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(57) ABSTRACT 

Photoreceptor scaffolds that can be used for transplantation 
of organized photoreceptor tissue, with or without retinal 
pigment epithelial cells, which may improve grafted cell 
survival, integration, and functional visual rescue are dis
closed herein. The scaffolds include a cell support layer 
having at least one cube-shaped reservoir fluidly connected 
to a plurality of through-holes and at least one cell in the at 
least one cube-shaped reservoir. 
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FIG. 2A 

FIG. 28 
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FIG. 4A 
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FIG. 4C 
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FIG. SA 
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FIG. SC 
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FIG. 6A 
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FIG. 6C 
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SCAFFOLD FOR IN VITRO MODELING AND 
TRANSPLANTATION THERAPY OF 

PHOTO RECEPTORS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority to U.S. Provisional 
Application Ser. No. 62/695,403, filed Jul. 9, 2018, which is 
incorporated by reference in its entirety. 

STATEMENT OF GOVERNMENT SUPPORT 

[0002] This invention was made with govermnent support 
under EY021218 and EY023497 awarded by the National 
Institutes of Health. The government has certain rights in the 
invention. 

BACKGROUND OF THE DISCLOSURE 

[0003] The present disclosure relates generally to scaf
folds for use in transplantation of organized photoreceptor 
tissue, with or without retinal pigment epithelium (RPE), 
which may improve grafted cell survival, integration, and 
functional visual rescue. Further, these scaffolds can be used 
in in vitro developmental and disease studies, as well as for 
drug screening. 

[0004] Photoreceptors are crucial for vision, and they 
capture and transduce photons into electrochemical signals 
to be processed by the retina and visual centers of the brain. 
Adjacent to the photoreceptors are the retinal pigment 
epithelium (RPE), supportive cells required for photorecep
tor health and function. All blinding disorders of the outer 
retina involve dysfunction and eventual degeneration of the 
photoreceptors, either alone (as occurs in many forms of 
retinitis pigmentosa) or with involvement of the RPE (as 
found with the prevalent disorder, age-related macular 
degeneration (AMD)). Currently, these patients have limited 
to no treatment options. One broadly applicable treatment 
strategy would be to replace photoreceptors alone or in 
combination with RPE. 

[0005] The only approved embryonic stem cell ("ESC") 
clinical trials currently underway in humans involve the 
transplantation of RPE via a simple, disorganized bolus 
injection of cells, or delivery of RPE on planar scaffolds. 
This work has demonstrated the safety of this approach. 
However, when photoreceptors are irreversibly lost, trans
planting RPE alone will not rescue vision in advanced 
disease. For this to occur, light sensing photoreceptors must 
also be replaced. To make this prospect more complex, 
photoreceptors are a highly polarized, specialized cell type 
with apical outer segments containing light sensing photo
pigments and basal axon terminals. While transplantation of 
polarized photoreceptors with or without RPE presents 
significant challenges, microfabrication technology offers 
potential solutions to these issues. 

[0006] Particularly, it would be advantageous if a scaffold 
could be prepared to provide polarization of photoreceptors, 
with or without RPE, to mimic native retinal tissues. It 
would be further advantageous if these scaffolds could 
provide a means to transplant organized photoreceptor tis
sue, with or without RPE, which may improve grafted cell 
survival, integration, and functional visual rescue compared 
to simple bolus cellular injections. 
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BRIEF DESCRIPTION 

