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(DakyAmem no MeguiLLHa Llen: PaspabomBaHe Ha cmaHgapmuaupaH aA20pumbM 3a ex vivo kyamuBupaHe Ha aA02eHHU AUMBAAHU

MeguuuHcku yHuBepcumem - BapHa enumeAru cmBoaoBu kaemku, npuaokum 3a yHuduuupasa mpascnaaimauua 8 exkegHeBHama kauHuYHa
yA. ,MapuH [lpuHoB* 55 npakmuka.
9002, BapHa Memog: OueHeru ca 32 Alloheal® 6uonpogykma, koumo ca npousBegeHu 4pes kyAmuBupaxe Ha AUMBAAHU

e-mail: cathi@bommert.de enumenru cmBonoBU kaemku, NOAYYEHU OM aA02eHHa PO20BUYHO-ckAepaHa goHopcka mikaH Bopxy

kpuocoxpaHeHa U mepmoAU3UpaHa amHuomuyYHa Memopara. CpaBHABaHe Ha CneuuaAHo KoHcmpyupaxo,
2bBkaBo ycmpotcmBo 3a mpaxcdep Ha Alloheal® ¢ macoBo usnoa3BaHua CellCrown (mBbpg npvcmeH) u
ougrka Ha kAUHUYHUME MPYgHOCMU U Pe3yAmamu npu mpaxcnAaHmauus.

Pesyanmam: Bonpeku no-npogbakumeaHomo Bpeme, Heobxogumo 3a cobecmBeHopbyHo NpuwuBaHe
Ha kpuocbxpaHeHama U AUOGUAU3UPAHA aMHUOMUYHaMa MembpaHa kbM KoHCmpyupaHomo om Hawua
ekun ycmpotcmBo 3a mpaHcdep, ce ycmaHoBu nogobpABaHe Ha mexHukama 3a mpaHcnAaHmauua u
HamanABaHe Ha Bpememo Ha xupypeuyHama uhmepBeHuus. MBkaBocmma u Bb3mokHocmMMa 3a AecHa
MaHUNyAaUUA cnomaeam 3a aganmauus Ha 6uoAo2u4HUA npogykm 6e3 ebHku U ¢ HamaneH puck om
mpaBma Ha kaemkume u/uAu Ha 04Hama noBbpxHoCM U 3a N0gobpABaHe Ha edekma Ha xupypauyeckomo
AgueHue. CpegHama oueHka Ha Alloheal® e no-Bucoka(5.28) npu cpaBHaBaHe ¢ CellCrown® - 3nameH
cmaxgapm B noBeyemo ueHmMpoBe.

3aknlouenue: Alloheal® e 6esonaceH, epekmuBeH u edukaceH memog ¢ Beye gokasaHo kAUHUYHO
npegumcmBo 3a AeyeHue Ha mexkkume HapyweHUA Ha npegHama o4Ha noBvpxHocm. LLle ca Heobxogumu
gONLAHUMEAHU U3CAegBaHUA U pa3pabomku 3a cob3gaBaHe Ha HOBU, yHUBepcaAHU npogykmu,
nognomazawu poz2oBuyHama pezeHepauus. Mopagu cneuuduyHume my xapakmepucmuku, Alloheal® e
eguHcmBeHuAm HbAzapcku buoaozuyeH npogykm, kolmo He e MeguuuHcko usgeaue.

KalouoBu gymu: avHuomuyHa membpara, 6uonpogykm
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ABSTRACT

Aim: The aim of this article is to develop and standardize an implementable algorithm for ex vivo expanding
of allogenic limbal epithelial stem cells, applicable in unified transplantation in everyday clinical practice.
Methods: An evaluation of 32 proprietary Alloheal® grafts that were manufactured by cultivating limbal
epithelial stem cells derived from allogenic corneoscleral donor tissue on cryopreserved and thermolysin-
treated amniotic membranes was done. These were spanned within a self-prepared flexible device and an
insert ring was constructed to compare and to assess a surgically acceptable modality for transfer.

