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Background and Objectives: To examine whether ischemic retinal ganglion cells (RGCs) will be salvaged from cell
death by human adipose-derived mesenchymal stem cells (ADSCs) in an organotypic retina model.

Methods and Results: Deprived of arterial oxygen supply, whole mice retinas were cultured as an ex viwo organotypic
cultures on an insert membrane in a 24-well plate. The therapeutic potential of ADSCs was examined by co-culture
with organotypic retinas. ADSCs were seeded on top of the RGCs allowing direct contact, or at the bottom of the
well, sharing the same culture media and allowing a paracrine activity. The number of surviving RGCs was assessed
using Brn3a staining and confocal microscopy. Cytokine secretion of ADSCs to medium was analyzed by cytokine
array. When co-cultured with ADSCs, the number of surviving RGCs was similarly significantly higher in both treat-
ment groups compared to controls. Analysis of ADSCs cytokines secretion profile, showed secretion of anti-apoptotic
and pro-proliferative cytokines (threshold>1.4). Transplantation of ADSCs in a co-culture system with organotypic
ischemic retinas resulted in RGCs recovery. Since there was no advantage to direct contact of ADSCs with RGCs,
the beneficial effect seen may be related to paracrine activity of ADSCs.

Conclusions: These data correlated with secretion profile of ADSCs’ anti-apoptotic and pro-proliferative cytokines.
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Introduction

Ischemia and hypoxia are the basis for the pathogenesis
of the two main diseases that lead to irreversible vision
loss: central retinal artery occlusion and ischemic optic
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neuropathy. Hypoxia can lead to neuronal and epithelial
cell death or glial cell dysfunction in the retina (1).

Retinal ganglion cells (RGCs) are part of the inner reti-
na and initiate the visual stimuli through axonal ex-
tensions to the optic nerve and to the brain (2). RGCs are
sensitive to hypoxic damage known to be irreversible with-
in a few hours (3). To date, there is no treatment to re-
verse the hypoxic damages to the RGCs from diseases
such as ischemic optic neuropathy, or central artery
occlusion.

Mesenchymal stem cells (MSC) therapeutic potential is
broadly studied in neurodegenerative diseases research. In
preclinical models of optic nerve neurodegeneration,
transplantation of MSCs appears to attenuate neuronal
death. The neuroprotective ability of MSCs has been al-
ready noted with bone marrow MSCs transplantation into
the posterior vitreous cavity following ischemia (4).
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MSCs are known with antioxidant and neurotrophic
characteristics that support neuronal survival when trans-
planted to ectopic degenerative sites of CNS. In addition,
MSCs have immunomodulatory properties and strong
paracrine effects as they can secrete growth factors, neuro-
trophic factors, and cytokines as a response to external
stimuli (5). Subcutaneous adipose tissue is a significant
source for harvest of MSCs, since the harvest of fat can
be conducted in a minimally invasive procedure, and
yields abundant highly potent ADSCs (6).

Moreover, a recent study from our group showed a neu-
roprotective effect of ADSCs, with salvage of photo-
receptors, when transplanted into subretinal space in a
mice model of retinal degeneration. Furthermore, ADSCs’
conditioned medium (CM) exhibited a protective effect on
retinal pigment epithelium (RPE) cells after H,O, ex-
posure (7).

Organotypic retina culture technique enables to exam-
ine retina’s function and cell-to-cell interaction ex vivo
while maintaining the whole retina intact (8).

In this study we explored the therapeutic effect of
ADSCs on ischemic RGCs, focusing on cell rescue from
cell death, using a co-culture system of ADSCs with orga-
notypic retinal explant. We examined the effect of ADSCs
while seeded directly on RGCs, or their paracrine effect
when sharing the same culture media with whole retina
explant. Moreover, we studied the cytokines secretion pro-
file of ADSCs by cytokine array.

Materials and Methods

Ethical approval and statements of human and animal
rights

All clinical procedures involving patients were in ac-
cordance with the declaration of Helsinki and approved
by the TLVMC Institutional Review Board (IRB) (Helsinki
Committee, approval number 920120440); Informed con-
sent was obtained from all patients. The study protocol
was adhered to the ARVO Statement for the Use of
Animals in Ophthalmic and Vision Research.

