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TREATMENT OF OCULAR CONDITIONS
USING PROGENITOR CELLS

CROSS REFERENCE TO RELATED APPLICATION

18001} This application claius benefit of ULS. Provisional Application Serial No.
62/088,429, filed December 5, 2014, U3, Provisional Application Serial No. 62/126,370,
filed Febroary 27, 2015, and U.S. Provisional Applhication Serial No. 62/220,873, filed
Septeraber 18, 2015, the entire contents of cach is incorporated by refercunce herein in s

entivety.

FIELD OF THE INVENTION

8802} This invention relates to the field of cell-based or regenerative therapy for
ophthalmic diseases and disorders, particularly ocular conditions, such as retinal degencrative
conditions. The mvention provides methods and compositions for the regeneration ot repair
of ocular cells and tissue using progenitor cells, such as umbilical cord tissue-derived cells,

placents tissue-derived cells, and conditioned media prepared from those cells,
BACKGROUND

18003) As a complex and sensitive organ of the body, the eye can experience numercus
discascs and other deleterious conditions that affect its ability to function normally. Many of
these conditions are associated with damage or degeneration of specific ocular cells, and
tissues made up of those cells. As one example, discases and degenerative conditions of the
optic nerve and retina are the leading causes of blindness throughout the world. Damage or
degencration of the cornea, lens and associated ocular tissues reprosent another significant

cause of vision loss worldwide,

{86064} 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
epithelium (RPE) form a fumetional unit that, in many disorders, becomes unbalanced due to
genetic muotations or environmental conditions (including age). This results in loss of
photoreceptors through apopiosis or secondary degeneration, which leads to progressive
deterioration of vision and, in some instances, to blindness (for a review, see, ¢.g., Lund, R,
D. et al, Progress in Retinal and Eye Research, 2001; 20:415-449). Two classes of ocular
disorders that fall into this pattern are age-related macular degeneration (AMD) and retinitis

pigmentosa (RP).
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HHEE AMID 13 the most common cause of vision loss in the United States in those
peopic whose ages arc 50 or older, and s prevalence increases with age. The primary
disorder in AMD appears to be due to RPE dysfunction and changes in Bruch's membranes,
characterized by, among other things, hipid deposition, protein cross-linking and decreased
permeability to nutrients (see Lund of ¢/, 2001 supra). A variety of elements may contribute
o macular degeneration, including genetic makeup, age, nutrition, smoking and exposure to
suntight. The novexudative, or “dry” form of AMD accounts for 90% of AMD cases; the
other 109 being the exudative-neovascudar form (“wet” AMD). In dry-AMD paticnts, there
1s a gradual disappearance of the retinal pigment epithelivm (RPE), resulting in
circemscribed arcas of atrophy. Since photoreceptor loss follows the disappearance of RPE,

the affected refinal areas have [utle or no visual function.

[6006] Current therapies for AMD involve procedures, such as, for example, laser
therapy and pharmacological intervention. By trausferring thermal encrgy, the laser beam
destrovs the leaky blood vessels under the macula, slowing the rate of vision loss. A
disadvantage of laser therapy is that the high thermal energy delivered by the beam also
destroys healthy tissue nearby. Neuroscience 4™ edition, (Purves, D, ef al. 2008) states

“Iclurrently there is no freatment for dry AMD.”

16610 RPE transplantation has been unsuccessful in humans. For example, Zarbin, M,
2003 states, “[wlith normal aging, buman Bruch's membrane, especially i the submacular
region, undergoes numerous changes (¢.g., increased thickness, deposition of ECM and
lipids, cross-linking of protein, non-enzymatic formation of advanced glycation end
produocts). These changes and additional changes due to AMD could decrease the
bicavailability of ECM hLigands (e. g., laminin, fibronectin, and collagen V) and causc the
extremely poor survival of RPE cells in eyes with AMD. Thus, although human RPE celils
express the integrins needed to attach to these ECM molecules, RPE cell survival on aged
submacular buman Bruch's membranc is impaired.” {Zarbin, MA, Trans Am Opbthalmol

Soc, 2003; 101:493-514).

{8811 Retinitis pigmentosa is mainfy considered an inberited disease, with over 100

mutations being associated with photoreceptor loss (see Lund ef a/., 2001, supra). Though
the majority of mutations target photoreceptors, some affect RPE cells directly. Together,
these mutations affect such processes as molecular trafficking between photoreceptors and

RPE celis and phototransduction.

o
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{B8012] Other less common, but nonetheless debilitating retinopathies can also fovolve
progressive celhular degeneration leading to vision loss and blindness. These include, for

exanple, diabetic retinopathy and choroidal neovascular roembrane (CNVM),

{8013} The advent of stem cell-based therapy for cell and tissue repair and regeneration
provides promising treatments for a number of aforementioned cell-degenerative pathologics
and other retinal conditions. Ster cells are capable of self-rencwal and differentiation to
generate a variety of mature cell hincages. Transplantation of such cells can be utibized as a
clinical tool for reconstitoting a target tissue, thereby restoring physiologic and apatomic
functionality. The application of stem ccll technology is wide-ranging, including tissue
engineering, gene therapy delivery, and cell therapeutics, i.e., delivery of biotherapeutic
agents to a target location via exogenously sapplied hiving cells or cellular components that
produce or contain those agents. (For a review, see, for example, Tresce, P AL ef ¢f,,

A

Advanced Drug Delivery Reviews, 2000, 42: 2-37).

{8014} Cell therapy demonstrates great potential for the treatment of neurclogical
disorders. Transplanted cells are thought to promote recovery and neuroprotection by
replacing the damaged cells or by providing trophic factors that enhance neural health and
regeneration. {Doeppner TR, Hermann DM, Frontiers in Cellular Neurgscience,. 2014; R:357;
Atala A, Lancet, 2014/2015; 385(99671:487-48%; Popovich PG, Cell, 2012;150:1105-1106;
Lindvall O, et al., Journal of Clinical Investigation, 2010;120:29-40; Rao MS, Mechanisms of
Aging Development, 2061; 122:713-734). Awophy of neuronal processes is a universal event
n many neurclogical disorders; therefore, providing factors that can trigger nearite outgrowth
can provide therapeutic effects in these discases. Specifically, human umbilical tissue-
dertved cells (bUTC) may be a prorising freatment for neuronal loss. Human umbilical cord
may be harvested from postpartum umbilical cords without ethical concerns, are shown to
have karyotypic stability during in visro cultare, and can be expanded (Lund ef ¢/, Stem
Cells, 2007; 25(31:602-61). The therapeutic potential of hRUJTC administration has been
demonstrated in various animal disease models. For example, delivery of hUTC into animal
models of stroke {(Moore et al,, Somatosensory and Motor Research, 2013; 30:185-196;
Zhang L, ot al., Brain Rescarch, 2012; 1489:104-112; Zbang L, ot ak, Cell transplantation,
2013;22:1569-1576; Jiang , ct al,, PloS One, 2012; 7(8):c42845; Zhang 1., ct al., Stroke;
2011; 42:1437-1444); and retinal degemeraﬁnn (Lamd ef al., Stem Cells, 2007 supra) have
shown that these cells enhance fumctional recovery and protect neurons from progressive

degeneration and cell death.
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[B015] Recently, it has been shown that postpartum-derived cells ameliorate retinal
degeneration (US 2010/0272803). The Royal College of Susgeons {RCS} rat presents with a
tyrosing receptor kinase (Mertk) defect affecting outer segment phagocytosis, leading to
photoreceptor cell death. (Feng W. et al,, J Bio!l Chem., 2002, 10: 277 (19): 17016-17(22).
Transplantation of retinal pigment epithelial (RPE) cells into the sabretinal space of RCS rats
was found fo Hmit the progress of photoreceptor loss and preserve visual function. 1t also has

cen demonstrated that postpartum-derived cells can be used to promote photorecepior rescuc
and thus preserve photoreceptors in the RCS model. (US 2010/0272803). Injection of
human umbilical cord tissue-derived cells (WUTCs) subretinally into RCS rat eve improved
visual acuity and ameliorated retinal degeneration. Moreover, treatment with conditioned
mediun {CM} derived from hUTC restored phagocytosis of ROS in dystrophic RPE celis i
vitro. (US 2010/0272803). The mechanism for hUTC improving vision is further

investigated here.
SUMMARY

{8616} This invention provides compositions and methods applicable to cell-based or
regencrative therapy for ophthalmic diseases and disorders. In particular, the invention
features methods and compositions, including pharmaceutical compaositions, for treating an
ophthalmic disease or condition, including the regeneration or repair of ocular cells and
tissue, using progenitor cells such as postpartum-derived cells, and conditioned media
generated from those cells. The posipartum-derived cells may be umbilical cord tissue-

derived cells or placendal tissue-derived cells.