Result: The time-consuming suturing procedure provided better surgical handling. Considering the
importance of reduction of the surgical time, this method was seen as beneficial investment. Its flexibility
and adjustability improves surgical handling and the rapid transplantation of a wrinkle-free bioproduct carries
a decreased risk of trauma to the cells and/or to the ocular surface. The mean score of Alloheal ® 5.28 was
better when compared with the gold standard in most centers - CellCrown® 4.28.

Conclusion: We think that Alloheal ® is a safe, effective and efficient method, clinically meaningful for future
advancement and management of complex anterior surface disorders. Further research and development
will be needed for better and even more universal products for corneal regeneration. So far, our proprietary
Alloheal® s the first biological product at the Bulgarian market. It is not considered a medical device,

because of its specific characteristics.

Keywords: amniotic membrane, bioproduct

BbBEJEHIE

AMHUOMUYHaMa MembpaHa ¢ HelHUME OUOXUMUYHU U
MopdoAo2uyHU cBodcmBa uma mpaguuus 8 meguuuHama u
no-cneyuasHo 8 oyHama xupypzua (1,2). 3a nopBu nom ma
e usnoan3BaHa om DeRotth npes 1940 2. (3) u Sorsby npes
1946 2. (4). Camo 3a mpu gecemuAemusa mpaHcnAaHmauuama
Ha amHuomuyHa membpaHa (AMT) cmaHa, om omgaBHa
3abpaBeHa Bb3mMOXHOCM 32 AEYEHUE, 3AAMEH CMaHgapm 3a
Bv3cmaHoBABaHemOo Ha npegHama o4yHa NnoBbpxHocm npu
mexku3aboaaBaHua. ComkpuBaxemo HakpuokoHcepBupaxemo
Ha mokaHu B cpegama Ha XX Bek (5) u Bv3mokHocmma 3a
gbA20CPOYHO CbXPAHEHUE HAa Mamepuaaume, ce omkpuxa
HOBU Bb3MoXkHOCMU 32 MpaHCHOPMUPAHE Ha AMHUOMUYHAMa
MeMbpaHa 8 pasauyHu 6uonpogykmu U MeguuuHcku u3geAus.
HoBopaspabomeHuAm Memog 3a CbxpaHeHue e kpalb2bAHUAM
kambk 8 mpaHcnAaHmMauuAma Ha aMHUOMuUYHAMa MeMbPaHa,
goBea go npomsHa B nepcnekmuBume u Bov3moXHocmume
3a pekoHcmpykuua Ha npegHuA o4eH cezmeHm B cBemoBeH
Mauab.

Ypes cBoume npomuBoBb3naAUMEAHU U aHmuuukampuuuasHu
cBodcmBa (6), kakmo u Haauduemo Ha pacmekHu Gakmopu,
nognomazaull  enumeausauusma  (7),  amHuomu4Hama
mem6paHa e gokasaHo cpegcmBo Ha u3bop npu mexku u
MPYQHO AeYUMU 3a60AABaHUA Ha NpegHama 04Ha NoBbpxHOCM.
B nocAegHume 20QUHU Ce 3acuAu uHmepecbm kom AM
32 U3n0A3BaHemo 0 kamo mampuua U HOCUMEA 3a eX Vivo
kyamuBupaHu enumearu cmBoaoBu kaemku (8) B Ae4eHUemoO Ha
AUMbaAHa cmBoA0Ba HegocmambyHocm. [leenumeAusupaHama
AM ¢ kyamuBupaHu cmBoAoBu kaemku e eguHcmBeH u gokasaH
Memog 3a AeueHue Ha me3u nauueHmu (7, 9, 10). Hakoako 2pynu
8 EBpona, BkaloyumeAHo U Hawama, ca Haco4uAU ycuAuAma cu
Bbpxy paspabomBaxemo Ha Xu3HEHOCNOCOBHU MPaHCNAGHMU ¢
kyamuBupaHu cmBoAoBu kaemku. Tasu ny6aukauus e nopBuam
gokaag 3a npegusBukameacmBama u nocmukenusma B

INTRODUCTION

The amniotic membrane (AM) with its biochemical and
morphologic properties has a tradition in medicine, particularly
in the field of surgical ophthalmology (1,2). The first ophthalmic
application was introduced by DeRotth in 1940 (3) and Sorsby
in 1946 (4).

