
Improved Methods of Producing RPE Cells and
Compositions of RPE Cells Related Applications This
application claims the benefit of priority to United
States provisional application numbers 60/998,766,
filed October 12, 2007, 60/998,668, filed October 12,
2007, 61/009,908, filed January 2, 2008, and 61/009,91
1, filed January 2, 2008. The disclosures of each of
the foregoing applications are hereby incorporated by
reference in their entirety. Background of the
Invention The retinal pigment epithelium (RPE) is the
pigmented cell layer just outside the neurosensory
retina. This layer of cells nourishes retinal visual
cells, and is attached to the underlying choroid (the
layer of blood vessels behind the retina) and
overlying retinal visual cells. The RPE acts as a
filter to determine what nutrients reach the retina
from the choroid. Additionally, the RPE provides
insulation between the retina and the choroid.
Breakdown of the RPE interferes with the metabolism of
the retina, causing thinning of the retina. Thinning
of the retina can have serious consequences. For
example, thinning of the retina may cause "dry"
macular degeneration and may also lead to the
inappropriate blood vessel formation that can cause
"wet" macular degeneration). Given the importance of
the RPE in maintaining visual and retinal health,
there have been significant efforts in studying the
RPE and in developing methodologies for producing RPE
cells in vitro. RPE cells produced in vitro could be
used to study the developments of the RPE, to identify
factors that cause the RPE to breakdown, or to
identify agents that can be used to stimulate repair
of endogenous RPE cells. Additionally, RPE cells
produced in vitro could themselves be used as a
therapy for replacing or restoring all or a portion of
a patient's damaged RPE cells. When used in this
manner, RPE cells may provide an approach to treat
macular degeneration, as well as other diseases and
conditions caused, in whole or in part, by damage to
the RPE. The use of RPE cells produced in vitro for
screening or as a therapeutic relies on methods that
can be used to produce large numbers of RPE cells in a
systematic, directed manner. Such systematized
differentiation methods would provide significant
advantagesover previous schemes based on, for example,
spontaneous differentiation of RPE cells from
transformed cell lines or other sources. Summary of
the Invention The present invention provides a method
for differentiating RPE cells from human pluripotent
stem cells, such as human embryonic stem cells and
human induced pluripotent stem cells. The method is
used to produce large numbers of differentiated RPE
cells for use in screening assays, to study the basic
biology of the RPE, and as therapeutics. As described
herein, RPE cells differentiated from pluripotent stem
cells, such as human embryonic stem cells, using this
approach are molecularly distinct from human embryonic
stem cells, as well as from adult and fetal-derived
RPE cells. The present invention also provides
preparations and pharmaceutical preparations of RPE
cells derived from human pluripotent stem cells. Such
RPE cell preparations are molecularly distinct from
human embryonic stem cells, as well as from adult and
fetalderived RPE cells. The present invention
provides, for the first time, a detailed molecular
characterization of RPE cells differentiated from
human embryonic stem cells. The detailed
characterization includes comparisons to RPE cells
derived from other sources (e.g., adult RPE cells and
fetal RPE cells), as well as to human embryonic stem
cells. This analysis not only provides a deeper
understanding of RPE cells, but it also revealed that
RPE cells differentiated from human embryonic stem
cells have distinct molecular properties that
distinguish these cells from previously described RPE
cells. The present invention provides preparations of
RPE cells, including substantially purified
preparations of RPE cells. Exemplary RPE cells are
differentiated from human pluripotent stem cells, such
as human embryonic stem cells or iPS cells. Human
pluripotent stem cell-derived RPE cells can be
formulated and used to treat retinal degenerative
diseases. Additionally, human pluripotent stem
cell-derived RPE cells can be used in screening assays
to identify agents that modulate RPE cell survival (in
vitro and/or in vivo), to study RPE cell maturation,
or to identify agents that modulate RPE cell
maturation. Agents identified using such screening
assays may be used in vitro or in vivo and may provide
additional therapeutics that can be used alone or in
combination with RPE cells to treat retinal
degenerative diseases. The present invention provides
improved methods for the production of RPE cells from
embryonic stem cells or other pluripotent stem cells.
The methods of the invention canbe used to produce
differentiated RPE cells. Optionally, the level of
maturation, as assessed by pigmentation levels, of the
differentiated RPE cells can be modulated so that
differentiated RPE cells, mature RPE cells, or
mixtures thereof are produced. Also provided are
improved methods for the treatment of eye disorders.
In particular, these methods involve the use of RPE
cells derived from human embryonic stem cells to treat
or ameliorate the symptoms of eye disorders,
particularly eye disorders caused or exacerbated, in
whole or in part, by damage to or breakdown of the
endogenous RPE layer. In certain aspects, the
invention provides a method for producing a culture of
retinal pigment epithelial (RPE) cells. In certain
embodiments, the culture is a substantially purified
culture containing at least 75%, 80%, 85%, 90%, 9 1%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or greater
than 99% differentiated RPE cells (at least 75% of the
culture is a differentiated RPE cell, regardless of
level of maturity). In certain embodiments, the
substantially purified culture contains at least 30%,
35%, 40% or 45% mature differentiated RPE cells. In
certain embodiments, the substantially purified
culture contains at least 50% mature differentiated
RPE cells. In other embodiments, the substantially
purified culture contains at least 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or greater than 99% mature differentiated
RPE cells. In certain embodiments, the differentiated
RPE cells are derived from human embryonic stem cells,
human iPS cells, or other pluripotent stem cells. In
certain embodiments, the method comprising the steps
of a) providing human embryonic stem cells; b)
culturing the human embryonic stem cells as embryoid
bodies in nutrient rich, low protein medium, which
medium optionally contains serum free B-27 supplement;
c) culturing the embryoid bodies as an adherent
culture in nutrient rich, low protein medium, which
medium optionally contains serum free B-27 supplement;
d) culturing the adherent culture of cells of (c) in
nutrient rich, low protein medium, which medium does
not contain serum free B-27 supplement; e) culturing
the cells of (d) in medium capable of supporting
growth of highdensity somatic cell culture, whereby
RPE cells appear in the culture of cells. f)
contacting the culture of (e) with an enzyme; g)
selecting the RPE cells from the culture and
transferring the RPE cells to a 



separate culture containing medium supplemented with a
growth factor to produce an enriched culture of RPE
cells; andh) propagating the enriched culture of RPE
cells to produce a substantially purified culture of
RPE cells. In certain other aspects, the invention
provides a method of producing a mature retinal
pigment epithelial (RPE) cell, said method comprising
the steps of a) providing human embryonic stem cells;
b) culturing the human embryonic stem cells as
embryoid bodies in nutrient rich, low protein medium,
which medium optionally contains serum free B-27
supplement; c) culturing the embryoid bodies as an
adherent culture in nutrient rich, low protein medium,
which medium optionally contains serum free B-27
supplement; d) culturing the adherent culture of cells
of step (c) in nutrient rich, low protein medium,
which medium does not contain serum free B-27
supplement; e) culturing the cells of (d) in medium
capable of supporting growth of highdensity somatic
cell culture, whereby RPE cells appear in the culture
of cells f) contacting the culture of (e) with an
enzyme; g) selecting the RPE cells from the culture
and transferring the RPE cells to a separate culture
containing medium supplemented with a growth factor to
produce an enriched culture of RPE cells; h)
propagating the enriched culture of RPE cells; and i)
culturing the enriched culture of RPE cells to produce
mature RPE cells. In certain embodiments of any of the
foregoing, the substantially purified culture of RPE
cells may contain both differentiated RPE cells and
mature differentiated RPE cells. Amongst the mature
RPE cells, the level of pigment may vary. However, the
mature RPE cells can be distinguished visually from
the RPE cells based on the increased level of
pigmentation and the more columnar shape. In certain
embodiments, the percentage of mature differentiated
RPE cells in the culture can be reduced by decreasing
the density of the culture. Thus, in certain
embodiments, the method further comprises subculturing
a population of mature RPE cells to produce a culture
containing a smaller percentage of mature RPE cells.
In certain embodiments, the medium used when culturing
the cells as embryoid bodies may be selected from any
medium appropriate for culturing cells as embryoid
bodies. For example, one of skill in the art can
select amongst commercially available or proprietary
media. Any medium that is capable of supporting
high-density cultures may be used, such as medium for
viral, bacterial, or eukaryotic cell culture. For
example, the medium may be highnutrient, protein-free
medium or high nutrient, low protein medium. For
example, the human embryonic stem cells may be
cultured in MDBK-GM, OptiPro SFM, VP-SFM, EGM-2, or
MDBK-MM. In certain embodiments the medium may also
contain B-27 supplement. In certain embodiments, the
medium described herein may also be supplemented with
one or more growth factors. Growth factors that may be
used include, for example, EGF, bFGF, VEGF, and
recombinant insulin-like growth factor. The medium may
also contain supplements such as heparin,
hydrocortisone, ascorbic acid, serum (such as, for
example, fetal bovine serum), or a growth matrix (such
as, for example, extracellular matrix from bovine
corneal epithelium, matrigel (BD biosciences), or
gelatin). In certain embodiments, mechanical or
enzymatic methods are used to select RPE cells from
amongst clusters of non-RPE cells in a culture of
embryoid body, or to facilitate sub-culture of
adherent cells. Exemplary mechanical methods include,
but are not limited to, tituration with a pipette or
cutting with a pulled needle. Exemplary enzymatic
methods include, but are not limited to, any enzymes
appropriate for disassociating cells (e.g., trypsin,
collagenase, dispase). In certain embodiments, a
non-enzymatic solution is used to disassociate the
cells, such as a high EDTA-containing solution such
as, for example, Hanksbased cell disassociation
buffer. In certain embodiments, for any of the above
articulated steps, the cells are cultured for between
about 3 days and 45 days, such as 7 days, 7-10 days,
7-14 days, or 14-21 days. In certain embodiments the
cells are cultured for about 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, or about 46
days. In certain embodiments, the cells are cultured
for less than or equal to about: 45, 40, 35, 30, 25,
21, 20, 18, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4,
3, 2, or 1 days. Note that, for each of the above
articulated method steps, the cells may be cultured
for the same period of time at each step or for
differing periods of time at one or more of the steps.
In certain embodiments, the RPE cells are further
cultured to produce a culture of mature RPE cells.
Both RPE cells and mature RPE cells are differentiated
RPE cells. However, mature RPE cells are characterized
by increased level of pigment in comparison to
differentiated RPE cells. The level of maturity and
pigmentation can be modulated by increasing or
decreasing the density of the culture of
differentiated RPE cells. Thus, a culture of RPE cells
can be further cultured to produce mature RPE cells.
Alternatively, the densityof a culture containing
mature RPE cells can be decreased to decrease the
percentage of mature differentiated RPE cells and
increase the percentage of differentiated RPE cells.
The medium used to culture the RPE cells is any medium
appropriate for cell culture, and can be selected by
the skilled person. For example, any medium that is
capable of supporting high-density cultures may be
used, such as medium for viral, bacterial, or animal
cell culture. For example, the cells described herein
may be cultured in VP-SFM, EGM-2, and MDBK-MM. In
certain embodiments of any of the foregoing, said
substantially purified culture of RPE cells (with or
without mature RPE cells) are frozen for storage. The
cells may be stored by any appropriate method known in
the art, e.g., cryogenically frozen and may be frozen
at any temperature appropriate for storage of the
cells. For example, the cells may be frozen at
approximately -20 C, - 80 C, - 120 C, or at any other
temperature appropriate for storage of cells.
Cryogenically frozen cells are stored in appropriate
containers and prepared for storage to reduce risk of
cell damage and maximize the likelihood that the cells
will survive thawing. In other embodiments, RPE cells
are maintained at room temperature, or refrigerated
at, for example, approximately 4 C. In certain
embodiments of any of the foregoing, the method is
performed in accordance with Good Manufacturing
Practices (GMP). In certain embodiments of any of the
foregoing, the human embryonic stem cells from which
the RPE cells are differentiated were derived in
accordance with Good Manufacturing Practices (GMP). In
certain embodiments of any of the foregoing, the human
embryonic stem cells from which the RPE cells are
differentiated were derived from one or more
blastomeres removed from an early stage embryo without
destroying the remaining embryo. In certain
embodiments of any of the foregoing, the method is
used to produce a preparation comprising at least 1x1
05 RPE cells, at least 5x1 05 RPE cells, at least 1x1
06 RPE 



cells, at least 5x1 06 RPE cells, at least 1x1 07 RPE
cells, at least 2x1 07 RPE cells, at least 3x1 07 RPE
cells, at least 4x1 07 RPE cells, at least 5x1 07 RPE
cells, at least 6 xlO7 RPE cells, at least 7x1 07 RPE
cells, at least 8x1 07 RPE cells, at least 9x1 07 RPE
cells, at least 1x1 08 RPE cells, at least 2x1 08 RPE
cells, at least 5x1 08 RPE cells, at least 7x1 08 RPE
cells, or at least 1xlO9 RPE cells. In certain
embodiments, the number of RPE cells in the
preparation includes differentiated RPE cells,
regardless of level of maturity and regardless of the
relative percentages of differentiated RPE cells and
mature RPE cells. In other embodiments, thenumber of
RPE cells in the preparation refers to the number of
either differentiated RPE cells or mature RPE cells.
In certain embodiments, the method further comprises
formulating the differentiated RPE cells and/or
differentiated mature RPE cells to produce a
preparation of RPE cells suitable for transplantation.
In another aspect, the invention provides a method for
treating or preventing a condition characterized by
retinal degeneration, comprising administering to a
subject in need thereof an effective amount of a
preparation comprising RPE cells, which RPE cells are
derived from human embryonic stem cells, iPS cells, or
other pluripotent stem cells. Conditions characterized
by retinal degeneration include, for example,
Stargardt's macular dystrophy, age related macular
degeneration (dry or wet), diabetic retinopathy, and
retinitis pigmentosa. In certain embodiments, the RPE
cells are derived from human pluripotent stem cells
using one or more of the methods described herein. In
certain embodiments, the preparation was previously
cryopreserved and was thawed before transplantation.
In certain embodiments, the method of treating further
comprises administration of cyclosporin or one or more
other immunosuppressants. When immunosuppressants are
used, they may be administered systemically or
locally, and they may be administered prior to,
concomitantly with, or following administration of the
RPE cells. In certain embodiments, immunosuppressive
therapy continues for weeks, months, years, or
indefinitely following administration of RPE cells. In
certain embodiments, the method of treatment comprises
administration of a single dose of RPE cells. In other
embodiments, the method of treatment comprises a
course of therapy where RPE cells are administered
multiple times over some period. Exemplary courses of
treatment may comprise weekly, biweekly, monthly,
quarterly, biannually, or yearly treatments.
Alternatively, treatment may proceed in phases whereby
multiple doses are required initially (e.g., daily
doses for the first week), and subsequently fewer and
less frequent doses are needed. Numerous treatment
regimens are contemplated. In certain embodiments, the
administered RPE cells comprise a mixed population of
differentiated RPE cells and mature RPE cells. In
other embodiments, the administered RPE cells comprise
a substantially purified population of either
differentiated RPE cells or mature RPE cells. For
example, the administered RPE cells may contain less
than 25%, 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2%, or less than 1% of the other RPE cell-type.In
certain embodiments, the RPE cells are formulated in a
pharmaceutically acceptable carrier or excipient. In
certain embodiments, the preparation comprising RPE
cells is transplanted in a suspension, matrix or
substrate. In certain embodiments, the preparation is
administered by injection into the subretinal space of
the eye. In certain embodiments, about 104 to about
106 cells are administered to the subject. In certain
embodiments, the method further comprises the step of
monitoring the efficacy of treatment or prevention by
measuring electroretinogram responses, optomotor
acuity threshold, or luminance threshold in the
subject. The method may also comprise monitoring the
efficacy of treatment or prevention by monitoring
immunogenicity of the cells or migration of the cells
in the eye. In certain aspects, the invention provides
a pharmaceutical preparation for treating or
preventing a condition characterized by retinal
degeneration, comprising an effective amount of RPE
cells, which RPE cells are derived from human
embryonic stem cells or other pluripotent stem cells.
The pharmaceutical preparation may be formulated in a
pharmaceutically acceptable carrier according to the
route of administration. For example, the preparation
may be formulated for administration to the subretinal
space of the eye. The composition may comprise at
least 104, 105, 5xlO5, 6xlO5, 7xlO5, 8xlO5, 9xl O5,
106, 2xlO6, 3xlO6, 4xlO6, 5xlO6, 6xlO6, 7xlO6, 8xlO6,
9xlO6, or 107 RPE cells. In certain embodiments, the
composition may comprise at least 2x1 07, 5x1 07, 6x1
07, 7x1 07, 8x1 07, 9x1 07, 1x1 08 RPE cells. In
certain embodiments, the RPE cells may include mature
RPE cells, and thus the cell number includes the total
of both differentiated RPE cells and mature
differentiated RPE cells. In another aspect, the
invention provides a method for screening to identify
agents that modulate the survival of RPE cells. For
example, RPE cells differentiated from human embryonic
stem cells can be used to screen for agents that
promote RPE survival. Identified agents can be used,
alone or in combination with RPE cells, as part of a
treatment regimen. Alternatively, identified agents
can be used as part of a culture method to improve the
survival of RPE cells differentiated in vitro. In
another aspect, the invention provides a method for
screening to identify agents that modulate RPE cell
maturity. For example, RPE cells differentiated from
human ES cells can be used to screen for agents that
promote RPE maturation. In certain embodiments of any
of the foregoing, the method is performed in
accordance with Good Manufacturing Practices (GMP). In
certain embodiments of any ofthe foregoing, the human
embryonic stem cells or other pluripotent stem cells
from which the RPE cells are differentiated were
derived in accordance with Good Manufacturing
Practices (GMP). In certain embodiments of any of the
foregoing, the human embryonic stem cells from which
the RPE cells are differentiated were derived from one
or more blastomere removed from an early stage embryo
without destroying the remaining embryo. In another
aspect, the invention contemplates that, instead of
human embryonic stem cells, the starting material for
producing RPE cells, or preparations thereof, can be
other types of human pluripotent stem cells. By way of
example, the invention contemplates that induced
pluripotent stem (iPS) cells are used as a starting
material for differentiating RPE cells using the
methods described herein. Such iPS cells can be
obtained from a cell bank, or otherwise previously
derived. Alternatively, iPS cells can be newly
generated prior to commencing differentiation to RPE
cells. In one embodiment, RPE cells or preparations
differentiated from pluripotent stem cells, including
iPS cells, are used in a therapeutic method. The
present invention also provides functional human
retinal pigmented epithelial cells (hRPEs) that are
terminally differentiated from human embryonic stem
cells (hESCs) or other human pluripotent stem cells.
In non-human, primate transplantation experiments,
these hRPEs can be identified apart from other cells
by means of their unique physical characteristics,
such as by their unique mRNA and protein expression.
Moreover, when 