[0007] The present disclosure is generally related to pho
toreceptor scaffolds that can be used for transplantation of 
organized photoreceptor tissue, with or without RPE, which 
may improve grafted cell survival, integration, and func
tional visual rescue. Particularly, the photoreceptor scaffold 
is structured from a biocompatible film having cube-shaped 
reservoirs, each reservoir patterned with an array ofthrough
holes. These scaffolds can be produced from biodegradable 
and non-biodegradable materials. 
[0008] In one aspect, the present disclosure is directed to 
a scaffold comprising a cell support layer comprising at least 
one cube-shaped reservoir, wherein the at least one cube
shaped reservoir is fluidly connected to a plurality of 
through-holes. 
[0009] In another aspect, the present disclosure is directed 
to a cell culture scaffold system comprising a scaffold 
comprising a cell support layer comprising at least one 
cube-shaped reservoir, wherein the at least one cube-shaped 
reservoir is fluidly connected to a plurality of through-holes, 
and at least one cell in the at least one cube-shaped reservoir. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The disclosure will be better understood, and fea
tures, aspects and advantages other than those set forth 
above will become apparent when consideration is given to 
the following detailed description thereof. Such detailed 
description makes reference to the following drawings, 
wherein: 
[0011] FIG. 1 depicts one exemplary scaffold of the pres
ent disclosure. 
[0012] FIG. 2A and FIG. 2B depict single cube-shaped 
cell reservoir dimensions (FIG. 2A) and through-hole 
dimensions and spacing (FIG. 2B) for use in the present 
disclosure. 
[0013] FIG. 3 depicts a schematic illustration of one 
embodiment of the fabrication process for the silicon wafer 
to generate the hard-PDMS master mold for use in making 
the scaffold of the present disclosure. 
[0014] FIG. 4A depicts one exemplary etched silicon 
wafer used in the step of silicon DRIE of the fabrication 
process as shown in FIG. 3. 
[0015] FIG. 4B depicts a close-up view of the exemplary 
etched silicon wafer shown in FIG. 4A. 
[0016] FIG. 4C depicts a cross-sectional view of the 
exemplary etched silicon wafer shown in FIG. 4A. 
[0017] FIG. SA depicts one exemplary hard-PD MS master 
mold generated from the etched silicon wafer fabricated in 
the fabrication process as shown in FIG. 3. 
[0018] FIG. SB depicts a close-up view of the exemplary 
hard-PDMS master mold shown in FIG. SA. 
[0019] FIG. SC depicts a cross-sectional view of the 
exemplary hard-PDMS master mold shown in FIG. SA. 
[0020] FIG. 6A depicts one exemplary soft-PDMS scaf
fold used in the fabrication process as shown in FIG. 3. 
[0021] FIG. 6B depicts a close-up view of the exemplary 
soft-PDMS scaffold shown in FIG. 6A. 
[0022] FIG. 6C depicts a cross-sectional view of the 
exemplary soft-PDMS scaffold shown in FIG. 6A. 
[0023] FIGS. 7A-7E depict a schematic illustration of a 
second embodiment of the fabrication process for a hard
PDMS master mold, and the micromolding process of the 
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hard-PDMS master mold with desired scaffold material to 
fabricate an ice-cube tray photoreceptor scaffold. 

[0024] FIGS. SA-SC are photographic images depicting 
the fabrication process of PGS scaffolds as made using the 
process of FIGS. 7D-7E. FIG. SA depicts a hard-PDMS 
master mold ready to be detached from the PGS scaffold 
after the curing process of PGS scaffolds. FIG. 8B depicts a 
PGS scaffold on a silicon wafer after the detachment of the 
hard-PDMS master mold. After removing the edge of scaf
fold, the scaffold is delaminated from the silicon wafer using 
a single edge razor blade. FIG. SC depicts the fabricated 
PGS scaffold in the air. 

[0025] FIGS. SD-SF are SEM images of the fabricated 
ice-cube tray PGS photoreceptor scaffold showing (FIG. 
SD) a top view and (FIG. SE) a bottom view. FIG. SF is a 
large area SEM image of the fabricated PGS scaffold. 

[0026] FIGS. 9A-9F are photographic images showing the 
processes used to mount the photoreceptor scaffold on the 
transwell insert. FIG. 9A depicts a transwell insert with PGS 
scaffold below. The outer edge of the scaffold was attached 
to the transwell insert using a soft PDMS as a glue. The cell 
seeding area of the transwell insert was 78.5 mm2 (internal 
diameter: 5 mm). FIG. 9B depicts a transwell insert holder 
grabbing a transwell insert. FIG. 9C depicts a 6-well cell 
co-culture system. FIGS. 9D-9F depict micro-patterned 
"ice-cube tray" scaffolds being readily filled with cells 
generated from a human pluripotent stem cell (hPSC)
derived CRX+ltdTomato reporter line. Photoreceptors (PRs) 
are fluorescently labeled during differentiation and matura
tion of hPSC-derived retinal organoids, which were disso
ciated and seeded onto scaffolds for confocal imaging. FIG. 
9D shows that 3D rendering (176 µmx185 µmx22 µm) 
confirmed successful capture of multiple CRX+ltdTomato -
expressing PRs (labeled in red) in individual wells of a 
laminin-coated scaffold. Cell nuclei are labeled with DAPI 
(blue). FIG. 9E depicts cells were seeded onto scaffolds at 
increasing concentrations (1, 3, 5, or 7 million/transwell) 
and imaged after 5 days in culture to determine the minimum 
concentration required to achieve the maximum number of 
CRX+1tdTomato-PRs in each scaffold well. 5 million cells 
per transwell was ideal, as it was the minimum number of 
cells necessary to achieve maximal cell payload. FIG. 9F 
depicts that scaffolds seeded with CRX+ltd!Tomato-PRs 
(RFP+, red) contain both ARR3-expressing cone PRs 
(green) and NR2E3-expressing rod PRs (pink). A 3D side 
view of the scaffold demonstrates relatively even distribu
tion of ARR3+ cones and NR2E3+ rods. 3D rendering was 
644 µmx644 µmx20 µm. 