{8617} One aspect of the invention is a method of treating ophthalmic discase by
nducing synaptogenesis in neuronal colls comprising adroinistering a population of
progenttor cells or a conditioned medium prepared from a population of progenitor cells. In
an embodiment of the invention, the neurconal cells or neurcns are retinal neurcns such as
retinal ganglion cells, photoreceptors (rods and cones), retina anicrine cells, horizontal cells
or bipolar cells. In particular embodiments of the invention, the progenitor cells are
postpartum-derived cells. In emboediments of the mvention, the postpartum-derived cells are
isolated from human wmbilical cord tissue or placental tissue substantially free of blood. Ina
further embodiment, the progenitor cells secrete trophic factors. In an embodiment, the
conditioned media contains trophic factors secreted by the progenitor cell population. In

embodiments, trophic factors secreted by the progenitor cells, such as postpartum-derived
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cells, induce synaptogenesis. In embodiments, the trophic factors are selected from

thrombospondin- 1, thrombospendin-2, and thrombospondin-4.

18018] In an aspect of the invention, the method of reating ophthalmic disease by
mducing neurite cutgrowth in neuronal cells comprising administering a population of
progenitor cells or a conditioned medium prepared from a population of progenitor cells. In
an embodiment of the invention, the neuronal cells or neurons ave vetinal neurons, such as
retinal ganglion cells, photoreceptors (rods and cones), vetina amicrine cells, horizontal cells
or bipolar cells. In particular embodiments of the invention, the progenitor cells are
postpartum-derived cells. In cmabodiments of the invention, the postpartum-derived cells are
wsolated from human umbilical cord tissue or placental tissuc substantially free ofblood. Ina
further embodiment, the progenitor cells secrete trophic factors. In an embodiment, the
conditioned media coniains trophic factors secreted by the progenitor cell population. In
cmbodiments, trophic factors secreted by the progenitor cells, such as postpartum-derived
cells, induce synaptogenesis. In embodiments, the trophic factors are selected from

thrombospondin- 1, thrombospondin-2, and thrombospondin-4.

18019] A further aspect of the invention is a method of inducing neurife ouigrowth
comprising administering a population of progenitor cclls or a conditioned media prepared
from a population of progenitor cells. In an embodiment of the tovention, the nouronal cells
{neurons) are retinal neurons, for example, retinal ganglion cells, photoreceptors (rods and
cones}, retina amicrine cells, horizontal cells or bipolar cells. In embodiments of the
mvention, the progenitor cells are postpartum-derived cells. In embodiments, the
postpartum-derived cells are isolated from human vmbilical cord tissue or placental tissue
substantially free of blood. In a further erobodiment, the progenitor cells seerete frophic
factors. In an embodiment, the conditioned media containg trophic factors secreted by the
progenitor cell population. In embodiments, trophic factors secreted by the progenitor cells,
such as postpartun-derived cells, induces neurite outgrowth. In a further embodiment, the
trophic factors secreted by the progenitor cells are selected from thrombospondin- |,

thrombospondin-2, and thrombospondin-4.

[6628) Angcther embodiment of the invention is a method of developing functional
synapses in retinal neurons comprising administering 8 population of progenitor cells or a
conditioned media prepared from a population of progenitor cells. In embodiments of the

imvention, the retinal neurons are retinal ganglion cells, photoreceptors {rods and cones),
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retina amicrine cells, horizontal cells or bipolar cells, and the progenitor cells are postpartum-
dertved cells. In cmbodiments, the posipartum-derived cells are isolated from human
wubilical cord tissue or placeutal tissue substantially free of bleod. In a further embodiment,
the progenitor cells secrete trophic factors. In an embodiment, the conditioned media
contains trophic factors secreted by the progenitor cell population. In embodiments, trophic
factors secroted by the progenitor cells, such as postpartum-derived cells, induce neurite
outgrowth. [u a further crubodiment, the trophic factors secreted by the progenitor cells are

selected from thrombospondin- |, thrombospondin-2, and thrombospondin-4.

8021} in embodiments of the invention herein, conditioned media prepared from a
population of progenitor colls, for exarple postpartina-derived cells, contains trophic factors
secreted by the cell population. Such trophic factors seercted by the cells are selected from
thrombospondin- 1, thrombospondin-2, and thrombospondin-4. The postpartum-derived cells

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

6822} In one embodiment, progenitor cells promote the development of fimetional
synapscs in retinal nowons. In another embodiment, trophic factors secreted by progenitor
cells promote the development of functional synapses in neurons. In a specific embodiment,
the trophic factors are selected from thrombospondin-1, thrombospondin-2, and
thrombospondin-4. In yet ancther embodiment, a population of progenitor celis supports

growth of neuronal cells,

{8023} In a further embodiment, conditioned media prepared from the population of
progentior cells supports growth of neuronal cells. In the embodiments of the vention,
conditioned media prepared from the population of progenitor cells described above contains
trophic factors seereted by the cell population. In a specific embodiment, the trophic factors

are selected from thrombospondin-1, thrombospondin-2, and thrombospondin-4.

[8024] Another aspect of the invention features a method for promoting development of
synapses i retinal degeneration, the method comprising administering to a subject a
conditioned media in an amount effective to promote development of synapses. In an
embodiment of the invention, the conditioned media 1s prepared from a population of
postpartum-derived cells. In a 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 conditioned media contains trophic factors secreted by the celi

population. Such trophic factors secreted by the cells are selected from thrombospondin-1,

6
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thrombospondin-2, and thrombospondin-4.

8425} In the embodiments of the invention, the postpartum-derived cell is derived from
huran umbilical cord tissue or placental tissue substantially free of blood. In embodiments,
the cell is capable of expansion in culture and has the potential to differentiate into a ccli of a
neural phenotype; wherein the celf requires L-valine for growth and is capable of growth in at
least about 5% oxygen. The cell further comprises one or more of the following
characteristics: {a) potential for at least about 40 doublings in culture; (b) attachment and
gxpansion on a coated or uncoated tissue culture vessel, wherein the coated tissue culture
vessel comprises a coating of gelatin, laminin, collagen, polyomithine, vitronectin, or
fibronectin; (¢} production of at least one of tissue factor, vimentin, and alpha-smooth muscle
actin; (d} production of at least one of CD10, CD13, CD44, CD73, CDOY, PDGFr-alpha, PD-
L2 and HLA-A B.C; {¢) lack of production of at least one of CD31, CD34, CD45, CDSO,
CD86, C117, CDI41, CDI78, B7-HZ, HLA-G, and HLA-DR,DP,DQ, as detected by flow
cytometry; {f) expression of a gene, which relative to a human cell that is a fibroblast, a
mesenchymal stem cell, or an iliac crest bone marrow cell, is tncreased for at least one of a
gene encoding: interleukin 8; reticulon 1; chemokine {C--X--C motif) ligand 1 {melonoma
growth stimulating activity, alpha}; chemokine (C--X--C motif) Hgand 6 (granulocyie
chemotactic protein 2); chemokine {C--X--C motif) ligand 3; tuumor necrosis factor, alpha-
induced protein 3; C-type lectin superfamily member 2; Wilms tumor 1; aldehyde
dehydrogenase 1 family member AZ; renin; oxidized low deunsity ipoprotein 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
DRFZp547k1113; {g) expression of a gene, which relative to a human cell that is a fibroblast,
a mesenchymal stom cell, or an iliac crest bone marrow cell, is reduced for at least onc 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 acrtic stenosis,
Williaras-Beuren syndrorae); Homo sapions mRINA; cDNA DEFZpa86aM20272 (from clone
DEFZp586M2022); mesenchyme homeo box 2 (growth arrest-specific homeo box); sine
geulis homeobox homolog 1 (Drosophila); crystallin, alpha B; disheveled associated activator
of morphogencsis 2; DKFZPS86B2420 protein; similar to neuralin 1; tetranectin
{plasminogen binding protein); src homology three (SH3) and cysteine rich domain;
cholesterol 25-hydroxylase; runt-related transeription factor 3; interleukin 11 receptor, alpha;

procollagen C-endopeptidase enhancer; frizzled homolog 7 (Drosophila); hypothetical gene