implanted into a validated animal model of retinal
degeneration, hRPEs may treat retinal degeneration in
the diseased animal. Accordingly, the hRPEs of the
invention are useful for treating patients afflicted
by various retinal degenerative disorders. The present
invention therefore provides a renewable source of
hRPEs that can be produced and manufactured under
GLP-like and GMP-compliant conditions for the
treatment of visual degenerative diseases and
disorders. In certain embodiments, the present
invention provides a human retinal pigmented
epithelial cell derived from a human embryonic stem
cell, which cell is pigmented and expresses at least
one gene that is not expressed in a cell that is not a
human retinal pigmented epithelial cell. In certain
embodiments, the human retinal pigmented epithelial
cell is isolated from at least one protein, molecule,
or other impurity that is found in its natural
environment. In another embodiment, the invention
provides a cell culture comprising human RPE cells
derived from human embryonic stem cells or other
pluripotent stem cells, which arepigmented and express
at least one gene that is not expressed in a cell that
is not a human RPE. When used in this manner,
pigmented refers to any level of pigmentation, for
example, the pigmentation that initial occurs when RPE
cells differentiate from ES cells. Pigmentation may
vary with cell density and the maturity of the
differentiated RPE cells. However, when cells are
referred to as pigmented - the term is understood to
refer to any and all levels of pigmentation. In some
embodiments, the cell culture comprises a
substantially purified population of human RPE cells.
A substantially purified population of hRPE cells is
one in which the hRPE cells comprise at least about
75% of the cells in the population. In other
embodiments, a substantially purified population of
hRPE cells is one in which the hRPE cells comprise at
least about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 97.5%, 98%, 99%, or even greater than 99% of
the cells in the population. In some embodiments, the
pigmentation of the hRPE cells in the cell culture is
homogeneous. In other embodiments, the pigmentation of
the hRPE cells in the cell culture is heterogeneous,
and the culture of RPE cells comprises both
differentiated RPE cells and mature RPE cells. A cell
culture of the invention may comprise at least about
10 1, 102, 5x1 02, 103, 5x1 03, 104, 105, 106, 107,
108, or at least about 109 hRPE cells. The present
invention provides human retinal pigmented epithelial
cells with varying degrees of pigmentation. In certain
embodiments, the pigmentation of a human retinal
pigmented epithelial cell is the same as an average
human pigmented epithelial cell after terminal
differentiation of the hRPE cell. In certain
embodiments, the pigmentation of a human retinal
pigmented epithelial cell is more pigmented than the
average human retinal pigmented epithelial cell after
terminal differentiation of the hRPE cell. In certain
other embodiments, the pigmentation of a human retinal
pigmented epithelial cell is less pigmented than the
average human retinal pigmented epithelial cell after
terminal differentiation. In certain embodiments, the
present invention provides human RPE cells
differentiated from ES cells or other pluripotent stem
cells and that express (at the mRNA and/or protein
level) one or more ( 1, 2, 3, 4, 5, or 6) of the
following: RPE-65, Bestrophin, PEDF, CRALBP, Otx2, and
Mit-F. In certain embodiments, gene expression is
measured by mRNA expression. In other embodiments,
gene expression is measured by protein expression. In
certain embodiments, the RPE cells do not
substantially express ES-specific genes, such as
Oct-4, alkaline phosphatase, nanog, and/or Rex-1 . In
other embodiments, the RPE cells express one or more (
1, 2, or 3) of pax-2, pax-6, and/or tyrosinase. In
certainembodiments, expression of pax-2, pax-6, and/or
tyrosinase distinguishes differentiated RPE cells from
mature differentiated RPE cells. In other embodiments,
the RPE cells express one or more of the markers
presented in Table 2, and the expression of the one or
more markers is upregulated in RPE cells relative to
expression (if any) in human ES cells. In other
embodiments, the RPE cells express one or more of the
markers presented in Table 3, and the expression of
the one or more markers is downregulated in RPE cells
relative to expression (if any) in human ES cells. In
certain embodiments, the invention provides a
pharmaceutical preparation comprising human RPE cells
derived from human embryonic stem cells or other
pluripotent stem cells. Pharmaceutical preparations
may comprise at least about 10 1, 102, 5xlO2, 103, 5x1
03, 104, 105, 106, 107, 108 or about 109 hRPE cells.
In other embodiments, the invention provides a
cryopreserved preparation of the RPE cells described
herein. The cryopreserved preparation may be frozen
for storage for days or years. The cells may be stored
by any appropriate method known in the art, e.g.,
cryogenically frozen and may be frozen at any
temperature appropriate for storage of the cells. For
example, the cells may be frozen at approximately -20
0C, - 80 0C, - 120 0C, or at any other temperature
appropriate for storage of cells. Cryogenically frozen
cells are stored in appropriate containers and
prepared for storage to reduce risk of cell damage and
maximize the likelihood that the cells will survive
thawing. In other embodiments, RPE cells can be
maintained at room temperature, or refrigerated at,
for example, approximately 4 C. Cryopreserved
preparations of the compositions described herein may
comprise at least about 10 1, 102, 5xlO2, 103, 5xlO3,
104, 105, 106, 107, 108 or about 109 hRPE cells. In
certain embodiments, the hRPE cells of the invention
are recovered from storage following cryopreservation.
In certain embodiments, greater than 65%, 70%, 75,%,
or greater than 80% of the RPE cells retain viability
following cryopreservation. In other embodiments,
greater than 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or greater than 99% of the RPE cells retain
viability following cryopreservation. In another
aspect, the invention provides substantially purified
preparations of human RPE cells have any combination
of the structural, molecular, and functional
characteristics described herein. Such preparations
may be formulated as pharmaceutical preparations for
administration and/or may be formulated for
cryopreservation. In another aspect, the invention
provides use of the human RPE cells described herein
in the manufacture of a medicament to treat a
condition in a patient in need thereof. Inanother
embodiment, the invention provides use of a cell
culture comprising the human RPE cells described
herein in the manufacture of a medicament to treat a
condition in a patient in need thereof. In another
embodiment, the invention provides the use of a
pharmaceutical preparation comprising the human RPE
cells described herein in the manufacture of a
medicament to treat a condition in a patient in need
thereof. Conditions that may be treated include,
without limitation, degenerative diseases of the
retina, such as Stargardt's macular dystrophy,
retinitis pigmentosa, macular degeneration, glaucoma,
and diabetic retinopathy. In certain embodiments, the
invention provides methods for treating or preventing
a condition characterized by retinal degeneration,
comprising administering to a subject in need thereof
an effective amount of a preparation comprising RPE
cells, which RPE cells are derived from mammalian
embryonic stem cells. Conditions characterized by
retinal degeneration include, for example, Stargardt's
macular dystrophy, age related macular degeneration,
diabetic 



retinopathy, and retinitis pigmentosa. In other
embodiments, the invention provides a solution of
human RPE cells derived from a human embryonic stem
cell, or other pluripotent stem cell, which RPE cells
have any combinations of the features described
herein. Such a solutions may comprise at least about
10 1, 102, 5xlO2, 103, 5xlO3, 104, 105, 106, 107, 108
or about 109 hRPE cells as described herein. Such
solutions are suitable for injection to a subject.
Such solutions are suitable for cryopreservation as
described herein. This invention also provides a use
of these solutions for the manufacture of a medicament
to treat a disease that could be treated by the
administration of RPE cells, such as, for example,
retinal degenerative diseases of the eye. In another
aspect, the RPE cells of the invention are derived
from human embryonic stem cells, or other pluripotent
stem cells, previously derived under GMP conditions.
In one embodiment, the human ES cells are derived from
one or more blastomeres of an early cleavage stage
embryo, optionally without destroying the embryo. In
another embodiment, the human ES cells are from a
library of human embryonic stem cells. In certain
embodiments said library of human embryonic stem cells
comprises stem cells, each of which is hemizygous,
homozygous, or nullizygous for at least one MHC allele
present in a human population, wherein each member of
said library of stem cells is hemizygous, homozygous,
or nullizygous for a different set of MHC alleles
relative to the remaining members of the library. In
further embodiments, the library of human embryonic
stem cells comprises stem cells that are hemizygous,
homozygous, or nullizygous for all MHC alleles present
in a human population. In certain other embodiments,
the invention provides a library of RPEcells, each of
which is hemizygous, homozygous, or nullizygous for at
least one MHC allele present in a human population,
wherein each member of said library of RPE cells is
hemizygous, homozygous, or nullizygous for a different
set of MHC alleles relative to the remaining members
of the library. In further embodiments, invention
provides a library of human RPE cells that are
hemizygous, homozygous, or nullizygous for all MHC
alleles present in a human population. In certain
embodiments of any of the foregoing, said
substantially purified culture of RPE cells (with or
without mature RPE cells) are frozen for storage. The
cells may be stored by any appropriate method known in
the art, e.g., cryogenically frozen and may be frozen
at any temperature appropriate for storage of the
cells. For example, the cells may be frozen at
approximately -20 C, - 80 C, - 120 C, or at any other
temperature appropriate for storage of cells.
Cryogenically frozen cells are stored in appropriate
containers and prepared for storage to reduce risk of
cell damage and maximize the likelihood that the cells
will survive thawing. In other embodiments, RPE cells
can be maintained at room temperature, or refrigerated
at, for example, approximately 4 C. In certain
embodiments of any of the foregoing, human RPE cells
are produced in accordance with Good Manufacturing
Practices (GMP). In certain embodiments of any of the
foregoing, the human embryonic stem cells from which
the RPE cells are differentiated were derived in
accordance with Good Manufacturing Practices (GMP). In
certain embodiments of any of the foregoing, the human
embryonic stem cells from which the RPE cells are
differentiated were derived from one or more
blastomeres removed from an early stage embryo without
destroying the remaining embryo. As such, the
invention provides GMP compliant preparations of RPE
cells, including substantially purified preparations
of RPE cells. Such preparations are substantially free
of viral, bacterial, and/or fungal contamination or
infection. In certain embodiments of any of the
foregoing, compositions or preparations of RPE cells
comprise at least 1x1 05 RPE cells, at least 5x1 05
RPE cells, at least 1x1 06 RPE cells, at least 5x1 06
RPE cells, at least 1x1 07 RPE cells, at least 2x1 07
RPE cells, at least 3x1 07 RPE cells, at least 4x1 07
RPE cells, at least 5x1 07 RPE cells, at least 6 xlO7
RPE cells, at least 7xl O7 RPE cells, at least 8x lO7
RPE cells, at least 9xlO7 RPE cells, at least IxIO8
RPE cells, at least 2x1 08 RPE cells, at least 5x 108
RPE cells, at least 7x1 08 RPE cells, or at least 1x1
09 RPE cells. In certain embodiments, the number of
RPE cells in the preparation includes differentiated
RPE cells, regardless of level of maturity and
regardless of the relativepercentages of
differentiated RPE cells and mature differentiated RPE
cells. In other embodiments, the number of RPE cells
in the preparation refers to the number of either
differentiated RPE cells or mature RPE cells. In
certain embodiments, the method further comprises
formulating the differentiated RPE cells and/or
differentiated mature RPE cells to produce a
preparation of RPE cells suitable for transplantation.
In another aspect, the invention provides a method for
treating or preventing a condition characterized by
retinal degeneration, comprising administering to a
subject in need thereof an effective amount of a
preparation comprising RPE cells, which RPE cells are
derived from human pluripotent stem cells. In certain
embodiments, the RPE cells are derived using any of
the methods described herein. Conditions characterized
by retinal degeneration include, for example,
Stargardt's macular dystrophy, age related macular
degeneration (dry or wet), diabetic retinopathy, and
retinitis pigmentosa. In certain embodiments, the
preparation was previously cryopreserved and was
thawed before transplantation. In certain embodiments,
the method of treating further comprises
administration of cyclosporin or one or more other
immunosuppressants. When immunosuppressants are used,
they may be administered systemically or locally, and
they may be administered prior to, concomitantly with,
or following administration of the RPE cells. In
certain embodiments, immunosuppressive therapy
continues for weeks, months, years, or indefinitely
following administration of RPE cells. In certain
embodiments, the method of treatment comprises
administration of a single dose of RPE cells. In other
embodiments, the method of treatment comprises a
course of therapy where RPE cells are administered
multiple times over some period. Exemplary courses of
treatment may comprise weekly, biweekly, monthly,
quarterly, biannually, or yearly treatments.
Alternatively, treatment may proceed in phases whereby
multiple doses are required initially (e.g., daily
doses for the first week), and subsequently fewer and
less frequent doses are needed. Numerous treatment
regimens are contemplated. In certain embodiments, the
administered RPE cells comprise a mixed population of
differentiated RPE cells and mature RPE cells. In
other embodiments, the administered RPE cells comprise
a substantially purified population of either
differentiated RPE cells or mature RPE cells. For
example, the administered RPE cells may contain less
than 25%, 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2%, or less than 1% of the other RPE cell-type.In
certain embodiments, the RPE cells are formulated in a
pharmaceutically acceptable carrier or excipient. In
certain embodiments, the preparation comprising RPE
cells is transplanted in a suspension, matrix or
substrate. In certain embodiments, the preparation is
administered by injection into the subretinal space of
the eye. In certain embodiments, the preparation is 



administered transcorneally. In certain embodiments,
about 10 to about 106 cells are administered to the
subject. In certain embodiments, the method further
comprises the step of monitoring the efficacy of
treatment or prevention by measuring electroretinogram
responses, optomotor acuity threshold, or luminance
threshold in the subject. The method may also comprise
monitoring the efficacy of treatment or prevention by
monitoring immunogenicity of the cells or migration of
the cells in the eye. In certain aspects, the
invention provides a pharmaceutical preparation for
treating or preventing a condition characterized by
retinal degeneration, comprising an effective amount
of RPE cells, which RPE cells are derived from human
embryonic stem cells. The pharmaceutical preparation
may be formulated in a pharmaceutically acceptable
carrier according to the route of administration. For
example, the preparation may be formulated for
administration to the subretinal space or cornea of
the eye. The composition may comprise at least 104,
105, 5xlO5, 6xlO5, 7xlO5, 8xlO5, 9xlO5, 106, 2xlO6,
3xlO6, 4xlO6, 5x1 06, 6x1 06, 7x1 06, 8x1 06, 9x1 06,
or 107 RPE cells. In certain embodiments, the
composition may comprise at least 2x1 07, 5x1 07, 6x1
07, 7x1 07, 8x1 07, 9x1 07, 1x1 08 RPE cells. In
certain embodiments, the RPE cells may include mature
RPE cells, and thus the cell number includes the total
of both differentiated RPE cells and mature
differentiated RPE cells. In another aspect, the
invention provides a method for screening to identify
agents that modulate the survival of RPE cells. For
example, RPE cells differentiated from human embryonic
stem cells can be used to screen for agents that
promote RPE survival. Identified agents can be used,
alone or in combination with RPE cells, as part of a
treatment regimen. Alternatively, identified agents
can be used as part of a culture method to improve the
survival of RPE cells differentiated in vitro. In
another aspect, the invention provides a method for
screening to identify agents that modulate RPE cell
maturity. For example, RPE cells differentiated from
human ES cells can be used to screen for agents that
promote RPE maturation.In certain embodiments of any
of the foregoing, the method is performed in
accordance with Good Manufacturing Practices (GMP). In
certain embodiments of any of the foregoing, the human
embryonic stem cells from which the RPE cells are
differentiated were derived in accordance with Good
Manufacturing Practices (GMP). In certain embodiments
of any of the foregoing, the human embryonic stem
cells from which the RPE cells are differentiated were
derived from one or more blastomere removed from an
early stage embryo without destroying the remaining
embryo. In another aspect, the invention contemplates
that, instead of human embryonic stem cells, the
starting material for producing RPE cells, or
preparations thereof, can be other types of human
pluripotent stem cells. By way of example, the
invention contemplates that induced pluripotent stem
(iPS) cells, which have the characteristic of hES, can
similarly be used as a starting material for
differentiating RPE cells using the methods described
herein. Such iPS cells can be obtained from a cell
bank, or otherwise previously derived. Alternatively,
iPS cells can be newly generated prior to commencing
differentiation to RPE cells. In one embodiment, RPE
cells or preparations differentiated from pluripotent
stem cells, including iPS cells, are used in a
therapeutic method. The invention contemplates any
combination of the aspects and embodiments described
above or below. For example, preparations of RPE cells
comprising any combination of differentiated RPE cells
and mature RPE cells can be used in the treatment of
any of the diseases and conditions described herein.
Similarly, methods described herein for producing RPE
cells using human embryonic stem cells as a starting
material may be similarly performed using any human
pluripotent stem cells as a starting material. Brief
Description of the Drawings Figure 1 is a schematic
model showing the developmental ontogeny of human RPE
cells derived from human embryonic stem cells. Figure
2 is a graph showing gene expression comparison of hES
cells and human embryonic stem cell-derived RPE cells
by quantitative, Real-Time, Reverse Transcription PCR
(qPCR). Figure 3 is a graph showing gene expression
comparison of ARPE- 19 cells (a previously derived RPE
cell line) and human embryonic stem cell-derived RPE
cells by quantitative, Real-Time, Reverse
Transcription PCR (qPCR).Figure 4 is a graph showing
gene expression comparison of fetal RPE cells and
human embryonic stem cell-derived RPE cells by
quantitative, Real-Time, Reverse Transcription PCR
(qPCR). Figure 5 is a graph showing gene expression
comparison of mature RPE cells and hES cells by
quantitative, Real-Time, Reverse Transcription PCR
(qPCR). Figure 6 is a photomicrograph showing Western
Blot analysis of hES-specific and RPE-specific
markers. Embryonic stem cell-derived RPE cells (lane
1) derived from hES cells (lane 2) did not express the
hES-specific proteins Oct-4, Nanog, and Rex-1.
However, embryonic stem cell-derived RPE cells express
RPE-specific proteins included RPE65, CRALBP, PEDF,
Bestrophin, PAX6, and Otx2. Actin was used as protein
loading control. Figure 7 is a graph showing the
principal components analysis plot of microarray gene
expressions. Component 1, representing 69% of the
variability represents the cell type, whereas
Component 2, represents the cell line (i.e., genetic
variability). A near-linear scatter of gene expression
profiles characterizes the developmental ontogeny of
hRPE derived from hES cells. Detailed Description of
the Invention In order that the invention herein
described may be fully understood, the following
detailed description is set forth. Various embodiments
of the invention are described in detail and may be
further illustrated by the provided examples. Unless
defined otherwise, all technical and scientific terms
used herein have the same meaning as those commonly
understood by one of ordinary skill in the art to
which this invention belongs. Although methods and
materials similar or equivalent to those described
herein can be used in the invention or testing of the
present invention, suitable methods and materials are
described below. The materials, methods and examples
are illustrative only, and are not intended to be
limiting. All publications, patents, patent
publications and applications and other documents
mentioned herein are incorporated by reference in
their entirety. In order to further define the
invention, the following terms and definitions are
provided herein. As used in the description herein and
throughout the claims that follow, the meaning of "a,"
"an," and "the" includes plural reference unless the
context clearly dictates otherwise.Also, as used in
the description herein, the meaning of "in" includes
"in" and "on" unless the context clearly dictates
otherwise. 



Throughout this specification, the word "comprise" or
variations such as "comprises" or "comprising" will be
understood to imply the inclusion of a stated integer
or groups of integers but not the exclusion of any
other integer or group of integers. By "embryo" or
"embryonic" is meant a developing cell mass that has
not implanted into the uterine membrane of a maternal
host. An "embryonic cell" is a cell isolated from or
contained in an embryo. This also includes
blastomeres, obtained as early as the two-cell stage,
and aggregated blastomeres. The term "embryonic stem
cells" refers to embryo-derived cells. More
specifically it refers to cells isolated from the
inner cell mass of blastocysts or morulae and that
have been serially passaged as cell lines. The term
also includes cells isolated from one or more
blastomeres of an embryo, preferably without
destroying the remainder of the embryo. The term also
includes cells produced by somatic cell nuclear
transfer, even when non-embryonic cells are used in
the process. The term "human embryonic stem cells"
(hES cells) is used herein as it is used in the art.
This term includes cells derived from the inner cell
mass of human blastocysts or morulae that have been
serially passaged as cell lines. The hES cells may be
derived from fertilization of an egg cell with sperm
or DNA, nuclear transfer, parthenogenesis, or by means
to generate hES cells with homozygosity in the HLA
region. Human ES cells are also cells derived from a
zygote, blastomeres, or blastocyst-staged mammalian
embryo produced by the fusion of a sperm and egg cell,
nuclear transfer, parthenogenesis, or the
reprogramming of chromatin and subsequent
incorporation of the reprogrammed chromatin into a
plasma membrane to produce a cell. Human embryonic
stem cells of the present invention may include, but
are not limited to, MAOl, MA09, ACT-4, No. 3, Hl , H7,
H9, H14 and ACT30 embryonic stem cells. In certain
embodiments, human ES cells used to produce RPE cells
are derived and maintained in accordance with GMP
standards. Human embryonic stem cells, regardless of
their source or the particular method use to produce
them, can be identified based on (i) the ability to
differentiate into cells of all three germ layers,
(ii) expression of at least Oct-4 and alkaline
phosphatase, and (iii) ability to produce teratomas
when transplanted into immunocompromised animals. The
term "human embryo-derived cells" (hEDC) refers to
morula-derived cells, blastocyst-derived cells
including those of the inner cell mass, embryonic
shield, or epiblast,or other totipotent or pluripotent
stem cells of the early embryo, including primitive
endoderm, ectoderm, and mesoderm and their
derivatives, also including blastomeres and cell
masses from aggregated single blastomeres or embryos
from varying stages of development, but excluding
human embryonic stem cells that have been passaged as
cell lines. As used herein, the term "pluripotent stem
cells" includes embryonic stem cells, embryo-derived
stem cells, and induced pluripotent stem cells,
regardless of the method by which the pluripotent stem
cells are derived. Pluripotent stem cells are defined
functionally as stem cells that: (a) are capable of
inducing teratomas when transplanted in
immunodeficient (SCID) mice; (b) are capable of
differentiating to cell types of all three germ layers
(e.g., can differentiate to ectodermal, mesodermal,
and endodermal cell types); and (c) express one or
more markers of embryonic stem cells (e.g., express
Oct 4, alkaline phosphatase, SSEA-3 surface antigen,
SSEA-4 surface antigen, nanog, TRA-I -60, TRA-I- 81,
SOX2, REXl, etc). Exemplary pluripotent stem cells can
be generated using, for example, methods known in the
art. Exemplary pluripotent stem cells include
embryonic stem cells derived from the ICM of
blastocyst stage embryos, as well as embryonic stem
cells derived from one or more blastomeres of a
cleavage stage or morula stage embryo (optionally
without destroying the remainder of the embryo). Such
embryonic stem cells can be generated from embryonic
material produced by fertilization or by asexual
means, including somatic cell nuclear transfer (SCNT),
parthenogenesis, and androgenesis. Further exemplary
pluripotent stem cells include induced pluripotent
stem cells (iPS cells) generated by reprogramming a
somatic cell by expressing or inducing expression of a
combination of factors (herein referred to as
reprogramming factors). iPS cells can be generated
using fetal, postnatal, newborn, juvenile, or adult
somatic cells. In certain embodiments, factors that
can be used to reprogram somatic cells to pluripotent
stem cells include, for example, a combination of Oct4
(sometimes referred to as Oct 3/4), Sox2, c-Myc, and
Klf4. In other embodiments, factors that can be used
to reprogram somatic cells to pluripotent stem cells
include, for example, a combination of Oct 4, Sox2,
Nanog, and Lin28. In other embodiments, somatic cells
are reprogrammed by expressing at least 2
reprogramming factors, at least three reprogramming
factors, or four reprogramming factors. In other
embodiments, additional reprogramming factors are
identified and used alone or in combination with one
or more known reprogramming factors to reprogram a
somatic cell to a pluripotent stem cell.The terms "RPE
cell" and "differentiated RPE cell" and "ES-derived
RPE cell" and "human RPE cell" are used
interchangeably throughout to refer to an RPE cell
differentiated from a human embryonic stem cell using
a method of the invention. The term is used
generically to refer to differentiated RPE cells,
regardless of the level of maturity of the cells, and
thus may encompass RPE cells of various levels of
maturity. Differentiated RPE cells can be visually
recognized by their cobblestone morphology and the
initial appearance of pigment. Differentiated RPE
cells can also be identified molecularly based on
substantial lack of expression of embryonic stem cell
markers such as Oct-4 and nanog, as well as based on
the expression of RPE markers such as RPE-65, PEDF,
CRALBP, and bestrophin. Note that when other RPE-like
cells are referred to, they are generally referred to
specifically as adult, fetal or APRE19 cells. Thus,
unless otherwise specified, RPE cells, as used herein,
refers to RPE cells differentiated from human
embryonic stem cells. The terms "mature RPE cell" and
"mature differentiated RPE cell" are used
interchangeably throughout to refer to changes that
occur following initial differentiating of RPE cells.
Specifically, although RPE cells can be recognized, in
part, based on initial appearance of pigment, after
differentiation mature RPE cells can be recognized
based on enhanced pigmentation. Pigmentation
post-differentiation is not indicative of a change in
the RPE state of the cells (e.g., the cells are still
differentiated RPE cells). Rather, the changes in
pigment post-differentiation correspond to the density
at which the RPE cells are cultured and maintained.
Thus, mature RPE cells have increased pigmentation
that accumulates after initial differentiation. Mature
RPE cells are more pigmented than RPE cells - although
RPE cells do have some level of pigmentation. Mature
RPE cells can be subcultured at a lower density, such
that the pigmentation decreases. In this context,
mature RPE cells can be cultured to produce RPE cells.
Such RPE cells are still differentiated RPE cells that
express markers of RPE differentiation. Thus, in
contrast to the initial appearance of pigmentation
that occurs when RPE cells begin to differentiate,
pigmentation changes post-differentiation are
phenomenological and do not reflect dedifferentiation
of the cells away from an RPE fate. Note that changes
in pigmentation post-differentiation also correlate
with changes in pax-2 