[0027] FIGS. l0A-l0D are finite element analysis show
ing equivalent von Mises stress distribution in the ice-cube 
tray structures with 5 N of tensile force applied on the PGS 
scaffold. The color bar shows the von Mises stress (in N/m2

) 

for an applied tensile force. Isometric view (FIG. lOA), top 
view (FIG. 10B), bottom view (FIG. lOC), and side view 
(FIG. lOD). 

[0028] FIGS. llA-llD depict micro-patterned "ice-cube 
tray" scaffolds designed to act synergistically with existing 
host retinal structures, supporting prearranged orientation of 
seeded PRs. FIGS. llA & llC show that CRX+1tdTomato
PRs (red) plated on scaffolds mature to express PRPH2 
(green), a marker of photoreceptor (PR) outer segments, 
which are crucial structures that eventually contain photo
sensitive opsins in mature PRs. FIGS. 11B & llD show that 
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scaffolds also support organized expression of VGLUTl 
(green), a presynaptic marker that primarily localizes to the 
top half of the scaffold. 

DETAILED DESCRIPTION 

[0029] Unless defined otherwise, all technical and scien
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which the 
disclosure belongs. Although any methods and materials 
similar to or equivalent to those described herein can be used 
in the practice or testing of the present disclosure, the 
preferred methods and materials are described below. 
[0030] The present disclosure is directed to a photorecep
tor scaffold for photoreceptor delivery and polarization, with 
or without retinal pigment epithelium (RPE). The scaffolds 
can be used for in vitro developmental and disease studies, 
as well as for drug screening. These scaffolds can further be 
used for transplantation of organized photoreceptor tissue, 
with or without RPE, which may improve grafted cell 
survival, integration, and functional visual rescue. 
[0031] Structure of Scaffold 
[0032] Generally, a scaffold is provided for use in cell 
culture. The scaffold generally includes a cell support layer 
having at least one cube-shaped reservoir fluidly connected 
to a plurality of through-holes. The cell support layer is 
typically comprised of a biocompatible flexible polymer, 
and in some particularly suitable embodiments, the polymer 
is biodegradable. The polymer can be porous or non-porous. 
Suitable polymers include, but are not limited to, synthetic 
rubbers such as silicone rubbers (e.g., polydimethylsiloxane 
(PDMS)), polyurethane rubber, styrene butadiene rubber, 
and acrylonitrile butadiene rubber, natural rubbers (e.g., 
poly-cis-isoprene ), thermoplastic elastomers ( e.g., thermo
plastic polyurethane, thermoplastic copolyester, thermoplas
tic polyamide), epoxies (e.g., SU-8), polyimides, polyure
thanes, polyamides, polyesters ( e.g., poly(lactic-co-glycolic 
acid) (PLGA), polylactic acid (PLA), polyglycolic acid 
(PGA), polycaprolactone (PCL), poly(glycerol sebacate) 
(PGS)), polysaccharides ( e.g., chitosan), parylene, and com
binations thereof. Advantageously, these polymers are "plas
tic-like" in that they are flexible upon application of an 
applied force, allowing for ease of transplantation and 
manipulation of the scaffold. In one particular aspect, the 
polymer is PDMS. 
[0033] The cell support layer generally has at least one 
cube-shaped reservoir connected to the through-holes, the 
combination of which extends through the cell support layer. 
As used herein, "cube-shaped reservoir" refers to a cell 
reservoir having a cube shape (e.g., ice-cube tray design). 
[0034] As used herein, "through-holes" refers to a channel 
that allows for guided growth of cells such as growth of the 
processes that will become the axons of a photoreceptor cell. 
[0035] An exemplary cell support layer is shown in FIG. 
1. As shown in FIG. 1, the cell support layer 10 includes at 
least one cube-shaped reservoir 12, each reservoir 12 fluidly 
connected to a plurality of through-holes 14. As used herein, 
a "plurality" refers to at least two through-holes, including 
at least 3, including at least 4, including at least 5, including 
at least 6, including at least 7, including at least 8, including 
at least 9, or more through-holes. While as shown, the cell 
support layer 10 includes a plurality of cube-shaped reser
voirs 12, it should be understood by one skilled in the art that 
the cell support layer can include less than the plurality of 
cube-shaped reservoirs shown, including a single cube-
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shaped reservoir, or greater than the plurality of cube-shaped 
reservoirs shown without departing for the scope of the 
present disclosure. 

