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ABSTRACT

Stem cells have been studied in several fields of Medicine, and their
applicationsarenot too far fromtheclinical practice. Retinal impairment
by neuronal death has been considered incurable due to the limited
regenerative capacity of the central nervous system. The capacity of
stem cellsto regenerate tissues, aswell astheir plasticity makesthem a
potential sourcefor retinal repair. The stem cellsare agreat promisefor
thetherapy of inheritedretinal disordersandretinal-neuronal degenerative
diseases, such as retinitis pigmentosa and allied retinal dystrophies,
which canresultinblindness. Because of theaccessibility, expansibility,
and multipotentiality mesenchymal stem cells are expected to be useful
for clinical applications, especially in regenerative medicine and tissue
engineering. Mesenchymal stem cellsare clonogenic, nonhematopoietic
stem cells present inthe bone marrow. Given the appropriate microenvi-
ronment, they could differentiate into cardiomyocytesor eveninto cells
of nonmesodermal derivationincluding hepatocytesand neurons. Sofar,
theresults of afew studies are consistent with the belief that cell-based
therapiesusing mesenchymal stem cellsmay be effectivewhenit comes
to retinal damaged tissue repair.

Keywords: Stem cells; Regeneration/physiology; Retina; Mesenchymal stem cells; Retinal
ganglion cells

STEM CELLS: GENERAL OVERVIEW

The stem cellshave been widely studied inthelast few yearsin virtually
all fields of Medicine*¥, especially in Cardiology®®. There are two cardi-
nal principlesof stem cells: self-renewal and the multipotentiality to makeall
of the cell types of the particular tissue to which they belong®.

The human body contains several types of progenitor cells that are
capabl e of dividing many times, whilealso giving riseto daughter cellswith
more restricted developmental potentials. Eventually these cells differen-
tiate and have specific phenotypic characteristics that contribute to their
highly specialized function. Examples of such stem cellsinclude the totipo-
tent zygote, as well as embryonic stem cells, hematopoietic stem cells and
mesechymal stem cells.

Two types of mammalian pluripotent stem cells have been isolated -
Embryonic Stem Cells (ES) derived from pre-implantation embryos and
Embryonic Germ Cells (EG) derived from primordial germ cells of the post-
implantation embryo®. Embryonic stem cells express the transcription fac-
tor Oct-4, which maintains them in an undifferentiated state, with conti-
nuous proliferation. However, when these cells are removed from their
origin, they begin to differentiate into other tissues even without stimulus.
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As aresult of the loss of the Oct-4 factor, in vivo, these cells
could differentiate properly or inappropriately forming tumors
after transplantation. So, when it comes to transplants, this
becomes a very serious safety issue and the ability of these
cellsto form tumorsin histocompatible animalsreinforces the
idea that it might be better to use differentiated cells, rather
than embryonic stem cells for transplantation®.

Embryonic germ cellsexpress SSEA-1®), acell surface em-
bryonic antigen, whose functions have been associated with
cell adhesion, migration and differentiation and is often diffe-
rentially expressed during development®. They are derived
fromthe primordial germ cells, which occur inaspecific part of
the embryof/fetuscalled the gonadal ridge, and which normally
develop into mature gametes (eggs and sperm). Both ES and
EG areableto differentiateinto derivativesof all three primary
germlayers-endoderm, mesoderm, and ectoderm when culture
conditions are adjusted®.

Hematopoietic stem cells are responsible for the constant
renewal of the blood. These cells express CD34 and are
classically isolated from the bone marrow or blood but they
can also be found in the umbilical chord, in the fetal hemato-
poietic system. They are capable of self-renewal and differen-
tiate in blood and immune system cells, however, their expan-
sibility and differentiation capacity in vitro is decreased®?.

Mesenchymal stem cells are non-hematopoietic, stromal
cells that exhibit multilineage differentiation capacity, being
capable of giving riseto diverse tissues’™. They arefoundin a
variety of tissues during development, mainly in the bone mar-
row of adults. These cells can be aspirated directly from iliac
crest of the donors*>*), They are also easily isolated, expanded
in culture and stimulated to differentiate into osteoblast™®,
condrocytes'’?, skeletal muscle cells?, endothelium®, car-
diac muscle cells®®, hepatocytes?, adipocytes®, and non-
mesoderm-type cellslike neurons both in vitro and in vivo®2,

The ability of stem cellsto migrate to damaged tissue sites
and stimulate repairs by differentiation into tissue-specific
cells has been already demonstrated in vivo®@®,

In fact, different signals such as trauma, fracture, inflam-
mation and necrosis, in vivo, can direct M SCsto mobilize and
differentiate into cells of connective tissue lineages as well as
other tissue lineages®-29,

The human mesenchymal stem cells (hM SC) are a popula-
tion of cellsin which a phenotype was determined by analysis
of surface moleculesby flux citometry, as CD29, CD44, SH2,
SH3,CD71, CD90, CD106, CD120aand CD124%-) Theability
to isolate, expand and direct the hMSC in vitro in distinct
lineages allows to study the events associated with impair-
ment and differentiation of these cells.

