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Abstract

Purpose To evaluate the feasibility, safety, and biocompatibility of intravitreal injection of human mesenchymal stem cells
(MSCs) in immunocompetent pigmented rabbits.

Materials and methods Thirty-two pigmented rabbits (24 females, 8 males; Chinchilla-New ZealandWhite) were divided into 8
groups of 4 animals. Commercially prepared human MSCs were injected (0.05 ml) into the post-lens vitreous of the right eyes.
Groups 1 and 4 received isotonic medium (Ringer lactate-based), groups 2, 5, 7, and 8 received a low dose of 15 × 106 cells/ml.
Groups 3 and 6 received a high dose of 30 × 106 cells/ml. Clinical signs were evaluated and scored before MSCs injection and
weekly for 2 or 6 weeks. Animals were sacrificed at 2 or 6 weeks after injection. Eyes, liver, spleen, and gonads were assessed by
histology and by fluorescent in situ hybridization to evaluate survival and extraocular migration of MSCs.

Results There were no relevant clinical findings between control andMSC-injected rabbit eyes at any time point. There were also
no relevant histological findings between control and MSC-injected rabbits related to ocular, liver, spleen, or gonad tissues
modifications. MSCs survived intravitreally for at least 2 weeks after injection. Extraocular migration of MSCs was not detected.

Conclusions MSCs are safe and well-tolerated when administered intravitreally at a dose of 15 × 106 cells/ml in pigmented
rabbits. These findings enable future research to explore the intravitreal use of commercially prepared allogenic human MSCs
in clinical trials of retinal diseases.
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Introduction

Neurodegenerative diseases of the retina and optic nerve affect
approximately 40 million people worldwide [1]. Non-arteritic
ischemic optic neuropathy (NAION) constitutes the most
prevalent ischemic optic neuropathy and produces irreversible
unilateral visual loss in people over 50 years of age [2]. This
disease is caused by an infarct of the optic nerve head (ONH)
and is clinically characterized by sudden and painless loss of
vision in one eye, with visual field defects, dyschromatopsia,
and optic disc swelling followed by optic nerve atrophy at 6–
8 weeks [3]. Fellow eye involvement is described in 15–25%
of patients at 5 years, and no effective treatments are currently
available. Various medical approaches have been used such as
acetylsalicylic acid [4, 5], optic nerve decompression surgery
[6], corticosteroids [7], levodopa [8], diphenylhydantoin, es-
trogens [9], erythropoietin [10], brimonidine [11], and
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ranibizumab [12]. None of them have proven to be effective in
enhancing visual function of patients with NAION, and there
is no therapy for prevention of fellow eye involvement. One
option that has not been fully explored is cell-based therapy,
which could provide an all-encompassing approach to treat
NAION [13].

Mesenchymal stem cells (MSCs) are multipotent and self-
renewing cells that are derived from bone marrow, adipose
tissue, umbilical cord, placenta, and other mesenchymal tis-
sues. They can be induced to differentiate into bone marrow,
cartilage, muscle, lipid, myocardial, glial cells, and neurons
[14, 15].MSCs therapy includes the ability to replace lost cells
[16] and, furthermore, provide neurotrophic factors with para-
crine actions to the damaged area. These factors can modulate
the microenvironment of diseased tissues, promote cell sur-
vival, and activate endogenous repair mechanisms [17].
MSCs have some features that make them interesting for cell
therapy application. They are easy to isolate and expand rapidly
after a short period of dormancy [18]. They are free of ethical
issues associated with the harvesting of embryonic stem cells
[19]. Also, MSCs are considered to be Bimmunoprivileged^
because they do not express on their surfaces major histocom-
patibility complex class II antigens, which are associated with
transplant rejection [20]. This advantage allows the use of either
autologous or allogenic MSCs [21].