~3
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BCOGRY6T; collagen, type VI, alpha §; tenascin C (hexabrachion); froqueis homeobox
protein 5; hephaesting integrin, beta 8; synaptic vesicle glycoprotein 2; neuroblasioma,
suppression of tumorigenicity 1; insulin-like growth factor binding protein 2, 36 kDDa; Homo
sapiens cDNA FLI12280 fis, clone MAMMA1001744; cytokine receptor-like factor 1;
potassiom intermediate/small conductance caleiume-activated chanmel, subfamily N, member
4; integrin, beta 7 transcriptional co-activator with PDZ-binding motif (T AZ); sine oculis
homeobox horaolog 2 (Drosophila); KIAA 1034 protein; vesicle-associated membrane protein
5 (myoebrevin); BEGF-containing fibulin-like extracellular matrix protein 1) early growth
response 3; distal-less homeo box 5; hypothetical protein FLI20373; aldo-keto reductase
family 1, member C3 (3-alpha hydroxystercid dehydrogenase, type {I); biglyean;
transcriptional co-activator with PDZ-binding motif (TAZ); fibronectin 1; proenkephalin;
mtegrin, beta-like 1 {with EGF-like repeat domains); Homo sapiens mRNA foll length nsert
cDNA clone EUROGIMAGE 1968422; EphA3; KIAAD367 protein; natrivretic peptide
receptor C/guanylate cyelase C (atronatriuretic pepitide receptor C); hypothetical protein
FLI14054; Homo sapiens mRNA; cDNA DKFZpS64B222 (from clone DKFZp56483222);
BCLZ/adenovirus E1B 19 kDa interacting protein 3-Hke; AE binding protein 1; evtochrome ¢
oxidase subunit VHa polypeptide 1 (muscle); similar to neuralin 1; B cell transiocation gene
1; hypothetical protein FLI23191; and DRFZp580L151; and( b} lack expression of h’TERT or
tclomerase. In one embodiment, the umbilical cord tissue-derived cell further has the
characteristics of (i) secretion of at lgast ong of MCP-1, 1L-6, 1L-8, GUP-2, HGF, KGF, FGF,
HB-EGF, BONF, TPO, MiPlb, 1309, MDC, RANTES, and TIMP1; (§) lack of secretion of at
least one of TGF-beta?, MIPla, ANGZ, PDGFbb, and VEGF, as detected by ELISA. In
another embodiment, the placenta tissue-derived cell further has the characteristics of (1)
seeretion of at least one of MCP-, IL-6, 1L-8, GCP-2, HGF, KGF, HB-EGF, BDNF, TPO,
MiPla, RANTES, and TIMP1; (3) ack of sceretion of at lcast one of TGF-beta2, ANGY,
PDGEBD, FGF, and VEGFE, as detected by ELISA,

18026{ In specitic embodiments, the posipartum-derived cell has all the identifying
features of cell type UMB 022803 (P7) (ATCC Accession No. PTA-6067); cell type UMB
022803 (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-6075);
or cell type PLA 071003 (P16) (ATCC Accession No. PTA-6079. In an embodiment, the
postpartum-derived cell derived from umbilicus tissue has all the identifving features of cell

type UMB 022803 (P7) (ATCC Accession No. PTA-6067) or cell type UMB 022803 (P17}
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(ATCC Accession No. PTA-6068). In another embodiment, the postpartum-derived cell
derived from placenta tissue has all the identifying featurcs of cell type PLA 0710063 (P¥)
(ATCC Accession No., PTA-6074); cell type PLA 071003 (P11) (ATCC Accession No. PTA-
6375, or cell type PLA 071003 {(P16) (ATCC Accession No. PTA-6079,

8627} In certain embodiments, postpartum-derived cells are isolated in the presence of
one OF MOre CRZyme activitics comprising metalloprotease activity, mucolytic activity and
neutral protease activity. Preferably, the cells have a normal karyotype, which is maintaine
as the cells are passaged in cultore. In preferred embodiments, the postpartum-derived cells
comprise cach of CDQ, CD 13, CD44, CD73, CD20. In some embodiments, the postpartum-
derived cells comprise sach of CID10, CD13, CD44, CD73, CHYO, PDGFr-alpha, and HLA-
A BC. In preferred embodiments, the postpartum-derived cells do not comprise any of
CD31, Ch34, Ch45, CD117, Insome embodiments, the postpartum-derived cells do not
comprise any of CD31, CD34, CD45, CD117, CD141, or HLA-DR DP,DQ, as detected by

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

[8028] in embodiments of the invention, the cell population is a substantially
horaogencous population of postpartum-derived cells. In a specific embodiment, the
poptlation is a homogeneous population of postpartum-derived cells. In embodiments of the
imvention, the postpartum-derived cells are derived from human unbilical cord tssue or

placental tissue substantially free of blood.

{80291 In certain embodiments, the population of postpartum-derived cells or a
conditioned medivim generated from a population of postpartum-derived ceils as described
above is administered with at least one other cell type, such as an astrocyte, oligodendrocyte,
neuron, neural progenttor, neural stem cell, retinal epithelial stem cell, corneal epithehal stem
cell, or other multipotent or pluripotent stem cell. In these embodiments, the other cell type
can be administered simultancously with, or before, or afier, the cell population or the

conditioned mediunm.

18838} Likewise, in these and other embodiments, the the population of postpartom-
derived cells ot the conditioned media prepared from the population of cclis as described
above 15 administered with at least one other agent, such as a drog for occular therapy, or
another beneficial adpunctive agent such as an anti-inflammatory agent, anti-apoptotic agents,
antioxidants or growth factors. In these cmbodiments, the other agent can be administered

sinultancously with, before, or after, the celi population or the conditioned media.
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{8831} In various embodiments, the population of postpartum-derived cells or
conditioned media generated from postpartom-derived cells (umbilical or placental) is
administered to the surface of an eye, or is administered to the interior of aneye orte a
location n proximity 1o the eye {(e.g., behind the eye). The population of postpartm-derived
cells or the conditioned media can be administered through a canmila or from a device
implanted in the paticnt’s body within or in proximity to the eye, or may be administered by
implantation of a matrix or scaffold with the postpartum-derived cell population or

conditioned media.

18032} Another aspect of the invention featurcs a composition for promoting
development of functional synapses in 4 retinal degenerative condifion, comprising a
population of postparnmm-derived cells, or conditioned media prepared from a population of
cells, in an amount effective for promoting development of functional synapses. Preferably,
the conditioned media is prepared from postpartum-derived cells as described above., More
preferably, the postpartum-derived cells are isolated from a postpartum umbilical cord or
placenta substantially free of blood. The degenerative condition may be an acute, chronic or

progressive condition.

{8033} In certain embodiments, the composition comprises at least one other cell type,
such as an astrocyte, oligodendrocyte, neuron, neural progenitor, neural stom cell, retinal
epithehial stem celi, corneal epithelial stero cell, or other nwltipotent or pluripotent stom 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, e.g.,

anti-imflammatory agents, anti-apoptotic agenis, antioxidants or growth factors.

6634} In some embodiments, the composition 15 a pharmaceutical composition further

comprising a pharmaceutically acceptable carrier.

[B035] In certain embodiments, the pharmaceutical composition 1s formulated for
administration to the surface of an eye. Alternatively, they can be formulated for
administration to the interior of an gye or in proximity to the eye (e.g., behind the eye). The
compositions also can be fornulated as & matrix or scatfold containing the postpartum-

derived cells or conditioned media.