expression. Note that when other RPE-like cells are
referred to, they are generally referred to
specifically as adult, fetal or APREl 9 cells. Thus,
unless otherwise specified, RPE cells, as used herein,
refers to RPE cells differentiated from human
embryonic stem cells. "APRE- 19" refers to cells of a
previously derived, human RPE cell line. APRE- 19
cells arose spontaneously and are not derived from
human embryos or embryonic stem cells.Overview This
invention provides preparations and compositions
comprising human retinal pigmented epithelium (RPE)
cells derived from human embryonic stem cells or other
human pluripotent stem cells. The RPE cells are
pigmented, to at least some extent. The RPE cells do
not express (at any appreciable level) the embryonic
stem cell markers Oct-4, nanog, or Rex-1.
Specifically, expression of these ES genes is
approximately 100-1000 fold lower in RPE cells than in
ES cells, when assessed by quantitative RT-PCR. The
RPE cells do express, both at the mRNA and protein
level, one or more of the following: RPE65, CRALBP,
PEDF, Bestrophin, MitF and/or Otx2. In certain other
embodiments, the RPE cells express, both at the mRNA
and protein level, one or more of Pax-2, Pax-6, MitF,
and tyrosinase. In certain embodiments of any of the
foregoing, the RPE cells are mature RPE cells with
increased pigmentation in comparison to differentiated
RPE cells. The invention provides for human RPE cells,
cell cultures comprising a substantially purified
population of human RPE cells, pharmaceutical
preparations comprising human retinal pigmented
epithelial cells and cryopreserved preparations of the
human RPE cells. In certain embodiments, the invention
provides for the use of the human RPE cells in the
manufacture of a medicament to treat a condition in a
patient in need thereof. Alternatively, the invention
provides the use of the cell cultures in the
manufacture of a medicament to treat a condition in a
patient in need thereof. The invention also provides
the use of the pharmaceutical preparations in the
manufacture of a medicament to treat a condition in a
patient in need thereof. In any of the foregoing,
preparations comprising RPE cells may include
differentiated RPE cells of varying levels of
maturity, or may be substantially pure with respect to
differentiated RPE cells of a particular level of
maturity. In certain embodiments of any of the
foregoing, the preparations comprising RPE cells are
prepared in accordance with Good Manufacturing
Practices (GMP) (e.g., the preparations are
GMPcompliant). In certain embodiments, the
preparations comprising RPE cells are substantially
free of bacterial, viral, or fungal contamination or
infection. The human RPE cells (embryo-derived or
derived from other pluripotent stem cells) can be
identified and characterized based on their structural
properties. Specifically, and in certain embodiments,
these cells are unique in that they can be identified
or characterized based on the expression or lack of
expression (as assessed at the level of the gene or
the level of the protein) of one or more markers. For
example, in certain embodiments,
differentiatedES-derived RPE cells can be identified
or characterized based on expression of one or more
(e.g., the cells can be characterized based on
expression of at least one, at least two, at least
three, at least four, at least five, or at least six)
of the following markers: RPE-65, Bestrophin, PEDF,
CRALBP, Otx2, and Mit-F. Additionally or
alternatively, ES-derived RPE cells can be identified
or characterized based on expression of PAX2,
tyrosinase, and/or PAX6. Additionally or
alternatively, hRPE cells can be identified or
characterized based on expression or lack of
expression (as assessed at the level of the gene or
the level of the protein) of one or more (1, 2, 3, 4,
5, 6, 7, 8, 9, 10, or more than 10) markers analyzed
in any of Tables 1 3. Additionally or alternatively,
ES-derived RPE cells can also be identified and
characterized based on the degree of pigmentation of
the cell. Differentiated hRPE cells that are rapidly
dividing are lightly pigmented. However, when cell
density reaches maximal capacity, or when hRPE cells
are specifically matured, hRPE take on their
characteristic phenotypic hexagonal shape and increase
pigmentation level by accumulating melanin and
lipofuscin. As such, initial accumulation of
pigmentation serves as an indicator of RPE
differentiation and increased pigmentation associated
with cell density serves as an indicator of RPE
maturity. Preparations comprising RPE cells include
preparations that are substantially pure, with respect
to non-RPE cell types, but which contain a mixture of
differentiated RPE cells and mature differentiated RPE
cells. Preparations comprising RPE cells also include
preparations that are substantially pure both respect
to non-RPE cell types and with respect to RPE cells of
other levels of maturity. For any of the foregoing
embodiments, the invention contemplates that the RPE
cells (characterized as described above) may be
derived from human pluripotent stem cells, for example
iPS cells and embryonic stem cells. In certain
embodiments, the RPE cells are derived from human
pluripotent stem cells using any of the methods
described herein. RPE Cell Differentiation Embryonic
stem cells (ES) can be indefinitely maintained in
vitro in an undifferentiated state and yet are capable
of differentiating into virtually any cell type,
providing a limitless supply of rejuvenated and
histocompatible cells for transplantation therapy. The
problem of immune rejection can be overcome with
nuclear transfer and parthenogenetic technology. Thus,
human embryonic stem (hES) cells are useful for
studieson the differentiation of human cells and can
be considered as a potential source for
transplantation therapies. To date, the
differentiation of human and mouse ES cells into
numerous cell types have been reported (reviewed by
Smith, 2001) including cardiomyocytes [Kehat et al.
2001, Mummery et al., 2003 Carpenter et al., 2002],
neurons and neural precursors (Reubinoff et al. 2000,
Carpenter et al. 2001, Schuldiner et al., 2001),
adipocytes (Bost et al., 2002, Aubert et al., 1999),
hepatocyte-like cells (Rambhatla et al., 2003),
hematopoetic cells (Chadwick et al., 2003). oocytes
(Hubner et all., 2003), thymocyte-like cells (Lin RY
et al., 2003), pancreatic islet cells (Kahan, 2003),
and osteoblasts (Zur Nieden et al., 2003). The present
invention provides for the differentiation of human ES
cells into a specialized cell in the neuronal lineage,
the retinal pigment epithelium (RPE). RPE is a densely
pigmented epithelial monolayer between the choroid and
neural retina. It serves as a part of a barrier
between the bloodstream and retina. Its functions
include phagocytosis of shed rod and cone outer
segments, absorption of stray light, vitamin A
metabolism, regeneration of retinoids, and tissue
repair (Grierson et al., 1994, Fisher and Reh, 2001 ,
Marmorstein et al., 1998). The RPE can be recognized
by its cobblestone cellular morphology of black
pigmented cells. In addition, there are several known
markers of the RPE, including cellular
retinaldehyde-binding protein (CRALBP), a cytoplasmic
protein that is also found in apical microvilli
(Bunt-Milam and Saari, 1983); RPE65, a cytoplasmic
protein involved in retinoid metabolism (Ma et al.,
2001, Redmond et al., 1998); bestrophin, the product
of the Best vitelliform macular dystrophy gene (VMD2,
Marmorstein et al., 2000), and pigment epithelium
derived factor (PEDF), a 48kD secreted protein with
angiostatic properties (Karakousis et al., 2001 ,
Jablonski et al., 2000). 



RPE plays an important role in photoreceptor
maintenance, and various RPE malfunctions in vivo are
associated with a number of vision-altering ailments,
such as RPE detachment, displasia, atrophy,
retinopathy, retinitis pigmentosa, macular dystrophy
or degeneration, including age-related macular
degeneration, which can result in photoreceptor damage
and blindness. Because of its wound healing abilities,
RPE has been extensively studied in application to
transplantation therapy. It has been shown in several
animal models and in humans (Gouras et al., 2002,
Stanga et al., 2002, Binder et al., 2002, Schraermeyer
et al., 2001, reviewed by Lund et al., 2001) that RPE
transplantation has a good potential of vision
restoration. Recently another prospective niche for
RPE transplantation was proposed and even reached the
phase of clinical trials: since these cells secrete
dopamine, they could beused for treatment of Parkinson
disease (Subramanian, 2001). However, even in an
immuneprivileged eye, there is a problem of graft
rejection, hindering the progress of this approach if
allogenic transplant is used. The other problem is the
reliance on fetal tissue, as adult RPE has a very low
proliferative potential. The present invention
decreases the likelihood that graft rejection will
occur and removes the reliance on the use of fetal
tissue. As a source of immune compatible tissues, hES
cells hold a promise for transplantation therapy, as
the problem of immune rejection can be overcome with
nuclear transfer technology. The use of the new
differentiation derivatives of human ES cells,
including retinal pigment epithelium-like cells and
neuronal precursor cells, and the use of the
differentiation system for producing the same offers
an attractive potential supply of RPE and neuronal
precursor cells for transplantation. Accordingly, one
aspect of the present invention is to provide an
improved method of generating RPE cells derived from
human embryonic stem cells, which may be purified
and/or isolated. Such cells are useful for therapy for
retinal degeneration diseases such as, for example,
retinitis pigmentosa, macular degeneration and other
eye disorders. The cell types that can be produced
using this invention include, but are not limited to,
RPE cells and RPE progenitor cells. Cells that may
also be produced include iris pigmented epithelial
(IPE) cells and other vision associated neural cells,
such as internuncial neurons (e.g. "relay" neurons of
the inner nuclear layer (INL)) and amacrine cells.
Additionally, retinal cells, rods, cones, and corneal
cells can be produced. In another embodiment of the
present invention, cells providing the vasculature of
the eye can also be produced. The human embryonic stem
cells are the starting material of this method. The
embryonic stem cells may be cultured in any way known
in the art, such as in the presence or absence of
feeder cells. Additionally, human ES cells produced
using any method can be used as the starting material
to produce RPE cells. For example, the human ES cells
may be derived from blastocyst stage embryos that were
the product of in vitro fertilization of egg and
sperm. Alternatively, the human ES cells may be
derived from one or more blastomeres removed from an
early cleavage stage embryo, optionally, without
destroying the remainder of the embryo. In still other
embodiments, the human ES cells may be produced using
nuclear transfer. As a starting material, previously
cryopreserved human ES cells can be used. In the first
step of this method for producing RPE cells, human
embryonic stem cells are cultured as embryoid bodies.
Embryonic stem cells may be pelleted, resuspended
inculture medium, and plated on culture dishes (e.g.,
low attachment culture dishes). Cells may be cultured
in any medium that is sufficient for growth of cells
at high-density, such as, commercially available
medium for viral, bacterial, insect, or animal cell
culture. In certain embodiments, nutrient rich, low
protein medium is used (e.g., MDBK-GM medium,
containing about 150 mg/mL (0.01 5%) animal-derived
protein). When low protein medium is used, the medium
contains, for example, less than or equal to about 5%,
4%, 3%, 2.5%, 2%, 1.5%, 1%, 0.75%, 0.5%, 0.25%, 0.2%,
0.1%, 0.05%, 0.02%, 0.016%, 0.015%, or even less than
or equal to 0.010% animal-derived protein. Note that
reference to the percentage of protein present in low
protein medium refers to the medium alone and does not
account for protein present in, for example, B-27
supplement. Thus, it is understood that when cells are
cultured in low protein medium and B-27 supplement,
the percentage of protein present in the medium may be
higher. In certain embodiments, nutrient rich,
protein-free medium is used (e.g., MDBK-MM medium).
Other examples of culture media include, for example,
OptiPro SFM, VP-SFM, and EGM-2. Such media may include
nutrient components such as insulin, transferrin,
sodium selenite, glutamine, albumin, ethanolamine,
fetuin, peptone, purified lipoprotein material,
vitamin A, vitamin C, and vitamin E. In certain
embodiments, cell cultures in either low protein or
protein free medium are supplemented with serum free
B-27 supplement (Brewer et al., Journal of
Neuroscience Research 35:567-576 (1993)). Nutrient
components of B27 supplement may include biotin,
L-carnitine, corticosterone, ethanolamine,
D+-galactose, reduced glutathione, lineleic acid,
linolenic acid, progesterone, putrescine, retinyl
acetate, selenium, triodo-1 -thyronine (T3),
DL-alpha-tocopherol (vitamin E), DL-alpha-tocopherol
acedate, bovine serum albumin, catalase, insulin,
superoxide dismutase, and transferrin. When cells are
cultured in protein free medium supplemented with
B-27, protein free refers to the medium prior to
addition of B-27. The medium may also contain
supplements such as heparin, hydrocortisone, ascorbic
acid, serum (such as, for example, fetal bovine
serum), or a growth matrix (such as, for example,
extracellular matrix from bovine corneal epithelium,
matrigel (BD biosciences), or gelatin). In this method
of the present invention, RPE cells differentiate from
the embryoid bodies. Isolating RPE cells from the EBs
allows for the expansion of the RPE cells in an
enriched culture in vitro. For human cells, RPE cells
may be obtained form EBs grown forless than 90 days.
In certain embodiments of the present invention, RPE
cells arise in human EBs grown for 7-14 days. In other
embodiments, RPE cells arise in human EBs grown for
14-28 days. In another embodiment, RPE cells are
identified and may be isolated from human EBs grown
for 28-45 days. In another embodiment, RPE cells arise
in human EBs grown for 45-90 days. The medium used to
culture embryonic stem cells, embryoid bodies, and RPE
cells may be removed and/or replaced with the same or
different media at any interval. For example, the
medium may be removed and/or replaced after 0-7 days,
7-10 days, 10-14 days, 14-28 days, or 28-90 days. In
certain embodiments, the medium is replaced at least
daily, every other day, or at least every three days.
In certain embodiments, the RPE cells that
differentiate from the EBs are washed and dissociated
(e.g., by Trypsin/EDTA, collegenase B, collegenase IV,
or dispase). In certain embodiments, a non-enzymatic
solution is used to disassociate the cells, such as a
high EDTA-containing solution such as, for example,
Hanks-based cell disassociation buffer. RPE cells are
selected from the dissociated cells and cultured
separately to produce a substantially purified culture
of RPE cells. RPE cells are selected based on
characteristics associated with RPE cells. For
example, RPE cells can be recognized by cobblestone
cellular 



morphology and pigmentation. In addition, there are
several known markers of the RPE, including cellular
retinaldehyde-binding protein (CRALBP), a cytoplasmic
protein that is also found in apical microvilli
(Bunt-Milam and Saari, 1983); RPE65, a cytoplasmic
protein involved in retinoid metabolism (Ma et al.,
2001, Redmond et al., 1998); bestrophin, the product
of the Best vitelliform macular dystrophy gene (VMD2,
Marmorstein et al., 2000), and pigment epithelium
derived factor (PEDF), a 48kD secreted protein with
angiostatic properties (Karakousis et al., 2001,
Jablonski et al., 2000). Alternatively, RPE cells can
be selected based on cell function, such as by
phagocytosis of shed rod and cone outer segments,
absorption of stray light, vitamin A metabolism,
regeneration of retinoids, and tissue repair (Grierson
et al., 1994, Fisher and Reh, 2001, Marmorstein et
al., 1998). Evaluation may also be performed using
behavioral tests, fluorescent angiography, histology,
tight junctions conductivity, or evaluation using
electron microscopy. Another embodiment of the present
invention is a method of identifying RPE cells by
comparing the messenger RNA transcripts of such cells
with cells derived in-vivo. In certain embodiments, an
aliquot of cells is taken at various intervals during
the differentiation of embryonic stem cells to RPE
cells and assayed for the expression of any of the
markers described above. These characteristic
distinguish differentiated RPE cells.RPE cell culture
media may be supplemented with one or more growth
factors or agents. Growth factors that may be used
include, for example, EGF, FGF, VEGF, and recombinant
insulin-like growth factor. Other growth factors that
may be used in the present invention include 6Ckine
(recombinant), activin A, AlphaA-interferon,
alpha-interferon, amphiregulin, angiogenin,
B-endothelial cell growth factor, beta cellulin,
B-interferon, brain derived neurotrophic factor, ClO
(recombinant), cardiotrophin-1, ciliary neurotrophic
factor, cytokine-induced neutrophil chemoattractant-1,
endothelial cell growth supplement, eotaxin, epidermal
growth factor, epithelial neutrophil activating
peptide-78, erythropoiten, estrogen receptor-alpha,
estrogen receptor-B, fibroblast growth factor
(acidic/basic, heparin stabilized, recombinant),
FLT-3/FLK-2 ligand (FLT-3 ligand), gamma-interferon,
glial cell line-derived neurotrophic factor,
Gly-His-Lys, granulocyte colony-stimulating factor,
granulocyte macrophage colony-stimulating factor,
GRO-alpha/MGSA, GRO-B, GRO-gamma, HCC-I,
heparin-binding epidermal growth factor like growth
factor, hepatocyte growth factor, heregulin-alpha (EGF
domain), insulin growth factor binding protein- 1,
insulin-like growth factor binding protein- 1/IGF-I
complex, insulin-like growth factor, insulin-like
growth factor II, 2.5S nerve growth factor (NGF),
7S-NGF, macrophage inflammatory protein-IB, macrophage
inflammatory protein-2, macrophage inflammatory
protein-3 alpha, macrophage inflammatory protein-3B,
monocyte chemotactic protein-1, monocyte chemotactic
protein-2, monocyte chemotactic protein-3,
neurotrophin-3, neurotrophin-4, NGF-B (human or rat
recombinant), oncostatin M (human or mouse
recombinant), pituitary extract, placenta growth
factor, platelet-derived endothelial cell growth
factor, platelet-derived growth factor, pleiotrophin,
rantes, stem cell factor, stromal cell-derived factor
lB/pre-B cell growth stimulating factor,
thrombopoetin, transforming growth factor alpha,
transforming growth factor-Bl, transforming growth
factor-B2, transforming growth factor-B3, transforming
growth-factor-B5, tumor necrosis factor (alpha and B),
and vascular endothelial growth factor. Agents that
can be used according to the present invention include
cytokines such as interferon-alpha A, interferon-alpha
A/D, interferon-.beta., interferon-gamma,
interferongamma- inducible protein-1 0, interleukin-1,
interleukin-2, interleukin-3, interleukin-4,
interleukin-5, interleukin-6, interleukin-7,
interleukin-8, interleukin-9, interleukin-1 0,
interleukin-1, interleukin-1 2, interleukin-1 3,
interleukin-1 5, interleukin-1 7, keratinocyte growth
factor, leptin, leukemia inhibitory factor, macrophage
colony-stimulating factor, and macrophage inflammatory
protein-1 alpha.Agents according to the invention also
include hormones and hormone antagonists, such as
17B-estradiol, adrenocorticotropic hormone,
adrenomedullin, alpha-melanocyte stimulating hormone,
chorionic gonadotropin, corticosteroid-binding
globulin, corticosterone, dexamethasone, estriol,
follicle stimulating hormone, gastrin 1, glucagon,
gonadotropin, hydrocortisone, insulin, insulin-like
growth factor binding protein,
L-3,3',5'-triiodothyronine, L-3,3',5-triiodothyronine,
leptin, leutinizing hormone, L-thyroxine, melatonin,
MZ-4, oxytocin, parathyroid hormone, PEC-60, pituitary
growth hormone, progesterone, prolactin, secretin, sex
hormone binding globulin, thyroid stimulating hormone,
thyrotropin releasing factor, thyroxine-binding
globulin, and vasopressin. In addition, agents
according to the invention include extracellular
matrix components such as fibronectin, proteolytic
fragments of fibronectin, laminin, thrombospondin,
aggrecan, and syndezan. Agents according to the
invention also include antibodies to various factors,
such as anti-low density lipoprotein receptor
antibody, anti-progesterone receptor, internal
antibody, anti-alpha interferon receptor chain 2
antibody, anti-c-c chemokine receptor 1 antibody,
anti- CD 118 antibody, anti-CD 119 antibody,
anti-colony stimulating factor- 1 antibody, anti-CSF-
1 receptor/c-fins antibody, anti-epidermal growth
factor (AB-3) antibody, anti-epidermal growth factor
receptor antibody, anti-epidermal growth factor
receptor, phospho-specific antibody, anti-epidermal
growth factor (AB-I) antibody, anti-erythropoietin
receptor antibody, anti-estrogen receptor antibody,
anti-estrogen receptor, C-terminal antibody,
antiestrogen receptor-B antibody, anti-fibroblast
growth factor receptor antibody, anti-fibroblast
growth factor, basic antibody, anti-gamma-interferon
receptor chain antibody, anti-gammainterferon human
recombinant antibody, anti-GFR alpha- 1 C-terminal
antibody, anti-GFR alpha-2 C-terminal antibody,
anti-granulocyte colony-stimulating factor (AB-I)
antibody, anti-granulocyte colony-stimulating factor
receptor antibody, anti-insulin receptor antibody,
anti-insulin-like growth factor-1 receptor antibody,
anti-interleukin-6 human recombinant antibody,
anti-interleukin-1 human recombinant antibody,
anti-interleukin-2 human recombinant antibody,
anti-leptin mouse recombinant antibody, anti-nerve
growth factor receptor antibody, anti-p60, chicken
antibody, anti-parathyroid hormone-like protein
antibody, anti-platelet-derived growth factor receptor
antibody, anti-platelet-derived growth factor
receptor-B antibody, anti-platelet-derived growth
factor-alpha antibody, antiprogesterone receptor
antibody, anti-retinoic acid receptor-alpha antibody,
anti-thyroid hormone nuclear receptor antibody,
anti-thyroid hormone nuclear receptor-alpha
1/Biantibody, anti-transfep n receptor/CD71 antibody,
anti-transforming growth factor-alpha antibody,
anti-transforming growth factor-B3 antibody,
anti-rumor necrosis factor-alpha antibody, and
anti-vascular endothelial growth factor antibody.
Growth factors, agents, and other supplements
described herein may be used alone or in combination
with other factors, agents, or supplements. Factors,
agents, and supplements may be added to the media
immediately or any time after cell culture. In certain
embodiments, the RPE cells are further cultured to
produce a culture of mature RPE cells. The medium used
to culture the RPE cells can be any medium appropriate
for high-density cell culture growth, such as
described herein. For example, the cells described
herein may be cultured in VP-SFM, EGM-2, and MDBK-MM. 