[0036] In one embodiment, as shown in FIG. 2A and FIG. 
2B, the cube-shaped reservoir 12 includes a length, indicated 
at Ll, that is larger than the diameter of the through-hole 14, 
indicated at Dl (FIG. 2B). In particularly suitable embodi
ments, the length of the cube-shaped reservoirs 12, Ll, 
ranges from about 15 µm to about 100 µm. Further, a single 
cube-shaped reservoir has a height, Hl, ranging from about 
5 µm to about 100 µm. 

[0037] The diameter of the through-hole 14, Dl, typically 
ranges from about 1 µm to about 7 µm. Further, a single 
through-hole of the plurality of through-holes has a height, 
H2, ranging from about 1 µm to about 25 µm. 

[0038] When a plurality of cube-shaped reservoir are 
fluidly connected to through-holes, the individual cube
shaped reservoirs are spaced apart (shown as "Sl") by from 
about 1 µm to about 5 µm. 

[0039] When a plurality of through-holes are fluidly con
nected to a cube-shaped reservoir, the individual through
holes are spaced apart (shown as "S2") by from about 1 µm 
to about 5 µm. 

[0040] It should be recognized by one skilled in the art 
that, in the case of using the scaffold for photoreceptor cells, 
the processes that will become the axon of the photoreceptor 
cells grow downward in the through-holes. The outer seg
ment is the specialized structure of the photoreceptor that 
captures light with light sensitive op sin molecules ( cone and 
rod opsin), and these form at the opposite end (i.e., top of the 
capture well). The photoreceptor axons relay information 
from photoreceptors to send to second order retinal neurons 
and then ultimately to the visual centers of the brain. 
Growing photoreceptors in a polarized manner recapitulates 
their normal orientation in vivo. Transplanting photorecep
tors with outer segments arranged to contact the RPE and 
axons poised to synapse with second order neurons will 
promote critical interactions between these cell types, and 
should lead to enhanced integration of the cells and 
increased functional rescue of vision. 

[0041] Since a high packing density of photoreceptors is 
important for optimal visual acuity, the closer the cube
shaped reservoirs (and thus, the closer the cultured photo
receptor cells), the more improved the visual acuity can 
potentially be once the scaffold is transplanted. Accordingly, 
in one embodiment, the cell support layer is composed of 
polydimethylsiloxane (PDMS), wherein the length, Ll, of 
the cube-shaped reservoir can be increased by stretching the 
cell support layer, and then allowing the cube-shaped res
ervoir to resume its original length upon removal of the 
stretching force. Particularly, with this embodiment, one or 
more cells are received by the cube-shaped reservoir in its 
stretched configuration. Once the stretching force is 
removed, the cells will be held within the cell reservoir. Such 
an embodiment is advantageous as it allows the cube-shaped 
reservoirs to be spaced closer together with a higher number 
of photoreceptor cells upon removal of the stretching force. 