8636 According 1o vet another aspect of the inveniion, a kit is provided for treating a
gl R gl
patient baving an ocular degenerative condition. The kit coraprises a pharmaceountically

acceptable carrier, a population of postpartum-derived cells or conditioned media generated

tG
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from a population of postpartum-derived cels, preferably the postpartum-derived cells
described above, and instractions for using the kit in a method of treating the patient. The kit
may also contain one or more additional components, 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.

18037} In one embodiment, the fovention is a method for tnducing synapse formation in
retinal degeneration, the method comprising administering to a subject a population of
postpartum-derived cells, or a conditioned media prepared from a population of postpartumm-
dertved cells, in an amount effective to induce synapse formation, wherein the postpartum-
derived cells are derived from human umbilical cord tissue or placental tissuc substantially
free of blood, and wherein the ccll population is capable of expansion in culture, has 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, CD13, CD44, CD73, and CDY0; and
¢y lack of prodoction of CD31, CD34, CD4S, CB 117, and CDr 141, and

wherein the population of postpartum-derived cells secretes trophic factors, or conditioned
media prepared from a population of postpartum-derived cells contains trophic factors
secreted by the cell population. In an emboediment, the trophic factors secreted by the cell
population are sclected from thrombospondin- 1, thrombospondin-2, and thrombospondin-4.
In some embodiments, the population of cells is a substantially homogeneous population. In
particular embodiments, the the popudation of cells is homogeneous. The postpartum-derived
cells are urabilical cord tissuc-derived cells or placental tissue-derived cells. In
embodiments, the umbilical cord tissue-derived cell population secretes MCP-1, 1L-6, TL-8,
GCP-2, HGF, KGF, FGF, HB-EGF, BENF, TPO, MIP, 1309, MDC, RANTES, and
TIMP1. Further, the ambilical cord tissuc-derived cell population lacks secretion of TGF-
bota2, MIPla, ANGZ, PDGFBDb, and VEGFE, as detected by ELISA. In another embodiment,
the placental tissue-derived cell population secretes MCP-], 1L-6, 1L-8, GCP-2, HGF, KGF,
HB-EGF, BDNF, TP, MIPla, RANTES, and TIMPL. In embodiments, the placental tissue-
derived cell population lacks secretion of TGF-betaZ, ANG2, PDGFEbb, FGF, and VEGF, as
detected by ELISA. Further, the cell population lacks expression of BTERT or telomerase.

In emboediments, the umbilical cord tissee-derived cell population has ncreased expression of

i1
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genes encoding interleukin 8 and reticulon | relative to a human cell that is a fibroblast, a
mesenchymal stem cell, or an iliac crost bone marmrow cell. In embodiments, the cell

population produces vimentin and alpha-smooth muscle actin,

{8038} In another embodiment, the invention 18 a method for inducing synapse formation
in retinal degeneration, the method comprising administering 1o a subject a population of
umbilical cord tissuc-derived cells, or a conditioned media prepared from 2 population of
humem umbilical cord tissue-derived cells, in an amount effective to induce synapse
formation, wherein the cells are derived from haman wmbilical cord tissue substantially free
of blood, and wherein the cell population is capable of expansion in culture, has the potential
to differentiate indo 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 CDIG, CDI3, CBd4, D73, and CD90; and

¢} lack of production of CD31, CD34, CD45, CD117,and CDH4 1, and
wherein the population of umbilical cord tissue-derived cells seerctes trophic factors, or
conditioned media prepared from a population of human wmbilical cord tissuc-derived cells
contains trophic factors scereted by the cell population. In an embediment, the frophic
factors seereted by the cell population are sclected from thrombospondin-1, thrembospondin-
2, and thrombospondin-4. in an embodiment, the cell population secretes MCP-1, [L-6, [L-§,
GCP-2, HGF, KGF, FGF, HB-EGF, BDNF, TPO, MIPlb, 1309, MDC, RANTES, and
TIMP1. Inembodiments, the coll population lacks secretion of TGF-beta2, MiP1a, ANGZ,
PDGEbb, and VEGF, as detected by ELISA. in some ombodiments, the population of cells is
a substantially homogencous population. In particular embodiments, the the population of
cells is homogeneous. Further, the cell population lacks expression of RTERT or telomerase.
In embodiments, the cell population has increased exprossion of genes encoding interleukin 8
and reticulon 1 relative to a human cell that is a fibroblast, 2 mesenchymal stem cell, oran
iliac crest bone marrow cell. In embodiments, the cell population produces vimentin and

aipha-smooth muscle actin,
16639} fn embodiments described above, the umbilicus-derived cells or placental-derived
cells have one or more of the following characteristics: arg positive for HLA-A B,C; are

positive for CE10, CD13, CB44, CD73, CDYO; are negative for HLA-DR DP,B(Q; lack
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production of, or are negative for CD31, CD34, CD4S, CDIVY, and CD141. In

embodiments, the cells produce vimentin and alpha-smooth muscle aciin.

16844} In further embodiments described above, the umbilicus-derived cells have
imcreased expression of genes encoding interlevikin 8 and reticulon 1 relative to a human cell
that is a fibroblast, a mesenchymal stem cell, or an iliac crest bone marrow cell. In

cmbodiments, the umbilicus-derived cells lack expression of BTERT or telomerase.

{88411 In an embodiment of the invention described above, the retinal degeneration,
retinopathy or retinal/macular disorder is age-related macular degeneration. Tn an alternate
embodiment, the retinal degeneration, retinopathy or retinal/macular disorder 18 dvy age-

related macular degeneration.
BRIEYF DESCRIPTION OF THE DRAWINGS

18042} Figures 1A-1M. hUTC tnduce functional synapse formation between cultured
RGCs, (FIG., 1A) Schematic representation of the experimental design. Purified RGCs were
cither cultured alone or co-cultured with hUTC, NHDF or rat ASC in transwell inserts for 6
days. The number and function of synapses were determined by imnunocytochemistry- and
electrophysiology-based assays, respectively. (FIG. 1B) Representative images of RGCs
stained with antibodies specific for presynaptic (Bassoon, red) and postsynaptic {(Homer,
green) proteins, Botiom: The inlets {white boxes} are shown in higher magnification and the
co-localized synaptic puncta (merge, vellow) are marked with white arrows. Scale bar: 20
pwm. Guantification of (FIG. 1C) fold increase in the number of co-localized synaptic puncta
{n=59-161 cells/condition) and (FI{G. 1D} synaptic density {number of synapses per unit
dendritic length, 0=30 cells/condition) reveal that hUTC, ke ASCs, induce excitatory
synapse formation between cultared RGCs. (Fold increase was calculated by normalizing the
number of synapses per cell with the mumber of synapses per cell in RGCs alone condition).
FIGS, 1E-11 show induced synapses are clecirophysiclogically functional. (FIG. 1E)
Example tfraces from whele-cell patch clanp recordings showing mEPSCs. (FIG. 1)
Cumulative probability plots of inter-cvent interval and (FIG. 1G) quantification of mean
frequency of mEPSCs revealed that co-culture with hUTC or ASC induced increases in the
number of synaptic events. {FIG, 1H) Cumulative probability plot of mEPSC amplitudes
demonstrated an increase in large amplitude events in RGCs that were co-cultured with
hUTC or ASC when compared to RGCs cultured alone. (FIG, $1) The mean values of

mEBEPSC amphitudes were not different between conditions. (For electrophysiology

—
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experiments, n=15 cells/condition. All data were expressed as meandtSEM, and significance
was demonstrated as ¥*#¥ p<.0001, ** p<0.001, and * p<0.05, n.s. not significant.). FIGS,
1J-1M show electrophysiological waveform propertics of hUTC and ASC co-culture induced
synapses. The mEPSCs recorded from RGCs co-cubtuved with ASC or BUTC compared to
CTR (RGC alone) demonsirated increases in both (FIGS, 14, 1K) rising tau and decay tay
{FEGS. 1L, 1M}, =15 celis/condition. All data were expressed as meantSEM, and

