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SUMMARY:
Presented here is a protocol for the use of alginate as a polymer in microencapsulation of
immortalized cells for long-term delivery of biologics to rodent eyes.

ABSTRACT:

Many current therapeutics under development for diseases of the posterior pole of the eye are
biologics. These drugs need to be administered frequently, typically via intravitreal injections.
Encapsulated cells expressing the biologic of choice are becoming a tool for local protein
production and release (e.g., via long-term drug delivery). In addition, encapsulation systems
utilize permeable materials that allow diffusion of nutrients, waste, and therapeutic factors into
and out of cells. This occurs while masking the cells from the host immune response, avoiding
the need for suppression of the host immune system. This protocol describes the use of
alginate as a polymer in microencapsulation coupled with the electrospray method as a
microencapsulation technique. ARPE-19 cells, a spontaneously arising human RPE cell line, has
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been used in long-term cell therapy experiments due to its lifetime functionality, and it is used
here for encapsulation and delivery of the capsules to mouse eyes. The manuscript summarizes
the steps for cell microencapsulation, quality control, and ocular delivery.

INTRODUCTION:

Cell-based therapies represent revolutionary biological techniques that have been applied
widely in medicine. Recently, they have been successfully applied in the treatment of
neurodegenerative diseases, eye diseases, and cancer. Cell therapies cover a wide range of
fields from cell replacement to drug delivery, and this protocol focuses on the latter.
Biodegradable alginate microcapsules (MC) have shown effectiveness as a delivery system, and
they are becoming widely used in the biomedical field. Alginate has been used in
microencapsulation due to its simple gelling process, biodegradability, excellent
biocompatibility, and stability under in vivo conditions*.

The electrospray method, as a microencapsulation technique, has been successfully utilized to
encapsulate peptides and proteins using alginate (base polymer) and poly-l-ornithine
(secondary coating polymer). Both polymers are naturally found and used for their
biocompatibility>”’. However, the main challenge in cell-based therapies is suppression of the
host immune system to avoid side effects caused by immunosuppressive drugs. The
permeability of alginate microcapsules is considered a suitable property for cell encapsulation,
which allows diffusion of nutrients, waste, and therapeutic factors into and out of cells while
masking them from the host immune response®1°,

In the eye, encapsulated cells have been used in clinical trials for the constant delivery of
biologics (i.e., growth factors!*? and growth factor antagonists'?) for the treatment of retinitis
pigmentosa or age-related macular degeneration. Other targets such as complement
inhibitors!* are also currently being explored in preclinical settings.

PROTOCOL:

All experiments were performed in accordance with the ARVO Statement for the Use of
Animals in Ophthalmic and Vision Research and were approved by the Medical University of
South Carolina Animal Care and Use Committee under protocol ID 00399.

1. Cell culture

1.1. Generate human retinal pigment epithelial cells (ARPE-19) cell line stably expressing the
gene of choice according to published protocols4*°,

1.2. Maintain cells in Dulbecco's Modified Eagle Medium (DMEM) supplemented with 10% fetal
bovine serum (FBS).

1.3. Incubate the cells at 37 °C and 5% CO,.
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1.4. Replace the medium every 2—-3 days.

1.5. Passage the cells after reaching 70%—80% confluence using standard tissue culture
procedures.

2. Cell encapsulation

2.1. Mix sodium alginate with deionized (DI) water for a final concentration of 2% w/v and
purify by filtration with a 0.2 mm sterile syringe filter.

2.2. Prepare the cells to be mixed with the alginate solution by trypsinizing, centrifuging, and
washing them with 10 mM HEPES buffered saline solution (pH = 7.4). Using a hemocytometer,
count the cells and adjust the final cell concentration to 1 x 108 in alginate solution.

NOTE: The encapsulation process should be run inside a sterilized hood.

2.3. Load ~300 pL aliquots of alginate and cells mixture into a 3 mL syringe and attach it to a
syringe pump. The solution will be pumped through a 30 G blunt tip needle to a sterile gelling
bath placed in a sterile 50 mL beaker below the syringe tip at 7 mm for a needle to bath
spraying distance.

2.4. The gelling bath contains a volume of 40 mL of 10 mM HEPES buffered saline containing
100 mM calcium chloride (CaCl;) and 0.5% w/v poly-L-ornithine (PLO). The PLO is a secondary
polymer coating that can be omitted or changed according to the needs of the investigator.