[0042] As discussed above, a single cube-shaped reservoir 
12 is fluidly connected to a plurality of through-holes 14. As 
used herein, "fluidly connected to" refers to the cube-shaped 
reservoir in contact with a plurality of through-holes such 
that cells received by the cube-shaped reservoir can move/ 
grow between the cell reservoir and the through-hole. 
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[0043] In another embodiment, the cell support layer is 
treated and/or coated such to render the polymeric layer 
hydrophilic. Any methods known in the art for rendering 
flexible polymers hydrophilic can be used without departing 
from the scope of the present disclosure. For example, an 
oxygen plasma treatment on the surface of a polymer 
transforms the hydrophobic surface to hydrophilic surface 
by introducing polar functional groups, which yields a 
completely wettable surface. Accordingly, methods for sur
face treatment include, but are not limited to, oxygen plasma 
treatment, ultraviolet (UV) radiation, UV/ozone treatment, 
corona discharges, as well as certain types of polymer or 
co-polymer coatings as known in the art. 

[0044] The through-holes are typically included in the 
scaffold to allow media and/or metabolites to flow in and out 
of the scaffold. In suitable embodiments, the through-holes 
have a diameter of about 5 µm. 

[0045] Methods of Preparing the Scaffold 

[0046] As shown in FIG. 3, the scaffolds may be prepared 
by forming a polymeric mold for the cell support layer. For 
example, to prepare the scaffold, a mold having micro-scale 
cubic patterns is prepared on a silicon wafer using photoli
thography, followed by deep reactive-ion etching (DRIE). 
The photoresist mask for the array of through-hole patterns 
is constructed first by photolithography on a silicon wafer 
(FIG. 3, first step). The exposed hole pattern is vertically 
etched via DRIE process. After the etched silicon wafer is 
cleaned thoroughly with solvents and plasma ashing, 
another photoresist mask is created on the etched silicon 
wafer. The second mask defines the array of cube-shaped 
reservoirs where the multiple through-holes are covered 
(FIG. 3, second step). The desired number of holes can be 
chosen at this step. The exposed cube area including 
through-holes is etched via DRIE process again. After the 
remaining photoresist mask on the etched silicon wafer is 
cleaned thoroughly with organic solvents and plasma ash
ing, the wafer is passivated with octafluorocyclobutane 
(C4F8) gas that yields a chemically inert layer similar to 
Teflon. The passivation layer on the etched silicon wafer 
prevents the casted polymer from bonding with silicon 
surface. Once the silicon surface becomes hydrophobic, a 
thick layer ofhard-polydimethylsiloxane (PDMS) is poured 
and cured (FIGS. SA-SC). Here, the hard-PDMS is chosen 
instead of soft-PD MS since it can firmly sustain the molded 
structures from deforming, buckling, or collapsing. Careful 
delamination of the hard-PDMS from the etched silicon 
wafer generates a robust master mold for creating scaffolds 
(FIG. 7B). Subsequently, the hard-PDMS master mold is 
further treated with self-assembled monolayer (SAM) of 
silane via vacuum evaporation at room temperature. There
after, a drop of soft-PDMS is casted on top of the mold, 
which is then pressed upside down on a handling substrate 
such as glass, silicon wafer, etc. (see FIG. 7C), followed by 
a curing process in an oven (FIG. 6A, FIG. 6B, and FIG. 
6C). Once the soft-PDMS is fully cured, the hard-PDMS 
master mold is carefully delaminated from the handling 
substrate and the scaffold generated on the substrate is 
picked up and mounted on a transwell for cell growth. More 
particularly, the outer edge of the scaffold was attached to 
the transwell insert using a soft PDMS as a glue. The cell 
seeding area of the transwell insert was 78.5 mm2 (internal 
diameter: 5 mm). It should be understood the size of the 
transwell insert can vary without departing from the present 
disclosure. 
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[0047] While described herein as preparing the scaffolds 
using photolithography, DRIE and molding, it should be 
understood that any means for preparing polymeric scaffolds 
as known in the art can be used without departing from the 
present disclosure. Other suitable methods include, for 
example, direct printing using a 3D printer or molding using 
a micro-injection molding machine. 
[0048] Further, while described herein as using PDMS, it 
should be understood that other biocompatible or biodegrad
able polymers, such as, for example, synthetic rubbers such 
as silicone rubbers, polyurethane rubber, styrene butadiene 
rubber, acrylonitrile butadiene rubber, natural rubbers (e.g., 
poly-cis-isoprene), epoxies (e.g., SU-8), polyimides, poly 
(p-xylylene) ( e.g., Parylene ), polyesters ( e.g., poly(lactic
co-glycolic acid) (PLGA), polylactic acid (PLA), polygly
colic acid (PGA), polycaprolactone (PCL), poly(lactide-co
E-caprolactone (PLCL), poly(glycerol sebacate) (PGS), poly 
(glycerol-citrate) (PGC), poly(glycerol-sebacate-citrate) 
(PGSC)), thermoplastic elastomers (e.g., thermoplastic 
polyurethane, thermoplastic copolyester, thermoplastic 
polyamide ), aliphatic polycarbonate, polyurethanes, poly
saccharides (e.g., chitosan), and combinations thereof, can 
be used in addition to or as an alternative to PDMS without 
departing from the scope of the present disclosure. 
[0049] For example, in FIGS. SA-SF a scaffold is prepared 
using poly(glycerol sebacate) (PGS). 
[0050] Uses of the Scaffold System in Cell Culture 
[0051] Advantageously, the scaffolds of the present dis
closure can be used for cell culturing, transplantation, devel
opmental modeling, disease modeling, and for drug screen
ing. 
[0052] When used for cell culture, the cell culture scaffold 
system generally includes a scaffold including a cell support 
layer. The cell support layer is typically comprised of a 
