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In recent years, the transplantation of cultured stem cells is considered the most promising method that allows
influencing the process of human tissue reparation. Ophthalmologists are studying the possibility of introducing
the new technology called ex vivo cultivation of epithelial stem cells to clinic. The technology enables to avoid
possible complications connected with limbal autograft transplantation. Different researches by means of methods
in vitro and in vivo demonstrated that amniotic membrane can be successfully used as a substrate for epithelial
stem cells cultivation and their further application in the treatment of severe ocular surface disease. Peculiarities
of the tissue structure and functions of amniotic membrane define the number of characters that can attract
researchers and clinicians to use limbal and conjunctival epithelial covering in the treatment of corneal disease.
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CTBOpeHHA GioTpaHcnaHTaHTa PoriBku
A.C.KaBeniHa

B ocTaHHi poku B niTepaTtypi po3rnsgatloTb TpaHCMaHTauilo KynbTUBOBaAHUX CTOBOYPOBUX KMiTMH SIK HambinbLu
nepcrnekTMBHUIN MeToA, WO A03BONSAE BMNMBATU Ha Xif penapauii TKaHWH opraHiamy noavHn. Odransmonoramm
BMBYAETHCA MOXIUBICTb 3aCTOCYBaHHSA B KMiHiLi HOBOI TEXHONOC i, 3BaHOI KyNbTUBYBaHHAM €X Vivo eniTeniansHnX
CcTOBOYPOBUX KNITUH, sika JO3BOMSE YHUKHYTU NOTEHLIMHUX YCKNaaHEeHb, NOB'A3aHMX 3 nepecaakoro nimbanbHoro
aytorpadTa. PisHMMKM gocnigHukamu in vitro Ta in vivo 6yno npogeMOHCTPOBaHO, WO aMHiOTUYHA MeMbpaHa
Moxe ByTu YCMilLHO BMKOPUCTaHa B AKOCTi cybcTpaTy Ansa KynbTUBYBaHHSA eniTenianbHUX cToBOYPOBMX KMiTMH Ta
X noAanbLIOro 3acTocyBaHHSA B IiKyBaHHI Bakkoi nartonorii noBepxHi oka. OcobnMBOCTi TKaHMHHOIO ckragy i
YHKUIT aMHIOTUYHOT 0OONOHKMN BU3HAYalOTh psif, AKOCTEN, HAsIBHICTb sIKMX NpuBabnioe AOCMIAHMKIB i KMiHILMCTIB
0O BUKOPWUCTAHHSA MNpuW MiKkyBaHHI nartonorii kopHeanbHWX, NiMOanbHUX | KOH'MOHKTMBAmNbHUX eniTenianbHuX
NMOKPUBIB.

KnrouoBi cnoBa: s1imbarnsHi cmoebyposi KnimuHu, amHiomuyHa MembpaHa.

Co3paHue 6uoTpaHcnnaHTaHTa poroBmubl
A.C.KaBenuHa

B nocnegHue rogbl B NnutepaType paccMaTpuBaloT TPaHCMMaHTaLMIO KyNbTUBMPOBAHHBLIX CTBOSIOBbLIX KMETOK Kak
Hanbonee nNepCrneKkTUBHbIN MEeTOoA, MO3BOMSIOWMA BNUATbL Ha XOA4 penapauuu TKaHen opraHmsma uYernoBeka.
OdTanbMonoramMmm K3y4aeTcsi BO3MOXHOCTb MNPUMEHEHWST B KIMHUKE HOBOW TEXHOMOrUW, Ha3biBaeMow
KyNbTMBMPOBAHMEM €X ViVO 3nNUTEnuarnbHbIX CTBOMOBbLIX KMETOK, KOTopas no3BonseT nsbexartb noTeHunanbHbIX
OCIOXHEHWI, CBA3aHHbIX C Nepecaakon numobanbHoro aytorpadta. PasHbiMu nccnegosatensamu in vitro u in vivo
ObINIO NPOAEMOHCTPUPOBAHO, YTO aMHMOTMYECKkas MeMOpaHa MOXeT ObiTb YCMELWHO UCMOoMb30oBaHa B KadyecTBe
cybctpata Ana KynbTUBMPOBAHWSA SNUTENUanbHbIX CTBOJOBbIX KMETOK U UX MOCMNEAYOLWEro NpUMEHEHUS B
rnieyeHnn TSXKENOW naTonorum noBepxHocTu rnasa. OcobeHHOCTN TKaHEBOro cocTaBa U PYHKLUM aMHUOTUYECKON
06onoYkn onpenensitoT psif, KAYecTB, HanMyMe KOTOPbIX MPUBMEKAET wccnegoBaTenel M KIUHULUCTOB K
MCMOMb30BaHNIO NPU NEYEHUM NaToNorMn KopHearbHbIX, NMUMBanbHbIX N KOHBIOHKTUBAIbHbIX 3NUTENManbHbIX
NMOKPOBOB.