significance was demonstrated as *¥* p<.0001, ** p<Q.001, and * p<(.05,

{8843} Figures 2A-IN, BUTC-conditioned media (UCM) induce fonctional synapse
formation between cultured RGCs, (FIG. 2A) Schematic ropresentation of the
experimental design. Purificd RGCs were treated with UCM (at various concentrations) or
ACM for 6 days. The number and function of synapses were determined by
immunocytochemisiry- and electrophysiology-based assays, respectively. (FIG, 2B)
Representative images of RGCs stained with antibodies specific to presynaptic (Bassoon, red)
and postsynaptic (Homer, green) proteins. Bottom: The inlets (white boxes) are shown in
higher magnification and the co-localized synaptic puncta (merge, yellow) are marked with
white arrows. Scale bars: 20 pm. Quantification of (FIG, 2C) fold increase in synapse
numbers (n=65-1357 cells/condition) and {F1G, 21} synaptic density (mumber of synapses per
anit dendritic length, p=30 cells/condition) revealed that UCM, like ACM, induce excitatory
synapsc formation between cultured RGCs. (Fold increase in sypapse numbers was caleulated
by normalizing the nuraber of co-lecalized synaptic puncta per cell with the nuaber of
synapses in RGCs alone condition. (FIG. 2E) Example traces from whole-cell pateh clamp
recordings showing mEPSCs from RGCs cultured alone or treated with ACM (80 pg/mL) or
UCM (80 pg/ml). (FIG, 2F) Cumlative probability plets of inter-event interval and {FIG.
2G) guantification of mean frequency of mEPSCs rovesled that treatment with UCM or
ACM induced an ncrease in the nomber of synaptic events. (FIG. 2H) Cumulative
probability plot of mEPSC amplitudes demonstrated an increase in large amplitude events
when RGCs were treated with UCM or ACM compared to RGCs cultured alone. (FIG. 2I)
The mean values of mEPSC amplitudes were not significantly different between conditions.
(For electrophysiclogy experiments, n=15 cells/condition. All data were expressed as
mean+=SEM, and significance was demonstrated as *¥* p<0.0001, ** p<0.001, and *
<058, FIGS, 24-2N UCM-induced changes n synapse number and electrophysiological
properties. (FIG. 24) Quantification of synapse mumber in RGCs treated with various

concentrations of ACM and UCM. Results are presented as the fold increase tn synapse
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number (normalized to the momber of co-localized synaptic puncta number in RGC alone
condition, 0=29-157 cells/condition). The mEPSCs recorded from RGCs treated with ACM
or UCM demonstrated an increase in both (FIGS, 2K, 2L} rising tau and (FIGS, 2M, 2N)
decay tau compared to RGCs cultured alone, n=135 cells/condition). All data were expressed
as mean+SEM, and significance was demonstrated as *%% p<0.0001, ** p<0.001, and *

p<0.05.

{6844 Figures 3A4-34. hUTC-secreted factors promote RGO survival and neurite
sutgrowth. (FIG. 3A) Representative images of RGCs treated with survival assay reagents
(Calccin-AM for live cells {green) and Ethidium Homodimer-1 for dead cells (ved)). Scale
bar: 100 pm. (FI1G. 38) Quantification of RGC survival in the presence of various
concentrations of ACM and UCM compared to RGCs cultured in minimal media (CTR).
{n=0-10 microscopic field/condition) (FHG. 3C) The UCM-mediated survival effects arce
forskolin-dependent at all concentrations of UCUM tested (n=9-18 microscopic ficld/
condition). The survival effect of UCM (40 pg/ml.) is additive to that of (FIG. 3D} BDNF
and (FIG. 3E) ONTF. (w=18-20 microscopic field/condition) (FIG. 3F} Representative
skeletonized traces of RGCs cither cultured alone or treated with ACM or UCM. Scale bar:
100 po (FIG. 3G) Sholl analysis of neurite complexity demonstrated that RGCs treated with
conditioned media have increased elaboration compared to RGCs cultored alone (0=20-24
cells/condition). Cuantification of (FIG. 3H) total neurite cutgrowth, {FIG, 31} number of
processes and {(FIG. 34) number of branches demonstrated increases when RGCs were
treated with UCM or ACM compared to RGCs cultured alone (n=25-36 cells/condition).
Graphs are presented as the fold tncrease normalized to the valoe of the RGC alone condition.
All data were expressed as meantSEM, and significance was demounstrated as *** p<0.0001,

*% p<0.001, and * p<.05, n.s. not significant.

{8045} Figures 4A-4E. Characterization of the synaptogenic factors in the UCM.
{FIG. 44} Schematic representation of experimental design. Purified RGCs were treated with
UCM for 6 days that was fractionated by using centritfugal concentrators with different
molecular weight cut-offs. Synapse numbers were then quantified as deseribed before. (FIG.
4B) Representative RGC images showing the co-localized synaptic puncta (presynaptic:
Bassoon {red), postsynaptic: Homer {green)). Bottom: The white boxes are shown i higher
magnification. White arrows indicate co-localized synaptic puncta. Scale bars: 20 pm. (FIG.
4C) Quantification of fold increase in synapse nomber. Fold inerease was calculated by

normalizing the number of co-localized synaptic puncta/cell to the values obtaimed i RGC
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alone condition (n=30-44 cells/condition). (FIG. 4D} Representative RGC images showing
the co-localized synaptic puncta (white arrows, presynaptic: Bassoon {red) and posisynaptic:
32 uM)y. Seale bar: 20 pm. (FIG. 4E) Quantification of fold increase m synapse number
normalized to RGC alone condition (n=24-25 cells/condition}. UCM-induced synaptogenesis
was inhibited by GBP. All data were expressed as mean+SEM, and significance was

demonstrated as **¥ p<(.0001, *¥ p<0.001, and * p<0.035.

{8046} Figures SA-SK. TSPE, TSPZ and TS5P4 are required for hUTC-induced
synaptogenesis, (FI1G. 8A) Schematic presentation of experimental design for TSP-
knockdown experiments (FIG. 5-73. TSPL, TSP2 and T5P4 expression were silenced by
fentiviral shRNA transductions of hUTC and knockdown (KD) UCM was harvested. RGCs
were treated with KB UCM for 6 days. UCMs effects on synapse formation (synapsc assay),
synapiic function (electrophysiology), neuronal survival {survival assay) and neurite
outgrowth {outgrowth assay) were determined. (FIG. 3B) Western blot confirmation of
TSPL, TS2P and TSP4 knockdown using lentiviral shRNA transductions. An unrelated
RUTC-secreted protein called HEVIN was used as loading control. {F1G, 8C) Fold increase
m synapse numbers in RGC-reated scrambled control UCM (SCR-CTR) and TSP-KD UCM,
normalized to the RGC alone condition (n=30 cells/condition). {FIG. 513} Fold increase in
synapse numbers in RGCs #reated with various TSP-KD UCM, normalized to RGO alone
condition (8=76-81 cclis/condition). (FIG. 5K} Fold increase o synapse numbers for RGCs
treated with TSP1+2+4-KD UCM in the presence of purified TSPs normalized to RGC alone
condition (n=30 cells/condition). Addition of all three TSPs (TSP, 2 and 4) rescued the
synaptogenic effocts of TSPI+2+4-KD UCM. Representative images of RGCs from each of
the different treatments can be found 1o the FIGS, SH - 8J. FIGS. 8F and 5G demonstrate
Puromycin sclection of lentivirus infected hUTC. (FIG. 8F) Kill curve of hUTC without
lentiviral transduction in the presence of varicus puromycin concentrations at day 3 and 5
{0=3 raicroscopic ficld/per condition). (F1G, 8G) Representative images of hUJTC with and
without lentivirus mfection in the presence of Puromycin (0.9 pg/ml.) at day 3 and 5. Scale
bar: SO pm. FIGS. S3H -~ 5L show hUTC-secreted TSPs induce synapse formation between
RGCs. (FIGS. 5H - 53) Representative images of RGCs showing the co-localized synaptic
puncta {presynaptic: Bassoon (red), posisynaptic: Homer (green)} demonstrated that the
synaptogenic activity of UCM was lost when TSP1+2+4-KD UCM was used. This loss
could be partially rescued by adding purified TSP or TSP2 ¢r TSP4 (150 ng/mi) toto the KD
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UCM. Addition of all three TSPs rescued the full synaptogenic effect of the UCM. Bottom:
The white boxes are shown in higher magnification. White arrows indicate co-localized
synaptic puncta. Scale bar: 20 pom. (FIG. SK) Quantification of the changes in synaptic
density (number of co-localized synaptic punctameurite length) after treatment with various
TSP-KD UCM., (FIG. 5L Quantification of synapses formed between RGCs cultured alone
{negative contrel) or RGCs treated with KD CTR UCM in the presence of purified TSPs
{0=30 cells/condition). Addition of purified TSPs to KD CTR UCM did vot lead to 2 further
merease 10 the number of synapses. All data were expressed as meantSEM, and significance

was demonstrated as *** p<0.0001, ** p<0.001, and * p<0.05, n.s. not significant.