A more detailed description of certain operative
combinations of the above described features of the
invention is provided below. In certain embodiments, a
previously derived culture of human embryonic stem
cells is provided. The hES cells can be, for example,
previously derived from a blastocyst (produced by
fertilization or nuclear transfer) or from one or more
blastomeres from an early cleavage stage embryo
(optionally without destroying the remainder of the
embryo). The human ES cells are cultured as a
suspension culture to produce embryoid bodies (EBs).
The embryoid bodies are cultured in suspension for
approximately 7-14 days. However, in certain
embodiments, the EBs can be cultured in suspension for
fewer than 7 days (less than 7, 6, 5, 4, 3, 2, or less
than 1 day) or greater than 14 days. The EBs can be
cultured in medium optionally supplemented with B-27
supplement. After culturing the EBs in suspension
culture, the EBs can transferred to produce an
adherent culture. For example, the EBs can be plated
in medium onto gelatin coated plates. When cultured as
an adherent culture, the EBs can be cultured in the
same type of media as when grown in suspension. In
certain embodiments, the media is not supplemented
with B- 27 supplement when the cells are cultured as
an adherent culture. In other embodiments, the medium
is supplemented with B-27 initially (e.g., for less
than or equal to about 7 days), but then subsequently
cultured in the absence of B-27 for the remainder of
the period as an adherent culture. The EBs can be
cultured as an adherent culture for approximately
14-28. However, in certain embodiments, the EBs can be
cultured for fewer than 14 days (less than 14, 13, 12,
11, 10, 9, 8, 7, 6, 5, 4, 3, 2, or less than 1 day) or
greater than 28 days. RPE cells begin to differentiate
from amongst cells in the adherent culture of EBs. RPE
cells can be visually recognized based on their
cobblestone morphology and the initialappearance of
pigmentation. As RPE cells continue to differentiate,
clusters of RPE cells can be observed. To enrich for
RPE cells and to establish substantially purified
cultures of RPE cells, RPE cells are dissociated from
each other and from non-RPE cells using mechanical
and/or chemical methods. A suspension of RPE cells can
then be transferred to fresh medium and a fresh
culture vessel to provide an enriched population of
RPE cells. Enriched cultures of RPE cells can be
cultured in appropriate medium, for example, EGM-2
medium. This, or a functionally equivalent or similar
medium, may be supplemented with one or more growth
factors or agents (e.g., bFGF, heparin,
hydrocortisone, vascular endothelial growth factor,
recombinant insulin-like growth factor, ascorbic acid,
human epidermal growth factor). For embodiments in
which the RPE cells are matured, the RPE cells can be
further cultured in, for example MDBK-MM medium until
the desired level of maturation is obtained. This can
be determined by monitoring the increase in
pigmentation level during maturation. As an
alternative to MDBK-MM medium, a functionally
equivalent or similar medium, may be used. Regardless
of the particular medium used to mature the RPE cells,
the medium may optionally be supplemented with one or
more growth factors or agents. The culture of RPE
cells, and thus the preparations of RPE cells prepared
from these cultures, can be substantially pure RPE
cells containing less than 25%, 20%, 15%, 10%, 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2%, or less than 1% non-RPE cells.
In certain embodiments, the substantially purified
(with respect to non-RPE cells) cultures contain RPE
cells of varying levels of maturity. In other
embodiments, the cultures are substantially pure both
with respect to non-RPE cells and with respect to RPE
cells of differing level of maturity. For any of the
foregoing embodiments, the invention contemplates that
the RPE cells (characterized as described above) may
be derived from human pluripotent stem cells, for
example iPS cells and embryonic stem cells. In certain
embodiments, the RPE cells are derived from human
pluripotent stem cells using any of the methods
described herein. Preparations of Differentiated
Pluripotent Stem Cell- Derived RPE Cells The present
invention provides preparations of human pluripotent
stem cell-derived RPE cells. In certain embodiments,
the preparation is a preparation of human embryonic
stem cell-derived RPE cells. In certain embodiments,
the preparation is a preparation of human iPS
cell-derived RPE cells. In certain embodiments, the
preparations are substantiallypurified (with respect
to non-RPE cells) preparations comprising
differentiated ES-derived RPE cells. By substantially
purified, with respect to non-RPE cells, is meant that
the preparation comprises at least 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or even
greater than 99% RPE cells. In other words, the
substantially purified preparation of RPE cells
contains less than 25%, 20%, 15%, 10%, 9%, 8%, 7%, 6%,
5%, 4%, 3%, 2%, or less than 1% non-RPE cell type. In
certain embodiments, the RPE cells in such a
substantially purified preparation contain RPE cells
of varying levels of maturity/pigmentation. In other
embodiments, the RPE cells are substantially pure,
both with respect to non-RPE cells and with respect to
RPE cells of other levels of maturity. In certain
embodiments, the preparations are substantially
purified, with respect to non-RPE cells, and enriched
for mature RPE cells. By enriched for mature RPE
cells, it is meant that at least 30%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or even greater than 99%
of the RPE cells are mature RPE cells. In other
embodiments, the preparations are substantially
purified, with respect to non-RPE cells, and enriched
for differentiated RPE cells rather than mature RPE
cells. By enriched for, it is meant that at least 30%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or even
greater than 99% of the RPE cells are differentiated
RPE cells rather than mature RPE cells. In certain
embodiments, mature RPE cells are distinguished from
RPE cells by one or more of: the level of
pigmentation, level of expression of Pax-2, Pax-6,
and/or tyrosinase. In certain embodiments, the
preparations include at least 1x1 03 RPE cells, 5x1 03
RPE cells, 1x1 04 RPE cells, 5x1 04 RPE cells, 1x1 05
RPE cells, 2x1 05 RPE cells, 3x1 05 RPE cells, 4x1 05
RPE cells, 5x1 05 RPE cells, 6x1 05 RPE cells, 7x1 05
RPE cells, 8x1 05 RPE cells, 9x1 05 RPE cells, 1x1 06
RPE cells, 5x1 06 RPE cells, 6x1 06 RPE cells, 7x1 06
RPE cells, 8x1 06 RPE cells, 9x1 06 RPE cells, IxIO7
RPE cells, 5xlO7 RPE cells, 1x1 08 RPE cells, 1x1 09
RPE cells, or even more than IxIO9 RPE cells. In
certain embodiments, the ES-derived RPE cells do not
express ES cell markers. For example, expression of
the ES cell genes Oct-4, nanog, and/or Rex-1 is
approximately 100-1000 fold lower in RPE cells than in
ES cells, as assessed by quantitative RT-PCR. Thus, in
comparison to ES cells, RPE cells are substantially
negative for Oct-4, nanog, and/or Rex-1 gene
expression. In certain embodiments, the ES-derived RPE
cells express, at the mRNA and protein level, one or
more of the following: RPE65, bestrophin, PEDF,
CRALBP, Otx2, and MitF.In certain embodiments, RPE
cells express two or more, three or more, four or
more, five or more, or six of these markers. In
certain embodiments, the RPE cells additionally or
alternatively express, at the mRNA and protein level,
one or more ( 1, 2, or 3) of the following: pax-2,
pax, and tyrosinase. In other embodiments, the level
of maturity of the 



RPE cells is assessed by expression of one or more (1,
2, or 3) of pax-2, pax6, and tyrosinase. In certain
embodiments, the ES-derived RPE cells express, at the
mRNA and/or protein level, one or more (1, 2, 3, 4, 5,
6, 7, 8, or 9) of the RPE-specific genes listed in
Table 1 (pax-6, pax-2, RPE65, PEDF, CRALBP,
bestrophin, mitF, Otx-2, and tyrosinase, as well as
one or more (1, 2, 3, or 4) of the neuroretina genes
listed in Table 1 (CHXlO, NCAM, nestin, beta-tubulin).
However, the RPE cells do not substantially express
the ES cell specific genes Oct-4, nanog, and/or Rex-1
(e.g., expression of the ES cell specific genes is
100-1000 fold less in RPE cells, as determined by
quantitative RT-PCR). In certain embodiments, the
ES-derived RPE cells express, at the mRNA and/or
protein level, one or more (1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 2 1, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, or
more than 48) of the genes listed in Table 2, and the
expression of the one or more genes is increased in
RPE cells relative to the level of expression (if any)
in human ES cells. Alternatively or additionally, the
ES-derived RPE cells express, at the mRNA and/or
protein level one or more (1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, or more than 25) of the genes listed in Table
3, but the expression of the one or more genes is
decreased (including decreased to nearly undetectable
levels) in RPE cells relative to the level of
expression in human ES cells. In certain embodiments,
the substantially purified preparation of RPE cells
comprises RPE cells of differing levels of maturity
(e.g., differentiated RPE cells and mature
differentiated RPE cells). In such instances, there
may be variability across the preparation with respect
to expression of markers indicative of pigmentation.
For example, although such RPE cells may have
substantially the same expression of RPE65, PEDF,
CRALBP, and bestrophin. The RPE cells may vary,
depending on level of maturity, with respect to
expression of one or more of pax-2, pax-6, mitF,
and/or tyrosinase. In certain embodiments, the
ES-derived RPE cells are stable, terminally
differentiated RPE cells that do not de-differentiate
to a non-RPE cell type. In certain embodiments, the
ES-derived RPE cells are functional RPE cells.In
certain embodiments, the ES-derived RPE cells are
characterized by the ability to integrate into the
retina upon corneal, sub-retinal, or other
transplantation or administration into an animal. The
preparations are produced in compliance with GMP
standards. As such, in certain embodiments, the
preparations are GMP compliant preparations. In other
embodiments, the preparations are substantially free
of viral, bacterial, and/or fungal infection and
contamination. In certain embodiments, the
preparations are cryopreserved for storage and future
use. Thus, the invention provides cryopreserved
preparations comprising substantially purified RPE
cells. Cryopreserved preparations are formulated in
excipients suitable to maintain cell viability during
and following cryopreservation. In certain
embodiments, the cryopreserved preparation comprises
at least 1x1 03 RPE cells, 5x1 03 RPE cells, 1x1 04
RPE cells, 5x1 04 RPE cells, 1x1 05 RPE cells, 2x1 05
RPE cells, 3x1 05 RPE cells, 4x1 05 RPE cells, 5x1 05
RPE cells, 6xlO5 RPE cells, 7xlO5 RPE cells, 8xlO5 RPE
cells, 9xlO5 RPE cells, IxIO6 RPE cells, 5xlO6 RPE
cells, 6x1 06 RPE cells, 7x1 06 RPE cells, 8x1 06 RPE
cells, 9x1 06 RPE cells, 1x1 07 RPE cells, 5x1 07 RPE
cells, 1x1 08 RPE cells, 1x1 09 RPE cells, or even
more than IxIO9 RPE cells. Cryopreserved preparations
may have the same levels of purity with respect to
non-RPE cells and/or with respect to RPE cells of
varying levels of maturity as detailed above. In
certain embodiments, at least 65% of the RPE cells in
a cryopreserved preparation of RPE cells retain
viability following thawing. In other embodiments, at
least 70%, 75%, 80%, 85%, 90%, 81%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or greater than 99% of the RPE
cells in a cryopreserved preparation of RPE cells
retain viability following thawing. The RPE cells
provided herein are human cells. Note, however, that
the human cells may be used in human patients, as well
as in animal models or animal patients. For example,
the human cells may be tested in rat, dog, or
non-human primate models of retinal degeneration.
Additionally, the human cells may be used
therapeutically to treat animals in need thereof, such
as in a veterinary medical setting. Preparations may
be formulated as pharmaceutical preparations prepared
in a pharmaceutically acceptable carrier or excipient.
Preferred preparations are specifically formulated for
administration to the eye (e.g., sub-retinal, corneal,
ocular, etc.) In certain embodiments of any of the
foregoing, the RPE cells are derived from human
pluripotent stem cells, such as human embryonic stem
cells or human iPS cells. Theinvention contemplates
that any of the preparations described herein may be
derived from an appropriate human pluripotent stem
cell. Preparations including one or more of any of the
foregoing features are contemplated. The invention
contemplates that any of the foregoing preparations of
RPE cells, including substantially purified
preparations and preparations have a particular
minimal number of RPE cells, may be used in the
treatment of any of the indications described herein.
Further, RPE cells differentiated using any of the
methods described herein may be used in the treatment
of any of the indications described herein. RPE
cell-based therapies RPE cells and pharmaceutically
preparations comprising RPE cells produced by the
methods described herein and/or having the
characteristics of RPE cell preparations described
herein may be used for cell-based treatments in which
RPE cells are needed or would improve treatment. The
following section describes methods of using RPE cells
provided by the present invention for treating various
conditions that may benefit from RPE cell-based
therapies. The particular treatment regimen, route of
administration, and any adjuvant therapy will be
tailored based on the particular condition, the
severity of the condition, and the patient's overall
health. Additionally, in certain embodiments,
administration of RPE cells may be effective to fully
restore any vision loss or other symptoms. In other
embodiments, administration of RPE cells may be
effective to reduce the severity of the symptoms
and/or to prevent further degeneration in the
patient's condition. The invention contemplates that
administration of a preparation comprising RPE cells
can be used to treat (including reducing the severity
of the symptoms, in whole or in part) any of the
foregoing or following conditions. Additionally, RPE
cell administration may be used to help treat the
symptoms of any injury to the endogenous RPE layer.
The invention contemplates that RPE cells, including
preparations comprising RPE cells, derived using any
of the methods described herein can be used in the
treatment of any of the indications described herein.
Further, the invention contemplates that any of the
preparations comprising RPE cells described herein can
be used in the treatment of any of the indications
described herein. Retinitis pigmentosa is a hereditary
condition in which the vision receptors are gradually
destroyed through abnormal genetic programming. Some
forms cause total 