KntoueBble cnoBa: umbarbHblie Cmeosiosbie Kemku, aMHuUomu4eckasi Membpana.

Introduction
Over the past decade in corneal pathology the importance of degenerative diseases has been
increased which are becoming one of the leading causes of blindness, leading to permanent incapacity for
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work and invalidization of working-age population (Gorgiladze, Ivanovskaya, 1992; Kasparov, 2009;
Novitsky, 2003). A significant amount of work, both by domestic and foreign authors, are devoted to the
study of etiology, pathogenesis and treatment of this disease (Gorgiladze, Ivanovskaya, 1992; Drozhzhina et
al., 2011; Popandopulo et al., 2014; Pasechnikova et al., 2011; Bonini et al., 2003; Davis, Dohlman, 2001;
Lambiase et al., 1999).

Functional failure of the corneal surface is associated with dysfunction of the epithelium of varying
degrees of severity, which morphologically manifests as a type of cell metaplasia — limbal deficiency
syndrome (LDS) (Mackie, 1995; Pushker et al., 2001). Two types of LDS are defined. The first involves a
pathological condition caused by the direct destruction of limb cells. The second type of the syndrome occurs
in the form of a slowly progressive disease (Lambiase et al., 1999). The most common causes of the
occurrence of LDS are: viral infections, chronic injuries, inflammatory diseases of the eye surface, wearing of
contact lenses, hereditary corneal dystrophy, consequences of chemical burns, injuries, paralysis of the 5th
cranial nerve, surgery on the cornea and on other parts of the eyes, etc. Impairment of a corneal sensitivity is
observed in some systemic diseases (diabetes, multiple sclerosis, leprosy, vitamin A deficiency and others),
and also as a result of the toxic effects of certain medications — applying of topical anesthetic, timolol, non-
steroidal anti-inflammatory drugs, dexamethasone and others (Drozhzhina et al., 2011; Kasparov, Trufanov
2003; Pasechnikova et al., 2011; Azuara-Blanco et al., 1998; Bonini et al., 2003; Tsai et al., 2000).

In the clinical course of neurotrophic corneal diseases three stages have been provided. The first
stage is characterized by a point keratopathy, epithelium hyperplasia and its irregularity, superficial
neovascularization and the formation of turbidity in the stroma. The second stage is characterized by the
presence of persistent epithelial defects, stromal edema, descemet membrane folds, it's possible
inflammatory reaction in the anterior chamber, sometimes with the presence of a sterile hypopyon. For the
third stage, the formation of corneal ulcers is typical, which can be complicated by melting stroma,
perforation and causes total loss of vision (Mackie, 1995).

Medical treatment of neurotrophic keratopathy (keratitis) is one of the most difficult in ophthalmology.
The complexity of the treatment of the cornea disease under consideration is associated with a variety of
etiologic factors, pathogenesis peculiarities and clinical manifestations of the disease, long-term therapy, as
well as the development of serious complications (Kasparov, 2009; Lambiase et al., 1999; Pushker et al.,
2001; Solomon et al.,, 2003; Tseng, Tsubota, 2001). Therefore, the improvement of existing and
development of new treatments of this severe disease of the cornea is the actual problem of ophthalmology.