Organotypic adult retinal explant - culture and
maintenance

Organotypic retinal explants were prepared as pre-
viously described (9). Briefly, adult male wild type C57Bl/
6 mice were euthanized, and retinas were dissected from
enucleated eyes. The retinas were transferred onto a cell
culture insert with the RGC facing upwards. The insert
was placed into 24-wells plate with a medium containing
Neurobasal-A (Thermo-Fisher Scientific), B-27 (Invitrogen),

N2 (Thermo-Fisher Scientific) and penicillin-streptomycin
solution (Biological Industries) (Fig. 1; schematic diagram).

Isolation and maintenance of ADCSs

Adipose tissue was harvested from subcutaneous ab-
dominal human fat from 2 patients undergoing abdomi-
noplasty, with mean age of 70.46+10.69. No severe medi-
cal history was reported.

The isolation and culture of ADSCs was performed as
previously described (9). Briefly, 60~120 ml of lipoaspi-
rates were enzymatically digested using 0.75% collagenase
type I (C1639, Sigma-Aldrich, Germany), and centrifuged
at 400-g for 15 minutes. 1x10° cells were plated with
ADSC medium and incubated at 37°C, 8% CO, upon
reaching 90% confluency. Experiments were performed at
passages 3~4. Cells exhibited classical mesenchymal stem
cell markers (positive to CD90, 105, 29, negative to CD34)
(CD90: 100£1.98, CD73: 97+5.2, and CD105: 97.8+1.7%
of population) as shown by immunostaining and Fluore-
scence-activated cell sorting (FACS) analysis (7).

Co-culture of ADSCs with organotypic retinas

Each retina explant was co-cultured with 20,000 ADSCs.
To evaluate whether therapeutic effect achieved by direct
contact or by a paracrine effect, the ADSCs were seeded
on top of the retinas, directly on the RGCs layer (n=4)
allowing direct contact, or on the tissue culture plate, be-
low the insert with the retinas, sharing the same medium
(n=3) (Fig. 1).

Hypoxia and RGC viability evaluated by Brn3a staining
To examine the hypoxic damage to RGCs, organotypic
retinas were analyzed at different time points (TO0, T24,
T48, T72 hours). Surviving RGCs was evaluated and quan-
tified using immunohistochemistry staining of Brn3a, a
known marker of RGCs viability (10).
Retinas were fixed using 4% paraformaldehyde (Sigma-
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Fig. 1. Schematic diagram of the study. Two co-culture techniques
of organotypic retinas with ADSCs. (A) ADSCs seeded on 24-well-
plate sharing the same culture media with the organotypic retina,
for studying the cells’ paracrine effect. (B) ADSCs seeded on top
of the retina with direct contact with RGCs for studying the cell’s
direct contact effect. Blue is the tissue culture 24-well-plate. Black
is the insert. Red is the retina. Green are ADSCs.
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Aldrich), before incubating retinas with anti-Brn3a anti-
body (Santa Cruz Biotech) at 4°C for overnight, tissues
were incubated with blocking solution (1% bovine serum
albumin (Sigma-Aldrich), 5% normal goat serum (Thermo-
Fisher Scientific). The Next day, tissues were incubated
with secondary antibody (AF488 goat anti-mouse, Invitrogen,
USA). The retinas were flat mounted and evaluated by
LSM-700 confocal microscope (Zeiss).

Human cytokine antibody array

The paracrine activity of ADSCs was studied by cyto-
kines array on collected culture medium. ADSCs medium
was replaced with serum-free medium and incubated for
48 h. the medium was then collected and centrifuged at
4,500 rpm for 5 min. supernatants were collected for
analysis. Levels of cytokines and growth factors were
measured using Ray-Bio® Human Cytokine Antibody
Array G10 (Thermo-Fisher Scientific).

Statistical analysis

Studied groups of ADSCs seeded directly on retinas
(n=4), ADSCs seeded on the plate below the retinas
(n=3) were compared to controls comprising non treated
retinas at TO (n=4) and T48 (n=2). retinas at TO (n=4)
and at T48 (n=2), cultured and treated with CM with no
ADSCs.

The average number of Brn3a positive cells, from 4 dif-
ferent areas, was taken for each examined retina.

