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pPUMEHEHHE SKBUBAACHTOB KOKH B TEPAITHN
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BpoxaeHHbI 6ynnesHbii aNMgepmMonns3 — (PeHOTUNUYECKN N FEHETUYECKM FrETepPOoreHHas rpynna
reHoepMarto30B, NMpU KOTOPbIX B pe3dynbraTe MyTauuin yMeHbLIaeTca NPOAYKLUNS CTPYKTYPHbIX 6eNKOB
KOXW BMAOTb A0 MOSIHOro OTCYTCTBMA MO0 HapyLwlaeTcs Ux cTpykTypa. OCHOBHbIM KIMHUYECKUM
NposiBNIEHNEM BPOXAEHHOr0 6ynne3Horo annaepmon3a ABAaTCSA Ny3bipy, BOSHUKAKOLLNE

Ha KOXE W CNN3NCTbIX 0605104KaX NOCIE HE3HAYUTENBHONO MEXaHNHYECKOr0 BO3aencTeums. Hann4ame
ONNTENBHO CYLLECTBYHOLLNX 9PO3MBHO-A3BEHHbIX Ae(DEKTOB Y NALVEHTOB C BPOXAEHHbLIM 6YNNe3HbIM
3NMOEPMONN30OM He TOJNIbKO CHUXXAET Ka4eCTBO XU3HU 60SbHbIX, HO U B pe3ysbTaTe NoCTOSAHHOM
CTUMYNSLMM PEreHEPATUBHbBIX MPOLECCOB NPUBOAMUT K ManuramMsaumm o4aroB. B HacTosiLee

BpeEMsi AN NTIeYEHUS NaUNEHTOB C BPOXAEHHLIM BYNNe3HbIM 3NMAEPMONM30M NPUMEHSITCA
cuMmnToMartmyeckas Tepanus, BKioyatoLas B ce6s npodnnakTnky BTOPUHHOIO MHPULNMPOBAHUS
3PO3UBHO-A3BEHHbIX AePEKTOB, NpMMeEHeEHNE 06e360MBalOLLIMX NPenapaToB, UCMOMb30BaHNE
aTpaBMaTU4HbIX HeaAre3nBHbIX NEPEBA30YHbIX CPEACTB N KOPPEKLMIO OCNOXHEHWA. Ha cerogHsALWHMIA
O€EHb ONy6IMKOBaHO 60MbLLIOE KOIMYECTBO paboT, ONMChIBAOLLMX MPUMEHEHNE SKBUBANEHTOB

KOXW, TPEXMEPHbIX TKAHEMHXXEHEPHBLIX KOHCTPYKLIMIA HA OCHOBE ayTo- U affloreHHbIX KNETOK,
CNOCOBCTBYIOLMX ObICTPON ANUTENN3ALMM PaHEBbLIX MOBEPXHOCTEN Y 6OMNBbHBLIX BPOXAEHHbLIM
OYynne3HbIM ANUAEPMONN30OM. DKBUBANEHTbI KOXM NOAPA3AeNnsatoTCa Ha anuaepMarnbHble, cogepxalime
KepaTMHOLUUTLI C noanexatlen 6ecKneToYHon gepmarsibHOM MaTpuuen Nnbo 6e3 Hee, AepMalbHble,
co3faHHble Ha OCHoBe hMOPO6IacTOB, BCTPOEHHbIX B AepMalibHYI0 MaTpuLy, 1 KOMOMHUPOBAaHHbIE,
co4eTawLme B cebe kepaTUHOUUTBI U AepManbHyo maTpuuy ¢ ombpobnactamu. Hanbonee
NnepcnekTUBHLIM U OQHOBPEMEHHO HaMMeHEe N3YYeHHbIM HanpaBfeHNeM Tepanun BPOXAEHHOMO
6ynNnNe3HoOro aNNAepmMonmaa ABnaeTcst NPUMeHeHNe KOMOMHMPOBAHHOIO SKBMBAEHTa KOXMW, CO3A4aHHOIro
Ha OCHOBE KepaTUHOUMTOB 1 hnbpobnacToB, B KOTOPOM COHETAIOTCH NPENMYLLECTBA 3NnAepPMalbHbIX
W AepMalsibHbIX TpaHCnIaHTaToB.