Within only three decades amniotic membrane transplantation
(AMT) turned from a long-time forgotten possibility for treatment
into a gold standard in the reconstruction of severe ocular surface
diseases. Since the establishment of tissue cryokonservation in
the mid-1900s (5), the new possibility of long-term material
storage opened a new opportunity not only for use on demand,
but also an opportunity to transform the amniotic membrane into
a variety of bioproducts and medical devices. The availability
of the newly developed preservation method was the milestone
of amniotic membrane transplantation and led to a change
in viewpoint and possibilities in corneal and conjunctival
reconstruction surgery techniques worldwide.

Due to the well-known favorable characteristics of the amniotic
tissue including anti- inflammatory effects, anti-scarring effects
(6), and growth factors that promote epithelial wound healing
(7), AM is mainly used in the treatment of challenging, even
untreatable, ocular surface diseases.

Quite recently rising scientific interest in introducing AM as a
matrix and carrier for ex vivo cultivation has been observed (8).
In this recently developed procedure AM is used as a scaffold
for cultivating cells for reconstruction surgery in handling limbal
epithelial stem cell deficiency (LESCD) (1).

Due to the fact that there are no medical treatment possibilities for
restoring limbal stem cells (9), and still no fully satisfying results
of conventional limbus transplantation (7), the repopulation of
cultured limbal epithelial stem cells on a bio-engineered graft
like the AM with devitalized epithelium is an appealing option
(10). Therefore, several groups in Europe, including ours, are
working on the development of viable limbal stem cell cultured
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mo3u gbAb2 U cAoKeH kakmo om mexHoAo2u4Ha, maka u om
pe2yAamopHa 2AegHa mouka npouec.

LLEA

Lleama Ha HacmoAawomo npocnekmuBHo npoyyBaHe €
paspabomBaHemo Ha CmaHgapmu3upan arzopumbvbM 3a ex Vivo
kyamuBupaHe Ha aA02eHHU, AUMBAAHU enumeAHu cmBoaoBu
kaemku, npurokuM 3a yHUdUUUpaHa mpaHcnAaHmauus 8
eXegHeBHama kauHuyHa npakmuka.

METOAN

OueHeHu ca 32 buonrozuyHu npogykma Alloheal®, npousBegeru
B ueHmopa N0 MPaHCAAUUOHHA MeguuuHa U KAemoyHa
mepanuA Ha YMBAA ,C8. MapuHa® - BapHa. Alloheal® e
cobcmBeH buonpogykm, koimo e cv3gageH upes kyamuBupare
Ha AUMOaAHU enumeAHu cmBoAroBu kaemku, noAyyeHu om
aN02EHHA, pPO020BuyYHO-ckAepaaHa QgoHOpHA mbkad Bbpxy
kpuokoHcepBupaHa U mepMoAU3UpaHa aMHUOMUYHA MEMBPaHa.
Kaemkume ca kyamuBupaHu 8 cpega (DMEM) ¢ gobaBeHu 1%
4oBewku cepym u aHmubuomuuu.

OcHoBHomo npegu3BukameacmBo npeg HawuA ekun 6e
pa3pabomBaHemo Ha yHUGuUupaH Hocumea 3a buonpogykma
U Ha4uH 3a mpaHcdep, besonaceH 3a kaemkume u ygobeH 3a
XUpyp2uyHama paboma.

Kopreocknepanen npocmeH

AumbaaHume enumeAHu cmBoaoBu kaemku ce B3emam om
goHopcka kopHeockaepa. B cmepuAHu ycaoBua, bymoHume ce
pa3hacoBam no NOgxogAWL HAYUH. VI3AuWHUME ocmamobuu om
pozoBuua, konloHkmuBa u upuc ce omcmpaHaBam, gokamo
yacmma om AUMbaAHama 30Ha ce 3anasBa u HapA3Ba Ha
egHakBu yacmu ¢ pasmep om 1 go 2 mm. B 3aBucumocm om
xapakmepucmukume Ha goHopckus mamepuas € Bb3MOXHO
ga 6bgam noayyeHu go 20 6poa kopHeockaepaAHu aA02eHHU
ompA3sbka.