Kruskal-Wallis test was conducted to examine differ-
ences in number of Brn3a positive cells between studied
groups. A significant difference (p<0.001) was detected;
then, we conducted post-hoc analysis tests to compare the
groups placed above and below at T48 (p=0.001 for both).

To examine the possibility of a difference between TO

T24

Average number of
Brn-3a+ cells/area

T72

and the treatment groups, we also performed a Kruskal-
Wiallis test which compared the medians of the groups.

Results

Effect of hypoxia on RGCs viability in the organotypic
retina

The organotypic retina is deprived of arterial blood sup-
ply, hence may use as a model for examining hypoxic ef-
fect on RGCs at different time points. We evaluated the
surviving RGCs in hypoxic retinas at T0, T24, T48, and
T72 hours post dissection, using Brn3a staining. We ob-
served that the number of viable RGCs decreased in a
time dependent manner, as shown in Fig. 2E (T0=160=
31, T24=72=+5.8, T48=32=+5.7, T72=0).

ADSCs prevent death of RGCs in hypoxic conditions
ADSCs seeded above or below the ischemic retinas at
T48, lead to a significant increase in Brn3a positive cells
compared to controls. No significant difference was found
between the treatment groups suggesting that direct con-
tact of ADSCs with RGCs did not contribute to the pos-
itive effect, but rather ADSCs paracrine activity.
Interestingly, the number of viable RGCs at T48 was
slightly higher in both treatment groups when compared
to number of viable RGCs in controls at TO (Fig. 3).

Paracrine activity of ADSCs

To further characterize the paracrine activity of ADSCs,
we analyzed the cytokine secretion profile of ADSCs using
Ray-bio-Antibody Array on ADSCs CM. We found that
the most abundant cytokines secreted in all samples were
Osteoprotegerin, TIMP-1 and TIMP-2 (Fig. 4) known for
their anti-apoptotic and pro-proliferative traits (11-13).

Fig. 2. Time depended effect of hy-

poxia on RGCs viability. Retinas

were extracted and cultured as orga-

notypic culture for different periods

of times. Viability of RGCs was eval-
= uated by staining for Brn3a. Repre-
sentative pictures of retinas stained
for Brn3a at (A) TO, (B) T24 hours,
(C) T48 hours, (D) T72 hours. (E)
Summary of time-dependent effect
of hypoxic conditions on viability of
RGCs. Bar=100 #m. Data are rep-
resented as mean +SEM. The experi-
ment was conducted on 2 to 5 reti-
nas per time point.
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These data may explain the increase of Brn3a positive cells
after ADSCs treatment compared to controls at 48 h as
well as compared to control at T=0.

Discussion

In this study, we examined the protective effect of
ADSCs on RGCs survival in ischemic retinas in a co cul-
ture system with organotypic retinas. We demonstrated a
time-dependent effect of hypoxia on RGCs viability. Next,
we showed that treatment with ADSCs either by direct
contact with RGCs or by paracrine activity resulted in sal-
vage of RGCs from cell death. We also analyzed the cyto-
kines secretion profile of CM of ADSCs and found it to
be rich with anti-apoptotic and pro-proliferative cytokines.

We have found escalating damage to RGCs with time,
evident by fewer viable Brn3a positive cells with increas-
ing time from tissue dissection, with extensive death rate

T48-ADSCs

paracrine

IGFBP-6

C
> Fig. 3. Representative picture of
= Brn3a staining at 48 hours. (A) Control
3 organotypic retinas cultured in same

conditions without ADSCs. (B) Retinas
treated with ADSCs seeded with di-
rect contact on top of the RGCs. (O)
Retinas treated with ADSCs seeded
on tissue culture plate below the
insert. Graphic summary of ADSCs
regenerative potential at 48 hours.
(D) Retinas treated with ADSCs on
top of the retina and below the reti-
na exhibited significantly more via-
ble Brn3a+RGCs as compared to
controls of retinas cultured for 48
hours with no treatment. Bar=100
#m. Data are represented as mean+
SEM.