There are two major options for the clinical application of
MSCs in retinal and optic nerve diseases: cell replacement and
neuroprotection via paracrine effects. However, cell replace-
ment remains untenable, as the required massive differentia-
tion of MSCs into functional retina cells is not currently fea-
sible. On the other hand, neuroprotective use to rescue
degenerating optic nerve and retinal cells is already available
by autologous transplantation [18]. Cytokines and growth fac-
tors secreted byMSCs have trophic, immunomodulatory, anti-
apoptotic, and proangiogenic properties [22]. According to
this approach, MSCs effectiveness may result from the pro-
duction of factors that promote endogenous neuronal growth
and angiogenesis, encourage synaptic connection and
remyelination of damaged axons, decrease apoptosis, and regu-
late ion of inflammation [22]. MSCs express a variety of neuro-
trophic factors, such as brain-derived neurotrophic factor
(BDNF), ciliary neurotrophic factor (CNTF), glial-derived
growth factor (GDGF), insulin-like growth factor 1 (IGF1), nerve
growth factor (NGF), and basic fibroblast growth factor (bFGF),
among others, that have proven effectiveness in the protection of
injured retinas and optic nerves [23, 24]. Recent experimental
studies in mice were conducted to evaluate MSCs usefulness
for treating retinal diseases [25, 26]. However, the mouse vitre-
ous volume is very small compared to the human [27], and
extrapolation of dose-efficacy data is complicated between those
species. In the current study, we evaluated the feasibility, safety,
and potential extraocular migration of human allogenic bone-
marrow MSCs after intravitreal injection in immunocompetent

pigmented rabbits. Successful outcomes regarding these three
parameters are a prerequisite for attempting to introduce intravit-
real cell therapy into clinical practice.

Materials and methods

Cells

Bone-marrowMSCs from adult human donors, cryopreserved
and reexpanded ex vivo, were provided under the trade name
MSV® by Citospin S.L. (Valladolid, Spain). These cells have
been approved by the Spanish Drug Agency (AEMPS) for
autologous and allogenic use in several clinical trials of
traumatology, ophthalmology, and cardiology (Eudra-CT
2005–005498-36, 2008–001191-68, 2009–0170450-11,
2010–023535-43, and 2011–005321-51). The company
operates under Good Manufacturing Practice (GMP) regula-
tions and holds a protocol registered as PEI 15–007 by the
AEMPS. The cells were provided in syringes (1 ml, Luerlook;
Becton Dickinson, Huesca, Spain) pre-filled with either 15 ×
106 cells/ml or 30 × 106 cells/ml, in a volume of 0.1 ml of
isotonic medium. This medium is composed of Ringer lactate
(B. Braun, Barcelona, Spain) supplemented with 0.1% human
albumin (CSL Behring S.A., Barcelona, Spain) and 5 mM
glucose (B. Braun).

Experimental animals

The use of animals in this study was in accordance with the
recommendations of the Association for Research in Vision
and Ophthalmology (ARVO) for the Use of Animals in
Ophthalmic and Vision Research. This study was approved
by the Animal Research and Welfare Ethics Committee of the
University of Valladolid (Spain) in agreement with European
(Council Directive 2010/63/UE) and Spanish regulations (RD
53/2013). Female (n = 24) and male (n = 8) pigmented rabbits
between 3 and 4 kg and 26- to 30-week-old Chinchilla-New
Zealand White (Granja Riera, Barcelona, Spain) were includ-
ed in the study. The animals were not immunosuppressed and
showed normal findings upon complete ophthalmic examina-
tion and systemic evaluation before starting the study. To de-
termine the best tolerated dose, the female rabbits were ran-
domly divided into groups 1, 2, and 3, with 42 days of follow-
up, and groups 4, 5, and 6, with 14 days of follow-up. Groups
1 and 4 were controls and received an intravitreal injection of
isotonic medium. Groups 2 and 5 received an intravitreal dose
of 15 × 106 cells/ml (low dose). Groups 3 and 6 received an
intravitreal dose of 30 × 106 cells/ml (high dose). In all cases,
the injected volume was 0.05 ml. The male rabbits were ran-
domly divided into groups 7 and 8, with 42 and 14 days of
follow-up, respectively, and received only the dose best
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tolerated by the female rabbits. Weight assessment during the
follow-up was taken as a general marker of animal welfare.