IogzomoBka Ha AM 3a mokanHo uHXexnepcmBo

Todkama U npo3payHa cmpykmypa Ha amHuOmMuU4YHama
MembpaHa, 8 cbyemaHue ¢ AenAuBua QGubpobaacmeH cAol,
3ampygHaBam paBHoMepHOMO U pasnpegeAeHue U onvBaHe,
6e3 ga ce ob6pasyBam 2vHku. B pesyamam Ha cBoAma
eracmuyHocm U AuncBawa npegBapumenHa  dukcauus,
amMHUOMUYHama MmembpaHa ce koHmpaxupa U npaBu
HeBvb3MOXHO paBHoMepHOmMO kyamuBupaHe Ha AUMBAAHUME
cmBonoBu kaemku. MembpaHama mpa6Ba ga ce noggvpka
Bb8 GukcupaHa, cmabuAHa U XOpu3oHMaAHa no3uuuA, kamo no
MO3U HAYUH Ce 0cu2ypABam Hal-go6pu ycAoBUA 32 onMUMaAHa
ckopocm Ha npoAudepayus. Hawusm ekun cb3gage no-2vBkal
U ABCEH 3a U3noA3BaHe Hocumea 3a pukcupare Ha AM, Bmecmo
u3noasBaug om gpyau epynu CellCrown® (Que. 1).

B cmepuaHu ycroBua ce nogzomBd eAacmuyveH NPbCMeH,
uspabomeH om 2bBkaBa naacmmacoBa mpoba ¢ AymeH om 2
mm u gonkura 9 cm. Kpauwama Ha mpovbama ce dukcupam,
obpasyBatku kpve ¢ naow, om 6,442 cm’ AMHUOMUYHaMa
MembpaHa ce dukcupa ypes npuwuBare ¢ HenpekbcHam wes ¢
enumeAHama cmpaxa Hazope. Taka npuzomBeHume HocumeAu
ce npeHacAm B cmepuAHu nAaku 3a kaemvyHo kyamuBupane,
kamo Bcaka naaka cogopika 6 amku (Quz. 2).

transplant. This paper is the first report on the challenges and
achievements in this process.

AIM

The aim of this article is to develop a step-by-step algorithm
for ex vivo expanding of allogenic limbal epithelial stem cells,
and developing of a bioproduct applicable in everyday clinical
practice.

METHODS

The study included a prospective evaluation of 32 biological
products, fully manufactured in the Laboratory for Translational
Medicine at St. Marina University Hospital, Varna. The study
was approved by the local Ethics Committee. The Alloheal®
bioproduct was manufactured by cultivating limbal epithelial
stem cells derived from allogenic, corneoscleral donor tissue
on cryopreserved denuded amniotic membranes acting as
a scaffold. The cells were cultured in DMEM-Dulbecco’s
Modified Eagle Medium with the addition of 1% human serum
and antibiotics. The principal challenge is to develop the uniform
carrier for the formed bioproduct comprised of acellular amniotic
membrane and uniformly differentiated allo-limbal stem cells,
and then to develop a surgically acceptable modality for transfer.

Cornea and Corneoscleral Rims

Limbal epithelial stem cells are taken from surplus corneoscleral
donor rims. Under sterile conditions under the laminar flow
cabinet, the cadaveric buttons were cut with a scalpel in
equally sized pieces. The redundant parts of the central cornea,
conjunctiva and iris were removed, until only parts of the limbal
region were left and cut in sizes of 1 to 2 mm. It is possible to
generate up to 20 pieces depending on the donor characteristics.

Anchoring the AM for Tissue Engineering

The sticky fibroblast layer of the AM and a very thin transparent
structure makes it challenging to prepare a final product, which
is stretched out without wrinkles, with accurate alignment for
cell seeding, and without further contraction. Without fixation,
the amniotic membrane contracts due to its elasticity and
makes the equal cultivation of limbal epithelial stem cells
impossible. The membrane needs to maintain a stable, fixed and
horizontal position to provide an optimal environment for optimal
proliferation rate. Although other groups are using CellCrown ®
as a fixation device, we decided to customize a more flexible and
easier-to-use carrier (Fig. 1).