16647 Figures 6 A-61 TSP1, TSP2 and TSP4 are required for hUTC-induced
increase in synaptic function. (FIG. 6A) Example traces from whole-cell patch clamp
-ecordings showing mEPSCs from RGCs treated with AMC (positive control), SCR-CTR,
TSPI+2+4-KD UCM or RGCs culbtured alone (negative control). Silencing of TSPs in UCM
(TSP 1+2+4-K1) abolished both the (FIGS. 6B, 6C) frequency and (FIGK. 6B, 6E)
amplitade increases that were achieved by SCR-CTR. Quantified data are demonstrated as
cumulative probability plots (FIGS. 68, 6D) and bar graphs of mean values (FIGS. 6C, E).
n=15 celis/condition. (Fi1G., 6F) Example traces from whole-cell patch clamp recordings
showing mEPSCs from RGCs treated with ACM (positive control), SCR-CTR or TSP +2+4-
KD UCM or RGCs cultured alone (negative control). Silencing of TSPs in UCM
{(TSP1+2+4-K13) abolished both the frequency (FIGS. 64 - 6H) and ampluude (FIGS, 61 -
64) ncreases that were achioved by SCR-CTR. Quantified data are demonstrated as
cumulative probability plots (FIG. 66, FIG. 61 and bar graphs of mean values (FIG. 6H,
FIG. 64). 0=15 cells/condition, FIGS, $K-6N demonstrate the offects of TSP knockdown on
the waveform properties of UCM treated RGCs. (FIGS. 6K, 61) The rising tau or the (FIGS.
&M, 6N} the decay tau were not significantly affected by silencing of TSPs expression in
hUTC as demonstrated by the similar valoes between KD-CTR and TSP142+4-KD UCM
treated RGC recordings (n=15 celis/condition). Al data were expressed as meantSEM, and
significance was demonstrated as %% p<.0001, ** p<0.001, and * p<(.05.

{8048} Figures 7A-70. TSPs are npecessary for UCM-induced neurite sutgrowth but
SCR-CTR, KD-CTR or TSPI+2+4-KD UCM compared to RGC alone (negative control).
Scale bar: 100 um. TSP-silenced hUTC UCM (TSP I+2+4-KD UCM) resulted in decreased
{FIG, 7B) length, {FIG. 7C) processes and (Fidz. 7D) branches of total neurite cutgrowth

et
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compared to both controls, SCR-CTR and KD-CTR (n=40-48 cells/condition). Silencing of
TSPs in hUTC resulted in a UCM that decreased the (FIG, 7E) length of total neurite
cutgrowth {(n=120-169 cells/condition) and (F1G. TF) complexity shown by Sholl analysis
(n=25 cells/condition). # mdicates a significant reduction in total outgrowth compared to
RGC alone condition (p<0.05). (FIG, 7G) Representative skeletonized traces of RGCs
reated with KD-CTR or TSP1+2+4-KE UCM in the presence of purified TSPs. Scale bar
100 pro. Addition of purified TSPs into TSP1+2+4-KD UCM restored function of UCM to
enhance (FIG. 7TH) total neurite growth (n=29-33 cells/condition) and (FIG. 71 complexity
(=30 cells/condition). # indicates a significant redoction in total outgrowth compared to
RGC along condition (p<0.05). (FIG. 73) Representative images of RGCs treated with
survival assay reagents (Calecin-AM for live cells (green) and Fthidium Homodimer-1 for
dead cells (red}). Scale bar: 100 pm. (FIG, 7K} Quantification of the percentage survival in
RGCs treated with various TSP-KD UCM conditions {(n=30 microscopic field/condition).
Silencing of TSP2 or TSP4 or all three TSPs resulted in reduction in the survival promoting
gffect of UCM. (FIG. 7L) Addition of pure TSPs into TSP1+2+4-KD UCM did not restore
the full survival effects of KB-UCM (1=20 microscopic field/condition). FIGS, TM - 70
show TSPs involvement in UCM-induced neurite ovtgrowth in RGCs, (FIG. 7TM}
Representative skeletonized traces of RGCs treated with SCR-CTR, KD-CTR and TSP-KD
UCM compared to RGC alone (negative condrol). Scale bar: 100 um. Knockdown of TSPs in
hUTC resulted in decreased numbers of (FIG. 7N} processes and (FIG. 70) branches
{0=120-16%9 cclis/condition). Fold changes in process and branch sumbers were normalized to
RGC alone control. FIGS, 7P-TR show that addifion of purificd TSPs rescued the neurite
outgrowth function of TSP1+24+4-KD UCM. (FIG. 7P} Ropresentative skeletonized traces of
RGCs treated with KD-CTR or TSPI+2+4-KD UCM in the presence of purified TSPs. Scale
bar: 100 um. Addition of purified TSPs back to TEP1-+2+4-KD UCM (FIG. 74} bad ninor
effects on the number of processes, but (FI1G. TR) restored the fold change in the mumber of
branches (11=29-33 cells/condition). All data were expressed as meanSEM, normalized to

RGC alone and significance was demoustrated as **¥ p<.0001, ** p<(.001, and * p<0.05.

Figures 8A — B3 BUTC-secreted TSPs induce neurite ocuigrowth in the presence of
CSPG, Nogo-A or MBP, FIG. A, Quantification of total neurite outgrowth on coverslips
coated with increasing concentrations of CSPG (n=45-79 celis/condition) or FIG. 88, Nogo-
A (n=30-37 cells/condition). Graphs are presented as the fold increase normalized to the

vatue of the cutgrowth of RGCs plated on coverslips that do not contain CSPG or Nogo-A.
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FIG. 8C. Representative skeletonized traces of RGCs treated with SCR-CTR, TSPs KD
UCM and purified TSPs plated onto CSPG (0.05 ug/em®) or FIG, 8D. Nogo-A (1 ug/cm®)
coated coverships. Scale bar: 100 pou FIGS. 8E-8F. Quantification of total neuriic outgrowth
of RGCs plated onto FIG, 8KE. CSPG (0.05 ug/ent’, n=62-103 cells/condition) or FIG. 8F.
Nogo-A (1 ug/em?’, n=25-29 cells/condition) coated coverslips. Graphs are presented as the
fold increase normalized to the value of the RGCs cultured with growth medis only (RGC
alone) under each culture condition. FIG. 8. Representative skeletonized traces of RGCs
treated with SCR-CTR or TSP1+2+4-KD UCM alone or supplemented with purified TSPs in
the presence of MBP (10 ug/mL). Scale bar: 100 pum. FIG. 8H. Representative skeletonized
traces of RGCs treated with purified TSPs in the presence of growth inhibiting substances.
Scale bar: 100 um. FIG. 81 Quantification of total necurite outgrowth demonstrated
enhancement of neurite outgrowth activity of UCM-secreted TSP2 in the presence of MBP.
{n=40-54 cells/condition). Graph is presented as the fold increase normalized (o the value of
the RGC alone condition. FIG. B, Treatment of RGCs with purified TSPs is able to induce
significant outgrowth in the presence of CSPG, Nogo-A or MBP (n=41-54 cells/condition).
All data were expressed as meantSEM, and significance was demonstrated as **% p<(L.0001,
** p<0.001, and * p<0.05, ns. not sigoificant. # indicates a significant reduction in total
outgrowth compared to RGC alone condition {p<0.05).

{8049} Gther features and advantages of the mvention will be apparent from the detailed

description and examples that follow.
DBETAILED DESCRIPTION

18054] Various patents and other publications are veferred to throughout the specification.
Each of these publications is incorporated by reference herein, in its entirety. In the
following detailed description of the illustrative embodiments, reference is made to the
accompanying drawings that form a part hereof. These embodiments are described
sufficient detail to enable those skilled in the art to practice the invention, and it 18 understood
that other embodinments may be utilized and that logical structural, mechanical, electrical, and
chemical changes may be made without departing from the spirit or scope of the tvention.
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, thercfore, not to be taken in a Hmiting sense, and

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

8651 Vartous terms used throughout the specification and claims are defined as set forth

below and are intended to clarify the wvention.