For stimulating of the regeneration of corneal tissue the conservative and surgical methods are used.
With tectonic purpose as a temporary coverage of the corneal surface, different materials are applied and
methods of their use: therapeutic soft contact lenses, transplantation of a donor cornea and conjunctiva,
amniotic membrane (AM), cultured stem cells, limbal autograft and allograft transplantations (Demin et al.,
2002; Kasparov, 2009; Kim, Tseng, 1995; Koizumi et al., 2001; Lee, Tseng, 1997; Mackie, 1995).

Today in ophthalmology ex vivo using of cultured corneal stem cells is considered as the most
perspective method, which permits to avoid potential complications associated with limbal autograft
transplantation and allowing stimulating repair processes in pathological conditions of the neurotrophic
cornea genesis.

By experimental studies it have been proved that for a long-term cultivation and reproduction of
various types of epithelial cells the presence of a nutrient medium or substrate, a sufficient amount of growth
factors and cytokines is necessary (Bonini et al., 2003; Koizumi et al., 2000, 2001; Sato et al., 1998; Von
Versen-Hoynck et al., 2004). Nowadays, there are different models of cultivation of limbal stem cells (LSC).
A method of culturing corneal epithelial cells on basement membrane obtained from rabbit corneas has been
proposed (Friend, 1982). Later on the possibility of using of other substrates, such as a hydrogel coated with
fibronectin, collagen matrices, contact lenses, fibrin, etc., has been studied for ex vivo cultivation of the
epithelium (Kasparov, 2009; Francisco, 2000; Lambiase et al., 1999; Tseng, Tsubota, 2001).

Recently various in vitro and in vivo studies have demonstrated that AM can be successfully used as a
substrate for the cultivation of the LSC with a subsequent application in the treatment of severe ocular
surface pathology, coursing with LDS (Demin et al., 2002; Kasparov, Trufanov, 2003; Novitsky, 2003; Dua et
al., 2004; Meller et al., 2000; Solomon et al., 2003). Due to the content of significant amounts of cytokines,
growth factors, metalloproteinases, antimicrobial factors AM contributes to the cultivation on the own surface
of epithelial cells. And moreover, existing of biologically active substances in the structure of the amnion
reduces apoptosis, contributes to the renewal and increase of regenerative activity of the remaining regional
stem cells, encourages the movement and fixation on the surface of the cornea of mature epithelial cells,
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reduces the processes of fibrosis, inhibits neovascularization (Koizumi et al., 2000; Von Versen-Hoynck et
al., 2004).

The purpose of the study is creation of biotransplantant on the AM foundation with layered culturing of
limbal stem cells and squamous cells of the human cornea.

Materials and methods

Isolation of corneal cells has been carried out in the laboratory of cell and tissue cultivation, V.K.Husak
Institute of Urgent and Reconstructive Surgery, Ukrainian Academy of Medical Sciences, in appliance with
GMP standards in compliance with aseptic conditions and in accordance with the laws of Ukraine. The
resulting cell cultures have been tested for contamination by infectious agents.

The donor cornea has been washed in phosphate buffered saline. Areas of palisades of Vogt have
been allocated. For obtaining limbal epithelial cells, containing in its composition stem cells, limbal graft has
been cut out from the entire circumference of the limb. The obtained corneoscleral ring has been placed in a
sterile Petri dish (d=60 mm), repeatedly washed with PBS, crushed to a size of 2x2 mm and gently placed
on the bottom of the culture flask, treated with collagen.

Then, flasks have been filled with nutrient medium containing DMEM/F12, L-glutamine, ascorbic acid,
fetal bovine serum, epidermal growth factor (EGF) and fibroblast growth factor (bFGF), penicillin,
streptomycin, insulin isoproterenol, transferrin, hydrocortisone. Cultivation have been carried out in a CO2
incubator, containing 95% atmospheric humidity at a temperature of 37°C. After reaching a confluent layer
passaging has been performed. Visualization of cell lines has been carried out with the help of phase-
contrast microscopy by our previously worked protocol (Grin et al., 2011). Medium has been changed every
three days.

For the isolation of squamous epithelial cells (SECs) the central portion of the cornea has been used
by scraping the upper epithelial layers of the cornea with a further enzymatic treatment by trypsin-
EDTA solution 0.25% («Sigma», USA) for 7—10 minutes at 37°C. Further culturing has been carried out in a
nutrient mixture DMEM/F12 media, 1:1 («Sigma», USA) supplemented with serum and growth factors for 7—
10 days in COz2 incubator at 37°C, with 5% CO2 and 95% humidity. During this period, the change of the
activity of cell proliferation and their morphology have been observed, and time intervals of changes in the
characteristics of cell cultures also have been marked.

