMPUN (xylazine, Mobay Corp., Shawnee, Kans.) and
saline. After induction of ancsthesia, the entire back of the animal from the dorsal cervieal
area to the dorsal lumbosacral ares was clipped free of hair using clectric animal clippers.
The arca was then scrubbed with chlorhexidine diacctate, rinsed with aleohol, dried, and
painted with an aqueous iodophor solution of 1% available iodine. Ophthalmic ointment was

applied to the eyes to prevent drying of the tissue during the anesthetic period.

{88488} Subcutaneous Implantation Technigue: Four skin incisions, cach approximately
1.0 cm in length, were made on the dorsum of the mice. Two cranial sites were located
transversely over the dorsal lateral thoracie region, about 5-mm caudal to the palpated
mferior edge of the scapuls, with one to the left and one to the right of the vertebral colunm.
Another two were placed transversely over the ghiteal muscle area at the caudal sacro-Tumbar
level, about 5-mm caudal to the palpated iliac crest, with one on cither side of the midline.
Implants were randomlby placed in these sites in accordance with the experimental design.

The skin was separated from the underlying connective tissue to make a smoall pocket and the
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mplant placed {or injected for RAD16) about | -cm caudal to the mcision. The appropriate
test material was implanted into the subcutancous space. The skin incision was closed with

metal clips.

180451]  Awimal Housing: Mice were individually housed in micro iselator cages
throughout the course of the study within a temperature range of 64 F - 797 F. and relative
humidity of 30% to 70%, and maintained on an approximate 12 hour light/12 hour dark
cycle. The temperature and relative humidity were maintained within the stated ranges to the
greatest extent possible. Diet consisted of Irradiated Pico Mouse Chow 5058 (Parina Co.) and

water fed ad libitum.

188452} Mice were euthanized at their designated intervals by carbon dioxide inhalation.
The subcutancous implantation sites with their overlying skin were excised and frozen for

histology.

{84831  Histologv: Excised skin with nuplant was fixed with 10% neutral buffered
formalin (Richard-Allan Kalamazoo, Mich.). Samples with overlying and adjacent tissue
were centrally bisccted, paraffin-processed, and embedded on cut surface using routine
methods. Five-micron tissue sections were obtained by microtome and stained with

hematoxylin and cosin (Poly Scientific Bay Shore, N.Y.) using routine methods.

Results

[88454]  There was mudmal ingrowth of tissue imte foams (without cells) implanted
subcutaneously n 3CID mice atter 30 days. In contrast there was extensive fissue fill in
foams implanted with umbilical-derived cells or placenta-derived cells. Some tissue ingrowth
was observed in Vicryl non-woven scatfolds. Non-woven scatfolds seeded with umbilicus-or

placenta-derived cells showed increased matrix deposition and mature blood vessels.

180458]  Summary: Synthetic absorbable non-woven/foam discs (5.0 mny diameter x 1.0
mm thick) or scif-assembling peptide hydrogel were seeded with etther cells derived from
human umbilicus or placenta and implanted subcutaneously bilaterally in the dorsal spine

region of SCID mice. The results demonstrated that postpartam-derived cells could

dramatically mcrcase good quality tissuc formation in biodegradable scaffolds.
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EXAMPLE 18

Telomerase Expression in Umbilical Tissue-derived Cells

[68456] Telomerase functions to synthesize telomere repeats that serve to protect the
mtegrity of chromosomes and to prolong the replicative hife span of cells (Lig, K, er a/,
PNAS, 1999; 06:5147-5152). Telomerase consists of two components, telomerase RNA
termplate (hTER) and telorgerase reverse transcriptase (hTERT). Regulation of telomerase is
determined by transcription of hTERT but not hTER. Real-fime polymerase chain reaction
(PCR) for hTERT mRNA thus is an accepted method for determining telomerase activity of

cells,

884571  Cell Isolation. Real-ime PCR experiments were performed to determine
telomerase production of human umbilical cord tissue-derived cells. Human umbilical cord
tissue-derived colis were prepared in accordance the examples sct forth above. Gegerally,
umbilical cords obtained from National Disease Rescarch Interchange (Philadelphia, Pa.)
following a normal delivery were washed to remove blood and debris and mechamcally
dissociated. The tissue was then incubated with digestion enzymes including collagenase,
dispase and hyaluronidase in culture medium at 37°C. Human umbilical cord tissue-derived
cells were cultared according to the methods set forth in the examples above. Mesenchymal
stem cells and normal dermal skin fibroblasts {cc-2509 lot # 9F0844) were obtaingd from
Carabrex, Walkersville, Md. A pluripotent human testicular embryonal carcinoma (teratoma)
cell ine nTera-2 cells (NTERA-2 cLD, (see, Plaia ef al., Stem Cells, 2006; 24(33:531-546)
was purchased from ATCC (Manassas, Va.) and was cultured according to the methods set