Finally, the bone marrow isthe most common used source
of stem cells. On account of its autologous characteristic,
relative easy isolation and less ethical controversial nature
when compared to embryonic stem cells, embryonic or bone
marrow stem cells become the best choice in the treatment of
diseases using cell-based therapy.
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STEM CELLS: RETINA REPAIR

Retinal impairment by neuronal death has been considered
incurable because the central nervous system has a limited
regenerative capacity. The ability to regenerate and repair
damage of the retinaisat the center of hopesfor the therapeu-
tic use of stem cellsin the eye.

In retina regeneration, two events can occur. In one of
them, differentiated cells neighboring the damage site go
through a natural process of dedifferentiation and subse-
quently redifferentiateinto a specific cell lineagefor repair, in
a process called transdifferentiation. The other strategy for
retinal regeneration isthe use of stem cells. Depending on the
species, transdifferentiation or stem cells can be recruited to
populate damaged retina®34,

Regeneration of the retina in fish, bird, and amphibian has
been observed to take place by a transdifferentiation of the
retinal pigment epithelium (RPE). As for embryonic chicks, the
transdifferentiation occurs via RPE and multipotent retinal pro-
genitor cellsintheciliary marginal zone(CMZ), acircumferential
neurogenic zone located at the extreme peripheral retina®%9. In
adult hirds, local retinal damage is repaired by the transdiffe-
rentiation of Mller glia cells®-), In mammals, once retinal
histogenesis is complete, there is no continued production of
retinal neurons, and thereisno evidence for aCMZ-like growth
zone so retinaregeneration in these species, evenin embryos, is
not observed unless their retina is properly induced“®,

However, studiesin humans have examined the expression
of the neural progenitor marker nestin in retina. Nestin is
expressed in some cells at the junction of the neural retinaand
the ciliary body, which suggests that a remnant of the CMZ
may remain in humans“?. Furthermore, it has been reported
that neural stem cells (NSC), which are the potential source of
several cellsinthe central nervous system, including neurons,
astrocytes and oligodendrocytes could be isolated in vitro
from mouse, rat and human remnant ciliary marginal zone;
these cells can differentiate into neurons, such as photorecep-
tors, bipolar neurons and even Mdller glia cells in vitro®"42.
This approach, because of the complication of the extraction
of these cells which involves microsurgical procedures, is not
an option for the treatment of ocular diseases, and it is not
clinically feasible, considering also the limited availability of
pluripotent retinal stem cells“®. In this case stem cells of other
origins (harvested from other tissues) may be a hope for the
retinal disorder therapy.

Retinal stem cells are not the only cells capable of retina
regeneration. In the search for other sources of possible re-
tinal progenitors in mammals, some authors have found that
non-neuronal stem cells present in the eye, such as cells from
theiris, corneal limbus, choroid and sclera can be induced to
differentiate into retinal cells or at least neural cells“49).
These cells could also potentially provide a source for repla-
cing damaged retina, but further investigation is needed.

There are plenty of possible sources for retina repair.
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However, the multipotentiality of theM SCsaswell asthe easy
isolation and culture properties and their high expansive po-
tential make these cellsthe most appropriate source to be used
as atherapeutic tool for retinal repair.

It was recently reported that cultured MSCs can be indu-
ced invitro and in vivo to differentiate into non-mesenchymal
derivatives such as neura cells“#®. Tomita et al. injected
MSCs into injured rat eyes and observed that they were able
to differentiate into retinal neural cellsin vivo®. It was also
demonstrated that M SCs can be induced to differentiate into
photoreceptors in vitro and in vivo®. But despite the inte-
gration of stem cellsin damaged retina layers and their diffe-
rentiation into retinal cells, there was no evidence of functio-
nality®™9, In contrast to these studies, another research
using electroretinography (ERG), states that the ERG respon-
se after stem cell implantation was improved, indicating a
functional integration of grafted cells“9.

Taken together, these results suggest that a better unders-
tanding of the differentiated stem cell physiology is still nee-
ded, before considering the clinical application of these cells.
However, it is clear that in the future M SCs could be used as
an alternative in the treatment of degenerative retinal diseases
and could potentially rescue injured retinal tissue.

CLINICAL APPLICATIONS AND FUTURE DIRECTIONS

A lot of inherited retinal and retinal-neuronal degenerative
diseases, such as retinitis pigmentosa and allied retinal dys-
trophies can result in blindness. To date, no effective thera-
pies have been developed to prevent or reverse the degenera-
tive processesin these disorders. Studies were undertaken to
evaluate the prospects of using stem cell transplantation as a
mean of treating those disorders.

The first evidence that cell replacement therapy could be
possiblein the retina emerged with the observations that adult
hippocampal stem cells/progenitors, transplanted into the
vitreous of neonatal or adult eyes survived and were incorpo-
rated into the laminar structure of the host retina®-%2. It was
also recently reported that fetal mesenchymal stem cells have
been successfully used already in intrauterine cell transplan-
tation in the treatment of osteogenesis imperfecta, showing
that the scope of potential medical indications is wide®®.