Intravitreal injection technique

In a single-blind experimental study, intravitreal injections
were carried out by a trained ophthalmologist (SLV) under a
surgical microscope (Leica M844, Leica Microsystems,
Wetzlar, Germany). The injection of control or MSV® media
was performed on the right eye of each rabbit. The animals
were anesthetized by an intramuscular injection of ketamine
(30 mg/kg; Imalgene 1000, Merial, Lyon, France) and
xylacine (6 mg/kg; Rompún 2%, Bayer HealthCare, Kiel,
Germany). Pinna and pedal reflexes were used to monitor
the level of anesthesia. Prophylactic antibiotic treatment was
established with bencilpenicillin procaine/benzathine (7 IU/
kg; Shotapen LA, VIRBAC, Carros, France). Analgesia was
applied by subcutaneous injection of butorphanol (0.1 mg/kg;
Torbugesic®Vet, Fort Dodge Animal Health, Fort Dodge, IA,
USA). The periorbital area was cleansed by a solution of
povidone iodine (5% Betadine®; Meda Manufacturing,
Bordeaux, France). Topical anesthesia (Colircusí Anestésico
Doble®; Alcon Cusí SA, Barcelona, Spain) was applied on
the right eye prior to the intravitreal injection.

An eyelid speculum was placed to retract the eyelids, and
eye proptosis was mechanically induced prior to injection.
Intravitreal injections were performed with a 25-gauge needle
at 4 mm from the corneoscleral limbus in the temporal upper
quadrant of the sclera. Injections were carried out at an ade-
quate angle and depth to avoid touching the lens or damaging
the retina. The content of the injection was introduced slowly,
without changing the position of the needle inside the eye.
Before removing the needle, the conjunctiva and sclera were
pinched with a tying forceps for 1 min to minimize backflow.
Finally, ophthalmic tobramycin ointment (Tobrex® ungüento;
Alcon Cusí SA) was applied.

Clinical evaluation

Clinical evaluations were performed by a trained ophthalmol-
ogist (SDL) and a veterinarian (MLA). Clinical evaluations
were performed before and after intravitreal injection (day 0)
and on days 1, 7, 14, 21, 28, 35, and 42 after the procedure.
Complete ophthalmic examinations of the animals were per-
formed. The anterior pole was evaluated by slit-lamp
biomicroscopy (Kowa SL-15; Kowa Optimed, Inc.,
Torrance, CA, USA). The posterior pole was evaluated by
inverted ophthalmoscopy using a non-contact lens (Volk
Optical, Inc., Mentor, OH, USA) after pharmacological my-
driasis (Tropicamida Colirio; Alcon Cusí SA). Intraocular
pressure (IOP) was measured by applanation tonometry
(Tonopen®, Reichert, Inc., Depew, NY, USA). Clinical find-
ings of the conjunctiva, cornea, anterior chamber, lens,

vitreous cavity, retina, and optic nerve were graded and scored
by a modification of the Hackett-McDonald method [28]. The
severity of these clinical signs was identified and graded as
none (0), mild (1), moderate (2), or severe (3) on each day of
examination.

Histological evaluation

Endpoint observations were performed at days 14 (groups 4,
5, 6, and 8) and 42 (groups 1, 2, 3, and 7) after intravitreal
injection. Rabbits were anesthetized as previously described
and the euthanasia was performed with an intravenous injec-
tion of sodium pentobarbital (200 mg/kg; Dolethal®,
Vetoquinol, Cedex, France). The entire right ocular globe of
each rabbit was enucleated. One untreated left eye per exper-
imental group was also enucleated as a further control. A 5–0
polyglactin suture was placed at the central superior sclera to
facilitate sample orientation during tissue processing. Also, a
necropsy of each animal was performed and liver, spleen, and
gonads (ovaries or testicles) were extracted for histological
analysis.