KntoyeBble CNOBa: BpoXAeHHbINA GynnesHbIN SNMAEPMONNS; SKBUBANEHTbI KOXU; TKAHENH)KEHEPHbIE KOHCTPYKTbI KOXU

KOHNUKT MHTEPECOB: aBTOPbI JaHHOW CTaTby NOATBEPAUIN OTCYTCTBUE KOH(SIMKTA UHTEPECOB, O KOTOPOM
HEeoO6XO0ANMO COOBLLNTD.
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Apphcation of biomedical cell products in the treatment

of congenital epidermolysis bullosa

© Arfenya E. Karamova, Kseniya M. Aulova*, Vadim V. Chikin, Alexey A. Kubanov

State Research Center of Dermatovenereology and Cosmetology, Moscow, Russia

Congenital epidermolysis bullosa is a phenotypically and genetically heterogeneous group of
genodermatoses, which are characterized by decreasing of skin’s structural protein production up to
complete absence or violation of the structure as a result of mutation. Congenital epidermolysis bullosa
clinically manifests by the development of blisters on the skin and mucous membranes after mechanical
injury. The presence of long-term erosive and ulcerative defects in patients with congenital epidermolysis
bullosa reduces the quality of patients’ life and also leads to malignancy of the lesions, as a result of
constant stimulation of regenerative processes. Currently, in the treatment of patients with congenital
epidermolysis bullosa symptomatic therapy, including prevention of secondary infections, use of pain
medication and atraumatic non-adherent wound dressings and correction of complications, is widely
used. Nevertheless there are a lot of publications describing the use of skin substitutes, three-dimensional
tissue-engineered structures based on auto- and allogeneic cells that promote rapid epithelization of
wounds in patients with congenital epidermolysis bullosa. Tissue-engineered skin substitutes can be
categorised based on their cellular composition: epidermal substitutes consist of an epidermal layer of
stratified keratinocyte sheets with or without an underlying acellular dermal layer containing scaffolding;
dermal substitutes contain fibroblasts embedded within a scaffolded dermal matrix; composite substitutes
are composed of an epidermal layer of stratified keratinocyte sheets and an underlying scaffolded dermal
layer containing fibroblasts. The most prospective and at the same time the least studied direction of
congenital epidermolysis bullosa treatment is the use of a combined skin equivalent created on the basis
of keratinocytes and fibroblasts, which mixes the advantages of epidermal and dermal grafts.
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BpoxAeHHbIN 6ynnesHbi anMaepmMonua — rpynna Ha-
CINeACTBEHHbIX 3a60/1eBaHNIN KOXW, 0O6YCNOBIEHHbIX MyTa-
LUMsAMM B reHax CTPYKTYPHbIX 6enkoB anuvaepmunca n pep-
MO-3MMAEPMarnbHOro COEQUHEHUs, KOTOpble Y4acTBYHOT
B agresvv anugepmuca kK nognexaien gepme [1]. B pe-
3yneTarte MyTauuin yMeHbLuaeTCs NPoayKLUs CTPYKTYPHBIX
6eIKOB KOXW BMMOTb A0 MOSIHOrO OTCYTCTBUSA NGO Hapy-
LLIaeTCs UX CTPYKTYpa, Y4TO NPUBOAUT K YMEHbLLUEHWUIO afre-
3MBHbIX CBOMCTB. B utore ocnabnserca cBa3b Mexay anu-
0epM1UCOM U [AepMON, YMEeHbLLAeTCs YCTONYMBOCTL KOXMU
M CNU3UCTBLIX 060/I04eK K MEXaHW4YeCKUM BO3[OEeNCTBUAM
M He3Ha4uTesbHble MexaHn4eckne TpasMbl MPUBOLAAT K MO-
ABMTEHMIO OCHOBHbBIX KIMHUYECKUX MPU3HAKOB BPOXAEHHO-
ro 6ynne3Horo anMaepmMonn3a — ny3blpen u/mnn 3po3nn
Ha KOXe W Cnu3ncTbiX obonoykax. MNMpn NOCTOSHHOM Me-
XaHN4YeCKOM TPaBMMPOBAHUN KOXW 3pO3MU OONro He 3a-
XMBaIOT, TpaHC(OPMUPYACL B XpOHWUYecKne s3Bbl. Head-
PEKTUBHOCTb penapaTUBHLIX MPOLECCOB W MOCTOAHHAs
aKTMBaLMA MpoLLEeCCOB pereHepauumn B Kpasx AnUTerbHO
CYLLIeCTBYIOLLMX 513B, XapakTepHasa AN AMCTPOUYECKOro
3NvMaepmonunaa, Crnoco6CeTBYIOT (DOPMUPOBAHUIO O4aros
6bICTPO MeTacTasupyoLLEero MnoCKOKNETOYHOro paka, Ko-
TOPbIN NPUBOAUT K paHHEN cMepTUn 60MbHbIX PeLeCCUBHbLIM
ONCTPOPUYECKUM BPOXAEHHBLIM OYNNe3HbIM 3NMaepMonu-
30M (B cpegHeM B Bo3pacTte 30-40 net) [2—-4].