At formation of a monolayer, cell lines have been passaged with 0.5% solution of trypsin («Sigmay,
USA) in a ratio of 1:1 to a solution of Versene ("Biolot", Russia).

AM has been defrosted at ambient temperature, washed three times in a solution of PBS («Sigmay,
USA). Then it has been carefully smoothed out on sterile foil and cut into small pieces of 1x1cm?2. Samples
have been placed in the alveolar plateau (u-Slide 8 well, IBIDI, Gmbh). 10 thousand of LSC in 200 mcl of
nutrient medium have been placed on the surface of the amnion. Medium has been changed every 48 hours
(Popadopulo, 2014). After reaching confluent monolayer on the surface of the AM, suspension of SECs of
the cornea has been placed and cultured for 3 days under the same conditions. Immunohistochemical
staining has been performed. To evaluate the morphological structure of AM and cultured cells of the human
cornea the staining with hematoxylin and eosin by Romanovsky, immunohistochemistry have been used.

For the proving of the stemness of limbal cells of the human cornea, a number of markers have been
used, the most demonstrative among which are p63-stem cell marker, cytokeratin 19, a marker of limbal
basal cells, cytokeratin 3.12 marker of stem cell differentiation, CD 117, ALDH3A1, CD 34, CD 45, a-SMA,
keratan sulfate.

Results and discussion

In the study the purpose of layered culturing of two cell subpopulations on the surface of AM has been
achieved, taking into account the properly prepared membrane and selected nutrient media.

Throughout the entire cultivation of LSC the expression of nuclear p63 marker has been observed,
required to maintain the compartment of population of stem limb cells. The presence of cytokeratin 3.12
indicates the differential potential of the LSC population. The presence of corneal crystalline ALDH3A1
determines transparency of the cornea. The marker CD 117 is important in cell survival, proliferation and
differentiation. LSC have not expressed the following markers: CD 34, CD 45, a-SMA, keratan sulfate.

The specific antibodies which have been selected to identify the LSC do not demonstrate positive
staining of SECs of the human cornea.
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Cultivation of LSC and SECs of the human cornea on AM within 5-7 days makes it possible to form on
its surface 2 monolayers of cells with strong intercellular interconnections.

The biogenic material which serves for providing favorable conditions of the regeneration of the
corneal epithelium is biologically active and is able to restore temporarily or permanently the anatomical
integrity and functional usefulness of the epithelium. Constant availability of reserve of sterile and easy to
use surgeon material is also important.

Figure 1. Microphotos of cultured LSC and SECs (black arrow) on the surface of AM (dotted
arrow): staining with hematoxylin and eosin, an increase of 45 (A); by Romanovsky (B), an increase
of 35

Figure 2. Microphotos of cultured LSC (black arrow) and SECs (dotted arrow):
immunohistochemical staining with cytokeratin 19 (A), an increase of 30; cytokeratin 03.12 (B), an
increase of 30

Thus, conducted studies have shown that the use of AM as a carrier of cultured cells simulates image
of peculiar niche for corneal cells. The biological significance of stem cells (SC) is that they are playing a
leading role in the organization of multicellular organisms and are central element of the structural and
functional units of tissues and organs. Proliferative potential of the SC in renewing tissues is very high and
the life span of the population of SC can greatly exceed the life span of the organism. For the development
of new SC great importance has the microenvironment, where the contact with the surrounding cells and
interaction with the matrix and growth factors occur.
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Figure 3. Inmunohistochemical staining for specific marker P63: LSC and SECs (black arrow)
of cultured on the surface of AM (dotted arrow), an increase of 30

This concept can serve as the basis for an alternative method for the treatment of severe corneal
pathology, accompanied by the LDS with the creation of optimal conditions for stimulation of regeneration of
the corneal epithelium, which has all the prerequisites for the widespread introduction of this method in the
practice of ophthalmology in Ukraine.
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