Each tissue sample was fixed at least 12 h in 10% formalin.
The tissues were processed in an automatic tissue processor
(Leica ASP300; Leica Microsystems, Wetzlar, Germany).
Paraffin blocks from each organ were prepared and then cut
in the sagittal plane at several levels, obtainingmultiple 3-μm-
thick microscope sections. Hematoxylin and eosin (Merck
KGaA, Darmstadt, Germany)-stained slides were examined
by standard light microscopy. The ocular target tissues were
cornea, iridocorneal angle, retina, and optic nerve.

Immunochemical evaluation

Fluorescence in situ hybridization (FISH) was performed in
samples of the targeted tissues to detect and localize the pres-
ence or absence of specific DNA sequences on chromosomes
[29]. In this context, specific probes (Vysis CEP X
SpectrumOrange/Y SpectrumGreen Direct Labeled
Fluorescent DNA Probe Kit, Abbott Molecular, Inc., Lake
Forrest, IL, USA) were used to detect human DNA and thus
determine the presence or absence of MSV® cells in the eval-
uated rabbit tissues. Human liver samples were processed in
parallel as positive controls.

Statistical analysis

All data were collected in a database created in Excel
(Microsoft Office Excel 2013, Microsoft Corporation,
Redmond, WA, USA) and subsequently analyzed using
SPSS (version 24.0, SPSS, Inc., Chicago, IL, USA). The sta-
tistical significance level was set at 5% (p < 0.05). Data were
expressed as mean ± standard deviation (SD). Due to similar-
ities in female and male responses to each treatment protocol,
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when possible, female and male rabbit data were combined for
statistical analysis. Body weights were compared with the
Student’s t test for paired samples. Means of IOP of the left,
untreated eyes were taken as normal values. Analysis of IOPs
at follow-up times was performed by repeated measures anal-
ysis of variance (ANOVA) with Bonferroni correction for
multiple testing. Qualitative variables were expressed in per-
centages of frequency (%).

Results

Animals

Two animals from the control group 4 died before the intra-
vitreal injection. Those animals were not replaced because
similar age/weight rabbits were not available at the study start
point. For the control groups, the final body weights were
3.48 ± 0.71 kg and 3.87 ± 0.58 kg at days 14 and 42, respec-
tively. For rabbits receiving the low dose of MSV®, the
weights were 3.34 ± 0.64 kg and 3.53 ± 0.71 kg on days 14
and 42, respectively. For rabbits receiving the high dose of
MSV®, the weights were 3.58 ± 0.34 kg and 3.93 ± 0.65 kg
on days 14 and 42, respectively. For each group, the increase
in body weight at days 14 and 42 was significant compared to
the weight at day 0 (p < 0.05 for each comparison).

Clinical results

Clinical findings of the anterior pole There was mild or mod-
erate conjunctival congestion in ≤33% of each group on days
1, 7, and 21 after the intravitreal injection (Table 1A). There
was neither conjunctival swelling nor conjunctival discharge
in any group during the follow-up. Only 12.5% of the low-
dose group had amild loss of transparency of the cornea at day
21. No Tyndall effect was present in any group during the
follow up. Between days 14–21, 6.0–12.5% of the low-dose
group and 12.5–50.0% of the high-dose group had mild to
moderate injection of the iridial vessels (Table 1B). In the
control group, <25% of the eyes had mild opacities in the
posterior capsule of the lens, which did not change during
the follow-up period (Table 1C). The lens of eyes receiving
the low dose of MSV appeared normal on days 1 and 7, but
mild pseudo-opacities (Fig. 1A) were evident on days 14
(18.75%), 21 (37.5%), 28 (50%), 35 (37.5%), and 42
(12.5%). For eyes receiving the high dose, mild pseudo-
opacities were observed in the posterior lens capsule on days
7 (25%), 14 (63%), 21 (50%), 28 (25%), 35 (75%), and 42
(75%). The position of these pseudo-opacities changed during
the follow-up period. Upon closer histological examination
(Fig. 1B), the apparent lens pseudo-opacities could be attrib-
uted to the presence of accumulated cells in the vitreous im-
mediately behind the lens.