B HacTofilee Bpemsi [OCTYMHa TONbKO CUMMTOMA-
TUYecKasi Tepanus 3pO3MBHbLIX U A3BEHHbLIX AedeKTOB,
BKIoYaroLasa B cebsi NpounakTnky BTOPUHHON NHMEK-
uuKn, obesbonmeaHWe, MCNoNb30BaHME aTpaBMaTUYHbIX
HeaAresvBHbIX MEepPeBA30YHbIX CPEACTB N KOPPEKLMUIO
OCNOXHeHUn [5, 6]. B kayecTBe noTeHUManbHO 3dek-
TUBHOIO CpefcTBa, CrnocobHoro obecne4ynTb ObICTPOE
3aXMBIIEHNE 3PO3UBHO-A3BEHHBLIX AeEKTOB Yy 60NbHbIX
BPOXAEHHbIM OYNnesHbIM 3nNnaepMonn3om, paspabarbl-
BalOTCA 3KBMBaNeHTbl KoxXu (OK) — TpexmepHble TKa-
HENHXXeHepHble KOHCTPYKUMW Ha OCHOBE KyNbTUBMpYe-
MbIX in Vitro KNETOK KOXW U pasfinyHbIX CUHTETUYECKUX
Wnu opraHn4ecknx Hocutenen [7-9]. B kayecTBe Kapkaca
ONA CTPYKTYPHOM W/MNN PYHKUMOHANBbHOW MNOAAEPXKM
KNeTOK MUCMNonb3YylT pasfvyHble Martepuansl, Hanbonee
pacnpocTpaHeHHbIMU U3 KOTOPbIX SBASAOTCS KofnareH
| TNa u rmanypoHoBas kucnota [10]. 3T 6uomartepunsl
o6napatoT HU3KOW TOKCUYHOCTBIO U MMMYHOMEeHHOCTHIO,
XxopoLuen 6uopasnaraemocTbio, a TakKXe UMelT ecTe-
CTBEHHblE 3NUTOMbI, KOTOpble MO3BONAT WM Moanep-
XunBaTb (PYHKLMOHANBLHOCTb MEXKISIETOYHOro maTpukca
Ha cpuaumonormnyeckom yposHe [10].

OK knaccmduumpyoTcs B 3aBUCMMOCTM OT KNTETOYHO-
ro cocTtaBa: CofepxaliMe KepaTtuHouuTbl (3nvgepmarnb-
Hble OK), dmbpobnacTbl (aepmarnbHble OK) nmb60 nx co-
YyeTaHue (puc. 1).

B 3aBMCMMOCTM OT NMPOUCXOXAEHUs 3TUX KneTok IK
nogpasgensaTca Ha ayToTpaHcnnaHTatel (9K, co3gaHHble
C UCMOMb30BaHNEM ayTONMOMMYHbIX KIETOK) W anfnoTpaH-
cnnanTaThbl (9K, co3gaHHble C UCMOMb30BaHWEM ansioreH-
HbIX kneTok) [10]. U ayTo-, n annoTpaHcnnaHTaHTbl UMET
Kak npenmyLLecTBa, Tak U He[oCTaTKu.

C ogHOW CTOPOHbI, NPUMEHEHMWE aNforeHHbIX KNeToK
NCKro4aeT HeobXoANMMOCTb onepaTMBHOro BMeLUaTernb-
cTBa Ana noflydyeHus 6uomaTepuana, KOTopoe MOXeT
6bITb 06PEMEHNTENBHBIM AN NALMEHTOB C BPOXAEHHbLIM
6ynnesHbIM 3NNAEPMONN3OM, U ANINTENBHOIO OXUAaHNS
KYNLTUBUPOBAHUA KNETOK focne rnonyvyeHnss éuomarte-
pvana [10]. Kpome Toro, ayTonoruyHble KrneTtkn mMoryT
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UMeTb M3HavasnbHyl0 MyTauuilo, 4TO npuBepdeT K Mno-
BTOPHOMY 06pasoBaHuio Ny3bipei Npu TpasmaTusaumm
TpaHcnnaHTupoBaHHoro yyacTka [11]. OToT HegocTaTok
ayToOJIOMMYHbIX KIETOK MOXHO HMBENWPOBATb B3ATUEM
6uomatepmnana M3 KINHUYECKU WHTaAKTHbIX Y4acTKOB
KOXW, coepXalmx peBepTaHTHble KNeTku, nmbo reHe-
TU4eCKon MoaurKaLumen ¢ UCnosib30BaHNEM peTpoBu-
pycHbIx BekTopos [10, 12—-17].

C Opyrow CTOPOHbI, annoreHHble KNeTkn nMeroT 6onee
BbICOKMI PUCK OTTOPXKEHUA U MHOULMPOBAHWA TpaHCnnaH-
TaTa u3-3a BO3MOXHOW peakLyn UMMYHHOW CUCTEMbI Ma-
umeHta [10, 11]. TeM He MeHee ecTb AaHHble 06 yCrneLHOM
NPUMEHEHNN He ToNMbKo DK Ha OCHOBE anforeHHbIX KNeTokK,
NosyYeHHbIX OT 65IM3KOro POACTBEHHMKA, HO U KOMMEp-
yeckn poctynHbix OK Kaloderm®, Dermagraft® u Apligraf®
[18-22].