8052 Stem cells arc undifferentiated cells defined by the ability of a single cell both to
self-renew, and to differentiate to produce progeny cells, including scH-renewing progenitors,
non-renewing progenitors, and terminally differentiated cells. Stem cells are also
characterized by their ability to differcntiate in vitre into functional cells of various cell
lineages trom multiple germ layers (endoderm, mesoderm and ectoderm), as well as to give
rise to tissues of multiple germ layers following transplantation, and to contribute
substantially to most, if not all, tissues following injection into blastocysts.

{8053 Stem cells are classified according to their developmental potential as: (1)
totipotent; (2) phuripotent; (3) multipotent; {4) oligopotent; and (S) enipotent. Totipotent cells
arc able to give rise to all embryonic and extracmbryonic cell types. Pluripotent cells are able
to give rise to all embryonic cell types. Multipotent cells inchade those able 1o giverisc to a
subset of cell lineages, but all within a particular tissue, organ, or physiclogical system (for
example, hematopoietic stem cells (HSC) can produce progeny that inchude HSC (self-
renewal}, blood cell-restricted oligopotent progenitars, and all cell types and clements {e.g.,
platelets) that are normal components of the blood). Cells that are oligopotent can give rise fo
a more restricted subset of cell lineages than multipotent stem cells; and cells that are

unipotent are able to give rise to a single cell lineage {(e.g., spermatogenic stem cells).

6654} Stem cells are also categorized on the basis of the source from which they may be
obtained. An adult stem cell is generally a multipotent undifferentiated cell found in tissue
comprising multiple differentiated cell types. The adult stem cell can renew uself, Under
normal circummstances, it can also differentiate to vield the specialized cell types of the tissue
from which it originated, and possibly other tissae types. Indoced phuripotent stem cells GPS
cells) are adult cells that are converted into pluripotent stem cells. (Takabashi er af, Jefl,
20006; 126(4):663-676; Takahashi ef al,, Celi, 2007; 131:1-12). An cmbryonic sterucellis a
pluripotent cell from the inner cell mass of a blastocyst-stage embryo. A fetal stem cell is
one that originates from fetal tissues or membranes. A postpartum stem cell is a multipotent
or pluripotent cell that originates substantially from extracmbryonic tissue available after
birth, namely, the placenta and the urobilical cord. These cclls bave been found to possess

features characteristic of phuripotent stem cells, including rapid proliferation and the potential
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for differentiation into many ccll lincages. 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).

{8055} Embryonic tissue is typically defined as tissue originating from the embryo
{which in humans refers to the peried from fertilization to about six weeks of development).
Fetal tissue refers to tissue originating from the fetus, which in humans refers to the peried
from about six weeks of development to parturition. Extracmbryonic tissue is tissue
associated with, but not originating from, the embryo or fotus. Extraembryonic tissues
include extracmbryonic membranes (chorion, amnion, volk sac and allantois), umbilical cord

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

{8056} Diffcrentiation is the process by which an unspecialized (“uncommitted”™) 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 lineage of a cell. The term committed, when applied to the
process of differentiation, refers 1o a cell that has proceeded in the diffcrentiation pathway to
a point where, under normal circumstances, it will continue to differentiate into 2 specific cell
type or subset of cell types, and cannot, under normal circumstances, differentiate into a
different cell type or revert to a less differentiated cell type. De-differentiation refers to the
process by which a cell reverts to a less specialized (or committed) position within the
lineage of a cell. As used herein, the lincage of a cell defines the heredity of the cell, i.e.
which cells it came from and what cells it can give rise to. The lineage of a cell places the cell

within a hereditary scheme of development and differentiation.

18057} In a broad sense, a progenttor cell 18 a cell that has the capacity to create progeny
that are more differentiated than itself, and vet retains the capacity to replenish the pool of
progenttors. By that definition, stem cells themscelves are also progenitor cells, as are the
more immediate precursors to terminally differentiated cells. When referring to the cells of
the present invention, as described in greater detail below, this broad definition of progenitor
cell may be used. In a narrower sense, a progenitor cell is often defined as a cell that is
mtermediate in the differentiation pathway, 1.¢., it arises from a stem cell and is intermediate
n 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 to herein, it will

be referred to as a non-renewing progenitor celi or as an intermediate progenitor or precursor
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cell.

16058] As used berein, the phyase “differontiates into an ocular lincage or phenotype”
refers to a cell that becomes partially or fully commitied to a specific ocular phenotype,
imchiding without Hmitation, retinal and corneal stem cells, pigment epithelial cells of the
retina and iris, photoreceptors, retinal ganglia and other optic noural Hincages {¢.g., retinal
glia, microglia, astrocytes, Mueller cells), cells forming the crystalline lens, and epithehal
cells of the sclera, comes, limbus and conjunctiva. The phrase “differentiates into a neural
lineage or phenotype” refers to a cell that becomes partially or fully committed to a specific
neural phenotype of the CNS or PNS, ie., a neuren or a glial cell, the latter category

meluding without Hnitation astrocyies, oligodendrocytes, Schwann colls and microglia.

{8059} The cells exemplified herein and preferved for use in the present invention are
generally referred 1o as postpartum-derived colls {or PPDCs). They also may sometimes be
referred to more specifically as wmbilicus-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 used in the broad sense. The term derived is used to indicate that the cells have
heen obtained from their biclogical source and grown or otherwise manipulated in vitre (c.g.,
cultured in a Growth Medium to expand the population and/or to produce a cell tine). The in
vitro manipuiations of umbilical stem cells and placental stem celis and the unique features of
the umbilicus-derived cells and placental-derived cells of the present invention are described
m detail below. Cells 1solated from postpartinm placenta and wmbilicus by other means 1s also
considered suitable for use in the present invention. These other cells are referred to herein as

postpartum cells (rather than postpartum-derived cells).

{8064} Various terms are used to describe cells in culnure. Cell culture refers generally to
cells taken from a living organism and grown under controlled conditions ("in culture” or
“cultured™). A primary cell culture is a culture of cells, tissues, or organs taken directly from
an organmismis) before the first subculture. Cells are expanded in calture when they are placed
1 3 Growth Medium under conditions that facilitate ccll growth and/or division, resulting in
g larger population of the cells. When cells are expanded in culture, the rate of ecll
proliferation is sometimes measured by the amount of time necded for the cells to double in

number. This is referred to as doubling time.

18061} A coll Hne is a population of cells formed by one or more subcultivations of 3

primary cell calture. Hach round of subeulturing s referred 1o 4s a passage. When cells are

2
(S



WO 2016/090215 PCT/US2015/063923

subcultared, 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 cultured cell population that has been passaged ten times may be
referred to as a P16 culture. The primary culture, 1.¢., the first cultore 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} After the second subculture, the cells become a
tertiavy culture (P2 or passage 2}, and sc 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
number of population doublings of a culture is greater than the passage number. The
expansion of cells (i.e., the mumber of population doublings) during the period between
passaging depends on many factors, including but not limited to the sceding density,

substrate, medium, growth conditions, and time between passaging.

18062} The term Growth Medium generally refers to a medium sufficient for the culturing
of PPDCs. o particular, one presently preferred medium for the colturing of the cells of the
wnvention in compriscs Dulbecco's Modified Essential Media (also abbreviated DMEM
herein}. Particularly preferred is DMEM-low glucose (also DMEM-LG herein) (Invitrogen,
Carlshad, Calif.}. The DMEM-low glucose is preferably supplemented with 15% (v/v) fetal
bovine serum {e.g. defined fetal bovine serum, Hyclone, Logan Utah),
antibiotics/antimycotics {{preferably S0-100 Units/milliliter penicilling, 56-100
microgranymilliliter streptonyycin, and 0-0.25 microgram/milliliter amophotericin B;
Tavitrogen, Carishad, Cahfl)), and §.001 % (v/v) 2-mercaptocthancl (Sigma, St. Louis Mo.).
As used in the Examples below, Growth Mediom refers to DMEM-low ghicose with 15%
fetal bovine serum and antibiotics/antimycotics {(when penicillin/streptomycin are included, i
1 preferably at 50 U/ml and 30 microgram/mi respectively; when
penmcillin/streptomycin/amphotericin are used, it 1s preferably at 106 Usml, 100
miicrogram/ml and 0.25 microgramyml, respectively). In some cases different growth media
arc used, or different supplementations are provided, and these are normally indicated inthe

text as supplementations to Growth Mediam.