When it comes to transplants, stem cells can be grafted
into the eye in an undifferentiated state or in a more speciali-
zed state, similar to neuronal stem cells. After grafting stem
cellsinthereting, it is expected that these cells will differen-
tiate into retinal cells and incorporate into the existing tissue.
The migration and integration of the transplanted cellsin host
tissue is probably induced by its injury. According to Chako
et al.®, the widespread migration and incorporation of neural
stem cells were observed only in retina that was either disea-
sed® or traumatized®®. These types of injuries could provide
alocal milieu (interleukins, chemotaxins, inflammatory and
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growth factors, etc) which may be responsible for the migra-
tion and incorporation of exogenous ocular stem cells.

Studies using the rd mouse model with retinal degenera-
tion demonstrated that one marrow-derived stem cells exert
great vasculotrophic and neurotrophic effects on the retina
when injected intravitreally®®. This rescue effect is most
efficient when stem cells were injected prior to complete reti-
nal degeneration. In the clinical setting, this could be feasible
in degenerative disorders such as retinitis pigmentosa, in the
early to mid-stages, when theoretically the therapy would be
more efficient®?.

A magjor issue facing stem cell research, and retinal trans-
plantation of stem cellsin particular, is the question of func-
tional integration of grafted cells.

Degpite the existence of ocular immune privilege, immune
rejection isamajor barrier to successful retinal transplantation.
Itisimportant to evaluate if stem cell graftsin different sites of
the retina will survive without disrupting the morphology and
laminar organization of the host retina and will not induce the
formation of rosettes, which could compromise the functional
integration of the graft within the host retina, failing to recons-
truct its normal anatomy®57-%8), |t becomes important to deter-
mine whether immune privilege is a feature of the subretinal
space and the vitreous cavity when grafted with stem cells®9,

Jiang et al. demonstrated in mice that retinal allografts,
implanted in the subretinal space and vitreous cavity, expe-
rienced immune privilege and promoted deviation of immune
responses at these sites®,

Vaananen demonstrated, in rats, that the transplantation
of retinal progenitor cells survived in the subretinal space for
aprolonged period of time and did not induce the formation of
rosettes. In addition, this study suggested that the subretinal
space offers a conductive environment for the differentiation
of these cells as photoreceptors®?.

In addition to the type of cell to be used, another issue to be
investigated is the preferential way to insert the stem cellsinto
the human eye. There are two ways of transplantation: subre-
tinal or intravitreal. They are widely described in the literature
and both of them have immune privilege features. The subreti-
nal implantation of stem cells requires avitrectomy, whichisa
large and risky procedure. Alternatively, the intravitreal injec-
tion isamore popular and much less invasive procedure®. As
the current literature shows that, in rats and mice, there are no
differencesin both procedures, the intravitreal injection would
be the best choice for being less invasive.

In conclusion, there are still many questionsto beinvestiga-
ted and much work needs to be done before clinical application
of astem cell-based therapeutic approach in retinal repair could
be applied. It is still too early to predict the possibility of a
vision rescue of a patient with macular degeneration or retinitis
pigmentosa. However, experimental studies point towards this
direction. Findings in the field of retinal transplantation and
stem cell grafting offer anew opportunity for the devel opment
of therapeutic strategies in human eye diseases and open new
fieldsin the study of retinal repair using stem cells.
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RESUMO

Células-tronco tém sido estudadas em varias &reas daMedici-
na e suas aplicacbes brevemente deverdo estar incorporadas a
préticaclinica. O dano retiniano pela morte neuronal € consi-
derado incuravel devido a pobre capacidade regenerativa do
sistema nervoso central. A capacidade das células-tronco em
regenerar tecidos, assim como sua plasticidade, faz que estas
sejam uma fonte potencial de células para a regeneracéo reti-
niana. Células-tronco séo muito promissoras para o tratamen-
to das distrofias retinianas, como aretinose pigmentar e outras
doencas neurodegenerativas, que podem evoluir para ceguei-
ra. As células-tronco mesenquimais sdo o tipo mais provavel
de células-tronco aserem utilizadas napraticaclinicadevido a
suafécil acessibilidade e multipotencialidade de diferenciacdo
em varios tecidos. As células-tronco mesenquimais sdo célu-
| as clonogéni cas, ndo-hematopoi éticas, |ocalizadas namedula
Ossea. Desde que seja proporcionado um microambiente apro-
priado, estas células podem se diferenciar em cardiomiécitose
até mesmo em células de origem ndo-mesodérmica, como he-
patécitos e neurénios. Até o presente momento, os resultados
dos estudos iniciais s8o animadores em relacdo ao uso de
células-tronco mesenquimais e uso eficaz destas no reparo de
tecidos retinianos lesados.

Descritores: Células-tronco; Regeneracao/fisiologia; Reting;
Células-tronco mesenquimais
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