Fig. 1. Fixation of AM with a CellCrown (A) and flexible ring (B)
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Fig. 2. Load for prepared carriers, with basement membrane facing up

B pamkume Ha 3-4 cegmuuu amHuomu4yHUme MemMO6paHu ce
nokpuBam ususaAo om caod cmBoaoBu kaemku. KoHmpoAbm
ce ocvbwecmBaBa no gBa HezaBucumu Memoga — koHmpacmHa
mukpockonua  Ha  kyamypume U UMYHOXUCMOXUMUYHO
ouBemaBaHe Ha ocmambyHUmMe yacmu om 6uonpogykma
CAeJ mpaHcnAaaHmauusma Mmy. Ha due. 3 e npegcmaBeHa
xucmodomozpadusa Ha Alloheal®, nokasBawa 3peAu, goobpe
gudepeHuupaHu enumeAru, cmBoaoBu kaemku. PaspabomeH e
aA20pumoM 3a KAUHUYHO npuAokeHue, onucBaw, Bcaka cmonka
Ha mpaHcnAaHmayuama, komo He e 06ekm Ha masu cmamus.
N3BopweHa e u ouerka Ha Beaka cmonka om xupyp2uyHomo
npuaokeHue ypes ckana om 2 go 6: paboma ¢ koHmelHepa,
usmuBaHe npegu npexBbpaAHe kbM 04Hama noBopxHocm,
npexBopaaHe koM 04yHama noBopxHocm, OpueHmupaxe npegu
uspasBaxemo (Taba. 1).

PE3YATATIA

Bonpeku  no-npogonkumeaHomo  Bpeme,  HE06Xxogumo
32 €06CmMBeHOPLYHO npuwiuBaHe Ha kpuocbxpaHeHama
U AUOQUAUSUPAHA  aMHUOMUYHAMA  MembpaHa  kom
koHcmpyupatomo om  Hawud ekun ycmpodcmBo 3a
mpaHcep, ce ycmaHoBu nogobpaBaHe Ha mexHukama
32 MpaHcnAaHmauuA U HamanaBaHe Ha Bpememo Ha
XupypauyHama uHmepBeHuuA. 3HayumeAHu npegumcmBa Ha
Alloheal® ca HezoBama evBkaBocm, AecHama MaHunyAauua
U e2oAadMama aganmuBHocm, koumo ca npegnocmaBka
3a ocbulecmBaBaHe Ha mpaHcnAaHMauus, 6e3 ga 6vge
komnpomemupaH MamepuaAbm, 3ana3Balku no-zordmama
yacm om kaemkume Ha uHgyuupaHama nonyAauua. Om
cBoAa cmpaHa moBa HamardBa pucka om koHmpaxupaHe Ha
MeMbpaHama no Bpeme Ha aganmupaHemo O koM o4yHama
noBopxHocm. HabalogaBaHume npegumcmBa, 3aegHO Cbe
cmamucmukama, ca gageHu 8 mabauua 1.

PbyHo koHcmpyupaHomo om Hawus ekun ycmpodcmBo
ACHO gokasa, ue ocuzypaBa Bo3MoXkHOCM 3a AecHa paboma

Fig. 3. HE staining of Alloheal®, demonstrating vital, well differentiated cells

Aflexible device was prepared under sterile conditions. The round
carrier was facilitated by a flexible plastic tube with a lumen of 2
mm and was cut in a length of 9 cm in order to form a platform
with an area of 6.442 ¢m?. The ends of the tube were fixed,
forming a perfect ring-shaped device. The amniotic membrane
was sutured with interrupted sutures with the epithelial/basal
membrane side up, maintaining optimal tension. The prepared
carriers were packed in a special bath dish. Each load contained
6 carriers (Fig. 2).

Within 3 to 4 weeks AM was fully covered by a layer of stem
cells. Control was exercised in two ways - by phase contrast
microscopy in culture and by special immunohistochemistry
stain from surplus after transplantation. The histology of Alloheal
® is demonstrated on Fig. 3. An algorithm for clinical application
was developed in order to provide step-by-step instructions
for clinical use. This algorithm is not a subject of this paper.
However, the surgical application was assessed using a 2-6
grading scale for: handling from the container, washing before
transfer to the ocular surface, transfer to the ocular surface,
adjustment for cutting, cutting and adaptation.