blindness at relatively young ages, where other forms
demonstrate characteristic "bonespicule" retinal
changes with little vision destruction. This disease
affects some 1.5 million people worldwide. Two gene
defects that cause autosomal recessive retinitis
pigmentosa have been found in genes expressed
exclusively in RPE. One is due to an RPE protein
involved in vitamin A metabolism (cis retinaldehyde
binding protein). The second involves another protein
unique to RPE, RPE65. This invention provides methods
and compositions for treating both of these forms of
retinitis pigmentosa by administration of RPE cells.
In another embodiment, the present invention provides
methods and compositions for treating disorders
associated with retinal degeneration, including
macular degeneration. A further aspect of the present
invention is the use of RPE cells for the therapy of
eye diseases, including hereditary and acquired eye
diseases. Examples of acquired or hereditary eye
diseases are age-related macular degeneration,
glaucoma and diabetic retinopathy. Age-related macular
degeneration (AMD) is the most common reason for legal
blindness in western countries. Atrophy of the
submacular retinal pigment epithelium and the
development of choroidal neovascularizations (CNV)
results secondarily in loss of central visual acuity.
For the majority of patients with subfoveal CNV and
geographic atrophy there is at present no treatment
available to prevent loss of central visual acuity.
Early signs of AMD are deposits (druses) between
retinal pigment epithelium and Bruch's membrane.
During the disease there is sprouting of choroid
vessels into the subretinal space of the macula. This
leads to loss of central vision and reading ability.
Glaucoma is the name given to a group of diseases in
which the pressure in the eye increases abnormally.
This leads to restrictions of the visual field and to
the general diminution in the ability to see. The most
common form is primary glaucoma; two forms of this are
distinguished: chronic obtuse-angle glaucoma and acute
angle closure. Secondary glaucoma may be caused by
infections, tumors or injuries. A third type,
hereditary glaucoma, is usually derived from
developmental disturbances during pregnancy. The
aqueous humor in the eyeball is under a certain
pressure which is necessary for the optical properties
of the eye. This intraocular pressure is normally 15
to 20 millimeters of mercury and is controlled by the
equilibrium between aqueous production and aqueous
outflow. In glaucoma, the outflow of the aqueous humor
in the angle of the anterior chamber is blocked so
that the pressure inside the eye rises. Glaucoma
usually develops in middle or advanced age, but
hereditary forms and diseases are not uncommon in
children and adolescents. Although the intraocular
pressure is only slightly raised and there are
moreover no evident symptoms, gradual damage occurs,
especially restriction of the visual field. Acute
angle closure by contrast causes pain,redness,
dilation of the pupils and severe disturbances of
vision. The cornea becomes cloudy, and the intraocular
pressure is greatly increased. As the disease
progresses, the visual field becomes increasingly
narrower, which can easily be detected using a
perimeter, an ophthalmologic instrument. Chronic
glaucoma generally responds well to locally
administered medicaments which enhance aqueous
outflow. Systemic active substances are sometimes
given to reduce aqueous production. However, medicinal
treatment is not always successful. If medicinal
therapy fails, laser therapy or conventional
operations are used in order to create a new outflow
for the aqueous humor. Acute glaucoma is a medical
emergency. If the intraocular pressure is not reduced
within 24 hours, permanent damage occurs. Diabetic
retinopathy arises in cases of diabetes mellitus. It
can lead to thickening of the basal membrane of the
vascular endothelial cells as a result of
glycosilation of proteins. It is the cause of early
vascular sclerosis and the formation of capillary
aneurysms. These vascular changes lead over the course
of years to diabetic retinopathy. The vascular changes
cause hypoperfusion of capillary regions. This leads
to lipid deposits (hard exudates) and to
vasoproliferation. The clinical course is variable in
patients with diabetes mellitus. In agerelated
diabetes (type II diabetes), capillary aneurysms
appear first. Thereafter, because of the impaired
capillary perfusion, hard and soft exudates and
dot-like hemorrhages in the retinal parenchyma appear.
In later stages of diabetic retinopathy, the fatty
deposits are arranged like a corona around the macula
(retinitis circinata). These changes are frequently
accompanied by edema at the posterior pole of the eye.
If the edema involves the macula there is an acute
serious deterioration in vision. The main problem in
type I diabetes is the vascular proliferation in the
region of the fundus of the eye. The standard therapy
is laser coagulation of the affected regions of the
fundus of the eye. The laser coagulation is initially
performed focally in the affected areas of the retina.
If the exudates persist, the area of laser coagulation
is extended. The center of the retina with the site of
sharpest vision, that is to say the macula and the
papillomacular bundle, cannot be coagulated because
the procedure would result in destruction of the parts
of the retina which are most important for vision. If
proliferation has already occurred, it is often
necessary for the foci to be very densely pressed on
the basis of the proliferation. This entails
destruction of areas of the retina. The result is a
corresponding loss of visual field. In type I
diabetes, laser coagulation in good time is often the
only chance of saving patients from blindness.In
certain embodiments, the RPE cells of the invention
may be used to treat disorders of the central nervous
system. RPE cells may be transplanted into the CNS. To
date, a number of different cell types have been
employed in animal experiments or in patients with
Parkinson's disease in clinical studies. Examples are
fetal cells obtained from brains of human fetuses.
Fetal cells from the ventral midbrain or dopaminergic
neurons have already been transplanted in clinical
studies on more than 300 patients with Parkinson's
disease (for review, see Alexi T, Borlongan CV, Faull
RL, Williams CE, Clark RG, Gluckman PD, Hughes PE
(2000) (Neuroprotective strategies for basal ganglia
degeneration: Parkinson's and Huntington's diseases.
Prog Neurobiol 60: 409 470). A number of different
cell types, including non-neuronal cells, e.g. cells
from the adrenal cortex, Sertoli cells on the gonads
or glomus cells from the carotid bodies, fibroblasts
or astrocytes, have been used in patients with
Parkinson's disease or in animal models with the aim
of replacing dopamine spontaneously or after gene
transfer (Alexi et al. 2000, supra). The survival rate
of transplanted fetal dopaminergic neurons is 5 8%,
which was enough to cause a slight improvement in the
signs and symptoms (Alexi et al. 2000, supra). In
recent years, neuronal stem cells from brains of adult
vertebrates have been isolated, expanded in vitro and
reimplanted into the CNS, after which they
differentiated into pure neurons. Their function in
the CNS remains uncertain, however. Neuronal precursor
cells have also been used for gene transfer (Raymon
HK, Thode S, Zhou J, Friedman GC, Pardinas JR, Barrere
C, Johnson RM, Sah DW ( 1999) Immortalized human
dorsal root ganglion cells differentiate into neurons
with nociceptive properties. J Neurosci 19: 5420
5428). Schwann cells which overexpressed NGF and GDNF
had neuroprotective effects in models of Parkinsonism
(Wilby MJ, Sinclair SR, Muir EM, Zietlow R, Adcock KH,
Horellou P, Rogers JH, Dunnett SB, Fawcett JW (1999) A
glial cell line-derived neurotrophic factorsecreting
clone of the Schwann cell line SCTM41 enhances
survival and fiber outgrowth from embryonic nigral
neurons grafted to the striatum and to the lesioned
substantia nigra. J 



Neurosci 19: 2301 2312). Another aspect of the present
invention is therefore the use of pigment epithelial
cells for the therapy of nerve diseases, in particular
a disease of the nervous system, preferably of the
CNS, especially of Parkinson's disease. An example of
a common disease of the CNS is Parkinson's disease
which is a chronic degenerative disease of the brain.
The disease is caused by degeneration of specialized
neuronal cells in the region of the basal ganglia. The
death of dopaminergicneurons results in reduced
synthesis of dopamine, an important neurotransmitter,
in patients with Parkinson's disease. The standard
therapy is medical therapy with L-dopa. L-Dopa is
metabolized in the basal ganglia to dopamine and there
takes over the function of the missing endogenous
neurotransmitter. However, L-dopa therapy loses its
activity after some years. Animal models of retinitis
pigmentosa that may be treated or used to test the
efficacy of the RPE cells produced using the methods
described herein include rodents (rd mouse, RPE-65
knockout mouse, tubby-like mouse, RCS rat), cats
(Abyssinian cat), and dogs (cone degeneration "cd"
dog, progressive rod-cone degeneration "prcd" dog,
early retinal degeneration "erd" dog, rod-cone
dysplasia 1, 2 & 3 "rcdl, rcd2 & rcd3" dogs,
photoreceptor dysplasia "pd" dog, and Briard "RPE-65"
(dog)). Another embodiment of the present invention is
a method for the derivation of RPE lines or precursors
to RPE cells that have an increased ability to prevent
neovascularization. Such cells can be produced by
aging a somatic cell from a patient such that
telomerase is shortened where at least 10% of the
normal replicative lifespan of the cell has been
passed, then the use of said somatic cell as a nuclear
transfer donor cell to create cells that overexpress
angiogenesis inhibitors such as Pigment Epithelium
Derived Factor (PEDF/EPC- 1). Alternatively such cells
may be genetically modified with exogenous genes that
inhibit neovascularization. The invention contemplates
that preparations of RPE cells differentiated from
human pluripotent stem cells (e.g., human embryonic
stem cells, iPS cells, or other pluripotent stem
cells) can be used to treat any of the foregoing
diseases or conditions, as well as injuries of the
endogenous RPE layer. These diseases can be treated
with preparations of RPE cells comprising a mixture of
differentiated RPE cells of varying levels of
maturity, as well as with preparations of
differentiated RPE cells that are enriched for mature
differentiated RPE cells or differentiated RPE cells.
Modes of administration RPE cells of the invention may
be administered topically, systemically, or locally,
such as by injection (e.g., intravitreal injection),
or as part of a device or implant (e.g., a sustained
release implant). For example, the cells of the
present invention may be transplanted into the
subretinal space by using vitrectomy surgery.
Depending on the method of administration, RPE cells
can be added to buffered and electrolyte balanced
aqueous solutions, buffered and electrolyte balanced
aqueous solutionswith a lubricating polymer, mineral
oil or petrolatum-based ointment, other oils,
liposomes, cylcodextrins, sustained release polymers
or gels. These preparations can be administered
topically to the eye 1 to 6 times per day for a period
up to the lifetime of the patient. In certain
embodiments, methods of treating a patient suffering
from a condition associated with retinal degeneration
comprise administering a composition of the invention
locally (e.g., by intraocular injection or insertion
of a sustained release device that releases a
composition of the invention), by topical means or by
systemic administration (e.g., by routes of
administration that allow in vivo systemic absorption
or accumulation of drugs in the blood stream followed
by distribution throughout the entire body, including,
without limitation, by intravenous, subcutaneous,
intraperitoneal, inhalation, oral, intrapulmonary and
intramuscular routes). Intraocular administration of
compositions of the invention includes, for example,
delivery into the vitreous body, transcorneally,
sub-conjunctival, juxtascleral, posterior scleral, and
sub-tenon portions of the eye. See, for example, U.S.
Patent Nos. 6,943,145; 6,943,153; and 6,945,971, the
contents of which are hereby incorporated by
reference. RPE cells of the invention may be delivered
in a pharmaceutically acceptable ophthalmic
formulation by intraocular injection. When
administering the formulation by intravitreal
injection, for example, the solution should be
concentrated so that minimized volumes may be
delivered. Concentrations for injections may be at any
amount that is effective and non-toxic, depending upon
the factors described herein. In some embodiments, RPE
cells for treatment of a patient are formulated at
doses of about 104 cells/mL. In other embodiments, RPE
cells for treatment of a patient are formulated at
doses of about 105, 106, 107, 108, 109, or 10 10
cells/mL. RPE cells may be formulated for delivery in
a pharmaceutically acceptable ophthalmic vehicle, such
that the composition is maintained in contact with the
ocular surface for a sufficient time period to allow
the cells to penetrate the affected regions of the
eye, as for example, the anterior chamber, posterior
chamber, vitreous body, aqueous humor, vitreous humor,
cornea, iris/ciliary, lens, choroid, retina, sclera,
suprachoridal space, conjunctiva, subconjunctival
space, episcleral space, intracorneal space,
epicorneal space, pars plana, surgically-induced
avascular regions, or the macula. Products and
systems, such as delivery vehicles, comprising the
agents of the invention, especially those formulated
as pharmaceutical compositions - as well as kits
comprising such delivery vehicles and/or systems - are
also envisioned as being part of the present
invention.In certain embodiments, a therapeutic method
of the invention includes the step of administering
RPE cells of the invention as an implant or device. In
certain embodiments, the device is bioerodible implant
for treating a medical condition of the eye comprising
an active agent dispersed within a biodegradable
polymer matrix, wherein at least about 75% of the
particles of the active agent have a diameter of less
than about 10 mm. The bioerodible implant is sized for
implantation in an ocular region. The ocular region
can be any one or more of the anterior chamber, the
posterior chamber, the vitreous cavity, the choroid,
the suprachoroidal space, the conjunctiva, the
subconjunctival space, the episcleral space, the
intracorneal space, the epicorneal space, the sclera,
the pars plana, surgically-induced avascular regions,
the macula, and the retina. The biodegradable polymer
can be, for example, a poly(lactic-co-glycolic)acid
(PLGA) copolymer. In certain embodiments, the ratio of
lactic to glycolic acid monomers in the polymer is
about 25/75, 40/60, 50/50, 60/40, 75/25 weight
percentage, more preferably about 50/50. Additionally,
the PLGA copolymer can be about 20, 30, 40, 50, 60,
70, 80 to about 90 percent by weight of the
bioerodible implant. In certain preferred embodiments,
the PLGA copolymer can be from about 30 to about 50
percent by weight, preferably about 40 percent by
weight of the bioerodible implant. The volume of
composition administered according to the methods
described herein is also dependent on factors such as
the mode of administration, number of RPE cells, age
and weight of the patient, and type and severity of
the disease being treated. For example, if
administered orally as a liquid, the liquid volume
comprising a composition of the invention 



may be from about 0.5 milliliters to about 2.0
milliliters, from about 2.0 milliliters to about 5.0
milliliters, from about 5.0 milliliters to about 10.0
milliliters, or from about 10.0 milliliters to about
50.0 milliliters. If administered by injection, the
liquid volume comprising a composition of the
invention may be from about 5.0 microliters to about
50 microliters, from about 50 microliters to about 250
microliters, from about 250 microliters to about 1
milliliter, from about 1 milliliter to about 5
milliliters, from about 5 milliliters to about 25
milliliters, from about 25 milliliters to about 100
milliliters, or from about 100 milliliters to about 1
liter. If administered by intraocular injection, RPE
cells can be delivered one or more times periodically
throughout the life of a patient. For example RPE
cells can be delivered once per year, once every 6-12
months, once every 3-6 months, once every 1-3 months,
or once every 1-4 weeks. Alternatively, more frequent
administration may be desirable for certain conditions
or disorders. If administered by an implant or device,
RPE cells can beadministered one time, or one or more
times periodically throughout the lifetime of the
patient, as necessary for the particular patient and
disorder or condition being treated. Similarly
contemplated is a therapeutic regimen that changes
over time. For example, more frequent treatment may be
needed at the outset (e.g., daily or weekly
treatment). Over time, as the patient's condition
improves, less frequent treatment or even no further
treatment may be needed. In certain embodiments,
patients are also administered immunosuppressive
therapy, either before, concurrently with, or after
administration of the RPE cells. Immunosuppressive
therapy may be necessary throughout the life of the
patient, or for a shorter period of time. In certain
embodiments, RPE cells of the present invention are
formulated with a pharmaceutically acceptable carrier.
For example, RPE cells may be administered alone or as
a component of a pharmaceutical formulation. The
subject compounds may be formulated for administration
in any convenient way for use in human medicine. In
certain embodiments, pharmaceutical compositions
suitable for parenteral administration may comprise
the RPE cells, in combination with one or more
pharmaceutically acceptable sterile isotonic aqueous
or nonaqueous solutions, dispersions, suspensions or
emulsions, or sterile powders which may be
reconstituted into sterile injectable solutions or
dispersions just prior to use, which may contain
antioxidants, buffers, bacteriostats, solutes which
render the formulation isotonic with the blood of the
intended recipient or suspending or thickening agents.
Examples of suitable aqueous and nonaqueous carriers
which may be employed in the pharmaceutical
compositions of the invention include water, ethanol,
polyols (such as glycerol, propylene glycol,
polyethylene glycol, and the like), and suitable
mixtures thereof, vegetable oils, such as olive oil,
and injectable organic esters, such as ethyl oleate.
Proper fluidity can be maintained, for example, by the
use of coating materials, such as lecithin, by the
maintenance of the required particle size in the case
of dispersions, and by the use of surfactants. The
compositions of the invention may also contain
adjuvants, such as preservatives, wetting agents,
emulsifying agents and dispersing agents. Prevention
of the action of microorganisms may be ensured by the
inclusion of various antibacterial and antifungal
agents, for example, paraben, chlorobutanol, phenol
sorbic acid, and the like. It may also be desirable to
include isotonic agents, such as sugars, sodium
chloride, and the like in the compositions. In
addition, prolonged absorption of the injectable
pharmaceutical form maybe brought about by the
inclusion of one or more agents that delay absorption,
such as, e.g., aluminum monostearate and gelatin. When
administered, the therapeutic composition for use in
this invention is, of course, in a pyrogen-free,
physiologically acceptable form. Further, the
composition may desirably be encapsulated or injected
in a viscous form into the vitreous humor for delivery
to the site of retinal or choroidal damage.
Engineering MHC genes in human embryonic stem cells to
obtain reduced-complexity RPE cells The human
embryonic stem cells used as the starting point for
the method of producing RPE cells of this invention
may also be derived from a library of human embryonic
stem cells, each of which is hemizygous or homozygous
for at least one MHC allele present in a human
population. In certain embodiments, each member of
said library of stem cells is hemizygous or homozygous
for a different set of MHC alleles relative to the
remaining members of the library. In certain
embodiments, the library of stem cells is hemizygous
or homozygous for all MHC alleles that are present in
a human population. In the context of this invention,
stem cells that are homozygous for one or more
histocompatibility antigen genes include cells that
are nullizygous for one or more (and in some
embodiments, all) such genes. Nullizygous for a
genetic locus means that the gene is null at that
locus, i.e., both alleles of that gene are deleted or
inactivated. Stem cells that are nullizygous for all
MHC genes may be produced by standard methods known in
the art, such as, for example, gene targeting and/or
loss of heterozygosity (LOH). See, for example, United
States patent publications US 20040091936, US
20030217374 and US 20030232430, and US provisional
application number 60/729,173, the disclosures of all
of which are hereby incorporated by reference herein.
Accordingly, the present invention relates to methods
of obtaining RPE cells, including a library of RPE
cells, with reduced MHC complexity. RPE cells with
reduced MHC complexity will increase the supply of
available cells for therapeutic applications as it
will eliminate the difficulties associated with
patient matching. Such cells may be derived from stem
cells that are engineered to be hemizygous or
homozygous for genes of the MHC complex. A human ES
cell may comprise modifications to one of the alleles
of sister chromosomes in the cell's MHC complex. A
variety of methods for generating genemodifications,
such as gene targeting, may be used to modify the
genes in the MHC complex. Further, the modified
alleles of the MHC complex in the cells may be
subsequently engineered to be homozygous so that
identical alleles are present on sister chromosomes.
Methods such as loss of heterozygosity (LOH) may be
utilized to engineer cells to have homozygous alleles
in the MHC complex. For example, one or more genes in
a set of MHC genes from a parental allele can be
targeted to generate hemizygous cells. The other set
of MHC genes can be removed by gene targeting or LOH
to make a null line. This null line can be used
further as the embryonic cell line in which to drop
arrays of the HLA genes, or individual genes, to make
a hemizygous or homozygous bank with an otherwise
uniform genetic background. In one aspect, a library
of ES cell lines, wherein each member of the library
is homozygous for at least one HLA gene, is used to
derive RPE cells according to the methods of the
present invention. In another aspect, the invention
provides a library of RPE cells (and/or RPE lineage
cells), wherein several lines of ES cells are selected
and differentiated into RPE cells. These RPE cells
and/or RPE lineage cells may be used for a patient in
need 



of a cell-based therapy. Accordingly, certain
embodiments of this invention pertain to a method of
administering human RPE cells that have been derived
from reduced-complexity embryonic stem cells to a
patient in need thereof. In certain embodiments, this
method comprises the steps of: (a) identifying a
patient that needs treatment involving administering
human RPE cells to him or her; (b) identifying MHC
proteins expressed on the surface of the patient's
cells; (c) providing a library of human RPE cells of
reduced MHC complexity made by the method for
producing RPE cells of the present invention; (d)
selecting the RPE cells from the library that match
this patient's MHC proteins on his or her cells; (e)
administering any of the cells from step (d) to said
patient. This method may be performed in a regional
center, such as, for example, a hospital, a clinic, a
physician's office, and other health care facilities.
Further, the RPE cells selected as a match for the
patient, if stored in small cell numbers, may be
expanded prior to patient treatment. Other commercial
applications and methods Certain aspects of the
present invention pertain to the production of RPE
cells to reach commercial quantities. In particular
embodiments, RPE cells are produced on a large scale,
stored if necessary, and supplied to hospitals,
clinicians or other healthcare facilities. Once
apatient presents with an indication such as, for
example, Stargardt's macular dystrophy, age related
macular degeneration, or retinitis pigmentosa, RPE
cells can be ordered and provided in a timely manner.
Accordingly, the present invention relates to methods
of producing RPE cells to attain cells on a commercial
scale, cell preparations comprising RPE cells derived
from said methods, as well as methods of providing
(i.e., producing, optionally storing, and selling) RPE
cells to hospitals and clinicians. Accordingly certain
aspects of the present invention relate to methods of
production, storage, and distribution of RPE cells
produced by the methods disclosed herein. Following
RPE production, RPE cells may be harvested, purified
and optionally stored prior to a patient's treatment.
RPE cells may optionally be patient specific or
specifically selected based on HLA or other
immunologic profile. Thus in particular embodiments,
the present invention provides methods of supplying
RPE cells to hospitals, healthcare centers, and
clinicians, whereby RPE cells produced by the methods
disclosed herein are stored, ordered on demand by a
hospital, healthcare center, or clinician, and
administered to a patient in need of RPE cell therapy.
In alternative embodiments, a hospital, healthcare
center, or clinician orders RPE cells based on patient
specific data, RPE cells are produced according to the
patient's specifications and subsequently supplied to
the hospital or clinician placing the order. In
certain embodiments, the method of differentiating RPE
cells from human embryonic stem cells is conducted in
accordance with Good Manufacturing Practices (GMP). In
certain embodiments, the initial derivation or
production of human embryonic stem cells is also
conducted in accordance with Good Manufacturing
Practices (GMP). The cells may be tested at one or
more points throughout the differentiation protocol to
ensure, for example, that there is no viral,
bacterial, or fungal infection or contamination in the
cells or culture medium. Similarly, the human
embryonic stem cells used as starting material may be
tested to ensure that there is no viral, bacterial, or
fungal infection or contamination. In certain
embodiments, the production of differentiated RPE
cells or mature differentiated RPE cells is scaled up
for commercial use. For example, the method can be
used to produce at least 1x 105, 5x 105, 1x 106, 5x
106, 1x 107, 5x 107, 1x 108, 5x 108, 1x109, 5xlO9, or
IxIO 10 RPE cells. Further aspects of the invention
relate to a library of RPE cells that can provide
matched cells to potential patient recipients.
Accordingly, in one embodiment, the invention provides
a method of conducting a pharmaceutical business,
comprising the step of providingRPE cell preparations
that are homozygous for at least one
histocompatibility antigen, wherein cells are chosen
from a bank of such cells comprising a library of RPE
cells that can be expanded by the methods disclosed
herein, wherein each RPE cell preparation is
hemizygous or homozygous for at least one MHC allele
present in the human population, and wherein said bank
of RPE cells comprises cells that are each hemizygous
or homozygous for a different set of MHC alleles
relative to the other members in the bank of cells. As
mentioned above, gene targeting or loss of
heterozygosity may be used to generate the hemizygous
or homozygous MHC allele stem cells used to derive the
RPE cells. In one embodiment, after a particular RPE
cell preparation is chosen to be suitable for a
patient, it is thereafter expanded to reach
appropriate quantities for patient treatment. Methods
of conducting a pharmaceutical business may also
comprise establishing a distribution system for
distributing the preparation for sale or may include
establishing a sales group for marketing the
pharmaceutical preparation. Other aspects of the
invention relate to the use of the RPE cells of the
present invention as a research tool in settings such
as a pharmaceutical, chemical, or biotechnology
company, a hospital, or an academic or research
institution. Such uses include the use of RPE cells
differentiated from embryonic stem cells in screening
assays to identify, for example, agents that can be
used to promote RPE survival in vitro or in vivo, or
that can be used to promote RPE maturation. Identified
agents can be studied in vitro or in animal models to
evaluate, for example, their potential use alone or in
combination with RPE cells. The present invention also
includes methods of obtaining human ES cells from a
patient and then generating and expanding RPE cells
derived from the ES cells. These RPE cells may be
stored. In addition, these RPE cells may be used to
treat the patient from which the ES were obtained or a
relative of that patient. As the methods and
applications described above relate to treatments,
pharmaceutical preparations, and the storing of RPE
cells, the present invention also relates to solutions
of RPE cells that are suitable for such applications.
The present invention accordingly relates to solutions
of RPE cells that are suitable for injection into a
patient. Such solutions may comprise cells formulated
in a physiologically acceptable liquid (e.g., normal
saline, buffered saline, or a balanced salt solution).
The number of cells in the solution may be at least
about 102 and less than about 109 cells. In other
embodiments, the number of cells in the solution may
range from about 10 1, 102, 5x1 02, 103, 5x1 03, 104,
105, 106, 107, or 108 to about 5x1 02, 103, 5x1 03,
104, 105, 106, 107, 108, or 10 , where the upper and
lower limits are selectedindependently, except that
the lower limit is always less than the upper limit.
Further, the cells may be administered in a single or
in multiple administrations. Cells provided by the
methods described herein may be used immediately or
may be frozen and cryopreserved for days or years.
Thus, in one embodiment, the present invention
provides a cryopreserved preparation of RPE cells,
wherein said cryopreserved preparation comprises at
least about 10 1, 102, 5x1 02, 103, 5x1 03, 104, 5x1
04, 105, 5x1 05, or 106 Cryopreserved preparations may
further comprise at least about 5x1 06, 107, 5x1 07,
108, 15xO8, 109, 5x1 09, or 10 10 cells. Similarly
provided are methods of cryopreserving RPE cells. RPE
cells may be cryopreserved immediately following
differentiation, following in 