biocompatible or biodegradable polymer, and in some par
ticularly suitable embodiments, the polymer is biodegrad
able. The polymer may be porous or nonporous. Suitable 
polymers include, but are not limited to, synthetic rubbers 
such as silicone rubbers, polyurethane rubber, styrene buta
diene rubber, acrylonitrile butadiene rubber, natural rubbers 
(e.g., poly-cis-isoprene), epoxies (e.g., SU-8), polyimides, 
poly(p-xylylene) ( e.g., Parylene ), polyesters ( e.g., poly(lac
tic-co-glycolic acid) (PLGA), polylactic acid (PLA), 
polyglycolic acid (PGA), polycaprolactone (PCL), poly(lac
tide-co-E-caprolactone (PLCL), poly(glycerol sebacate) 
(PGS), poly(glycerol-citrate) (PGC), poly(glycerol- seba
cate-citrate) (PGSC)), thermoplastic elastomers ( e.g., ther
moplastic polyurethane, thermoplastic copolyester, thermo
plastic polyamide ), aliphatic polycarbonate, polyurethanes, 
polysaccharides (e.g., chitosan), and combinations thereof. 
In one particular aspect, the polymer is PDMS. In another 
particular aspect, the polymer is PGS 
[0053] The cell support layer includes at least one cube
shaped reservoir fluidly connected to a plurality ofthrough
holes, the at least one cube-shaped reservoir fluidly con
nected to the through-holes extends through the cell support 
layer. The cube-shaped reservoir is as described above. 
Particularly, the cube-shaped reservoir has a length that is 
larger than the diameter of the through-hole. 
[0054] As noted above, it should be understood by one 
skilled in the art that the cell support layer can include more 
than a single cube-shaped reservoir connected to the plural
ity of through-holes. Particularly, the cell support layer of 
the cell culture scaffold may include a plurality of cube-
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shaped reservoirs, each separately fluidly connected to a 
plurality of through-holes without departing from the scope 
of the present disclosure. 
[0055] When a plurality of cube-shaped reservoirs are 
connected to through-holes, the individual cube-shaped res
ervoirs are spaced apart by from about 1 µm to about 5 µm, 
including from about 2 µm to about 3 µm. 
[0056] Typically, the cell support layer has a thickness 
ranging from about 20 µm to about 45 µm, including from 
about 20 µm to about 35 µm, and including about 23 µm. 
[0057] In some embodiments, the cell support layer is 
treated and/or coated such to render the polymer hydrophilic 
as described above. 
[0058] The cell culture scaffold system further includes at 
least one cell in the cell support layer. Cells received by the 
cube-shaped reservoir of the cell support layer can move/ 
grow between the cube-shaped reservoir and the through
hole of the cell support layer. Any cells as known in the art 
for use in a scaffold system for in vitro developmental and 
disease studies, as well as for drug screening, could be used 
with the cell culture scaffold system of the present disclo
sure. Particularly, suitable cells include photoreceptor cells, 
retinal pigment epithelium (RPE) cells, bipolar cells, gan
glion cells, and combinations thereof. 
[0059] Use of the cell culture scaffold system results in the 
formation of an organized multi-cellular construct that mim
ics the cellular structure and organization observed in vivo, 
allowing for improved grafted cell survival, integration, and 
functional visual rescue. Further, these structures prevent 
reflux similar to those currently found with the use of bolus 
injections. 
[0060] More particularly, in one suitable embodiment, the 
scaffold system includes at least one photoreceptor cell and 
at least one retinal pigment epithelium (RPE) cell in the cell 
support layer. Photoreceptors are the gatekeepers of vision, 
and they capture and transduce photos into electro-chemical 
signals to be processed by the retina and visual centers of the 
brain. Photoreceptors are highly polarized, specialized cell 
types with apical outer segments containing light sensing 
photo-pigments and basal axon terminals. As naturally 
found, adjacent to the photoreceptors are the RPE cells, 
supportive cells required for photoreceptor health and func
tion. Particularly, an RPE monolayer provides cellular and 
structural cues for photoreceptor polarization. Particularly, 
the cell support layer is sized such to contain a monolayer of 
RPE at the bottom of each cube-shaped reservoir and a layer 
of photoreceptor cells on top of the RPE. For this combined 
photoreceptor +RPE scaffold, the underlying through-holes 
will support RPE function such as metabolite, water, and 
waste transport. In this embodiment, once placed, the pho
toreceptors can start to grow their processes, which will 
ultimately become their outer segments towards the RPE. 
These polarized photoreceptors are then poised for in vitro 
testing or transplantation. 
[0061] For a photoreceptor only application, the through
holes at the bottom of the scaffold will promote polarization, 
by directing extension of photoreceptor axons. 
[0062] When used for transplantation, the cell culture 
scaffold system as described above is used to culture the 
cells to form a construct and then the cultured construct is 
transplanted to the eye of a subject using standard vitreo
retinal surgical techniques. Suitable diseases and/or condi
tions that these constructs could be potentially used for 
include all inherited or acquired diseases or retinal injuries 
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involving dysfunction and/or death of photoreceptors or the 
dysfunction and/or death of the RPE and photoreceptors. 
These include, but are not limited to, age-related macular 
degeneration ("dry" or "wet" AMD), retinitis pigmentosa, 
retinal detachment, cone dystrophies, cone-rod dystrophies, 
Usher's syndrome, Best's disease, choroideremia, gyrate 
atrophy, myopic degeneration, sorsby's fundus dystrophy, 
doyne honeycomb macular dystrophy, and Stargardt macu
lar dystrophy. 