Clinical findings of the posterior pole The vitreous was normal
in all groups, and there were some localized opacities near the
optic nerve, corresponding with the cells injected in the low-
and high-dose groups. The retina had a normal appearance in
all groups, with no retinal detachment, retinal hemorrhage, or
vascular congestion. The optic nerve in all three groups was
normal during the follow-up period, and there was no evi-
dence of ischemia or inflammation of the ONH.

Intraocular pressure The IOP of the left, untreated eyes on day
0 was 9.17 ± 1.42 mmHg (range: 6.0–12.0 mmHg), and there
were no significant changes during the follow-up period. IOP
increased in all groups within minutes after the intravitreal
injection (p < 0.05, Fig. 2). On day 1, the IOP for the control
and low-dose group had returned to pre-injection values,
while that for the high-dose group remained slightly, but not
significantly, elevated. By day 14, the IOP of all groups was at
the pre-injection level.

Histological evaluation

There were no relevant histological findings in the ocular tis-
sues of any group at days 14 and 42 (Fig. 3). The corneal
epithelium, stroma, and endothelium were normal. The
iridocorneal angle was open and without synechia. The retinal
layers were intact and had no pyknotic nuclei, and there was
no disruption of the ONH formed by axons of the retinal
ganglion cell layer. There were also no histological modifica-
tions of liver, spleen, or gonads, and there was no evidence of
abnormal cell growth in any group (data not shown).

FISH evaluation

Analysis of the ocular tissues by FISH showed that on day 14,
MSV® cells injected in both low and high doses were present
only in the vitreous cavity, near the posterior capsule of the
lens, and the inner limiting membrane of the retina (Fig. 4).
MSV® cells were not detected inside other ocular tissues. At
the same time, MSV® cells were not detected in the spleen,
liver, or gonads. At day 42, MSV® cells were not detected in
any of the ocular or extraocular tissues evaluated.

Discussion

Some retinal diseases, such as NAION, affect a great number
of people worldwide and produce irreversible visual loss.
Currently, there is neither treatment for the affected eye nor
prophylaxis for the fellow eye. Cellular therapy has the poten-
tial to expand the therapeutic options for retinal neuroprotec-
tion needed for NAION and other retinal diseases. The pur-
pose of this study was to evaluate the safety and biocompati-
bility of MSCs injected into the vitreous cavity of healthy,
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immunocompetent pigmented rabbits. We found that MSCs,
in the form of the MSV® cells used in this study, were safe
and biocompatible with the rabbit tissues. These findings en-
able future studies to now explore their use in human clinical
trials. Currently, MSV® cells are approved for allogenic and
autologous clinical use by the AEMPS (PEI n°15–007) in the
areas of traumatology, ophthalmology, and cardiology [21, 30].

Preclinical studies of intraocular MSC injection have been
conducted in mice, but to our knowledge this is the first study
in rabbits. The vitreous volume of themouse eye (5μL) is only
0.1% of that in human eyes [27]. Studies in small eyes require
the use of small injection volumes. This is a critical parameter
because the size of cells to be injected is the same regardless of
the size of the recipient eye. Thus, it is risky to infer that the
results obtained by MSCs injection into very small eyes will
produce similar results in human eyes. Therefore, in the present
study, we used immunocompetent pigmented rabbits that have
a vitreous volume of 1.15 ml [31], which is more similar to that
of humans (with a vitreous volume of 4 ml) [31]. The larger
rabbit eye, compared to mice, allows the administration of a
larger intravitreal injection (50 μL) and therefore a greater
number of cells. Furthermore, there is currently no good model
of NAION, even though several models are described in the
literature [32], and the primate model is very difficult to use
due to ethical issues.

Based upon the more rapid stabilization of IOP after the in-
jection and the lower frequencies of clinical changes and aggre-
gations of cells in the vitreous cavity, we concluded that for the
female rabbits, the low dose of 15 × 106 cells/ml was better tol-
erated than the high dose (30 × 106 cells/ml). For that reason, the
male rabbits (groups 7 and 8) received only the low dose to
confirm that as a Bbest tolerated dose^ and to corroborate absence
of extraocular MSCs migration with similar tolerance observed
in female rabbits.We did not designate and use a separate control
group of male rabbits following the guiding principles known as
BThe three Rs^ (replace, reduce, and refine) [33], underpinning
the humane use of animals in scientific research.