Takum obpasom, annoTpaHcnnaHTaTbl MOryT 6bITb UC-
Nnosb30BaHbl Kak BPeMEHHOe MOKpbITUE paHbl Ha Nepuop,
OXMAAaHWNA NaUMeHTOM U3roTOBMEHWUA ayTOoNorMyHOn TKa-
HEVHXXEHEPHOM KOHCTPYKUMW NGO MpU HEBO3MOXHOCTU
nonyyeHus ayrobmomarepuana B CBA3U C OGLUMPHBLIM MO-
paxxeHnem KoxHoro rnokposa [10].

3nunepmaanble TpaHcNNaHTaThbl

Cpeon Bcex 6MOMEOULMHCKMX KIETOYHbIX MPOAYKTOB
B Tepanuu 3pOo3MBHO-A3BEHHbIX OedeKTOB Yy nauneHToB
C BPOXAEHHbIM OynnesHbIM 3nNuaepMosnin3oM Haubonee
M3Y4YeHO NPUMeEHeHWe anMaepMarbHbIX TKAHENHXEHEPHbIX
KOHCPYKUMIA. OTO CBSI3AHO C Te€M, YTO UMEHHO KepaTuHO-
LTl SKCMPECCUPYHOT 60MbLLYIO YacTb 6EMKOB AEPMO-3Mun-
AepManbHOro CoefuHeHusi, y4acTBYHOLLUMX B natoreHese
BCEX MOATUMOB BPOXAEHHOro GYNNe3Horo anvaepmonunaa.
BonbLUMHCTBO 3anuAepMarnbHbIX TKaHEUMHXEHEPHbIX KOH-
CTPYKUMI pa3paboTaHO Ha OCHOBE MeTofa, MpepnsioXeH-
Horo J.G. Rheinwald n H. Green, koTopbIi 3akmno4aeT-
Csl B BblENIEHUN KepaTUHOLMTOB U3 KOXHbIX 6MONTaToB
nnowaneo 1-4 cMm? 1 ganbHenWeM UX KySsTUBMPOBAHUA
00 06pasoBaHus MNnacToB o6LUe nnowanbplo NpUMepHo
6-40 TbIC. cM? [10, 23-25]. 3axxmBneHne paH Npu Hanoxe-
HUW annaepManbHbIX TKAHENHXEHEPHbIX KOHCTPYKLMIA 06Y-
CIIOBMIEHO Mponudepaumen n murpaumen KepaTMHOLMTOB,
a TakxXe 3Kcrpeccuen uMmn akTopos pocTa, CTUMYNNPY-
rowmx aHrmoreHes (VEGF), xemokuHos (CCL5) n nposoc-
nanutenbHbIX UMTOKMHOB (IL-1a, TNF-a). OgHako B cBs3u
C OTCYTCTBMEM [epMasibHOro KOMMOHeHTa anupepmarb-
Hble TKaHeWHXeHepHble KOHCTPYKUMW He obnaparT cro-
COBHOCTBIO K pemMofenupoBaHnio TKaHel 1 06pa3oBaHuio
rpaHynaumim, 4to fgenaeTt ux 6onee NPUMEHUMbIMU NM60
B Clly4ae Hann4us rpaHynupyomMx paH, nméo B KayecTse
BTOPOro 3Tana nocre npeasapuUTeNnbHOro HanoXeHa aep-
MarnbHOro TpaHcnnaHTara [26].

MexaHn4eckas XpyrnkocTb NiacToB U3 KyNsTUBMPOBaH-
HbIX KEPaTUHOLMTOB, a TaKXe UX YA3BMMOCTb B OTHOLLEHUN
6akTepuanbHbIX U MUKOTUHECKUX MHMPEKLUA CyLLecTBeH-
HO YCNOXHSAIOT UX MepBoHavasibHoe HanoXeHve U pJanb-
HemnLylo MMMOBUNN3aUMIo Ha paHEeBOW MOBEPXHOCTU [25,
27-29]. Tak, U. Wollina n coaBT. onucann KINHUYECKUNA
crny4an ycnewuHoro rnevyeHusi NaumMeHTKN C peLecCUBHBLIM
ONCTPOUYHECKMUM TSXKENbIM OYNne3HbIM 3NnMaepmMonn3omM
reHepanusosaHHoro nogtuna (Annono—CumeHca) c uc-
nonb30BaHNEM 3NMAepMalbHbIX ayTONOrMYHbIX KepaTuHO-
LUMTOB, pasMeLleHHbIX Ha nepdopypoBaHHOM MembpaHe
N3 HU3KOMOMEKYNAPHONW rManypoHoBOM KucnoTel [29]. OK
OblNl TPAHCMIAHTUPOBAH Ha TPW ANUTENIbHO CYLLECTBYIO-
LMX 9PO3MBHBLIX AedeKTa M 3aduKCUpoBaH Ha paHeBow
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Puc. 1. Cxematn4eckuit 0630p 3KBUBANEHTOB KOXW, KOTOPbIE UCMOMB3YHOTCA Y MALIMEHTOB C BPOXKAEHHbBIM OY1e3HbIM ANAEpMONn3oM. [ CO3AAHNA SKBIBANEHTOB KOXN
KIIETKI KOX1 YenoBeka (ChmbpobnacTbl 1/mmi KepaTuHOLWTbI) BbIAENSIOT 13 GrONTaTa KOXI, KyNbTUBMPYHOT 11 MCMIOMb3YHOT B COYETAHUN C MATPIKCOM Wi 663 HEr0. JKBUBANEHTI
KOXM MOXHO K/accueuLmpoBark B 3aBUCMOCTY OT UX KIIETOYHOMO COCTABA: COAEPXALLINE KEPATUHOLIATEI C NOANEXALLIEN OECKIETO4HON [epMalbHOM MaTpuLier N1bo 6e3 Hee
(anmmepmanbHble KBIBANEHTbI KOXIA), (ONBPO6NACTbI, BCTPOEHHBIE B AEPMATbHYH0 MATPULY (LepMabHble 3KBUBANEHTBI KOXM) MO0 COYETAHINE KEPATHOLMTOB 1 IEPMallbHO
MaTpuLbl ¢ tonbpobnactamin (KOMOUHUPOBAHHbIE SKBUBANEHTbI KOXM).