[0063] When the scaffold system is used for drug screen
ing, candidate agents are added to a culture media. Cell 
health and survival can then be assessed using standard 
techniques. Additionally, the scaffold system makes it pos
sible to examine the effects of candidate agents on cellular 
structures that do not typically develop without the aid of 
this scaffold system, such as the development of photore
ceptor outer segments. Many blinding retinal disorders 
originate in the photoreceptor outer segment, involving an 
absence of photoreceptor specific protein expression, mis
folded proteins, incorrect packaging of proteins, or ectopic 
localization of these proteins within the photoreceptor. 
These components of disease and potential candidates are 
difficult to assess in a typical two-dimensional culture sys
tem (cells grown on a flat surface). Furthermore, many 
diseases require modeling of RPE-photoreceptor interac
tions. Investigating these interactions is possible with this 
system, but not with traditional two-dimensional culture, as 
RPE and photoreceptors will not grow on top of each other 
in a two dimensional culture. 

[0064] Various functions and advantages of these and 
other embodiments of the present disclosure will be more 
fully understood from the examples shown below. The 
examples are intended to illustrate the benefits of the present 
disclosure, but do not exemplify the full scope of the 
disclosure. 

EXAMPLE 1 

[0065] In this Example, to demonstrate the mechanical 
stability of the PGS scaffold made using the processes of the 
present disclosure, the von Mises stress distribution in the 
ice-cube tray PGS scaffold was numerically solved using a 
finite element simulation software (Comsol Multiphysics 
4.2, Comsol Ltd). 