The administration of MSCs for retinal diseases in animal
models has utilized three main routes: intravitreal injection,
sub-retinal injection, or intravenous systemic administration
[18]. We used only intravitreal injection because this route
seems to be less damaging to the eye than sub-retinal injection
[18]. Intravitreal injections deliver a larger volume and there-
fore more cells than can be delivered by the sub-retinal route,
and the cells are closer to the retina and ONH than when
delivered intravenously. Also, intravitreal injection is more
suitable for research on the neurotrophic properties of MSCs
because neurotrophins secreted fromMSCs can penetrate into
the retina through the inner limiting membrane, while the
MSCs themselves cannot [18].

Fig. 1 Anterior pole image and
histology of an eye intravitreally
injected with 15 × 106 MSV cells/
ml. A. Apparent opacity (pseudo-
opacity) in the posterior capsule
of the lens (white arrow). B.
Histological examination of the
posterior lens and adjacent
vitreous of the same eye revealed
the presence of accumulated cells
in the vitreous (black arrow).
There was no apparent rupture of
the lens capsule (*)

Fig. 2 Pre- and post-intravitreal injection intraocular pressure (IOP).
Immediately after the intravitreal injection (IV) of all groups, the IOP
was significantly elevated compared to the pre-IV IOP (*, p < 0.05,
ANOVAwith repeated measures and Bonferroni correction for multiple
testing). By post-IV day 1 and thereafter, the IOPs were not significantly

different from the pre-IV values. Means and standard deviation intervals
of IOP for the control group (IVof saline solution), low-dose group (IVof
15 × 106 cells/ml), and high-dose group (IVof 30 × 106 cells/ml) by time
point

130 Graefes Arch Clin Exp Ophthalmol (2018) 256:125–134



There is no specific formula to calculate the number of cells
that should be injected to achieve a specific result such as
minimal side effects and/or optimal beneficial effects. Thus,

the cellular dose used in the present study was based on pre-
clinical and clinical studies accessed through PubMed
(accessed January 2016) [25, 26, 34, 35]. In murine models

Fig. 3 Histologic images of the
cornea, iridocorneal (IC) angle,
retina, and optic nerve head 6
weeks after intravitreal injection.
For each group, the corneal
epithelium, stroma, and
endothelium were normal, the
iridocorneal IC angle was open,
and there were no iridial
synechiae. All the retinal layers
were intact and without pyknotic
nuclei. The separation of the
photoreceptors from the retinal
pigmented epithelium routinely
occurs during the processing of
eyes for histology. The optic
nerve head, formed by axons of
the retinal ganglion cell layer, was
normal in appearance. There was
no abnormal or disorganized
growth of cells into the ocular
globe. Control = vehicle injected;
low dose = 15 × 106 cells/ml; high
dose = 30 × 106 cells/ml;
hematoxylin and eosin staining

Fig. 4 Intraocular distribution of
MSV® cells. A. MSV® cells
injected in the low-dose group
were detected by fluorescent in
situ hybridization (FISH)
technique in the vitreous cavity
adjacent to the peripheral retina at
day 14. B. MSV® cells in the
vitreous cavity. C. MSV® cells
adjacent to the retina. Yellow
arrow, MSV® cells; red, human
chromosome X; green, human
chromosome Y; blue, cell nuclei
(DAPI); GCL, ganglion cell layer;
INL, inner nuclear layer; IPL,
inner plexiform layer
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of retinal diseases, the cell doses ranged between 4 × 108 and
180 × 108 cells/ml [25, 26], while the cell doses used in clin-
ical trials of several retinal and optic nerve diseases ranged
between 10 × 107 and 36 × 107 cells/ml [34, 35]. Some studies
used higher concentrations comprised of different types of
mononuclear cells from bone marrow, while we specifically
used MSCs produced as MSV® cells, which are larger in size
than other cell types found in bone marrow. The large size of
MSCs make it difficult to employ higher doses of the MSV®
cells for intravitreal injection in rabbits. Thus, we decided to
use a low dose (15 × 106 cells/ml) and a high dose (30 × 106

cells/ml) after taking into consideration the higher number of
cells per volume to be injected and simultaneously trying to
avoid cell damage by agglutination or crowding when the
cells passed through the 25-gauge needle.