Fig. 4. Cytokine secretion profile of
ADSCs conditioned medium. Medium
containing secreted proteins of ADSCs

Mean Pixel Density

I obtained from 2 donors was ana-
? I8

ESE & lyzed for the 20 most abundant cyto-

e 8 . . . ® .

z :%'3 kines using RayBio~ Human Cytokine

Antibody Array. Threshold for signifi-
cant change was set at >1.4.

at 48 h and almost absolute cell death at 72 h. These data
are consistent with the irreversible damage to vision in
retinal and optic nerve ischemic diseases that are observed
in humans (14). As most patients will need medical help
at around 48 h from onset of symptoms (15), our model
of treatment at 48 h is in line with clinical setting
demands. Moreover, treatment with ADSCs resulted in
rescue of ischemic RGCs even after 48 h. Considering
these data, ADSCs may serve as a potential cell therapy
module in the treatment of dying RGCs in glaucoma.
ADSCs can serve as an origin of antioxidants, free radi-
cal scavengers and heat shock proteins at the site of tissue
insult (16). We found that direct contact and paracrine ac-
tivity resulted in salvage of RGC with no significant pref-
erence for either method, implying to a paracrine activity
that led to salvage of RGCs rather than direct contact of
ADSCs. These data are compatible with our analysis in
this study of ADSCs CM that was shown to be enriched
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with anti-apoptotic and pro-proliferative cytokines.

It was previously shown that ADSCs secrete neuro-
trophic factors such BDNF and HGF (7). In this study,
we found that the most abundant proteins secreted in all
samples were Osteoprotegerin (OPG) and TIMP-1/2.

It has been reported that OPG binding to TNF-related
apoptosis-inducing ligand (TRAIL) inhibits TRAIL/TRAIL-
Receptors interaction, as revealed by the inhibition of
TRAIL-induced apoptosis. OPG also known as a receptor
activator of nuclear factor-kappaB ligand (RANKL)/
RANK. Enhanced RANKIL/RANK signaling showed neu-
roprotective effects with reduced expression in inflamma-
tory cytokines and may potentially decrease inflammation
through a Toll-like receptor signaling pathway in micro-
glia (17).

TIMP-1and TIMP-2 are highly secreted by ADSCs and
known for its anti-apoptotic properties in ischemic brain
injury and retinal degeneration (11). Thus the secretion
of OPG and TIMP by ADSCs may suggest a potential
mechanism of action in salvage of ischemic RGCs when
co cultured with ADSCs. A future study should examine
whether or not blockage of this secretion will atlter the
therapeutic effect seen here. Another exciting aim to ex-
plore in future study is the secretion profile of ex-
tracellular vesicles derived from ADSC and its effect in
a co culture with organotypic retinas.

We observed that after treatment with ADSCs, the num-
ber of viable RGCs was higher at T48 than at TO. This
implies that treatment with ADSCs may have contributed
to RGCs proliferation, a fact that may be explained by the
secretion of pro-proliferative cytokines we have found in
ADSC’s CM. This finding could possibly explained by
Miiller cells conversion to RGCs converted, as a response
to ischemic insult, and also expressed Brn3a. Wei et al.
(18) previously showed that retinal neuronal identity
switching, triggered migration of amacrine interneurons
from the inner nuclear layer to the RGCs layer which may
imply that neurons exhibit surprisingly unexpected plasti-
city, which could result in regenerative manifestations.

To the best of our knowledge, this is the first study to
examine the effect of MSCs harvested from subcutaneous
adipose tissue on ischemic organotypic retinas. This pop-
ulation of stem cells is attractive for future development
of autologous cell therapy due to their accessibility and
potency (6). Moreover, since adipose tissue has a relatively
low oxygen supply, MSCs isolated from adipose tissue are
more resilient to ischemic conditions and thus, may be
more suitable as a therapeutic tool in ischemic settings
(19).

In conclusion, this study showed that transplantation of

ADSC:s significantly improved recovery of RGCs in ische-
mic retinas, probably via paracrine pathways, and suggest
the potential of using these cells in future studies of re-
generative therapy for ischemic retinas and ischemic
RGCs.

We acknowledge several limitations to our study. First,
the insufficient size of the cohort, and we did not include
a study group in which only CM from ADSCs was used
to treat ischemic retinas. These points are beyond the scope
of this study and may be a subject for future research.
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