forth above,

{80488] 'Total RNA Isolation. RNA was extracted from the cells using RNeasy® kit
{Qiagen, Valencia, Ca.). RNA was eluted with 50 microliters DEPC-treated water and stored
at -80°C. RNA was reverse transcribed using random hexaraers with the TagMan® reverse
transcription reagents {Applied Biosystems, Foster City, Ca.) at 23°C for 10 minutes, 37°C

for 60 mimutes and 95°C for 10 minuies. Samples were stored at -20°C.

[60459] Reabtime PCR. PCR was performed on ¢DNA samples using the Applied
Biosystems Assays-On-Demand™ (also known as TagMan® Gene Expression Assays)
according to the manefacturer’s specifications (Apphed Biosystems). This commercial kit is
widely used to assay for telomerase in human celis. Briefly, hTert (human tclomerase gene)

{Hs00162669) and human GAPDH (an internal control) were mixed with ¢cDNA and
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TagMan® Universal PCR master mix using a 7000 sequence detection system with ABI
prism 7000 SDS software (Applied Biosystems). Thermal cyele conditions were initially
S50°C for 2 minutes and 95°C for 10 vunutes followed by 40 cyeles of 95°C for 15 seconds
and 60°C for | minute. PCR data was analyzed according to the manufacturer’s
specifications.

[80460]  Human umbilical cord tissue-derived cells (ATCC Accession No. PTA-6067},
fibroblasts, and mesenchymal stem cells were assayed for hTert and 18S RNA. As shown in

Table 18-1, hTert, and hence telomerase, was not detected in human embilical cord tissue-

derived cells.

Tabie 18-1

hTert | 18S RNA
Umbilical cells (022803) | ND +
Fibroblasts ND +

ND- not detected; + signal detecied

1804611  Human umbilical cord tissue-derived cells (isolate 022803, ATCC Accession No.
PTA-6067) and nTera-2 cells were assayed and the results showed no expression of the
telomerase in two lots of human wimbilical cord tissue-derived cells while the teratoma cell

linc revealed high level of expression (Table 18-2).

Table 18-2
Cell type hTert GAPDH
- hTert norm
Exp. 1! Bxp. 2] Exp. 1| Exp.2
nieral 28,85 ¢ 27.31 16.41 16.31 {161
(22803 - - 2297 | 2279 -

{88462} Therefore, it can be concluded that the human umbilical tissue-denived cells of the
present invention do not express telomerase.

{84631  Various patenis and other publications are referred to throughout the specification.
Each of these publications is tncorporated by reference herein, in its entivety.

[68464]  Although the various aspects of the invention have been illustrated above by

reference to examples and preferred embodiments, it will be appreciated that the scope of the
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mvention is defined not by the foregoing description but by the following claims properly

construed under principles of patent law.
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WE CLAIM:

I. A method of treating retinal degeneration coraprising administering to the eye
of a subject a population of postpartum-derived cells, wherein the cell population secretes
bridge molecules, and wherein the bridge molecales are selected from MFG-ES, Gass, TSP-|

and TSP-2.

2. A method of administering a population of postpartum-derived cells to the eve
of a subject, wherein the cell population secretes bridge molecuoles, and wherein the bridge

molecules are selected from MFG-£R, Gass, TSP-1 and THP-2.

3. The method of ¢laim 1 or 2, wherein the population of postpartum-derived
cells comprises human umbilical cord tissue-derived cells isolated from human umbilical

cord tissue substantially free of blood.

4. The method of claim 3, wherein the cell population isolated from human
umbilical cord tissue substantially free of blood is capable of expansion in culture, bas the
potential to differentiate indo cells of at least a neural phenotype, maintaing a normal
karyotype upon passaging, and has the foliowing characteristics:

a) potential for 40 population doubbings in culture;

b} production of CB 10, CD13, CD44, CD73, and CDY6;

¢} lack of production of CD31, CD34, CH45, CD117, and CD141, and

d} increased expression of genes encoding interleukin 8 and reticulon 1 relative to a

human cell that is a fibroblast, 2 mesenchymal stem cell, or an iliac crest bone marrow cell.