2.5. Adjust the voltage and flow rate and keep them both constant during the encapsulation
process at 60 mm/h flow rate and 6.0 kV initial voltage to produce microcapsules size of ~150
pum.

2.6. Connect the clip of anode wire (red) of a high voltage generator needle tip to the needle
and connect the ground clip (black) to the copper wire that is halfway submerged in the gelling
bath. One batch of the alginate + cell mixture (1 mL) takes approximately 30 min to prepare the

encapsulated cells (approximately 25,000 microcapsules).

2.7. Wash the formed microcapsules containing cells with washing solution (10 mM HEPES
buffered saline containing 1.5 mM CaCl,, pH = 7.4) twice. Do not use PBS for washing.

2.8. Incubate the encapsulated cells with 10% FBS supplemented DMEM media in a humidified
incubator at 37 °C and 5% CO,.

NOTE: Encapsulation process instruments are depicted in Figure 1.

3. Confirmation that encapsulation does not affect cell viability
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3.1. After incubating the encapsulated cells for 24 h in media, prepare a small sample of 500 uL
(~30 microcapsules) for staining.

3.2. Wash the microcapsules 2x using washing solution (10 mM HEPES buffered saline
containing 1.5 mM CaCl) and stain them for live-dead viability using a live/dead assay kit.

3.3. Prepare a staining mixture of calcein AM (acetoxymethyl) and ethidium homodimer-1 at
final concentrations of 2 uM and 4 uM, respectively.

3.4. Add 2 mL of the staining mixture to the encapsulated cells and incubate for 30—45 min in
the dark at room temperature (RT).

3.5. With careful aspiration, aspirate the staining solution and wash the microcapsules 2x with
the washing solution. Use a fluorescent microscope system to observe and image the
encapsulated cells.

NOTE: Documentation of encapsulation is depicted in Figure 2.
4. Confirmation that capsules are the appropriate size for delivery and delivery of the biologic

4.1. Intravitreal injections in a mouse eye are typically performed with a 27 G blunt-tip needle
(inner diameter of 210 um) attached to a 2.5 pL Hamilton syringe.

4.2. Generate capsules ranging from 100 to 200 um, dilute them in serum-free media, and
carefully pull them up into the Hamilton syringe. PBS is not a suitable vehicle, as alginate
capsules will dissolve in PBS.

4.3. Slowly eject 1 pL drops containing capsules onto a microscope slide and determine their
integrity using an upright bright-field microscope.

4.4. Adjust the capsule size (see step 2.3) by adjusting voltage and flow rate accordingly.
Smaller microcapsules are produced in a nonlinear fashion by increasing voltage and slightly
decreasing flow rate®. In our hands, capsules of 150 um in diameter proved to be most suitable.
Adjustment of capsule size is also dependent on keeping the alginate concentration constant
while changing the other parameters.

4.5. Maintain a separate set of cells in capsules of the appropriate size in serum-free medium to
determine the amount of secretion of the desired biologic. Use sensitive ELISAs or western
blotting to determine the concentration of the biologics in the supernatant.

4.6. Determine the required amount of capsules that need to be injected based on the known
PK/PD (pharmacokinetics/pharmacodynamics) of the therapeutic. In our hands, 10 capsules per
mouse eye proved to be most efficacious.
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5. Capsule delivery into mouse vitreous

5.1. Perform intravitreal injections using a dissecting microscope. See Figure 3 for surgical set-
up and materials used during the procedure. A detailed protocol for intravitreous injections can
be found elsewhere?®,

5.2. Anesthetize mice by intraperitoneal injection of xylazine and ketamine (20 mg/kg and 80
mg/kg) or other preferred anesthetics approved by the specific institution’s Animal Care and
Use Committee. Ensure the appropriate depth of anesthesia using a toe pinch?'’.

5.3. Dilate the mouse pupils with phenylephrine HCL (2.5%) and atropine sulfate (1%) to allow
for good visibility of the vitreous chamber and apply a lubricant eye gel to the eyes to keep
them hydrated during the procedure.

5.4. Puncture the sclera at the limbus with a 26 G needle as the guide hole, making sure that 1)
the needle is at a 45° angle with the eye and table and 2) the beveled tip is pointed upwards to
avoid puncturing the lens.

