PROSPECTS FOR CELL THERAPY IN
OPHTHALMOLOGY

1. USE OF STEM CELLS IN REGENE-
RATION OF THE DAMAGED OCULAR
SURFACE

SUMMARY

Regeneration of corneal epithelium is secured by a population of limbal stem cells (LSC),
which are located in the basal part of the limbal epithelium. Deficiency in LSC leads to
chronic inflammation, scarring and conjunctivization of cornea. Therapy of LSC defici-
ency consists in transplantation of limbal tissue, cultivated limbal epithelium or more
recently in tranplantation of autologous cells including mesenchymal stem cells, oral
mucosal epithelial cells or hair follicle-derived stem cells. A significant progress has been
achieved in the field of cell therapy and also in the development of convenient scaffolds
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INTRODUCTION

Sight is our most important physical sense, by means of
which we obtain approximately 4/5 of all our information
about our surroundings. The ocular surface is protected
by the cornea, which mediates the transmission of light
rays to the retina. Reduction of the transparency of the
cornea as a consequence of damage or pathology may
lead to a deterioration of vision and in extreme cases to
total blindness. As a result, regeneration of the cornea
and renewal of the corneal epitheliums have been and
continue to be the subject of intensive study, in which
there is a search primarily for therapeutic procedures
which could offer an alternative to corneal transplant or
limbal grafts. Such an alternative could be represented
by the renewal of the corneal epithelium with the help
of transplantation of various types of stem cells. These
can often be obtained directly from the affected patient
as autologous cells, thus avoiding complications in co-
nnection with the use of allogeneic material, in which it
is simultaneously necessary to apply immunosuppressive
therapy in connection with frequent adverse side effects

Stem cells

Stem cells represent a population of undifferentiated ce-
lls, the properties of which include a slow cell cycle, high
proliferation capacity as a result of activation, ability of unli-
mited cell division and also the ability to generate at least
one type of highly specialised daughter cells. There are usu-
ally intermediary stages between stem cells and terminally
differentiated cells, in which these cells are capable of pro-
liferation and differentiation only to a limited extent (22).
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Stem cells can be divided into embryonic cells and cells of
the adult organism. Separate categories are then formed by
stem cells from the umbilical blood of a newborn child and
induced pluripotent stem cells, which are prepared experi-
mentally by the introduction of a set of specific genes into
somatic cells.

Limbal stem cells and regeneration of the corneal epithelium

As the surface structure of the eye, the cornea is con-
stantly exposed to various influences of the external envi-
ronment, including dehydration, infections and the risk of
damage of a mechanical or chemical character.

Constant regeneration of the corneal epithelium is ensured
by a population of limbal stem cells (LSC) located in the basal
layer of the limbal epithelium, in a structure called the Vogt's
striae. This structure provides the LSCs with a unique micro
-environment which ensures their protection against adver-
se environmental impacts and harmful UV radiation, and at
the same time the present vascular supply ensures provision
of the necessary nutrients and supportive factors. LSCs are
distinguished by their slow cell cycle and high proliferative
capacity, which can be generated as a response to corneal
damage. Since no unique attribute which would be expressed
only by the LSC population has been located to date, they are
characterised most often using a combination of attributes
associated with stem cells such as transcription factor p63,
receptor protein Lgr5 and membrane transporter ABCG2 (AT-
P-binding cassette transporter group 2 protein). At the same
time, cells bearing differentiation attributes associated with
the corneal epithelium, including keratins 3 and 12, must be
excluded (4). Certain attributes characteristic of the populati-
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on of LSC, such as their small size and the presence of trans-
porter ABCG2, are used in their isolation by centrifugation on
a density gradient or on the basis of effluxion of the fluores-
cence stain Hoechst 33342 (14).

LSCs therefore ensure the natural regeneration of the
corneal epithelium and thus compensate minor damages to
the cornea as a result of its everyday exposure to influen-
ces of the external environment. However, a problem arises
at the moment when more extensive damage to the ocular
surface takes place, also affecting the limbal region, which
in certain cases may lead to a deficit of LSCs and thus to a
fundamental impairment of the process of regeneration of
the corneal epithelium.

LSC deficit and treatment thereof

LSC deficit may have a whole range of causes, which
can be divided into two basic groups, namely primary and
acquired. The first group includes for example aniridia and
multiple endocrine deficit. Acquired pathologies are more
frequent and incorporate for example ocular pemphigoid,
Stevens-Johnson syndrome or repeated eye surgery. Further
causes may include microbial infection, chronic allergies or
chemical burning of the cornea as a consequence of incau-
tious handling of caustic substances, or more extensive me-
chanical damages.

Important criteria for the possibilities of treatment and
the applicable prognosis primarily concern whether the da-
mage or pathology of the eye is unilateral or bilateral, and
further whether the LSC deficit is partial or complete. An
LSC deficit then leads to impairment of the self-regenera-
tion of the cornea, chronic inflammations and finally to its
scarring and conjunctivisation.