[8063] A conditioned medium is 3 medium in which a specific cell or population of cells
has been cultured, and then removed. When cells are cultured in a medium, they may secrete
celluar factors that can provide trophic support to other cells. Such trophic factors include,
but are not hmited to hormones, cytokines, extracellular matrix (ECM), proteins, vesicles,

antibodies, and granules. The medium containing the cellufar factors is the conditioned
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medium.

[6064] Generally, a trophic factor is defined as a substance that promotes survival,
growth, differentiation, proliferation and/or maturation of a cell, or stimulates increased
activity 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 cssentially all cell types,
and s a particularly signiticandt means of communication among neural cell types. Trophic
factors also can function in an autocrine fashion, 1.¢., a cell may produce trophic factors that

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

8865} When referring to cultured vertebrate cells, the term senescence (also replicative
senescence or cellular senescence) refers to a property attributable to finite cell cultures;
namely, their inability o grow beyond a finite number of population doublings (sometimes
reforred to as Hayflick's foott), Although cellular senescence was first described using
fibroblast-like cells, most normal human cell types that can be grown successfully in cultare
undergo cellular sencscence. The in vitre Hifespan of different cell types varices, but the
maximum lifespan is typically fower than 100 population doublings (this is the npumber of
doublings for all the cells in the culture to become senescent and thus render the culture
unable to divide). Senescence dogs not depend on chronglogical time, but rather is measured
by the number of ccll divisions, or population doublings, the culture has undergone.

[8066] The terms ocular, ophthalmic and optic are used interchangeably herein to define
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“of, or about, or related to the eve.

[8867] The torm ocular degenerative condition {or disorder) is an inclusive term
encompassing acute and chronic conditions, disorders or diseases of the eye, mclusive 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 disease or disorder. Acute ocular degenerative condifions
mclude, but are not Hmited to, conditions associated with cell death or compromise affecting
the cve including conditions arising {from cercbrovascular insufficiency, focal or diffuse brain
trauma, diffuse brain damage, infection or inflammatory conditions of the eye, retinal tearing
or detachment, intra-ocular lesions (contusion penctration, compression, laceration) or other
physical injury (e.g., physical or chemieal burss). Chronic ocular degenerative conditions
{imcluding progressive conditions ) include, but are not limited to, retinopathics and other

retinal/macular disorders such as retimitis pigmentosa (RP), age-related macular degeneration
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(AMD), choroidal neovascular membrane (CNVM); retinopathies such as diabetic
retinopathy, vcclusive retinopathy, sickle cell retinopathy and hypertensive retinopathy,
central retinal vein occlusion, stenosis of the carotid artery, optic neuropathics such as
glaucoma and related syndromes; disorders of the lens and outer eve, e.g., limbal stem cell
deficiency (LSCDy), also referred to as limbal epithelial cell deficiency (LECD), such as
occurs i chemical or thermal injury, Steven-Johnson syadrome, contact lens-induced
keratopathy, ocular cicatricial pemphigeid, congenital discases of aniridia or ectodermal

dysplasia, and multiple endocrine deficiency-associated keratitis,

[8068] The torm treating {or treatment of) an ocular degenerative condition refers to
amehorating the cffects of, or delaying, haliing or reversing the progress of, or delaying or

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

[8869] 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
popelation or other agent, that is effective for producing an intended result, inchiding cell
growth and/or differentiation in vitro o1 in vivo, or treatment of ocular degenerative
conditions, as described herein. With respect to growth factors, an cffective amount may
range from about 1 nanogram/milliliter to about 1 microgranymilliliter. With respect to
PPECs as administered {0 a patient in vivo, an cffective amount may range from as fow as
several hundred or fower, to as many as several million or more. In specific embodiments, an
effoctive amount may range from 10° to 11", more specifically at least about 10° colls. Tt will
be appreciated that the number of cells to be administered will vary depending on the
specifics of the disorder to be treated, including but not himited to size or total volume/surface
arca 1o be treated, as well as proximity of the site of administration to the location of the
region to be treated, among other factors familiar to the medicinal biologist.

18076} The terms effective period (or time) and effective conditions refer to a peried of
time or other controllable conditions (e.g., temperature, humidity for in vifro methods),
necessary or preferred for an agent or pharmaceutical composition to achieve s intended
resylt.

18071} 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.

{8872} The term pharmaceutically acceptable carrier (or mediinm), which may be used
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mierchangeably 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 response, or other complication

commensurate with a reasonable benefit/risk ratio.

{8073] Several terms are used herein with respect to cell replacement therapy. The terms
autologous transfer, autologous transplantation, antograft and the hike refer to treatments
wherein the cell donor is also the recipient of the cell replacement therapy. The terms
allogeneic transfer, allogeneic transplantation, aliograft and the like refer to treatments
wherein the cell donor is of the same species as the recipient of the cell replacement therapy,
but is not the same individual. A cell transfer in which the dovor's cells and have been
histocompatibly matched with a recipierd is sometimes referred to as a syngeneic transfer.
The terms xenogeneic transfer, Xenogeneie transplantation, xenograft and the hike refer to
treatments wherein the cell donor is of a different species than the recipient of the cell
replacement therapy. Transplantation as used herein refers to the introduction of autologous,

or allogeneic donor celi replacement therapy into a recipicot.

16674 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 +
19, and still more preferably + 0.1% from the specified value, as such variations are

appropriate to perform the disclosed methods.
Beseription

18875] {Ocular degenerative conditions, which encompass acute, chronic and progressive
disorders and discases having divergent causes, have as a common feature the dysfunction or
loss of a specific or vulnerable group of ocular cells. This coramonality enables development
of similar therapeutic approaches for the repair or regeneration of vulnerable, damaged or lost
ocular tissue or cells, one of which is cell-based therapy. Development of cell therapy for
ocular degenerative conditions has beeon limited to a comparatively fow types of stem or
progenttor cells, mchuiding ocular-derived stem cells themselves (e.g., retinal and corneal
stem cells), embryonic stem cells and a few types of adult stem or progenitor cells {e.g.,

neural, mucosal epithelial and bone marrow stem cells). Celis isolated from the postpartom
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wmbilical cord and placenta have been identified a significant new source of progenitor cells
for this purpose. (US 2065-0037491 and US 2010-0272803). Moreover, conditioned media
generated from cells isolated from the postpartum placenta and umbilical cord tissue provides
another new source for treating ocular degenerative conditions.  Accordingly, in its various
embodiments described herein, the present invention features methods and pharmaceutical
compositions for {repair and regeneration of ccular tissues), which use conditioned media
from progenitor cells, such as cells isolated from postpartum umbilical cord or placenta. The
mvention is applicable to ocular degenerative conditions, but is expected to be particolarly
suitable for a mumber of ocular disorders for which treatment or cure has been difficult or
unavailable. These include, without Hmitation, age-related macular degeneration, retinitis

pigmentosa, diabetic and other retinopathies.

(8676} Conditioned media derived from progenitor cells, such as cells isolated from
postparturn umbilical cord or placenta, in accordance with any raethod known in the art is
expected to be suitable for use in the present imvention. In one embodiment, however, the
wnvention uses conditioned media derived from umbilical cord tissue-derived cells (hUTCs)
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
in culture and have the potential to differentiate into cells of other phenotypes. Certain
cmbodiments feature conditioned media prepared from such progenitor cells, pharmaceutical
composinons comprising the condifioned media, and methods of using the pharmaceutical
compositions for treatment of patients with acute or chronic ocular degenerative conditions.
The postpartum-derived cells of the present invention have been characterized by their
growth propertics in culture, by their cell surface markers, by their gene expression, by their
ability to produce 