5.5. Carefully inject the capsules using a 27 G blunt-tip needle attached to a Hamilton syringe at
a 45° angle under visual inspection, making sure to avoid touching the lens with the needle.
Injury of the lens will lead to cataract formation. The capsules should be visible in the vitreous
using the dissecting microscope (Figure 4A).

5.6. After retraction of the needle, treat the injection site with antibiotic ointments neomycin
and polymyxin B sulfates in addition to dexamethasone ophthalmic antibiotic ointment.

5.7. Apply goniotaire hypromellose demulcent ophthalmic solution (2.5%) to both eyes to
prevent the corneas from drying out during the recovery period.

5.8. Place the mouse on a heating pad held at 37°C and monitor until fully awake.
5.9. A successful injection of encapsulated ARPE-19 cells should reveal the presence of intact
capsules in the vitreous chamber of the mouse with only minor amounts of debris when

imaging the eye by optical coherence tomography or other methods (Figure 4B).

5.10. The injected mouse eye, after a few days of recovery due to the surgery, is now ready for
the experimental paradigm at hand.

NOTE: The surgical set-up and documentation of capsules in the eye are depicted in Figure 3
and Figure 4, respectively.

REPRESENTATIVE RESULTS:
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ARPE-19 cells are a spontaneously immortalized human RPE cell line that has been shown to be
amenable to encapsulation and long-term survival upon implantation of capsules into the eye.
The tools for alginate encapsulation are shown in Figure 1. In this study, it was demonstrated
that upon encapsulation in alginate, the cells in alginate capsules were confirmed by bright-field
imaging (Figure 2A). Live-dead assays were performed on the cells inside the capsules,
demonstrating 90% viability post-encapsulation (Figure 2B). To ensure long-term viability of the
cells inside capsules, capsules were dissolved in sodium citrate and cells were then re-plated
(Figure 2C). After confirming in independent experiments that the stable transfected ARPE-19
cells expressed and secreted the biologic that was desired*4, and after establishing the
parameters for safely encapsulating cells, capsules were produced for intraocular injection.

Intravitreal injections into the mouse eye requires the use of a 27 G blunt-tip needle (inner
diameter of 210 um) and accurate delivery system to consistently inject the required small
volume of 1 pL. The size of capsules that were not damaged during ejection through the 27 G
needle was confirmed by microscopy (Figure 2A). An optimal size of 150 um was identified.
Intravitreal injection was performed under visual inspection, which allowed the visualization of
capsules in the vitreous (Figure 4A). Likewise, OCT imaging was performed, which confirmed
that a majority of capsules in the vitreous chamber of the mouse were intact with relatively
minor amounts of debris (Figure 4B). In follow-up published experiments, it was confirmed that
the desired biologic was present in the eye at therapeutically relevant doses, inhibiting the
disease process under investigation'*. These results confirmed that encapsulated cells can
safely be injected into mouse eyes for the long-term delivery of biologics.

FIGURE LEGENDS:

Figure 1: Encapsulation process instruments. The set-up includes (A) a 3 mL syringe, (B) 0.2 um
filters, (C) a 30 G, % inch blunt-tip needle, (D) an electronic syringe driver, (E) a high voltage
generator, (F) the system set-up, and (G) a 7 mm fixed distance between the needle tip and
gelling solution surface.

Figure 2: Cell encapsulation. (A) Microcapsules filled with ARPE 19 cells. (B) Live/ dead assay:
[a] red fluorescent color indicates dead cells, and [b] green fluorescent color indicates live cells.
(C) Cultured cells after recovery from microcapsules beginning with a small cluster growing to
confluency. Scale bars represent 100 um.

Figure 3: Surgical set-up. A dissecting microscope (1) with a video camera (2) is used to
visualize the procedure. The mouse is weighed (3) to administer the appropriate amount of
anesthetic and placed on a small platform (4) to ease handling and injection. Eyes are dilated
with mydriatics atropine and phenylepinephrin (5) and are kept hydrated with lubricant (6). A
guide hole is punctured just outside the limbus using a 26 G needle (7). The glass syringe (8),
loaded with appropriately diluted capsules (9), is placed at a 45° angle to the mouse eye and
advanced through the guide hole, using a micromanipulator (10). The needle track as well as
the capsules being released can be visualized [(11); see Figure 4]. Upon retraction of the
needle, the cornea is moistened with hypromellose (12) and antibiotic ointment (13) applied to
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the injection site to avoid infection. Following the procedure, the mouse will be placed on a 37
°C heating pad and monitored until fully awake.