One of the options in the treatment of a general unilateral
LSC deficit is the transplantation of limbal tissue from the
healthy eye of the patient. The disadvantage of this appro-
ach is the risk of acquired LSC deficit in the originally healthy
donor eye as a consequence of taking the limbal transplant.
The first more extensive trial using this approach was con-
ducted in 1989 by Kenyon et al., in which 26 patients suffe-
ring from LSC deficit caused primarily by chemical or ther-
mal damage were treated. The therapy incorporated the
transfer of 2 pieces of limbal tissue from the patient's unda-
maged or at least less damaged eye. Patients were observed
for over a year and a half, and an improvement of vision,
faster healing, an absence of epithelial defects, a halting or
even regression of corneal neovascularisation was achieved
in more than half, and cytology confirmed regeneration of
the corneal epithelial phenotype (13).

An alternative to transplantation of the entire limbal tis-
sue is represented by transplantation of laboratory cultiva-
ted limbal cells prepared from a very small limbal biopsy.
The first trial using this procedure was a study by Pellegrini
et al. from 1997, observing the possibility of regeneration
of a damaged cornea in two patients with a burned ocular
surface through the use of an autologous epithelial layer
obtained by serial cultiation of limbal cells from a small lim-
bal biopsy with a size of 1 mm2 from the healthy eye. After
transplantation the limbal cells in both patients formed a
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compact layer of the corneal epithelium, and stable renewal
of the corneal epithelium was achieved, persisting for 2 ye-
ars after transplantation (17).

Since 1997 more than 1000 transplants of cultivated lim-
bal epitheliums have been performed worldwide. The main
criterion in evaluating the success of therapy is the presen-
ce of a stable surface without corneal vascularisation and
conjunctivisaion. A summary analysis of 18 studies, within
the framework of which almost 600 patients were treated,
has demonstrated that transplantation of an epithelium
cultivated from a limbal biopsy on an amnion membrane is
an effective method of treatment for patients with an LSC
deficit. In approximately 60% of cases there was an impro-
vement of vision, in which the success of treatment did not
depend on whether this concerned autologous or allogene-
ic tissue. In an evaluation of the safety of treatment it was
determined that the majority of side effects of this therapy
were only transitional (24).

Cultivation and transmission of LSCs for therapy of LSC deficit

Two main strategies are used in the acquisition and cul-
tivation of LSCs. The first approach is an explantation tech-
nique, in which an entire limbal biopsy is cultivated. In the
second approach, individual LSCs are isolated from limbal
tissue with the help of enzymatic digestion. However, cul-
tivation of cells acquired by this method usually requires
the use of nutrient layers such as inactivated fibroplasts. In
order to support the expansion and maintenance of LSCs
within the culture an amnion membrane is also frequently
used, which subsequently serves also as a scaffold of stem
cells upon transplantation onto the ocular surface.

Since the beginning of the 20th century an amnion mem-
brane has been used in the treatment of skin burns. In
ophthalmology it has long been used in the treatment of
conjunctival defects, and in the 1990s its use was extended
also to the region of the cornea. The main reasons are its
anti-inflammatory and antimicrobial effects, together with
low immunogenicity. An amnion membrane has the capaci-
ty to reduce the inflammatory response and scarring of the
ocular surface following its damage, and at the same time
supports re-epithelisation thanks to the presence of growth
factors and its antimicrobial properties (6).

In recent years a range of new biocompatible materials
have been developed in an endeavour to facilitate the trans-
mission of LSCs in the treatment of ocular defects, including
fibrin gel (16), collagen scaffolds (3), hydrogels composed of
compounds of chitosan with collagen or elastin (8), translu-
cent layers of hair keratin (5), various forms of contact len-
ses carrying stem cells (1) or various types of nanofibre sca-
ffolds (23, 9, 2) prepared most often from natural polymers
such as chitosan and collagen, or from synthetic polymers
such as polyamide or polyvinyl alcohol.

Further types of cells utilised in the treatment of LSC deficit

An alternative to transplantation of autologous LSCs,
which cannot be used for example in the case of a bilateral
LSC deficit, is represented by therapeutic procedures using
other types of stem cells. These may be obtained directly
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from the patient's organism, multiplied in tissue cultures
and used as autologous cells for the regeneration of a da-
maged cornea. Encouraging results have been achieved
especially upon the use of mesenchymal stem cells (MSCs),
epithelial cells of the oral mucosa or hair follicle-derived
stem cells. At present it is precisely MSCs that are the sub-
ject of the most intensive study in connection with the re-
generation and reparation of the corneal epithelium. Some
therapeutic approaches for the treatment of LSC deficit are
illustrated in fig. 1.

Mesenchymal stem cells
MSCs are used primarily due to their relatively easy availa-
bility, the possibility of their multiplication in tissue cultures,
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Obr. 1 Potential therapeutic approaches in the treatment of LSC
deficit. In the treatment of LSC deficit parts of limbal tissue or
laboratory cultivated LSCs, MSCs or oral mucosal layer may be
transplanted.

their capability of differentiation into epithelial cells and for
their immunomodulation properties, enabling the suppressi-
on of adverse inflammatory immune responses in the dam-
aged cornea (9, 2).