[Tpumeyarme. NepeBeaeHo Ha pycekuii A3bik 11 ananTupoBaHo u3 nctoutmka [10]. Ctarbs HaxoauTes nof nuueH3auei Creative Commons Attribution-Non Commercial 4.0 Interna-
tional License.

Fig. 1. Schematic overview of the tissue-engineered skin substitutes assessed for epidermolysis bullosa. To generate tissue-engineered skin substitutes, human skin cells (fibro-
blasts and/or keratinocytes) are isolated from skin biopsies, expanded under different cell culture conditions, and used in conjunction with or without some form of scaffolding
material. Tissue-engineered skin substitutes can be categorised based on their cellular composition: epidermal substitutes consist of an epidermal layer of stratified keratinocyte
sheets with or without an underlying acellular dermal layer containing scaffolding; dermal substitutes contain fibroblasts embedded within a scaffolded dermal matrix; composite
substitutes are composed of an epidermal layer of stratified keratinocyte sheets and an underlying scaffolded dermal layer containing fibroblasts.

Note. This figure was translated into Russian and adapted from the source [10]. The article is licensed under a Creative Commons Attribution-Non Commercial 4.0 International

License

MOBEPXHOCTU C NMOMOLLIbIO CETHATOr0 NOIMMEPHOrO NOKPbI-
TUS; C LeNblo MPOMUNaKTUKN BTOPUYHOM MHADEKLUU OfHO-
BPEMEHHO C TpaHcnnaHTauuer naumeHTke nposogunach
cucTeMHasi aHTubakTepuansHas Tepanusa [29]. B TeveHne
OfHOro ropa Habnwofanacb MOMHOe 3aXuBleHue [fABYX
3pPO31I Ha KOXEe CMUHbI, OQHAKO 3P03MS Ha KOXe ronoBbl
3nuUTENU3MpoBanach He MofHOCTLI0. ABTOPbI Ny6nvKaumm
CBAI3bIBAIOT 3TO C MEXaHWYeCKMM OTpbiBOM 4acTu 9K B pe-
3ynbTarte TPyOHOCTEN, BO3HMKLLMX Npy domkcaumm K ¢ no-
MOLLIbIO MePEBA30YHBLIX MaTepnanos U3-3a aHaTOMUYECKON
CMOXHOCTWN JaHHOW 30HbI [29].

[Ons yBenuyeHns nepuopa HaxoXAeHWs KepaTuHOLM-
TOBbIX TPaHCMNIaHTaToOB Ha MOBEPXHOCTU 3PO3MU UCMOSb-
3YI0T 3alUMTHblE LUNEMbI-Mackn, HafleBaemble Ha Mepuof,
CHa B crny4yae flokanuaaumm TpaHCnnaHTaToB Ha nuue, pac-
cacblBaloLnecs WBbl AnA UKcaumm TKaHeMH>XeHepHbIX

B BecTHUK gepmaTtonorum n BeHeponormuun. 2024;100(5): XX-XX
W Vestnik Dermatologii i Venerologii. 2024;100(5):XX—XX

KOHCTPYKUMIA W 6GEeCKNeTo4Hble fepmMaribHble MaTpuKChbl
(dombpuH, rybkm na konnarexa | Tuna, MemépaHbl Ha OCHO-
BE HU3KOMOSEKYNAPHOW MManypoHOBON KUCNOTLI, CUINKO-
HOBble MeMbpaHbl, Ba3eNMHOBbIE MaprieBble MNOBA3KM) [25,
30-33]. bronornyeckne 0CHOBbI, OUOPUH 1 FManypoHoBas
KMCnoTa cuuTaloTc 6naronpuUATHbIM MUKPOOKPYXXEHNEM
ONA pereHepaumv paHbl 3a cHeT CTUMYMSAUMUM MUrpauuu,
nponudepaunm n guddepeHUNPoBKM KepaTHoLUmMTOB [33].