Figure 4: Encapsulated cell technology to deliver ARPE-19 into the eye. (A) Injections are
performed using a blunt 27 G needle attached to a Hamilton syringe. The needle track can be
followed as the tip of the needle enters the eye, avoiding the lens and the capsules (arrowhead)
can been visualized, magnified by the optical system of the mouse eye. It should be noted that
the circular reflection of the light source. (B) Capsules (arrowhead) can be imaged in the
vitreous using optical coherence tomography. Scale bars represent 200 um. Panel B was
reprinted with permission from Annamalai et al.'4

DISCUSSION:

This cell encapsulation technique is relatively quick and easy to perform; however, certain
points must be kept in mind to obtain accurate downstream results. Cells should be maintained
in culture in a Petri dish prior to encapsulation and held at proper confluency. Encapsulation
should be performed in a proper ventilation hood with regulated air flow, if possible. Too
strong of an air current can affect capsule formation, especially in long-term experiments.
Sterile utensils and solutions are critical for long-term maintenance of cells within the capsule.

At present, live-dead staining is used as a confirmatory tool to determine the viability of cells
within the capsules. The number of cells per capsule and under the current condition (i.e.,
normally 12—-20 cells per capsule) are also visually determined. The viability of each batch of
encapsulated cell batches are monitored by this method. To further determine the viability of
the cells, encapsulated cells are dissolved and re-cultured. This further demonstrates the
viability and integrity of cells within the capsules, validating successful cellular encapsulation.

The parameters used for cellular encapsulation have been established for this particular cell
type. The parameters stated above are those used for the encapsulation of ARPE 19 cells for
these experiments. Flow rate, alginate concentration, voltage applied, and secondary coating of
the capsules are all variables that can be adjusted for appropriate use of the capsules. Likewise,
the amount of capsules required for a given experiment needs to be determined either
empirically or based on the known PK/PD of the biologics. It is important to always perform
appropriate control experiments, adding empty capsules to control for the presence of the
capsules and capsules loaded with untransfected ARPE-19 cells to control for the presence of
secreted factors. ARPE-19 cells can also be stably transfected with a control plasmid, as the
presence of even a small number of capsules in the small vitreous of the mouse (<10 pL)
appears to alter the normal physiology of the eye. Within this context, it is important to know
the secretome of APRE-19 cells under encapsulation conditions (as well as in the presence of
vitreous in a particular disease condition), as the secreted proteins may interfere with the
efficacy of the biologic under investigation.

Finally, this technique was implemented to provide proof-of-principle for long-term delivery of
complement inhibitors for the treatment of AMD and to improve the current method of
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intravitreal injections!. At the current stage of development, complement inhibitors are
injected into the vitreous, typically using monthly injections. This includes injection of the
complement factor D blocking antibody lampalizumab?®, which failed in a phase lll clinical trial
to reduce the progression of geographic atrophy, or the complement factor 3 inhibitor APL-2%°,
which is currently in a phase lll clinical trial.

Intravitreal injection is hampered by side effects of the injection itself (i.e., risk of retinal
detachment, rise in intraocular pressure, endophthalmitis, etc.). In addition, drug levels will
vary significantly over the course of the month upon monthly intravitreal injections, and
rebound reactions may be expected. As an alternative, gene therapy strategies are being
developed, such as the soluble CD59 complement inhibitor?°, which is currently in a phase |
clinical trial. Encapsulated cells also allow for the continuous production of a biologic for
extended periods of time and can be terminated (i.e., explanting of the capsule), if required.

To date, we have only tested for production of a biologic over the course of ~6 weeks'*. It
should be noted that the method described here should only be used for proof-of-principle in
animal models and not for use in patients, as the alginate capsules are not sufficiently stable to
completely prevent shredding during the injection and are not expected to last more than a few
weeks. In contrast, a solid device such as that developed by Neurotech can last for years?! to
deliver the required factors?%?4. In addition, this new technique can also be combined with
encapsulated drug delivery. Overall, it is expected that this emerging field will rapidly develop
as an alternative strategy for repeated injections of therapeutics of gene therapy.
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3 mL Syringe BD
30 G 1" Blunt needle SAl Infusion technology
Alginic acid sodium salt, from brown .
Sigma
algae
Atropine Sulfate Ophthalmolic
solution (1%) Akorn
BD 1 mL Syringe 26 G x 3/8 (0.45 Becton, Dickinson and
mm x 10 mm) Company
Calcium chloride, Anhydrous, .
Sigma
granular
GenTeal Tears Alcon