vitro maturation, or after some period of time in
culture. The RPE cells in the preparations may
comprise a mixture of differentiated RPE cells and
mature RPE cells. Other Pluripotent Cells The
foregoing discussion focuses on the use of human
embryonic stem cells as the starting material for
making unique RPE cells, as well as preparations and
methods of using RPE cells differentiated from human
embryonic stem cells. However, the methods and uses
detailed above can similarly be used to generate RPE
cells (and suitable preparations) using other types of
human pluripotent stem cells as starting material.
Accordingly, the invention contemplates that any of
the foregoing or following aspects and embodiments of
the invention can be similarly applied to methods and
uses of RPE cells differentiated from other types of
human pluripotent stem cells. Of particular note,
given that induced pluripotent stem (iPS) cells have
the characteristics of embryonic stem cells, such
cells can be used to produce RPE cells that are
identical or substantially identical to RPE cells
differentiated from embryonic stem cells. As used
herein, the term "pluripotent stem cells" includes
embryonic stem cells, embryo-derived stem cells, and
induced pluripotent stem cells, regardless of the
method by which the pluripotent stem cells are
derived. Pluripotent stem cells are defined
functionally as stem cells that: (a) are capable of
inducing teratomas when transplanted in
immunodeficient (SCID) mice; (b) are capable of
differentiating to cell types of all three germ layers
(e.g., can differentiate to ectodermal, mesodermal,
and endodermal cell types); and (c) express one or
more markers of embryonic stem cells (e.g., express
Oct 4, alkaline phosphatase, SSEA-3 surface antigen,
SSEA-4 surface antigen, nanog, TRA- 1-60, TRA-I- 8 1,
SOX2, REXl , etc). Exemplary pluripotent stem cells
can be generated using, forexample, methods known in
the art. Exemplary pluripotent stem cells include
embryonic stem cells derived from the ICM of
blastocyst stage embryos, as well as embryonic stem
cells derived from one or more blastomeres of a
cleavage stage or morula stage embryo (optionally
without destroying the remainder of the embryo). Such
embryonic stem cells can be generated from embryonic
material produced by fertilization or by asexual
means, including somatic cell nuclear transfer (SCNT),
parthenogenesis, cellular reprogramming, and
androgenesis. Further exemplary pluripotent stem cells
include induced pluripotent stem cells (iPS cells)
generated by reprogramming a somatic cell by
expressing or inducing the expression of a combination
of factors (herein referred to as reprogramming
factors). iPS cells can be generated using fetal,
postnatal, newborn, juvenile, or adult somatic cells.
In certain embodiments, factors that can be used to
reprogram somatic cells to pluripotent stem cells
include, for example, a combination of Oct4 (sometimes
referred to as Oct 3/4), Sox2, c- Myc, and Klf4. In
other embodiments, factors that can be used to
reprogram somatic cells to pluripotent stem cells
include, for example, a combination of Oct 4, Sox2,
Nanog, and Lin28. In other embodiments, somatic cells
are reprogrammed by expressing at least 2
reprogramming factors, at least three reprogramming
factors, or four reprogramming factors. In other
embodiments, additional reprogramming factors are
identified and used alone or in combination with one
or more known reprogramming factors to reprogram a
somatic cell to a pluripotent stem cell. Embryonic
stem cells are one example of pluripotent stem cells.
Another example are induced pluripotent stem (iPS)
cells. In certain embodiments, the pluripotent stem
cell is an embryonic stem cell or embryo-derived cell.
In other embodiments, the pluripotent stem cell is an
induced pluripotent stem cell. In certain embodiments,
the pluripotent stem cell is an induced pluripotent
stem cell produced by expressing or inducing the
expression of one or more reprogramming factors in a
somatic cell. In certain embodiments, the somatic cell
is a fibroblast, such as a dermal fibroblast, synovial
fibroblast, or lung fibroblast. In other embodiments,
the somatic cell is not a fibroblast, but rather is a
non-fibroblastic somatic cell. In certain embodiments,
the somatic cell is reprogrammed by expressing at
least two reprogramming factors, at least three
reprogramming factors, or four reprogramming factors.
In other embodiments, the somatic cell is reprogrammed
by expressing at least four, at least five, or at
least six reprogramming factors. In certain
embodiments, the reprogramming factors are selected
from Oct 3/4, Sox2, Nanog, Lin28, c-Myc, and Klf4. In
otherembodiments, the set of reprogramming factors
expressed includes at least one, at least two, at
least three, or at least four of the foregoing list of
reprogramming factors, and optionally includes one or
more other reprogramming factors. In certain
embodiments, expression of at least one, at least two,
at least three, or at least four of the foregoing or
other reprogramming factors is induced by contacting
the somatic cells with one or more agents, such as a
small organic molecule agents, that induce expression
of one or more reprogramming factors. In certain
embodiments, the somatic cell is reprogramming using a
combinatorial approach wherein one or more
reprogramming factor is expressed (e.g., using a viral
vector, plasmid, and the like) and the expression of
one or more reprogramming factor is induced (e.g.,
using a small organic molecule.). In certain
embodiments, reprogramming factors are expressed in
the somatic cell by infection using a viral vector,
such as a retroviral vector or a lentiviral vector. In
other embodiments, reprogramming factors are expressed
in the somatic cell using a nonintegrative vector,
such as an episomal plasmid. When reprogramming
factors are expressed using non-integrative vectors,
the factors can be expressed in the cells using
electroporation, transfection, or transformation of
the somatic cells with the vectors. In certain
embodiments, the pluripotent stem cells are generated
from somatic cells, and the somatic cells are selected
from embryonic, fetal, neonatal, juvenile, or adult
cells. Methods for making iPS cells by expressing or
inducing the expression of reprogramming factors are
known in the art. Briefly, somatic cells are infected,
transfected, or otherwise transduced with expression
vectors expressing reprogramming factors. In the case
of mouse, expression of four factors (Oct3/4, Sox2,
c-myc, and Klf4) using integrative viral vectors was
sufficient to reprogram a somatic cell. In the case of
humans, expression of four factors (Oct3/4, Sox2,
Nanog, and Lin28) using integrative viral vectors was
sufficient to reprogram a somatic cell. However,
expression (or induction of expression) of fewer
factors or other reprogramming factors may also be
sufficient. Additionally, the use of integrative
vectors is only one mechanism for expressing
reprogramming factors in the cells. Other methods
including, for example, the use of non-integrative
vectors can be used. In certain embodiments,
expression of at least one, at least two, at least
three, or at least four of the foregoing or other
reprogramming factors is induced by contacting the
somatic cells with one or more agents, such as a small
organic molecule agents, that induce expression of one
or more reprogramming factors. In certain embodiments,
the somatic cell is reprogramming using a
combinatorial approach wherein one or more
reprogramming factoris expressed (e.g., using a viral
vector, plasmid, and the like) and the expression of
one or more reprogramming factor is induced (e.g.,
using a small organic molecule.). Once the
reprogramming factors are expressed in the cells, the
cells are cultured. 



Over time, cells with ES characteristics appear in the
culture dish. The cells can be picked and subcultured
based on, for example, ES morphology, or based on
expression of a selectable or detectable marker. The
cells are cultured to produce a culture of cells that
look like ES cells. These cells are putative iPS
cells. To confirm the pluripotency of the iPS cells,
the cells can be tested in one or more assays of
pluripotency. For examples, the cells can be tested
for expression of ES cell markers; the cells can be
evaluated for ability to produce teratomas when
transplanted into SCID mice; the cells can be
evaluated for ability to differentiate to produce cell
types of all three germ layers. Once pluripotent iPS
cells are obtained (either freshly derived or from a
bank or stock of previously derived cells), such cells
can be used to make RPE cells. In certain embodiments,
the making of iPS cells is an initial step in the
production of RPE cells. In other embodiments,
previously derived iPS cells are used. In certain
embodiments, iPS cells are specifically generated
using material from a particular patient or matched
donor with the goal of generating tissue-matched RPE
cells. In certain embodiments, the iPS cells are
universal donor cells that are not substantially
immunogenic. The present invention will now be more
fully described with reference to the following
examples, which are illustrative only and should not
be considered as limiting the invention described
above. EXAMPLES The invention now being generally
described, it will be more readily understood by
reference to the following examples, which are
included merely for purposes of illustration of
certain aspects and embodiments of the present
invention, and are not intended to limit the
invention. The pluripotency of embryonic stem cells is
maintained in-part by the delicate reciprocal balance
of the two transcription factors Oct4 (Pou5fl) and
Nanog. During ES cell differentiation, the expression
of these genes is downregulated, and recent evidence
has suggested hypermethylation of the genes encoding
these proteins to be responsible. Loss ofthe
expression of either or both of these genes results in
transcriptional activation of genes associated with
cellular differentiation. The retinal pigmented
epithelium (RPE) develops from the neuroectoderm and
is located adjacent to the neural retina and choroid,
providing a barrier between the vascular system and
the retina. The data provided herein indicates that
RPE cells are genetically and functionally
distinguished from surrounding photoreceptors after
terminal differentiation, although the cells may share
a common progenitor. This model indicates that
elements unique to our culture method claims act
through FGF, EGF, WNT4, TGF-beta, and/or oxidative
stress to signal MAP-Kinase and potential CJun
terminal Kinase pathways to induce the expression of
the Paired-box 6 (PAX6) transcription factor. PAX6
acts synergistically with PAX2 to terminally
differentiate mature RPE via the coordination of Mit-F
and Otx2 to transcribe RPE-specific genes such as
Tyrosinase (Tyr), and downstream targets such as
RPE-65, Bestrophin, CRALBP, and PEDF. In order to
characterize developmental stages during the human
embryonic stem cell (hESc) differentiation process
into retinal pigmented epithelium (RPE), several
assays were used to identify the expression levels of
genes key to each representative stage of development.
It was discovered that several genes were uniquely
expressed as mRNA and protein in RPE cells. For
instace, it was discovered that PAX6 acts with PAX2 to
terminally differentiate mature RPE cells via
coordination of Mit-F and Otx2 to transcribe
RPE-specific genes such as Tyrosinase (Tyr), and
downstream targets such as RPE-65, Bestrophin, CRALBP,
and PEDF. Importantly, the RPE-specific signature of
mRNA and protein expression was not only unique from
hES cells, but also from fetal RPE and ARPE- 19 cells.
The RPE cells described herein expressed multiple
genes that were not expressed in hES cells, fetal RPE
cells, or ARPE-1 9 cells (Figures 3, 4, and 6). The
unique expression of mRNA and proteins in the RPE
cells of the invention constitutes a set of markers
that make these RPE cells distinct from cells in the
art, such as hES cells, ARPE-1 9 cells, and fetal RPE
cells. Example 1: RPE Differentiation and Culture
Cryopreserved hES cells were thawed and placed into
suspension culture on Lo-bind Nunclon Petri dishes in
MDBK-Growth Medium (Sigma - SAFC Biosciences) or
OptimPro SFM (Invitrogen) supplemented with
L-Glutamine, Penicillin/Streptomycin, and B-27
supplement. The hES cells had been previously derived
from single blastomeres biopsiedfrom early cleavage
stage human embryos. The remainder of the human embryo
was not destroyed. Two hES cell line derived from
single blastomeres were used - MAOl and MA09. The
cells were cultured for 7-14 days as embryoid bodies
(EBs). After 7-14 days, the EBs were plated onto
tissue culture plates coated with gelatin from porcine
skin. The EBs were grown as adherent cultures for an
additional 14-28 days in MDBK-Growth Medium or
OptimPro SFM supplemented with L-Glutamine, and
Penicillin/Streptomycin, without B-27 supplement. From
amongst the cells in the adherent culture of EBs, RPE
cells become visible and are recognized by their
cobblestone cellular morphology and emergence of
pigmentation. Example 2: RPE Isolation and Propagation
As differentiated RPE cells continue to appear in the
adherent cultures, clusters of differentiated RPEs
become visibly noticeable based on cell shape. Frozen
collagenase IV (20 mg/ml) was thawed and diluted to 7
mg/ml. The collagenase IV was applied to the adherent
culture containing RPE clusters ( 1.0 ml to each well
in a 6-well plate). Over approximately 1-3 hours, the
collagenase IV dissociated the cell clusters. By
dissociating the RPE clusters from other cells in the
culture, an enriched suspension of RPE cells was
obtained. The enriched RPE cell suspension was removed
from the culture plate and transferred to a 100 mm
tissue culture dish with 10 ml of MEF medium.
Pigmented clumps are transferred with a stem cell
cutting tool (Swemed-Vitrolife) to a well of a 6-well
plate containing 3 ml of MEF media. After all clumps
have been picked up, the suspension of pigmented cells
is transferred to a 15 ml conical tube containing 7 ml
of MEF medium and centrifuged at 1000 rpm for five
minutes. The supernatant is removed. 5 ml of a 1: 1
mixture of 0.25% trypsin and cell dissociation buffer
is added to the cells. The cells are incubated for 10
minutes at 37C. The cells are dispersed by pipetting
in a 5 ml pipette until few clumps are remaining. 5 ml
of MEF medium is added to the cells and the cells
centrifuged at 1000 rpm for 5 minutes. The supernatant
is removed and the cells are plated on gelatin coated
plates with a split of 1:3 of the original culture in
EGM-2 culture medium (Cambrex). The culture of RPE
cells was expanded by continued culture in EGM-2
medium. The cells were passaged, as necessary, at a
1:3 to 1:6 ratio using a 1: 1 mixture of 0.25% trypsin
EDTA and Cell Dissociation Buffer.To enrich for mature
differentiated RPE cells, the cells were grown to near
confluence in EGM-2. The medium was then changed to
MDBK-MM (SAFC Biosciences) to help 



further promote maturation of the RPE cells. Example
3: RPE-Specific mRNA Expression Measured by
Quantitative, Real-Time, Reverse Transcription PCR
(qPCR) In order to characterize developmental stages
during the human embryonic stem cell (hES)
differentiation process into retinal pigmented
epithelium (RPE) several assays have been employed to
identify the expression levels of genes key to each
representative stage of development. qPCR was
developed to provide a quantitative and relative
measurement of the abundance of cell type-specific
mRNA transcripts of interest in the RPE
differentiation process. qPCR was used to determine
genes that are uniquely expressed in human embryonic
stem cells, in neuroretinal cells during eye
development, and in RPE cells differentiated from
human embryonic stem cells. The genes for each cell
type are listed below in Table 1. Table 1. Genes
specific to hES, neuroretina/eye, and hRPE cells
hESc-Specific Neuroectoderm / Neuroretina RPE-Specific
Genes Oct-4 (POU5F1) CHXlO PAX-6 Nanog NCAM PAX-2
Rex-1 Nestin RPE-65 TDGF-I Beta-Tubulin PEDF SOX-2
CRALBP DPPA-2 Bestrophin MitF Otx-2 Tyr It was
determined that hES-specific genes included Oct-4
(POU5F1), Nanog, Rex-1 , TDGF-I, SOX-2, and DPPA-2.
Genes specific to neural ectoderm / neural retina
include CHXlO, NCAM, Nestin, and Beta-Tubulin. By
contrast, RPE cells differentiated from human
embryonic stem cells were found to uniquely express
PAX-6, PAX-2, RPE-65, PEDF, CRALBP, Bestrophin, MitF,
Otx-2, and Tyr by qPCR measurement. As evident from
the qPCR data, hES-specific genes are grossly
downregulated (near 1000-fold) in RPE cells derived
from hES, whereas genes specific for RPE and
neuroectoderm are vastly upregulated (approximately
100-fold) in RPE cells derived from hES.In addition,
qPCR analysis of fully mature RPE demonstrated a high
level expression of the RPE-specific markers RPE65,
Tyrosinase, PEDF, Bestrophin, MitF, and Pax6. This
finding further elaborates on the ontogeny depicted
above and agrees with current literature regarding the
Pax2-induced regulation of MitF and downstream
activation of genes associated with terminally
differentiated RPE. Example 4 : RPE-Specific Protein
Expression Identified by Western Blot Analysis In
order to validate the qPCR results above, and to
identify proteins uniquely expressed in RPE cells, a
subset of hES-specific and RPE-specific markers were
chosen as candidates to assay by western blot, thereby
demonstrating translation of the message detected by
PCR. Western analysis provides an absolute measure of
the robustness of other assays with semi-quantitative
(via densitometry) and qualitative data. Results are
pictured in Figure 6. Actin was used as protein
loading control. RPE cells derived from hES cells did
not express the hES-specific proteins Oct-4, Nanog,
and Rex-1 , whereas they expressed RPE65, CRALBP,
PEDF, Bestrophin, PAX6, and Otx2. These proteins are
therefore prominent markers of RPE cells
differentiated from hES cells. By contrast, APRE-1 9
cells showed an inconclusive pattern of proteomic
marker expression. Example 5: Microarray Gene
Expression Profiling of RPE Cells Manually-purified,
hES cell-differentiated hRPE in vitro undergo
significant morphological events in culture during the
expansion phase. Single-cell suspensions plated in
thin cultures depigment and cells increase in surface
area. hRPE cells maintain this morphology during
expansion when the cells are rapidly dividing.
However, when cell density reaches maximal capacity,
RPE take on their characteristic phenotypic hexagonal
shape and increase pigmentation level by accumulating
melanin and lipofuscin. The level of pigmentation
played a major role in our pharmacology study in the
RCS rat model. Therefore, we performed global gene
expression analysis via microarray on hRPE cells
derived from both of the single blastomere-derived hES
cell lines MAOl and MA09. Additionally, fetal RPE,
ARPE- 19, and retinoblastoma cell lines were analyzed
as controls. Our data indicates that this phenotypic
change is driven by a change in the global gene
expression pattern of these cells, specifically with
regard to the expression of PAX6, PAX2, Otx2, MitF,
and Tyr.Figure 7 depicts a principle components
analysis plot scattering of each sample based upon the
minimal number of genes accounting for variability
amongst each sample. Component 1, representing 69% of
the variability represents the cell type, whereas
Component 2, represents the cell line (i.e., genetic
variability). As can clearly be seen, a near-linear
scatter of gene expression profiles characterizes the
developmental ontogeny of hRPE derived from hES cells.
Based on ANOVA analysis comparing the respective hES
cell line to its RPE counterpart, we selected the 100
highest and lowest expressed genes, and performed
computational analysis to select genes related to
pleuripotency and eye development. Upregulated genes
are shown in Table 2. Down regulated genes are shown
in Table 3. Table 2. U re ulated enes of interest re
orted on microarravsTITLE METHOD AND APPARATUS FOR THE
PURIFICATION OF SALTY STREAMS AND THE REMOVAL OF
PARTICULATES THEREFROM FIELD OF THE INVENTION The
present invention relates generally to the
purification of fluid streams. More particularly, the
invention relates to an apparatus used for the removal
of particulate contamination from the referenced
stream. Most particularly, the invention relates to
the purification of salty streams and the removal of
particulate contamination from the salty streams.
BACKGROUND OF THE INVENTION For purification or
filtration of salty streams, carbon steel, or
stainless steel pressure vessels are not advised
because they will corrode. Consequently, the primary
options available are the use of exotic metals (duplex
stainless steel, super duplex stainless steel), or
rubber lined carbon steel or stainless steel. Another
option is to use fiber reinforced plastic (FRP)
vessels, sometimes referred to as filament wound
epoxy/glass composite vessels, for this purpose. The
limitation of the use of these vessels is that the
commercially available diameter of the vessels, for
the needed pressure, is limited to around 18". These
vessels have been used for particle filtration by 