D.M. Carter 1 coaBT. onucanv cO6CTBEHHbIV OMbIT Npu-
MeHeHus anmaepmanbHbix K (ayTonornyHbIx KepatmHoum-
TOB, HAHECEHHbIX Ha rybku U3 konnareHa | tuna) y 3 naum-
€HTOB C norpaHuyHbIM 6ynnesHbiM anvgepmMonuaom [31].
VY Bcex 3 nauueHToB 6blMv ONUTENbHO CyLlecTBOBaBLUNE
3p0o3un Ha Koxe nuua. Y 2 nauueHToB rnocne 8 n 7 nocne-
JoBatesibHbIX HaNOXEHUN TKaHEUHXEHEPHbIX KOHCTPYK-
UM B TeYeHne COOTBETCTBEHHO 1 rofga u 7 mecsues OT-
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Mevanacb nonHas anuMTenu3auus paHeBon MOBEPXHOCTU
C YacTU4HOM penurmMmeHTaumen. Y TpeTbero nauymeHTa 6oina
OOCTUrHyTa NyLLb YacTU4Haa anuTenusauus nocrne 6 npo-
Lenyp, BbINOMHEHHbIX B Te4eHne 9 MecsLeB, OfHaKo Ha MO-
MeHT ny6nMKaLmmn Kypc Tepanuu He 6bin 3aBepLueH [31].

CTOoMT OTMETUTB, 4TO Yepe3 1 Mecsl nocne NosiHoro
3aXMBIIEHNSA 3PO3UN Y OHOrO U3 NauMeHToB NosSBUMIUCH
ny3blpy Haf y4acTkaMu TpaHcnnaHTaumMu nocne rnony4ye-
HWS1 TPaBMbl, YTO CBUAETENLCTBYET O COXPAHEHUM U3HAa-
YanbHbIX MyTauMi Ha JaHHbIX y4acTKax KoXu, 4YTo ABNs-
eTCs OCHOBHbIM HEJOCTaTKOM MPUMEHEHUSA ay TONOrNYHbIX
OK y nauuMeHTOB C BPOXAEHHbIM 6ynne3HbIM 3anuaep-
MonunaoMm [31]. YTo6bl HMBENMpPOBATb STOT HEOOCTaToK,
6blna paspaboTaHa MeToAuKa cO3[aHus ayToSOrMYHbIX
TKaHENHXXEHEepPHbIX KOHCTPYKUMA C WUCMONb30BaHUEM
KNeTOK, BblAENEeHHbIX U3 UHTaKTHbIX (HE CKMOHHbIX K MO-
SIBNIEHVIO My3bIpeE N 3PO3MI) YHaCTKOB KOXW, KOTOPbIE,
KaK W3BECTHO, cofepXaT reHeTUYeCKN peBepTaHTHbIe
KNeTKW, CKOMMEHCUPOBAaBLUME U3HaYanbHYlO MyTauuio
HoBbIMM MyTaumamm [10]. 3To ABNeHME U3BECTHO Kak pe-
BepTaHTHbIA MO3anuuaM 1 onucaHo Ans BCexX MOoATMNOB
BPOXAEHHOro 6ynnesHoro anugepmonuaa (reHsl KRT14,
LAMBS3, COL17A1, FERMT1, COL7A1) [10]. Y naumeHTOB
C NorpaHnyHbIM 6ynnes3HbIM aNMAepMonM3om coobLuaeT-
Csl 0 4pe3Bbl4aNHO BbICOKOM YacTtoTe myTaumn COL17A1
n LAMB3 — 36 n 33% cooTBeTCTBEHHO [34].

B 2009 r. A. Gostynski n coaBsT. Bnepsble ony6nnkosa-
v pesynestatbl Tepanum 60/bHOro NOrpaHnYHLIM 6ynnes-
HbIM 3MMAEPMONM3OM C Mcrnonb3oBaHneM OK Ha ocHoBe
KNEeTOK peBepTaHTHOM Koxu [12]. CnycTa 4 mecsua nocne
TpaHcnnaHTauum ayTonorm4yHoro anuaepmMarbHoOro nocky-
Ta, NOJMTy4EHHOro N3 KepaTUHOLMTOB PEBEPTAHTHOM KOXW,
«aKLenToOPHbIN» 3PO3MBHbLIN AedeKT, n3Ha4anbLHO CocTas-
NABWKWIA 84 CM2, MOSIHOCTBIO 3nuTenu3upoBascs 6e3 06-
pa3oBaHus pybLoB, OAHAKO MpoBepka YyCTOMYMBOCTU 3a-
XUBLLEN KOXW K MEXaHN4ecKomMy BO3[EeNCTBUIO rnokasana
COXpaHeHve AUCHYHKUMN aare3nBHbIX CBOMCTB (Mpu Tpe-
HUW TPaHCNNaHTUPOBAHHOIO yHacTKa KOXM NponsoLurna oT-
crovika anugepmuca) [12]. PeTpocneKkTuBHbIN aHanM3 no-
Kasarn, 4To ToNbKO 3% KepaTMHOLMTOB U3 «aKLEernTOPHON»
obnactun cogepxanu pesepTaHTHbI konnareH XVII Tuna,
HECMOTPS Ha TO, YTO «[OHOPCKUI» YHaCTOK KOXW copep-
xan ~30% peBepTaHTHbIX KIETOK, YTO MOXET SBNATbCA
NPUYNHON  (PYHKUMOHANLHOIrO Aedekta peanuTennsnpo-
BaHHOro yyactka koxu [10, 12]. TeopeTuiecku nofoo6HbIN
heHOMEH MOXHO OBBLACHUTL BbITECHEHWEM PEBEPTaHTHLIX
KIeToK KepaTuHoLMTaMn, KOTOpble MUrpupoBasnu n3 Kkpaes
aKLenTopHOro y4acTtka unm pesepsyapoB CTBOSIOBbLIX Kre-
TOK B Npugatkax Koxu B npouecce anutenusaumm [10].