Goniotaire: Hypromellose (2.5%)
Ophthalmolic Demulcent Solution  Altaire Pharmaceuticals Inc.
Hamilton Needle/syringe Tip: 27

Gauge, Small Hub RN NDL, custum Hamilton
Hamilton Syringe: 2.5 uL, Model 62
RN SYR, NDL Sold Separately Hamilton
HEPES buffer, 1M Fisher Bioreagents
High voltage generator ESD EMC Technology

LIVE/DEAD Viability/Cytotoxicity Kit Thermofisher Scientific

L-Ornithine hydrochloride, 99% Alfa Aesar
Neomycin and Polymyxin B Sulfates
and Dexamethasone Ophthalmolic SANDOZ
Phenolephrine Hydrochloride
Ophthalmolic Solution (2.5%) Akorn
Sodium Chloride Sigma
Sterile syringe filters, 0.2 um VWR

Syringe pump GRASEBY

L]


https://www.editorialmanager.com/jove/download.aspx?id=1058433&guid=3261eb53-da36-499c-ba44-2884f1193889&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1058433&guid=3261eb53-da36-499c-ba44-2884f1193889&scheme=1

Catalog Number
309656
B30-100
A0682

NDC 17478-215-15

DG518105 500029609 REF 309625

C1016

NDC 0078-0429-47

NDC 59390-182-13

7803-01

7632-01

BP299100

ES813-D20

L3224

A12111

NDC 61314-631-36

NDC 17478-201-15

S-5886

28143-312

MS16A

Comments/Description

for pupil dilation
to generate the guide
hole

to lubricate the eyes

during anesthesia
to lubricate the eyes

during anesthesia
for intravitreal delivery of

capsules
for intravitreal delivery of

capsules

antibiotic to prevent
infection after intravitreal

for pupil dilation



Author License Agreement (ALA)

jove

VISUALIZED EXPERIM:

Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement-Rohrer.pdf

ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Encapsulated cell technology for the delivery of biologics to the mouse eye.

Author(s):

Marwa Belhaj, Balasubramaniam Annamalai, Nathaniel Parsons, Andrew Shuler
Jay Potts and Barbel Rohrer

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

Standard Access

Item 2: Please select one of the following items:

D Open Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Baerbel Rohrer
Department:
Ophthalmology
Institution:
Medical University of South Carolina
Title:
Professor and Endowed Chair
Signature: j;cz.\?’% [zefi\\v Date: 4/24/2019

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Storm Eye Institute

E\ % Ophthalmology
i 167 Ashley Avenue, MSC 676
i MUSC Health Charleston, SC 29425
Medical University of South Carolina Office 843-792-2020

Fax 843-792-1166
MUSChealth.org/eyes

05/22/2019

Dear Review Editor:

We are pleased to resubmit our revised research article entitled “Encapsulated cell technology
for the delivery of biologics to the mouse eye” for consideration a Research Article to JOVE.

We thank the reviewers and the editor for providing us with constructive criticism. We have
carefully addressed their suggestions and concerns as indicated below.

Editorial comments:

General:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are
no spelling or grammar issues.

All authors have carefully proofread the manuscript as requested.

2. Please ensure that the manuscript is formatted according to JOVE guidelines—/etter (8.5 x
11”) page size, 1-inch margins, 12 pt Calibri font throughout, all text aligned to the left margin,
single spacing within paragraphs, and spaces between all paragraphs and protocol
steps/substeps.

The manuscript was formatted as requested

3. For in-text formatting, corresponding reference numbers should appear as numbered
superscripts (without parentheses) after the appropriate statement(s).

We apologize for the oversight. The correct style for references was used in the revised
manuscript.

4. Please include email addresses for all authors.
All emails are included as requested.

5. Please include at least 6 key words or phrases.
Additional keywords were added.

6. Please include a summary before the abstract that clearly describes the protocol and its

applications in complete sentences between 10— and 50 words, e.g.: “Here, we present a
protocol to ...”

“An equal opportunity employer, promoting workplace diversity.”
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A summary was added as requested.