RESULTS

The time-consuming suturing procedure provided better surgical
handling, and considering the importance of reduction of the
surgical time was encountered as beneficial investment. The
flexibility and adjustability of the biological product and its
gasy use were significant advantages, these combined with the
precondition for no-touch technique, lead to the preservation of
most of the cells from the induced population. This modality also
reduces the risk of membrane contraction during the tailoring
on the ocular surface. The encountered advantages, together
with the statistics are provided in Table 1. It is clear that the
custom-made device provided easy handling and ocular surface
adaptation with less trauma to the cells as well as to the ocular
surface.

For the period of experimental follow-up 32 products were
prepared and 31 of them were used in real surgery. Each product
demonstrated good cell population, evaluated by phase contrast
microscopy as demonstrated on Fig. 4. The surgical outcomes
will not be reported here, but in general significant ocular surface
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Table 1. Comparison of CellCrown ® (n=12) and a custom ring of Alloheal® (n=20), using the 2-6 grading scale from surgical point of view

Washing before
Transfer to the
Ocular Surface

Method/Stages of the

Handling from

Surgical Process the Container

CellCrown 5.5 4.8
Custom ring Alloheal 5.6 4.7

Statistical significance P=01 P=0.32

Transfer to the | Adjustment for Cutting and Mear!
. . Evaluation
Ocular Surface Cutting adaptation
Score
4.3 37 3.1 4.28
5.6 5.6 4.9 5,28
P=0.031 P=0.01 P=0.002 P=0.04

Fig. 4. Overview of the cell population after 3 weeks of cultivation

U aganmauus, kakmo u 4e e no-marko mpaBmamuyHo 3a
kyamuBupaHume kaemku u npegHama o4Ha noBbpxHocm.

3a nepuoga Ha ekcnepuMeHmMaAHo npocAegABaHe 6axa
nogzomBeHu 32npogykma, kamo ce u3BbpwumparcnAaHmauus
Ha 31 om max. Bceku npogykm gemoHecmpupa goopa kaemoyHa
nonyAauus, oueHeHa 4pe3 koHmpacmua mukpockonua, kakmo
e nokasaHo Ha (Quz. 4. XupypauyHume pesyamamu HAma
ga b6vgam gokaagBaHu myk, HO kamo usA0 ce HabalogaBa
3Ha4YUMeEAHO N0gobpeHue B CbCcmMOAHUEMO Ha NpegHama 0yYHa
noBbpxHocm (HamaneHa 60Aka, NOGOGPEHO 3peHUE U HAMAAEHO
3a4epBaBaHe). 3a npocAaegeHus nepuog He ca Bb3HukHaAu
ycrokHeHuA. TpAabBa ga ce ombeAeku, 4ye obekmuBHomoO
nogoobpeHue BkalouBa He camo HamareHo Bv3naneHue U
no-6bp3o Bv3cmaHoBABaHe, HO U u3BecmHa CcmeneH Ha
pezeHepauus Ha cmpomama. [lemoHcmpupa ce yBeAudeHue Ha
po20BuyHama gebeauHa ¢ 40-80 mukpoHa npu 5 nauueHmu ¢
gecememouene (Quz. 5). Tosu uHmepeceH deHoMeH We bbge
npegmem Ha bbgewlu npoyyBaHua.

ancKycus

AumbarHume cmBoaoBu kaemku umam BakHO 3HayeHue 3a
po20BuyHomo 3gpate. MpegHama 04Ha noBopXHOCM U AUMBBLM
Mo02am ga 6bgam 3acezHamu CAeg XUMUYECKU UAU MONAUHHU
U32apAHUA, OYeH nemduzoug, UHdekuuu Ha pozoBuuama
u gp., koumo HeusbexHo Bogam u go AumbarHa cmBoaoBa
Hegocmamby4Hocm. 3az2ybama UAU NbAHOMO YHUW0XaBaHe

Fig. 5. Dynamics of the corneal thickness in a patient with impeding perforation
before and 20 days after Alloheal® transplantation

improvement (reduced pain, improved vision and decreased
redness) was observed in all cases. No complications were
encountered for the experimental period. Interestingly, objective
improvement included not only reduced inflammation and
improved healing but also some degree of stromal regeneration.
In 5 patients with descemetocele, the corneal thickness changed
significantly with 40-80 microns (Fig. 5). This interesting
phenomenon is a subject of further ongoing studies.