S. Shinkuma n coaBT. 6bina NpeanpuHATa MOMbITKa
TpaHcnnaHTaumMu anugepmansHoro 3K Ha OcHoBe ayTo-
JIOTNYHBIX KepaTUHOLMTOB, B3ATbIX U3 KIIMHWUYECKU WH-
TaKTHOrO y4yacTKa KOXW CMWHbI, Ha MOBEPXHOCTb 4 3p0o3ui
12-neTHeMy mMarnb4yvKy C peLecCuUBHbIM AUCTPODUYECKUM
6ynnesHbiM anugepmonnsom [13]. B ogHol 13 4 3po3uit oT-
Medanachk npakTU4ecKun nonHas anutTenuaaumsa no ncreye-
HUK 2 Hegenb, 0AHaKO B 3 OpYrmx Sp03mBHbIX AedeKkTax 3a-
XXUBMEHUSA He ObINO B CBA3N C MEXaHNYeCKUM CMeLLeHeM
TpaHCMIaHTMPOBAHHLIX 3MMAEpPMarbHbIX NTOCKYTOB cpasy
nocne nepecagku [13].

B 2019 r. W. Matsumura n coasT. ony6nvkosanu pe-
3yneTaThl OOHOLEHTPOBOrO UCCNEfoBaHUs, B HEM OLIEHW-
Barnacb 3(PEKTUBHOCTb NPUMEHEHMUS JTOCKYTOB Ha OCHOBE
KepaTUHOLMTOB, B3ATUE Bruomarepuana ans Kotopbix 66110
BbINOMTHEHO W3 KIIMHWYECKU HEW3MEHHbLIX Y4YacTKOB y na-
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LMEHTOB C peLecCUMBHbIM AUCTPOPUYECKNM OYNNe3HbIM
anupgepmonun3oM [14]. Ha 8 apoauBHbIX AedekToB y 3 na-
LMEHTOB C peLecCUMBHbIM AUCTPOPUYECKUM OBYNnesHbIM
3MMAEPMONU3OM ObII HANOXEHbI NINCTLI N3 KYNLTUBUPO-
BaHHbIX ayTONOrnyHbIX KepartuHoumTtos [14]. Y 2 nauuen-
TOB OTMeYarnach nonHas anutenusauus nogseprHysLLIMXCA
JaHHOM npouepype 3po3vii Yepe3 76 Hepenb OT MOMEH-
Ta HanoXeHus NIOCKYTOB, OfjHaKo y 1 nauueHTa B CBS3U
C HeoAHOKpaTHbIM MOBTOPHbLIM 06pa3oBaHUEM MNy3bipen
Ha MecTax TpaHcnnaHTauun JOCTUYb MOMHOW 3nuTenvaa-
U1K He yganoch [14].

CnoxHocTb co3gaHus nogobHbix JK 3akntovaercs
B TPYAHOCTU KNMHUYECKOM NAEHTUMUNKALIMM YHACTKOB KOXN
C [OCTaToYHOM MNOnynsauuen reHeTU4eckn peBepTaHTHbIX
kneTok. B kayecTBe anstepHaTuBbl 661110 NPEQSIOKEHO UC-
Nnonb30BaHWe ayTosIorMYHbIX KepaTUHOLMTOB, FEHETUYECKN
CKOPPEKTUPOBAHHBLIX METOAOM TpaHCOYKLMN PeTpoBUpYC-
HbIMW BEKTOpaMu, KOTOPbIE HECYT MOTHOPa3MepHbIe Konun
reHoB AMKOro Tuna, Kopnpytowmx 6enku 3oHblI 6a3ansHom
Mem6paHsbl. lMocne mHTerpauun B reHomHyo [HK TpaHc-
reHbl o6ecne4ynBaloT CTabUIbHYIO 3KCMNPECcCUio 6ernKkos
N KOMMEHCUPYIOT OTCYTCTBME (PYHKLMW MYTaAHTHOro reHa
[10, 15-17].