flowing elements in an inside-to-outside
configuration. However, these have limited flow
capability, because only a single element is used. The
elements have to have an external cage, which is
provided for by a perforated polymeric cylinder, and
this is sealed to the tube sheet by means of glue of
some kind, which means that if it is ever damaged, the
entire vessel will have to be replaced. SUMMARY OF THE
INVENTION In order to solve the above-mentioned
problems in the prior art, the present invention, in
one of its embodiments, provides for a FRP housing,
where elements for particulate removal or adsorptive
removal can be emplacedwithin. In another of its
embodiments, it provides for a FRP housing where the
elements can be installed from both ends of the
housing. The inlets are close to the two ends, with
the outlet in the center. Because elements can be
installed in this housing from both ends, this system
can have twice the flow capability of the conventional
"unidirectional" FRP housing. The bidirectional flow
is a novelty in the industry. The use of such housings
for adsorptive purification is a novelty in the
industry. Nozzles (inlets or outlets) can be on the
shell of the vessel, or on the closures, although it
is preferred to have them on the shell of the vessel.
In the case of inside-to-out flow known to the market,
the tubesheet assembly can be retained without glue,
through the use of a sealing elastomer and a retaining
spiral ring. This allows for the tubesheet and cage to
be repaired if needed. The invention can also be used
for outside-to-inside flowing elements. In this
configuration, the tubesheet is set further back in
the housing, but is still retained in place by means
of the same seal and retaining spiral ring. The inside
to outside flow design has not been known to those
skilled in the art to be used in FRP housings,
although they have been used in metallic housings with
lined walls. The outside to inside filter elements
need to have an internal core that resists
differential pressure. This core can be inherent to
the filter element, or attached to the vessel itself.
Outside to inside flowing filter elements generally
need to have a guide mechanism, particularly in a
horizontal configuration, to facilitate installation
on a sealing surface. This is usually accomplished by
a guide post of some kind. Since the guide post can
accumulate contaminant during change-out, this is not
desired. Consequently, we have proposed an external
guide mechanism for these elements. For single element
housings, this mechanism involves tabs on the element
that self center against the ID of the vessel. For
multi-element housings, these tabs may ride on
external guide assemblies and the ID of the vessel
wall. The centering mechanism may be a
tongue-and-groove arrangement, with either the tongue
or groove a part of the element. It is preferred to
havethe groove part of the element, to prevent
accumulation of contaminant within the groove during
change-out. The inside to outside flowing element
comprises a center core that is either inherent to the
element or extrinsic to it within the housing. The
elements to be used within these housings may include
conventional fibrous porous media in a pleated or
blown configuration, adsorbent canisters, cartridges,
or blocks comprised of such materials as carbon. The
elements may be configured in the form of a single
element with two end-caps, or as an element jointed
together with multiple joint pieces. The elements may
be generally round, although there may be advantages
to having them tapered for certain kinds of flow
configurations. For an inside to out flowing element
seated within a retaining cage, a taper can be
advantageous in the retrieval of the element out of
the housing. If the element is comprised of pleated
media, there is a need to maintain pleat spacing to
allow maximal contaminant loading within the external
surface of the pleats. This is generally done by
depositing epoxy in circular, or helical bands around
the element, or by the use of a wrap of media that is
bonded to the pleats. If the element flows in-to-out,
there is a need to protect the media from billowing
out. We are proposing a novel way of addressing either
concern, through the use of prepregnated tows or fiber
wraps that are bonded to the tips of the pleat. The
bonding mechanism may involve heat, or a curing agent.
It is preferred, but not necessary, that the tows or
fiber wraps be helically wound around the element and
sufficiently spaced to bond to the tips of the pleats,
and thus, keep the pleats fixed. The helical winding
may be thermoset or thermoplastic impregnated. The
advantage of this is that the media is not lost, or
hidden to flow by the bonding mechanism, and is
accomplished at a lower cost than by the use of epoxy
or adhesive being dripped into the spaces between the
pleats. The helically wound tows or fiber wraps may be
wrapped multiple times over each other at each of the
endcaps to prevent unwinding or they may be fixed in
the_endcap. FRP housings for these purposes have
usually had closures that are fully detachable from
the vessel because the vessels rarely need to
beaccessed on an ongoing basis, since they are used
primarily for membrane enclosures. If they are to be
used for particle filtration, they may have to be
accessed every week to every month, rather than on a
yearly type basis with membranes. This invention
provides for a closure that is attached to the FRP
vessel that can be swung out of the way, without
having to be completely detached from the vessel.
Vertical or horizontal installations are acceptable,
although horizontal is preferred. BRIEF DESCRIPTION OF
THE DRAWINGS The following is a brief description of
the drawings, wherein like parts have like numbers in
the various views. Fig. 1 is a perspective view of a
construction embodying the present invention. Fig. 2
is an elevational view, partly cut away, of the
construction shown in Fig. 1. Fig. 3 is a left hand
end view, partially broken away, of the construction 



shown in Fig. 1. Fig. 4 is an exploded perspective
view of the construction shown in Fig. 1. Fig. 5 is a
sectional view, taken in the direction of the arrows,
along the section line 5-5 of Fig. 2. Fig. 5A is
similar in large part to Fig. 5, but showing the use
of a tapered element in the housing shown in Fig. 5.
Fig. 5B shows the use of a tapered element similar to
that shown in Fig. 5A in a tapered housing. Fig.6 is
an elevational sectional view of a construction
embodying a modification of the present invention.
Fig. 7 is an exploded perspective view, partly in
section, of the construction shown in Fig. 6. Fig. 8
is an elevational view of a construction embodying a
further modification of the present invention.Fig. 9
is a sectional view, taken in the direction of the
arrows, along the section line 9-9 of Fig. 8. Fig. 10
is an exploded perspective view, partially broken
away, of a still further modification of the present
invention. Fig. 11 is a sectional view, taken in the
direction of the arrows, along the section line 11-1 1
of Fig. 9. Fig. 12 is diagrammatic view illustrating
how a multiple filter element is supported inside a
filter housing. Fig. 13 is an elevational sectional
view of a construction embodying a still further
modification of the present invention. Fig. 14 is an
exploded perspective view, partially cut away, of the
construction shown in Fig. 13. Fig. 15 is a
perspective view of a filter frame used in the present
invention. Fig. 16 is an end in view of a modification
of the construction shown in Fig 15. Fig. 17 is an end
view of a further modification of the construction
shown in Fig. 15. Fig. 18 is an end in view of yet
another modification of the construction shown In Fig.
15. Fig. 19 is a perspective view of a filter showing
how a prepregnated tow or fiber wrap may be helically
wound around the pleats of the filter to maintain the
pleat spacing. Fig. 20 is a sectional view, taken in
the direction of the arrows, along the section line
20-20 of Fig. 19. Fig. 2 1 is an elevational sectional
view, similar in part to Fig. 5, but showing in to out
flow and the use of a filtration element or cartridge
having an internal core for support. Fig. 22 is a
partial perspective view of the construction shown in
Fig. 2 1.Fig. 23 is partial perspective view of a
construction embodying the present invention showing
how a closure member may be mounted to a davit so that
the closure member may be easily swung out of the way
when it is desired to change a filtration element or
cartridge. Fig. 24 is a perspective view showing a
still further modification of the invention. Fig. 25
is a sectional view, taken in the direction of the
arrows, along the section line 25-25 of Fig. 24.
DESCRIPTION OF THE PREFERRED EMBODIMENTS For purposes
of the description to follow the following terms shall
have the following meanings. A "twin filter assembly"
is a FRP filter assembly comprising two filtration
elements or cartridges in a FRP housing. A "single
filter assembly" is a FRP filter housing comprising a
single filtration element or cartridge in a housing.
Each "filtration element or cartridge" may contain a
single filter and be referred to as a "single filter
element or cartridge", or it may contain at least two,
preferably three, filters and be referred to as a
"multiple filter element or cartridge". A "filter" may
comprise a pleated filter, melt-blown, spun-bonded, or
formed porous media constructed by means known to
those skilled in the art. The media may comprise
fibers, or particles. Examples would be a filter
comprised of polypropylene fibrous media, inorganic
fibrous media, a porous block, cartridge or canister
of carbon or other adsorbent material. Referring to
Figs. 1-5, there is illustrated a single filter
assembly generally designated by the numeral 30. The
single filter assembly 30 comprises a single filter
element or cartridge, generally designated by the
numeral 35. The single filter assembly 30 comprises an
axially extending, hollow, generally tubular shaped,
single element housing, generally designated by the
numeral 42, which is closed at its inlet end by an
inlet closure member 44, and at its outlet end by an
outlet closure member 45. Each closure member (44,45)
may have one or more handles 46 to aid in removing the
closure member. Retaining spiral rings 52, which fit
in retaining grooves 54, hold the closure members (44,
45) in place during operation, and are removable when
it is desired to change the single filter element or
cartridge 35. The single element housing 42 will have
at least one single element inlet 48, and at least one
single element outlet 50 for the out-to-in version of
the invention illustrated. It is well within the scope
of the present invention that the number of inlets 48
and outlets 50 may vary depending on the application,
as well as the positioning thereof. Also, since the
invention may also be used for in-to- out flow, the
inlets 48 may function as outlets, and the outlets 50
may function as inlets. Referring to Figs. 3-5, the
single filter element or cartridge 35 includes a
cylindrical, preferably pleated, porous media 58 to
which is affixed by means known in the art an inlet
end cap 60, and an outlet end cap 62. Inlet end cap 60
has a plurality of tabs 56 equally spaced about its
periphery, and has a solid end wall 64 to block any
flow therethrough. An inner, upstanding, retaining
wall 



66, and an outer upstanding, retaining wall 68 accept
an end of the pleated porous media 58. At the other
end of the porous media is the outlet end cap 62. In
the out to in flow version of the invention being
illustrated, the fluid must enter the interior of the
cylindrical, pleated, porous media through the pleats
thereof, travel the length thereof, and exit out the
other end. To facilitate this, the outlet end cap
again has tabs 56 to center the endcap in the interior
of the single element housing 42. Preferably, but not
necessarily, the diameter of the inlet end cap 60, and
the outlet end cap 62, are substantially equal. Since
the outlet end cap must permit flow therethrough,
while inner retaining wall 66 and outer retaining wall
68 are present, instead of solid end wall 64, an
aperture 70 is provided to permit flow through the
outlet end cap 62, Aperture 70 is in fluid
communication with the outlet 72. One or more annular
grooves 74 are provided therein to accept one or more
O-rings 76. This permits the outlet 72 of the outlet
endcap 62 to sealingly engage the plenum inlet 78 of
outlet plenum 80. The outlet tube 82 is in
fluidcommunication with the interior of outlet plenum
80, and sealingly engages the outlet aperture 84 in
the outlet closure member 45. With the outlet closure
member 45 held in place by retaining spiral ring 52,
and the perforated spacer 86 provided on the inlet
closure member 44, which is also held in place by a
retaining spiral ring 52, providing pressure against
the single filter element 35, a salty stream will
enter inlet 48, proceed along the interior wall 42A of
single element housing 42, be forced to flow through
the pleats 58A of cylindrical pleated porous media 58,
through the aperture 70 in the outlet end cap 62,
through the outlet plenum 80 and out the outlet tube
82, thereby removing the particulates from the salty
stream. Depending on the application, it may be
desirable to have a perforated, inner, support core
88, having a plurality of apertures 89, to prevent
implosion of the porous media 58. With reference to
Fig. 5A, in some applications it may be desired to use
a tapered filter element or cartridge in the housing
shown in Fig. 5. While this requires no modification
of the single element housing 42, the construction of
the single filter element or cartridge is modified.
For purposes of ease of understanding, the tapered
single filter element or cartridge will now be
identified by the numeral 35T. The inlet endcap 60 of
the tapered filter element or cartridge may be the
same as used in the construction shown in Fig. 5, and
is identified by the same numeral 60. However, the
outlet endcap 62T is modified to have a thicker outer
retainer wall 68T, and a thinner inner retainer wall
66T. This allows for the reception of the smaller
diameter of the tapered inner core 88T and tapered
media 58T without changing the sizes of the plenum
inlet 78 or the outlet plenum 80. Referring to Fig.
5B, in some applications it may be desireable to use a
tapered single filter or element in a tapered housing.
For ease of understanding, the differences in
construction between Fig. 5A and 5B will be
highlighted. The suffix TT (tapered housing, tapered
element) will be applied to the portions of the
construction which are different.Inlet end cap 60
remains the same as before, however, the diameter of
outlet endcap 62TT is smaller, as is the diameter of
outlet plenum 80TT to permit the diameter of the
tapered single element housing 42TT to be smaller. The
diameter of the tapered filter media 58TT, and the
perforated inner support core 58TT will change
accordingly. The diameter of the plenum inlet 78TT and
the circular outlet 72TT may also change. While Figs.
5, 5A and 5B have been described by referring to each
other, it is well within the scope of the present
invention that the devices described may vary from
each other and be of any desired dimension and
configuration. Referring now to Figs. 6-7, there is
shown a twin filter assembly, generally designated by
the numeral 90, comprising a twin element housing 92
having two single filtration elements or cartridges 35
therein. The flow is illustrated as being from
out-to-in, although it is well within the scope of the
present invention to have the flow be from in-to-out.
The construction of the single filter elements or
cartridges 35 may be identical to that described
hereinabove. A pair of inlets 48 are provided, one at
each end of the twin element housing 92. A pair of
inlet closure members 44 hold the filter elements 35
in place. They, in turn, are held in place by a pair
of retainer springs 52 which fit in a like pair of
retaining grooves 54. In this modification of the
invention, the outlet closure member 45 is not needed.
The two single filtration elements or cartridges are
placed into the twin element housing 92 in a 180
opposed relationship. In other words, the outlet
endcaps 62 are facing each other. Each of the outlet
endcaps 62 has its respective outlet 72 in sealing
fluid communication with one of the inlets (94A.94B)
of the twin element outlet plenum 96, which is
interposed between the two single filter elements or
cartridges 35 in the twin element housing 92. The
outlet plenum 96 has a pair of vertically axially
aligned plenum apertures 100, which are placed in
alignment with a pair of housing apertures 102, and
then the outlet tube 98 is passed through the
apertures (102, 100, 100, 102) to fix the twin element
outlet plenum 96 in place. Suitable O-rings 104 which
fit into outlet tube 0-ring grooves 106 seal the
outlet tube 98 in place, while a pair of lock rings
110, which are retained in ring grooves 112,secure the
outlet tube 98 in place. This construction provides a
pair of outlets 50 for the salty stream. In operation,
a salty stream which is to have particulates removed
therefrom is introduced into each inlet 48. This will
cause flow through the apparatus to be in opposing
directions as indicated by the flow arrows. The salty
stream will enter inlet 48, pass from the outside to
the inside of the single filter element or cartridge
35, exit through the outlet 72, enter the twin element
outlet plenum 96, pass through outlet apertures 114
into outlet tube 98, and out through both outlets 50.
It will be understood by those skilled in the
purification and/or filtration art that the size of
the various components may vary depending on the
application, as may the various sealing mechanisms,
and this is well within the scope of the 



present invention. Referring now to Figs. 8-1 1, there
is shown a single filter assembly 30, with a multiple
filter element or cartridge 116. As with the
previously described single element assembly described
in Figs. 1-5, there is provided the single element
housing 42 closed at the inlet end by an inlet closure
member 44 and at the outlet end by an outlet closure
member 45. Single element inlet 48 is provided, as is
single element outlet 50. Three single filter elements
or cartridges 35 are provided, which, in combination
with the filter frame 118, (also see Fig. 15) form the
multiple filter element or cartridge 116. However,
since there are now three circular outlets 72 instead
of one, it is necessary to provide the triple inlet
plenum 120 having first inlet 122, second inlet 124
and third inlet 126. The rest of the triple inlet
plenum 120 may be the same as the outlet plenum 80.
The inlet closure member 44 may have the same
perforated spacer 86, and the outlet closure member 45
may have the same arrangement for accepting the outlet
tube 82. Of course, it is well within the scope of the
present invention that the dimensions of these parts
vary according to the particular application they are
being used in. Also, it is well within the scope of
the present invention that the single inlet housing
may have an outlet out the side of the housing, as it
is within the skill of the art to make the necessary
changes given the foregoing.Referring to Figs. 13 and
14, there is shown a twin filter assembly 90
containing two multiple filter elements or cartridges
116. As before, each multiple element filter or
cartridge 116 preferably contains three single filter
elements or cartridges 35 held in place inside the
twin element housing 92 by a combination of the
interior of the twin element housing 92 and a filter
frame 118. Since there are now six outlets 72 from the
six single filter elements or cartridges, the outlet
plenum must be a six inlet plenum, which is designated
by the numeral 128 for purposes of clarity. There will
be a first inlet 122A, a second inlet 124A a third
inlet 126A, a fourth inlet 130, a fifth inlet 132 and
a sixth inlet 134. The remainder of the six inlet
plenum is preferably constructed in the same manner as
the triple inlet plenum, with the outlet tube 82
passing through the apertures (100, 102, 102, 100) to
hold the six inlet plenum 128 in place in the twin
element housing 92, and with the closure members 44,
and perforated spacers 86 holding the single elements
or cartridges 35 in place, together with the filter
frames 118. Suitable O-rings and lock washers are
provided, as before. Referring to Fig. 15, details of
the filter frame, generally designated by the numeral
118, can be seen. There is illustrated a filter frame
for use with three single filter elements or
cartridges 35. It is well within the scope of the
present invention that as few as two single filter
elements 35 be used, or, more than three can be used.
Each filter frame 118 comprises one or more,
preferably three, central spacer members 136. Each
central spacer member 136 will have a first leg 138, a
second leg 140, and a third leg 142. Each leg
(138,140,142) is of a unique three part construction.
A first portion 144 of each leg (138, 140, 142) is of
equal length as measured from a central point C. Each
portion 144 is radially extending toward the inner
wall of the single element housing 42 or the twin
element housing 92, and is spaced an equal distance
from each other first portion. In the filter frame
illustrated, which is to hold three single elements
35, this equal distance would be 360 (the number of
degrees in a circle) divided bythe number of legs (3),
or 120. The upper end 144A of first portion 144 is
connected to or integral with, each other first
portion 144. The other end 144B is provided with a
groove 146 which accepts a first tongue 148 formed on
rail 150, which also is the second portion 153 of the
first leg 138. A second tongue 152 is formed on the
bottom of rail 150, and also extends axially the
entire length of the rail. The first leg is completed
by the third portion 154, which is bifurcated. Third
portion 154 has a top portion 156 which has a second
groove 158 to accept the second tongue 152 formed on
the rail. Thus, third portion 154 "snaps" on to rail
150. Third portion 154 also has a first leg portion
159 and a second leg portion 160. First leg portion
159 terminates with a first foot portion 161 , and the
second leg portion 160 terminates with a second foot
portion 162. First foot portion 161 and second foot
portion 162 will be dimensioned to fit against the
inner wall of the housing (42, 92). The second leg 140
and the third leg 142 will be constructed in the same
manner to complete central spacer member 136. A
desired number of central spacer members 136 may be
constructed in the same manner. The preferred number
is three, but more or less central spacer members 136
may be used depending on such factors as the length of
the housing (42,92) operating pressures, etc. The
filter frame 118 will keep the filter cartridges 35
properly oriented in the housing (42, 92). As shown in
Figs. 11 and 15, this is accomplished by the
combination of the legs (138, 140 and 142) resting on
the interior wall of the housing (42A, 92A) and the
grooves 56A in two of the three tabs 56 riding on the
rails 50, while the third tab 56 contacts the interior
wall (42A, 92A) of the housing (42, 92). It is well
within the scope of the present invention that the
shape and/or number of rails 50, tabs 56 and grooves
56A can vary, depending on the application. In turn,
the filter cartridges (35) will be held in place in
the housing (42, 92) by the closure members (44, 45)
and perforated spacers 86.With reference to Figs.
16-18, there are shown modifications of the filter
frame 118 which may be used with the present
invention. With the foregoing description,
construction of the filter frames illustrated is
within the capabilities of those of ordinary skill in
the art. Referring now to Figs. 19-20, there is
illustrated a single filter element or cartridge 35
having a prepregnated tow or fiber 166 applied thereto
to keep the pleats properly spaced to maintain the
efficiency of the filter cartridge. The prepregnated
tow 166 may be wound on top of itself several times
near each endcap, before being helically wound around
the element 35 and bound to the tips 170 of the pleats
168. Alternately, the ends of the prepregnated tow may