DISCUSSION

Gravely pathologic destructions of the limbal epithelial stem
cells of the cornea due to chemical or thermal burns, ocular
pemphigoid or infections can lead to limbal stem cell deficiency.
A loss or total destruction of limbal epithelial cells invariably
heals with conjunctivalization, neovascularization, chronic
inflammation, opacification of the cornea, and recurrent or
persistent corneal epithelial defects.

Throughout the last decade the therapeutic techniques of
ocular surface reconstruction have been significantly improved
by the introduction of AMT and limbal epithelial stem cell
transplantation.

Ever since the establishment of tissue cryoconservation in
the mid-1900s (5), the new possibility of long-term material
storage removed the inconvenient time-dependency between the
initiation of the process and AMT.

The option of newly developed preservation methods was the
milestone of amniotic membrane products and provoked a change
in the viewpoint and possibilities in corneal and conjunctival
reconstruction surgery techniques worldwide.

Due to its favorable characteristics (6,7), AM provokes new
interest as a culture substrate for ex vivo cultivation of limbal
epithelial stem cells. Since there is no treatment for restoring
limbal stem cells (9) the repopulation of cultured limbal epithelial

13
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Ha AUMOAAHU enumeAHu kaemku e OCHOBHama npuyuHa
3a  konlonkmuBaausauua, HeoBackyaapusauus, XPOHUYHO
Bb3naneHue U peyuguBupawiu UAU nepcucmMupawlu enumeAHu
gedekmu, kamo moBa HeusbekHo Bogu go HapywaBaHe Ha
onmuyHama ¢yHkuua Ha pozoBuuama, XpoHuyHa 6oaka u
mpadHo HapywaBane Ha kayecmBomo Ha kuBom.

Mpe3 nocAegHOMO gecemuaemue mepaneBmuyHume mexHuku
3a pekoHcmpykuua Ha oyHama NoBbpxHOCM Ce NPOMEeHuUxa
3HaYUMEAHO Ha 6a3a pa3AuYHU MexHUku Ha mpaHcnAaHmayus
Ha amHuomuyHa MembpaHa. 0cobeHo obewaBawu ca
memogukume ¢ ex vivo kyamuBupaHemo Ha AumMG6aAHU
enumeAHu cmBoaoBu kaemku.

C BvBekgaHemo Ha kpuokoHcepBupaHemo Ha mvkaHume npes
20-u Bek (5) u BbamokHocmma 32 gbA20CPOYHO CoXPAHEHUe
Ha MamepuaAume, mpaHcnaaimauuama Ha AM ce okasBa Had-
2bBkaBama memoguka 3a meHakupaHe Ha npegHama 0y4Ha
noBopxHocm. HoBopaspabomeHume mMemogu 3a CoXpaHeHue
ca kpalvzvaHuam kamok 8 npousBogecmBomo Ha npogykmu
om AM u npoBokupaxa npomsaHa B eaegHama mouka U
Bv3mokHocmume 3a pekoHcmpykuua Ha npegHUA  OYeH
cezmeHm B cBemoBeH mMawab.

Hanocaegok HapacmBa uHmepecbm kom AM kamo cy6ecmpam
3a ex Vivo kyamuBupaHe Ha AUMBaAHU enumeAHu cmBoaoBu
kaemku (6,7). Jo mo3u momeHm HAMa omkpum mMemog 3a UH
cumo Bv3cmanoBaBaHe Ha cobecmBeHumMe AumMbaAHu cmBoAoBu
kaemku (9) u kyamuBupanemo um Bopxy geueayaupaHa AM e
06ewaBauwo 3a mokaHHomo uHkeHepcmBo.