MSCs were first described in 1966 in a study by Frieden-
stein et al., demonstrating the presence of cells with osteo-
genic potential in suspension obtained from bone marrow.
Since then the presence of MSCs has been demonstrated
in a whole range of organs and tissues, although bone ma-
rrow remains amongst the most widely used sources of these
cells, and in recent years also fat tissue and umbilical blood
have been used. During cultivation in vitro, MSCs are distin-
guished by their spindle shape and adherence to the base.
As in the case of LSCs, for MSCs also no attribute has been
located which is unique only for this population. However,
MSCs may be characterised by a combination of expression of
positive attributes, which include the molecules CD44, CD90
and CD105, as well as the absence of the leukocyte attributes
CD34 or CD45. At the same time, cells carrying these attri-
butes should be capable of differentiation into adipocytes,
osteocytes and chondrocytes. In actual practice, however,
the differentiation potential of MSCs is far more extensive,
and incorporates the ability to differentiate into cells forming
mesodermal tissue and also the capability of transdifferen-
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tiation into cells forming entodermal and ectodermal tissue.
Furthermore MSCs have extensive immunomodulation pro-
perties, which also influence the natural and adaptive com-
ponent of the immune system (21, 20).

Ma et al. were the first to demonstrate that human MSCs
transplanted with the help of an amnion membrane to a
damaged cornea of a laboratory rat can support the hea-
ling and renewal of the corneal epithelium. The therapeu-
tic effect was linked primarily with the suppression of in-
flammation and angiogenesis (15). In another study MSCs
were used on rats, after incubation with corneal stromal
cells expressing keratin 12, which is an attribute of cells of
the corneal epithelium. These cells were transferred to the
damaged cornea with the help of an amnion membrane,
and 4 weeks after application reduced the opacity and ne-
ovascularisation of the cornea (12).

According to the results of our group, intravenously ad-
ministered MSCs are capable of specific migration to the
damaged cornea and of contributing here to suppressing
the early phase of corneal inflammation following burning
of the cornea by sodium hydroxide. In comparison with
a healthy eye, a 30 times higher quantity of fluorescence
marked MSCs was found in the damaged cornea, and at
the same time there was also a reduction of infiltration of
the cornea by leukocytes and suppression of production of
proinflammatory cytokines, including IL-1 and IL-6 (11). In
a further study we demonstrated that MSCs have compa-
rable therapeutic potential with LSCs, and after transfer to
the ocular surface support the regeneration of the corne-
al epithelium and suppress local inflammatory reaction in
the place of damage (10).

At present two clinical trials using MSCs for the tre-
atment of corneal damage are listed on the website www.
clinicaltrials.gov. One is taking place in Spain, within the
framework of which 27 patients suffering from LSC defi-
cit are being treated. It concerns a phase 1 and 2 clini-
cal trial, the main aim of which is to determine whether
transplantation of allogeneic MSCs is safe and effective
in the treatment of LSC deficit in comparison with tre-
atment with the help of allogeneic LSCs.

The second study, which is to be commenced in 2015,
shall take place in China, and the estimated number of
treated patients with a chemically damaged cornea shou-
Id be around 100. It will concern a phase 2 clinical trial
focusing on safety and efficacy of treatment by means of
repeated doses of MSCs administered by means of sub-
conjunctival injection.

Oral mucosal epithelial cells

Another cell type tested for reconstruction of the dam-
aged corneal epithelium is epithelial cells of the oral muco-
sa, which could be suitable because they manifest structural
similarities to other layered epitheliums.

The first study using these cells was conducted by Gipson
et al. in 1986, in which treatment using the oral epithelial
layer was tested on a rabbit model. It was determined that 4
months after transplantation the eye was still without signs
of inflammatory response (7).
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Very interesting results were presented by two studies, in
which a total of 49 patients suffering from LSC deficit as a con-
sequence of Stevens-Johnson syndrome, ocular pemphigoid
or burning of the eye were treated with the help of transplan-
tation of a cultivated oral mucosal layer on an amnion mem-
brane. Improvement of visual acuity took place six months
after treatment, primarily in patients suffering from Steven-
s-Johnson syndrome, whilst in the case of pemphigoid an im-
provement took place only one month after surgery. In all pa-
tients there was a reduction of the incidence of abnormalities
on the ocular surface, and overall a long-term improvement
of visual acuity was achieved in half of the patients (18, 19).

CONCLUSION

In the last two decades there has been considerable deve-
lopment in the therapeutic approach in the treatment of
LSC deficit. In certain cases clinical trials have been con-
ducted which have produced encouraging results. These
trials are currently focused primarily on the use of cultiva-
ted LSCs and more recently various types of MSCs which
may replace LSCs in the case of their deficiency.

Prdce byla podporena projektem NPU LO1309 z Minister-
stva Skolstvi, mlddeze a télovychovy Ceské republiky.
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