be potted on with the end caps (60,62). This serves to
anchor the tow at each end, as well as maintaining the
pleat spacing. The tow 166 is made up of strands of
material impregnated with an adhesive. The tow 166 may
be thermoset or thermoplastic impregnated. The strands
can be made of materials such as, but not limited to,
metal, cotton, plastic and glass. The adhesive can be
made of a material such as, but not limited to,
epoxies, hot melts and glues. It is preferred that the
helically wound tow 166 be sonically, or otherwise,
bonded to the endcaps (60, 62) to prevent its
unwinding during service. Referring to Fig. 2 1 and
22, there is shown a single filter assembly having in
to out flow. For ease of identification, such single
filter assembly is generally designated by the numeral
3OA, and the single filter element or cartridge is
designated by the numeral 35A. The construction of the
in-to-out single filter assembly 3OA is substantially
similar to the construction of the outto- in single
filter assembly 30 shown in Fig. 5, which has the
preferred out to in flow, except the outlet 50 now
becomes the inlet 48A, and the inlet 48 now becomes
the outlet 50A-. In addition, the inlet end cap_60
becomes the outlet end cap 62A, and the outlet end cap
62 becomes the inlet end cap 6OA. Also, outlet plenum
80 is now inlet plenum 8OA, and outlet tube 82 is now
inlet tube 82A. Inlet closure member 44 is now labeled
as outlet closure member 44A, and outlet closure
member is now labeled as inlet closure member
45A.Since the flow is reversed, if needed, additional
support to prevent rupture of the porous media 58 will
bejieed at the outside of the in-to- out single filter
elementor cartridge. To accomplish this, an outer,
support core 88A, having perforations 89A may be
provided. Aside from the change in nomenclature, there
is virtually no difference in construction between the
single filter assembly 30 with out to in flow, and the
single filter assembly 3OA with in to out flow. This
allows the same housing to be used interchangeably for
in to out and out to in flow with a simple change of
filter element or cartridge. The in to out flow single
filter element or cartridge 35A may be made identical
in size to the out to in flow single filter element or
cartridge 35 so as to be directly interchangeable any
time it is desired to change the flow direction, or it
may be made in any desired size. Since the multiple
filter element or cartridge 116 includes at least two,
and preferably three, of the single elements or
cartridges 35, the flow direction through a multiple
filter element or cartridge 116 can easily be changed.
Fig. 22 shows how an outer, perforated, support core
88A may be slipped over the porous media 58. Referring
now to Fig. 23, for convenient changing of either a
single element filter or cartridge 36, or a multiple
filter element or cartridge 116, whether in a single
filter assembly 30, or in a twin filter assembly 90,
the inlet closure member 44, or the outlet closure
member 45, instead of having a handle 46, may have a
davit assembly 172 mounted thereto. The davit assembly
comprises a spring loaded slidable member 172A, a
first hinge member 172B, and a second hinge member
172C. First hinge member 172B is rotatably mounted to
spring-loaded slidable member 172A by first hinge pin
173. In turn, second hinge member 172C is rotatably
mounted to first hinge member 172B by second hinge pin
174. When it is desired to change a filter cartridge,
the spiral retaining ring 52 is removed, and the
closure member 44 is pulled outward along the axis of
the housing 42, which causes like movement of the
slidable hinge member 172A, until the closure member
44 clears the housing 42. Once this occurs, the
closure member 44 can be swung open and the filter
element or cartridge (35,1 16) can be removed for
inspection or replacement.With reference to Figs. 24
and 25, a modification of the present invention is
shown having a carbon media. An out to in version is
shown, although an in to out version is well within
the scope of the present invention. The single filter
element or cartridge, now designated 35C for purposes
of clarity, has an inlet end cap 6OC, which may be
identical to inlet end cap 60 shown in Fig. 5, and an
outlet end cap 62C, which may be identical to outlet
end cap 62 shown in Fig. 5. These are fixed to the
ends of a carbon media 58C, and an inner, perforated
support core 88C is provided if desired. Referring to
Figs. 26 and 27, there is shown yet a further
modification of the present invention, wherein the
single filter element or cartridge, now indicated by
the numeral 35T for clarity, has a tapered media 58T.
In this modification, the inlet end cap 6OT may be
smaller than the outlet end cap 62T, or vice versa.
The use of the tapered media provides most benefit for
in-to-out flow. Since, generally the part of the
element that is open would be larger, for in-to - out
flow the element would taper from the open end to the
closed end, and the inlet end cap 6OT would be of a
larger diameter that the outlet end cap 62T. By
carefully considering the problems present in the area
of purification of salty streams, we have provided a
novel method and apparatus for the purification of
salty streams which provides greatly increased
capacity when compared with present day devices, and
is simpler and less costly to manufacture.WHAT IS
CLAIMED: 1. A filter assembly comprising: a hollow,
axially extending, generally tubular-shaped, fiber
reinforced plastic housing; a first closure member
closing one end of the fiber reinforced plastic
housing; a second closure member closing the other end
of the fiber reinforced plastic housing, thereby
forming an enclosed space to receive a filter element
or cartridge; an inlet provided proximate either the
first closure member or the second closure member and
in fluid communication with the enclosed space; an
outlet provided proximate the other of the first
closure member or the second closure member and in
fluid communication with the enclosed space, thereby
providing a fluid flow path through the fiber
reinforced plastic housing; and 



at least one filter element having a porous media
sealingly interposed in the enclosed space in a manner
such that the flow through the enclosed space must
flow through the porous media. 2. A single filter
assembly comprising: a hollow, axially extending,
generally tubular-shaped, fiber reinforced plastic
housing; a first closure member closing one end of the
fiber reinforced plastic housing; a second closure
member closing the other end of the fiber reinforced
plastic housing, thereby forming an enclosed space to
receive a filter element or cartridge; an inlet
provided proximate either the first closure member or
the second closure member and in fluid communication
with the enclosed space; andan outlet provided
proximate the other of the first closure member or the
second closure member and in fluid communication with
the enclosed space, thereby providing a fluid flow
path through the fiber reinforced plastic housing. 3.
The single filter assembly defined in claim 2, further
comprising: at least one filter element having a
porous media sealingly interposed in the enclosed
space in a manner such that the flow through the
enclosed space must flow through the porous media. 4.
The single filter assembly defined in claim 3, wherein
the filter element is a single filter element or
cartridge. 5. The single filter assembly defined in
claim 4, wherein the single filter element or
cartridge comprises: a) a first or inlet endcap having
a plurality of tabs spaced about its periphery; b) a
second or outlet endcap having a plurality of tabs
spaced about its periphery and a circular outlet
aperture; and c) a porous media having the first or
inlet endcap fixed on one end of the porous media, and
the second, or outlet endcap potted on the other end
of the porous media. 6. The single filter assembly
defined in claim 3, wherein the filter element is a
multiple filter element or cartridge. 7. The single
filter assembly defined in claim 6, wherein the
multiple filter element or cartridge comprises; a) a
filter frame; b) a plurality of single filter elements
or cartridges mounted in the filter frame, each of the
plurality of single filter elements or cartridges
comprising;i . a first or inlet endcap having a
plurality of tabs spaced about its periphery; ii. a
second or outlet endcap having a plurality of tabs
spaced about its periphery and a circular outlet
aperture; and iii. a porous media having the first or
inlet endcap fixed on one end of the porous media, and
the second, or outlet endcap fixed on the other end of
the porous media. 8. A single filter assembly
comprising: a) a hollow, axially extending, generally
tubular-shaped, fiber reinforced plastic housing
having a substantially uniform inside diameter, said
housing further comprising: i. a retaining groove
provided in said fiber reinforced plastic housing
proximate each end thereof; ii. an inlet provided
proximate one end of the fiber reinforced plastic
housing; b) an inlet closure member inserted in the
end of the fiber reinforced plastic housing proximate
the inlet, the inlet closure member including: i . a
body portion; ii. a handle mounted to one side of the
body portion; and iii. a perforated spacer in contact
with the other side of the body portion. c) an outlet
closure member inserted in the other end of the fiber
reinforced plastic housing, the outlet closure member
having an outlet aperture to receive an outlet tube of
an outlet plenum; and d) an outlet plenum upstream of
the outlet closure member having a plenum inlet and an
outlet tube, the outlet tube sealingly mounted in the
outlet aperture of the outlet closure member thereby
forming an enclosed space between the inlet closure
member and the outlet plenum inlet to provide a fluid
flow path through the fiber reinforced plastic housing
from the inlet thereof to the outlet tube.9. The
single filter assembly defined in claim 8, including a
filter element or cartridge having a porous media
interposed in the enclosed space in a manner such that
the flow through the enclosed space must flow through
the porous media in the filter element or cartridge.
10. The single filter assembly defined in claim 9,
wherein the filter element or cartridge is a single
filter element or cartridge. 11. The single filter
assembly defined in claim 9, wherein the filter
element or cartridge is a multiple filter element or
cartridge. 12. The single filter assembly defined in
claim 10, wherein each single filter element or
cartridge comprises: a) a first or inlet endcap having
a plurality of tabs spaced about its periphery; b) a
second or outlet endcap having a plurality of tabs
spaced about its periphery and a circular outlet
aperture; and c) a porous media having the first or
inlet endcap fixed on one end of the porous media, and
the second, or outlet endcap fixed on the other end of
the porous media. 13. The single filter assembly
defined in claim 11, wherein each multiple filter
element or cartridge comprises: 



a) a filter frame; b) a plurality of single filter
elements or cartridges mounted in the filter frame,
each of the plurality of single filter elements or
cartridges comprising; i. a first or inlet endcap
having a plurality of tabs spaced about its periphery;
ii. a second or outlet endcap having a plurality of
tabs spaced about its periphery and a circular outlet
aperture; andiii. a porous media having the first or
inlet endcap fixed on one end of the porous media, and
the second, or outlet endcap fixed on the other end of
the porous media. 14. A twin filter assembly
comprising: a hollow, axially extending, generally
tubular-shaped, fiber reinforced plastic housing; a
first inlet closure member closing one end of the
fiber reinforced plastic housing; a second inlet
closure member closing the other end of the fiber
reinforced plastic housing; an outlet plenum sealingly
provided between the inlet closure members to provide
a pair of enclosed spaces, each of the pair of
enclosed spaces receiving a filter element or
cartridge, the outlet plenum in fluid communication
with atmosphere and each of the pair of enclosed
spaces; a first inlet provided proximate the first
inlet closure member and in fluid communication with
one of the pair of enclosed spaces; and a second inlet
provided proximate the second inlet closure member and
in fluid communication with the other of the pair of
enclosed spaces, thereby providing a pair of fluid
paths from the inlet, through the enclosed spaces and
out the outlet plenum. 15. The twin filter assembly
defined in claim 14, further comprising: a pair of
filter elements or cartridges, each having a porous
media, one of said pair of filter elements or
cartridges interposed in each of the pair of enclosed
spaces in a manner such that the flow through each of
the enclosed spaces must flow through the porous media
in one of said pair of filter elements or
cartridges.16. The twin filter assembly defined in
claim 15, wherein at least one of the pair of filter
elements or cartridges is a single filter element or
cartridge comprising; a) a first or inlet endcap
having a plurality of tabs spaced about its periphery;
b) a second or outlet endcap having a plurality of
tabs spaced about its periphery and a circular outlet
aperture; and c) a porous media having the first or
inlet endcap fixed on one end of the porous media, and
the second, or outlet endcap fixed on the other end of
the porous media. 17. The twin filter assembly defined
in claim 15, wherein at least one of the pair of
filter elements or cartridges is a multiple filter
element or cartridge comprising: a) a filter frame; b)
a plurality of single filter elements or cartridges
mounted in the filter frame, each of the plurality of
single filter elements or cartridges comprising; i . a
first or inlet endcap having a plurality of tabs
spaced about its periphery; ii. a second or outlet
endcap having a plurality of tabs spaced about its
periphery and a circular outlet aperture; and iii. a
porous media having the first or inlet endcap fixed on
one end of the porous media, and the second, or outlet
endcap fixed on the other end of the porous media. 18.
The twin filter assembly defined in claim 16, wherein
each single filter element or cartridge comprises: a
first or inlet endcap having a plurality of tabs
spaced about its periphery; a second or outlet endcap
having a plurality of tabs spaced about its periphery
and a circular outlet aperture; anda porous media
having the first or inlet endcap fixed on one end of
the porous media, and the second, or outlet endcap
fixed on the other end of the porous media. 19. The
twin filter assembly defined in claim 17, wherein each
multiple filter element or cartridge comprises at
least two single filter elements or cartridges. 20. A
twin filter assembly comprising: a) a hollow, axially
extending, generally tubular-shaped, fiber reinforced
plastic housing having a substantially uniform
diameter, said housing further comprising: i. at least
one housing outlet aperture proximate the midpoint of
the fiber reinforced plastic housing; ii. a retaining
groove provided in said fiber reinforced plastic
housing proximate each end thereof; iii. an inlet
provided proximate each end of the fiber reinforced
plastic housing; b) a twin element plenum in fluid
communication with the at least one housing outlet
aperture, said outlet plenum further comprising: i . a
hollow body portion having a pair of axially aligned
outlet apertures coaxial with the at least one housing
aperture; ii. a first inlet coaxial with the axis of
the fiber reinforced plastic housing and in fluid
communication with the hollow body portion of the
outlet plenum; iii. a second inlet coaxial with the
axis of the fiber reinforced plastic housing and in
fluid communication with the hollow body portion of
the outlet plenum; and iv. an outlet tube passing
through the at least one 



housing aperture and the pair of axially aligned
outlet apertures.2 1. The twin filter assembly defined
in claim 20, further comprising: a) an inlet closure
member inserted in each end of the fiber reinforced
plastic housing, each inlet closure member including;
i. a body portion; ii. a handle mounted to one side of
the body portion, and iii. a perforated spacer in
contact with the other side of the body portion. 22.
The twin filter assembly defined in claim 2 1, further
comprising: a retaining spiral ring inserted in each
of the retaining grooves to hold the inlet closure
members in place. 23. The twin filter assembly defined
in claim 22, further comprising: a first filtration
element or cartridge interposed between the perforated
spacer of an inlet closure member and the first inlet
of the twin element plenum. 24. The twin filter
assembly defined in claim 23, further comprising: a
second filtration element or cartridge interposed
between the perforated spacer of an inlet closure
member and the first inlet of the twin element plenum.
25. The twin filter assembly defined in claim 24,
wherein the filtration element or cartridge is a
multiple filtration element or cartridge. 26. The twin
filter assembly defined in claim 25, wherein the
filtration element or cartridge is a single filtration
element or cartridge.27. The twin filter assembly
defined in claim 26, wherein the single filtration
element or cartridge comprises: a) a first or inlet
endcap having a plurality of tabs spaced about its
periphery; b) a second or outlet endcap having a
plurality of tabs spaced about its periphery and a
circular outlet aperture; and c) a porous media having
the first or inlet endcap fixed on one end of the
porous media, and the second, or outlet endcap fixed
on the other end of the porous media. 28. The twin
filter assembly defined in claim 25, wherein the
multiple filtration element or cartridge comprises: a)
a filter frame; and b) a plurality of single filter
elements or cartridges held in a spaced, fixed
relationship by the filter frame when the multiple
filter element or cartridge is inserted into the fiber
reinforced plastic housing and the filter frame
cooperates with the interior wall of the fiber
reinforced plastic housing. 29. The single filter
assembly defined in claim 2 and having in to out flow.
30. The single filter assembly defined in claim 2 and
having out to in flow. 3 1. The twin filter assembly
defined in claim 14 and having in to out flow. 32. The
twin filter assembly defined in claim 14 and having
out to in flow.33. The single filter assembly defined
in claim 2 and having at least the first_closure
member hingedly mounted to the hollow, axially
extending, generally tubular shaped housing by a davit
assembly. 34. The twin filter assembly defined in
claim 14 and having at least the first closure member
hingedly mounted to the hollow, axially extending,
generally tubular shaped housing by a davit assembly.
35. A single filter element comprising: a) a first or
inlet endcap having a plurality of radially extending
tabs equally spaced about its periphery; b) a second
or outlet endcap having a plurality of radially
extending tabs spaced equally about its periphery and
a circular outlet aperture; and c) a filter media
having the first or inlet endcap on one end of the
porous media, and the second, or outlet endcap fixed
on the other end of the porous media; and d) a
prepregnated tow wound around the porous media to aid
in maintaining the porous media. 36. A single filter
element for in to out flow comprising: a) a first or
inlet endcap having a plurality of radially extending
tabs equally spaced about its periphery; b) a second
or outlet endcap having a plurality of radially
extending tabs spaced equally about its periphery and
a circular outlet aperture; c) an internal core having
perforations interposed between the first or inlet
endcap and the second or outlet endcap and in fluid
communication_with the circular outlet aperture, d) a
porous media surrounding the internal core, e) a
prepregnated tow wound around the porous media.37. A
filter frame comprising; a) a plurality of central
spacer members, each of the central spacer members
having a plurality of leg portions, each of the
plurality of leg members configure to receive a rail;
and b) an equal plurality of rails connected to the
plurality of leg members to hold the leg members in a
spaced, fixed relationship. 38. A twin filter assembly
comprising: a hollow, axially extending, generally
tubular-shaped, fiber reinforced plastic housing; a
first closure member closing one end of the fiber
reinforced plastic housing; a second closure member
closing the other end of the fiber reinforced plastic
housing, an outlet device interposed in the hollow,
axially extending, generally tubular-shaped, fiber
reinforced plastic housing proximate the middle
thereof, thereby forming a pair of enclosed spaces to
receive a 



filter element or cartridge, the outlet device being
in fluid communication with each of the pair of
enclosed spaces; an inlet provided proximate both the
first closure member and the second closure member and
in fluid communication with the enclosed space thereby
providing a fluid flow path through the fiber
reinforced plastic housing; and at least one filter
element having a porous media sealingly interposed in
each of the enclosed spaces in a manner such that the
flow through the enclosed space must flow through the
porous media. 39. A filter element or cartridge
comprising: a) a first or inlet endcap having a
plurality of tabs spaced about its periphery; b) a
second or outlet endcap having a plurality of tabs
spaced about its periphery and a circular outlet
aperture; andc) a porous media having the first or
inlet endcap fixed on one end of the porous media, and
the second, or outlet endcap fixed on the other end of
the porous media. 40. A filter element or cartridge
comprising: a) a first or inlet endcap having a
plurality of tabs spaced about its periphery; b) a
second or outlet endcap having a plurality of tabs
spaced about its periphery and a circular outlet
aperture; and c) a fibrous porous media having the
first or inlet endcap fixed on one end of the fibrous
porous media, and the second, or outlet endcap fixed
on the other end of the fibrous porous media. 4 1. A
filter element or cartridge comprising: a) a first or
inlet endcap having a plurality of tabs spaced about
its periphery; b) a second or outlet endcap having a
plurality of tabs spaced about its periphery and a
circular outlet aperture; and c) an adsorbent media
having the first or inlet endcap fixed on one end of
the adsorbent media, and the second, or outlet endcap
fixed on the other end of the adsorbent media. 42. The
filter element or cartridge defined in claim 4 1,
wherein the adsorbent media is carbon. 43. A single
filter element or cartridge comprising: a) a first
endcap having a plurality of tabs spaced about its
periphery; b) a second, smaller endcap having a
plurality of tabs spaced about its periphery and a
circular outlet aperture; and c) a tapered porous
media having the first endcap fixed on one end of the
porous media, and the second endcap fixed on the other
end of the porous media.44. The single filter element
or cartridge defined in claim 43, wherein the tapered
porous media is an adsorbent media. 45. The single
filter element or cartridge defined in claim 43,
wherein the tapered porous media is a carbon media.
46. The single filter element or cartridge defined in
claim 43, wherein the tapered porous media is a
fibrous porous media. 47. A filter assembly
comprising: a hollow, axially extending, tapered,
fiber reinforced plastic housing; a first closure
member closing one end of the fiber reinforced plastic
housing; a second closure member closing the other end
of the fiber reinforced plastic housing, thereby
forming an enclosed space to receive a filter element
or cartridge; an inlet provided proximate either the
first closure member or the second closure member and
in fluid communication with the enclosed space; an
outlet provided proximate the other of the first
closure member or the second closure member and in
fluid communication with the enclosed space, thereby
providing a fluid flow path through the fiber
reinforced plastic housing; and at least one filter
element having a tapered porous media sealingly
interposed in the enclosed space in a manner such that
the flow through the enclosed space must flow through
the porous media. 