[0066] The applied tensile force in the x- and y-directions 
were Fx=±5 Nlm2 and FY=±5 Nlm2

, respectively. The mate
rial parameters used for PGS polymer were as follows: 
E=l.3 Mpa, v=1060 kg/m3, p=0.49. Here, Eis the Young's 
modulus, v is the Poisson's ratio, and p is the density. 

EXAMPLE 2 

[0067] In this Example, micro-patterned "ice-cube tray" 
scaffolds are analyzed to determine if the scaffolds can act 
synergistically with existing host retinal structures, support
ing prearranged orientation of seeded photoreceptors (PRs ). 

[0068] Laminin-coated scaffolds seeded with hPSC-PRs 
were fixed in 4% paraformaldehyde and processed for 
immunohistochemistry to assess expression of rod, cone, 
outer segment, and synaptic protein markers. Confocal 
z-stacks of immunostained scaffolds were captured at 20x 
magnification with a Nikon AIR confocal microscope. 3D 
z-stack reconstruction, maximum intensity projection image 
generation, and cell capture quantification were performed 
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with Nikon Elements software. Statistical analyses were 
performed with GraphPad Prism. 
[0069] This unique feature of the "ice-cube tray" design 
ensures that VGLUTl is maximally expressed in the top 
portion of the scaffold, which will face the host inner nuclear 
layer of interneurons and is designed to more easily facilitate 
synaptic connections in the host retina. This orientation also 
ensures that the base of the scaffold lies directly above the 
host retinal pigment epithelium, which is the primary cell 
type that will be responsible for scaffold degradation in the 
subretinal space. 3D renderings (FIGS. 12C & 12D) are 644 
µmx644 µmx20 µm. 

What is claimed is: 
1. A scaffold comprising a cell support layer comprising 

at least one cube-shaped reservoir, wherein the at least one 
cube-shaped reservoir is fluidly connected to a plurality of 
through-holes. 

2. The scaffold of claim 1, wherein the cell support layer 
comprises a biocompatible flexible polymer. 

3. The scaffold of claim 2, wherein the biocompatible 
flexible polymer is selected from the group consisting of 
silicone rubber, polyurethane rubber, styrene butadiene rub
ber, and acrylonitrile butadiene rubber, natural rubber, ther
moplastic elastomer, epoxy, polyimide, polyurethane, poly
amide, polyester, polysaccharide, parylene, and 
combinations thereof. 

4. The scaffold of claim 2, wherein the biocompatible 
flexible polymer is polydimethylsiloxane (PDMS). 

5. The scaffold of claim 1, wherein the cell support layer 
comprises a biodegradable flexible polymer. 

6. The scaffold of claim 1, wherein the at least one 
cube-shaped reservoir has a length ranging from about 15 
µm to about 100 µm. 

7. The scaffold of claim 1, wherein the at least one 
cube-shaped reservoir has a height ranging from about 5 µm 
to about 100 µm. 

8. The scaffold of claim 1, wherein a single through-hole 
of the plurality of through-holes has a diameter of from 
about 1 µm to about 7 µm. 

9. The scaffold of claim 1, wherein a single through-hole 
of the plurality of through-holes has a height of from about 
1 µm to about 25 µm. 

10. The scaffold of claim 1, wherein the cell support layer 
comprises at least a first cube-shaped reservoir and a second 
cube-shaped reservoir, the first cube-shaped reservoir 
spaced from about 1 µm to about 5 µm apart from the second 
cube-shaped reservoir. 

11. A cell culture scaffold system comprising a scaffold 
comprising a cell support layer comprising at least one 
cube-shaped reservoir, wherein the at least one cube-shaped 
reservoir is fluidly connected to a plurality of through-holes, 
and at least one cell in the at least one cube-shaped reservoir. 

12. The cell culture scaffold system of claim 11, wherein 
the cell in the at least one cube-shaped reservoir is a 
photoreceptor cell. 

13. The cell culture scaffold system of claim 12, wherein 
the at least one cube-shaped reservoir comprises a single 
photoreceptor cell. 

14. The cell culture scaffold system of claim 12, wherein 
the at least one cube-shaped reservoir comprises at least two 
photoreceptor cells. 

15. The cell culture scaffold system of claim 11, wherein 
at least one cube-shaped reservoir comprises a mono layer of 
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retinal pigment epithelial cells and a layer of photoreceptor 
cells on top of the monolayer of retinal pigment epithelial 
cells. 

* * * * * 
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