The clinical results, such as the significant increase in an-
imal weight for each group and the absence of signs of sys-
temic disease, confirm the absence of major untoward effects
in the rabbits. In the anterior pole, mild opacities appeared to
be present in the posterior lens capsule or near it in the anterior
vitreous. In the control group that received isotonic medium
injections without MSV® cells, the opacities were localized
within the lens itself and did not change position during the
follow-up period. For eyes receiving MSV® cell injections,
the opacities were not actually localized within the lens; there-
fore, we used the term Bpseudo-opacities^ to describe appar-
ent association with the posterior lens capsule. These pseudo-
opacities appeared to change position during the follow-up
period and occurred more often in the high-dose group. We
speculate that the pseudo-opacities developed because of the
placement of the needle tip just posterior to the bulky lens and
the accumulation of injected cells in that location. This is
consistent with our histological evaluation showing that each
lens was normal in appearance with an intact posterior cap-
sule. To assess if injected cells interfere with vision, future
studies will include assessment of visual function. The
injected cells may also have had some preference/tropism to
migrate behind the lens and near the retina's inner limiting
membrane, without affecting the structure of these tissues.
No retinal functional assessments were performed in this
study. Other relevant findings were not observed in the ante-
rior and posterior poles of the eye.

IOP increased immediately after intravitreal injection in
all groups, probably due in part to the increased volume
associated with the injection and possibly due to the phys-
ical trauma associated with the penetration of the needle
through the conjunctiva and sclera into the vitreous, with-
drawal of the needle, and the pinching of the conjunctival
and sclera with the tying forceps. One day later, the IOP
had returned to normal values. These findings are consis-
tent with intravitreal injection prospective studies of
antiangiogenic treatments often administered by this route
[36].

The histological findings of the present study showed that
MSV® cells did not affect the structure of the cornea,
iridocorneal angle, retina, or optic nerve. Further, examination
of the liver, spleen, and gonads also revealed no unusual
findings.

Several studies in rodent models of retinal pathologies re-
vealed that MSCs injected into the vitreous cavity survived,
matured, and secreted BDNF, CNTF, and bFGF for at least 4
to 5 weeks [25, 26]. In our study, to determine whether the
cells remained alive beyond 5 weeks, survival of the MSV®
cells was evaluated at 2 and 6 weeks after the injection. The
results showed that cells were present at at least 2 weeks but
were not detected by FISH at 6 weeks. FISH did not show the
presence of MSV® cells outside of the vitreous cavity. It is
probable that the size of the MSCs (average diameter =
17.9 μm) [37], prevented their passage through the small
pores of the inner limiting membrane (average diameter =
13.5 nm) [38], thus preventing the entry of these cells into
the retina. Additionally, the normal blood-retinal barrier may
not allow the systemic migration of intraocular injected cells
[39]. In murine models of NAION, 50% of the retinal gangli-
on cells die within 2 weeks of the ischemia onset [40]. Thus, a
survival time of 2 weeks for the injected MSV cells could be
sufficient for them to secrete neurotrophic factors that could
effectively treat or at least mitigate this pathology and perhaps
other retinal diseases as well.

In summary, MSV® cells are human MSCs derived from
bonemarrow and are approved for allogenic or autologous use
in several clinical trials by AEMPS (PEI: 15–007). Thus,
MSV® is a product suitable for cell therapy and can be ad-
ministered by intravitreal injection. These cells are safe and
well-tolerated by healthy, immunocompetent pigmented rab-
bits when administered intravitreally at a dose of 15 × 106

cells/ml. Hence, we proposed that intravitreal MSV® cells
are biocompatible and can be safely evaluated in clinical stud-
ies to modulate the microenvironment of diseased tissues,
promote cell survival, and activate endogenous repair mecha-
nisms of the retina and optic nerve.
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