7. JOVE cannot publish manuscripts containing commercial language. This includes trademark
symbols (™), registered symbols (®), and company names before an instrument or reagent.
Please limit the use of commercial language from your manuscript and use generic terms
instead. All commercial products should be sufficiently referenced in the Table of Materials and
Reagents.

For example: Sigma-Aldrich, Acrodisc, etc.

All references to companies have been deleted in the manuscript, with the exception of the word
“Hamilton Syringe”, which if needed can be replaced with term “Microliter Syringe”.

Protocol:

1. Please include an ethics statement before your numbered protocol steps, indicating that the
protocol follows the animal care guidelines of your institution.

Added as requested.

2. There is a 10 page limit for the Protocol, but there is a 2.75 page limit for filmable content.
Please highlight 2.75 pages or less of the Protocol (including headers and spacing) that
identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized
to tell the most cohesive story of the Protocol. Remember that non-highlighted Protocol steps
will remain in the manuscript, and therefore will still be available to the reader.

The shortened protocol is appended to the end of the manuscript.

3. For each protocol step/substep, please ensure you answer the “how” question, i.e., how is the
step performed? Alternatively, add references to published material specifying how to perform
the protocol action. If revisions cause a step to have more than 2-3 actions and 4 sentences per
step, please split into separate steps or substeps.

We carefully amended each step/substep with the how question in mind.

Specific Protocol steps:
1. 2.2: How are cells counted?

2. 2.7: Please explain the electrical setup a bit more; e.g., how exactly is the needle connected?
To the anode or cathode?

3. 4.4: How do you change capsule size? You only mention conditions for 150 um-diameter
capsules.

4.5.2: How is anesthesia confirmed?
Anesthesia is confirmed by toe pinch reflex. This information was added to the manuscript.

Representative results:

1. Please include a separate ‘Representative Results’ section before the Discussion. Please
include at least one paragraph of text to explain the results in the context of the technique you
have described, e.g., how do these results show the technique, suggestions about how to analyze

“An equal opportunity employer, promoting workplace diversity.”



the outcome, etc. The paragraph text should refer to all of the figures (except for those showing
the experimental setup).
A ‘Representative Results’ section was added as requested.

Figures:

1. Please obtain explicit copyright permission to reuse any figures from a previous publication.
Explicit permission can be expressed in the form of a letter from the editor or a link to the
editorial policy that allows re-prints.

Here is the link documenting the open access policy of all the ARVO Journals starting January 1,
2016 (https://tvst.arvojournals.org/article.aspx?articleid=2427735), which covers our manuscript
from 2018.

2. Please include a scale bar for all images taken with a microscope to provide context to the
magnification used. Define the scale in the appropriate Figure Legend.
Images were amended with scale bars.

3. Figures 1 and 2 are swapped.
The order of the Figures was corrected.

4. Figure 2C: This doesn’t appear to be a protocol described in this work. Please provide more
details about this; e.g., culturing conditions, time between images, etc.
The information as added in the protocol.

Acknowledgment and Disclosures:

1. Please include a Disclosures section, providing information regarding the authors’ competing
financial interests or other conflicts of interest. If authors have no competing financial interests,
then a statement indicating no competing financial interests must be included.

The authors have no competing financial interests in the technology described. This sentence was
added as requested.

References:
1. Please ensure references have a consistent format.
All references are provided in JOVE Endnote format.

Table of Materials:

1. Please ensure the Table of Materials has information on all materials and equipment used,
especially those mentioned in the Protocol.

We have carefully updated the Table of Materials.

Reviewer #1:
Major Concerns:
Although the protocol is well described, learning how to perform cell encapsulation would

require hands on training. The authors may need to be available to provide support to ensure
success.
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We hope that the video will provide enough information for a skilled person to perform the
experiments.

Minor Concerns:
The legends for Figures 1 and 2 are reversed. Please correct.
This was corrected as requested.

Reviewer #2:

Major Concerns:
none

Minor Concerns:

The paper could benefit with "instructions™ on the method of transfection so that the protocol is
complete. Also Figures 1 and 2 are mislabeled.

We have added a reference to how to generated stably transfected ARPE-19 cells.

The order of Figures 1 and 2 was corrected as requested.

We hope that we have addressed the editor’s and the reviewer’s concerns and are looking
forward to seeing our manuscript published in JOVE.

We look forward to your response.

Sincerely,
Barbel Rohrer
Professor of Ophthalmology
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