CAegBanku masu uea, ycnaxme ga npousBegem 6UOAOZUYHUA
npogykm Alloheal® om anozeHHa kopHeockaepaaHa goHopcka
mbkaH u kpuokoHcepBupaHa AM, cv3gaBaiku anzopumom 3a
ex vivo kyamuBupane. BnocaegecmBue paspabomuxme ycnewHo
NnepcoHaAu3upaH yHuBepcaaed Hocumea 3a Alloheal® nog
dopmama Ha 2bBkaB npbcmeH, koimo gaBa cmabuAaHocm,
HO CbWwo maka u gocmambvyHo 2bBkaBocm 3a Had-go6pomo
KU3Hecnoco6Ho kyamuBupaHe, 6630nNacHO mpaHcnopmupaxe u
edekmuBHo xupypauyecko npurokeHue.
BonpekuygomkeHomoBpeme3asakpenBaHe HageueayaupaHama
AM kom koHcmpyupasus om Hawua ekun 2vBkaB npbcmen,
cnpamo cmaHgapmuua memog — CellCrown®, ce ycmaroBu
nogobpABaHe Ha mpaHchepa U aganmauuama Ha buoA02UYHUA
npogykm. YaecHeHuemo npu pabomama ¢ Alloheal® Bogu
g0 N0-gobbp XupypeuyeH pesyamam, ype3 HamaraBaHe Ha
ycaokHeHuAma u mpaBmama Ha kyamuBupaHume kaemku u
npegHama o4yHama noBopxHocm.

Beye uma cepua om nauueHmu, npu koumo umame
gokymeHmMUpaHa 3HayumeAHa pezeHepauus He Ccamo Ha
gnumeAa, HO U Ha CMPOMama, NO0JobpeHUE Ha 3pumeAHama
ocmpoma, HamaAdBaHe Ha 3ayepBaBaHemo u 6oakama. 3a
nepuoga Ha usnumBaHemo He ca HabAlogaBaHu yCAOKHEHUA No
Bpeme Ha Bb3cmaHoBABAHEMO U pezeHepauuAma Ha oyHama
noBopxHocm.

Hawume pesyamamu, conocmaBumu u ¢ gpyau npoyyBanus,
nokasBam, ye AM e omauyHa cpega3akyamuBupaHe HaAuUMbaAHU
enumeAHu kaemku, koemo A npaBu edpekmuBeH, cuz2ypeH
U 3Ha4yum Memog 3a Hanpegbka Ha pekoHcmpykmuBHama
XUpypeus Ha npegeH o4eH ceameHm. Kamo ce umam npegBug
pa3AUYHUME MexHuku B omgeAHUME OnepauuoHHU  3aAu,

stem cells on denuded AM as a bio-engineered scaffold makes
the handling promising.

Following this goal, it was possible for us to generate the
biological product Alloheal® from allogenic corneoscleral
donor tissue and cryopreserved denuded AM, together with a
promising algorithm for ex vivo cultivation. Further, we managed
to prepare a customized uniform carrier for the Alloheal® graft
in the form of a flexible ring, which provides stability but also
enough flexibility for best viable cultivation, transportation and
surgical application.

Even though the self-customized flexible ring proved to be more
time-consuming in anchoring the membrane than using an
existing insert crown, the flexible ring saved time by providing
more precise surgical application, transfer and better adjustment
at cutting. Decreased surgery time was achieved by overall
easier handling and a better surgical outcome was accomplished
by reducing complications and trauma to the cells and ocular
surface.

Furthermore, we could recognize significant improvements,
including reduced redness, reduced pain and improved vision
and also stromal regeneration in several patients, without any
complications in ocular surface regeneration in all cases.

Our results, also comparable with other studies, have shown
that AM is a perfect scaffold material and that cultivation of
limbal epithelial cells on AM is an effective, safe and meaningful
method for the advancement of ocular surface reconstruction.

CONCLUSION

We think that developing a biological product Alloheal® is a safe,
effective and efficient method for managing complex anterior
surface disorders. As these are the first steps in the country
we paid special attention to ensuring easy handling of our
product, which will reduce the operation time in the interest of
patient. Considering the variabilities between surgical theatres,
our surgeons developed an algorithm to facilitate application
in standard clinical practice. Of course, further research and
development will be needed for the creation of better and
even more universal products for corneal regeneration. So
far, our proprietary Alloheal® is the first biological product.
It is not considered a medical device, because of its specific
characteristics.
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