S. The method of claims 1 or 2, wheretn the cell population secretes receptor

tyrosing kinase (RTK) trophic factors.

6. The method of claim 5, wherein the trophic factors are BDNF, NT3, HGF,
PDGE-CC, PGE-DD, and GDNF,

7. The method of claim 4, wherein the the cell population secretes receptor

tyrosing kinase (RTK) trophic factors.

&. The method of ¢laim 7, wherein the trophic factors are BDNF, NT3, HGF,
PDGE-CC, PGE-DD, and GDNF,
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9. A conditioned media prepared by the method of any of claims | to 3.
10. A method of reducing or protecting retinal cells or tissue from oxidative

damage comprising administering to the eve of a subject a population of postpartom-derived
g g g 2 )
cells, wherein the postpartum-derived cells are isclated from homan umbilical cord tissue

substantially free of blood.

11, A method of rescuing retinal pigment epithelial (RPE) cell dysfunction in
retinal degencration, the method comprising administering to the cye of a subjecta
population of postpartum-derived cells, wherein the postpartum-derived cells are isolated
from human umbilical cord tissue substantially free of blood, wherein the cell population
seeretes bridge molecules, and wherein the bridge molecules are sclected from MFPG-ES,

Gas6, TSP-1 and TSP-2,

12. A method for reducing the loss of photoreceptor cells in retinal degeneration,
the method comprising administering to the eye of a subject a popelation of postpartam-
derived cells in an amount effective {o reduce the loss of photorecepior cells, wherein the
postpartum-derived cells are isolated from human umbilical cord tissue substantially free of
blood, wherein the population of postpartum-derived cells secretes bridge molecules, and

wheretn the bridge molecules are selected from MFG-ER, Gas6, TSP-1 and TSP-2.

13, The method of clairas 11 or 12, wherein the population of postpartun-derived

cells secretes receptor tyrosine kinase {RTK) trophic factors.

14, The method of claim 13, wherein the trophic factors are BONF, NT3, HGF,
POGE-CC, PDGE-DD, and GDNF,

15, The method of claims 10, 11 or 12, wherein the population of postpartum-

derived cells 18 administered with at least one other agent.

16, A method for reducing the loss of photoreceptor cells in retinal degeneration
comprising administering to the eye of a subject a composition comprising a population of
postpartum-derived cells, wherein the composition is administered in an amount effective to
reduce the loss of photoreceptor cells, wherein the postpartum-derived cells are isolated from
human umbilical cord tissue substantially free of blood, wherein postpartom-derived celis

secrete bridge molecules, and wherein the bridge molecules are selected from MFG-ES,
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Gass, TSP-1 and TSP-2,
17, The method of claim 16, wherein the population of postpartumn-derived cells

secretes receptor tyrosine kinase (RTK) trophic factors.

18. The method of claim 17, whergin the trophic factors are BDNF, NT3, HGF,
POGE-CC, PDGEF-DD, and GDNF.

19, The method of claim 15, wherein the composition is a pharmaceutical
COMPOsition.
20, The method of claim 19, wheremn the pharmaceutical composition comprises a

pharceutically acceptable carrier.

21. The method of claim 11, 12 or 16, wherein the retinal degeneration is age-

related macular degeneration.

22, The method of claim 21, wherein the age-related macular degeneration is dry

age-related macular degeneration.

23. The method of claim 18, 11, 12 or 16, whercin the cell population isolated
from hurnan wobilical cord tissue substantially free of blood is capable of expansion in
culture, has the potential to differentiate mto cells of at least a neural phenotype, maintains a
normal karyotype upon passaging, and has the following characteristics:

a) potential for 40 population doublings in cultore;

b}y production of CD10, CD13, CDH44, CD7T3, and CDYG;

¢y lack of production of CD31, CD34, CD4S, CD 117, and CD141, and

d} increased expression of genes encoding interleukin 8 and reticulon 1 relative to a

human cell that is a fibroblast, a mesenchymal stem cell, or an iiac crest bone marrow cell.

24, The method of claim 4, wherein the cell population is positive for HLA-

A,B.C, and negative for HLA-DR,DP. DO,

25.  The method of elaim 23, wherein the cell population is positive for HLA-

AB,C, and negative for HLA-DR,DP,DQ.

26, The methods of any of the preceding claims, whercin admivistration to the cye

is selected from administration to the interior of an eye or administration behind the eye.
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