MepBas pemMoHcTpauusa KIMHWYEeCKoro adpdekTta
reHHo-mogudmumnpoBaHHbix K 6bina onucaHa F. Mavilio
n coasT. B 2006 r. [17]. Ha ocHOoBe ayTonoruyHbIX Kepa-
TUHOLMTOB, MOMYYEHHbIX Y MauuMeHTa ¢ NorpaHuYHbIM
OynnesHbIM 3NUAEPMONN3OM U  TpaHCAYLUPOBaHHbLIX
peTpoBMPYCHbIMU  BEKTOPaMK,  3KCMPecCcupyowmmm
nonHopasmepHyto KAHK LAMB3 nopg koHTponem Bupyca
MonoHu, 6binu BbipalleHbl anvaepmaneHble K [17]. MNo-
ny4eHHble 9K B okTa6pe 2005 r. 6bIn HAHECEHbI HA ANU-
TENbHO CYLLECTBYIOLNE SPO3UBHO-A3BEHHbIE AedeKThl
N y4acTKu npeaBapuTenbHO XUPYpruyecku yaaneHHoro
LAM5-b3-gedumumntHOro anugepmmca B 061actu HUXKHUX
koHe4yHocTen [17, 35]. MNonHaa pereHepauua anuaepmu-
ca 6blna oTMeYeHa Ha 8-e cyTkm nocne HaHeceHus OK,
a CTabunbHOCTL 3NUAepMMca CoxpaHanach Ha NpoTaxXe-
HUKM 16 neT, 0 4em 6bINI0 COO6LLEHO B 6onee No3gHeEN ny-
onukaumm 2021 r. [17, 35].

YT06b!I OLIEHWUTL MPUrOAHOCTL FEHETUYECKN Moandu-
LUMpOoBaHHbIX anugepmanbHbix 9K B Tepanuu naumeHToB
C BPOXAEHHbLIM BYrne3HbIM SMMAEPMONIN3OM C GOMbLLION
nnowansio nopaxeHus KOXHOro nokposa, oceHbio 2015 r.
JaHHaa MeTofuKa nevyeHus 6bina npuMeHeHa y marnbyvka
¢ geduumtom LAMB3 1 TsaxenbiM norpaHuyHbiM 6ynnes-
HbIM anuaepmonuaoM [15]. B TeyeHne 2015-2016 rr. npo-
BedeHO nocriegoBartenbHoe HanoxeHne 9K Ha 3p03uBHbIe
NMOBEPXHOCTH, 3aHMMaBLLne 6onee 60% KOXHOro nokposa,
KOTOpOe MPUBENO K pereHepaunn AedeKTos ¢ BOCCTaHOB-
neHveM aare3nBHbIX PYHKUMIA Koxu [15]. MNprmeyaTensHo,
YTO TPaHCMNaHTUPOBAHHbIE YHACTKN OCTaBannCb YCTONYN-
BbIMM K MEXaHMYeCKOMY BO3[ENCTBUIO CyCTa 5 neT nocne
npoBefeHns MeduLMHCKOro BMeLLaTenscTea [36].

B 2017 r. JJW. Bauer 1 coaBT. 6bin1 onucaH cny4an
ycneLuHom Tepanum pedpakTepHOn K NpoBoAMBLLEMYCS pa-
Hee nevyeHuio, cyLlecTeytoLLer 6onee 10 neT A3BbI NnoLLa-
Oblo NpuMepHO 80 CM? Ha rofieHn NaumeHTKM C reHepanu-
30BaHHbIM MPOMEXYTOYHbLIM NTaMUHUH-332-B3-3aBUCUMbIM
NorpaHnYHbIM 6YnnesHbIM aNMAepPMONN30oM C UCMoNb30Ba-
HWeM aHanorudHoro metoga [16]. MNMonHoe npwxueneHve
TpaHcnnaHTata Habnoganocb Ha 14-e cyTkn, a addekT
B BMOe YCTOMYMBOCTW TpaHCMNIaHTUPOBAHHOIO Yy4acTka
K MexaHW4YeCKOMY BO3[ENCTBUIO COXpaHANCs B Te4yeHue
16-meca4Horo nepuoga Habnwogenuns [16]. Cnycta rog
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nocne HanoxeHusi nockyTta 6blna BbiNONHeHa 6uoncus
KOXM M3 061acTv TpaHCnIaHTUPOBaHHOIO yyacTtka [16].
[McTonornyeckoe uccnegoBaHue 6uonTata KoOXW nokasa-
no Hanuvyne gudpepeHUnpoBaHHOro anvgepMmca u gep-
MO-3NuaepManbHOro CoOeIMHeHNs; CornacHo pesynsratam
UMMYHOPIyOpeCLeHTHOro aHanusa KOonuyecTBO NaMuHU-
Ha-332 B 6uonTaTe KOXW ObISI0 COMOCTaBNMO C YPOBHEM
B KOHTPOMbHOM 6uonTaTte; No AaHHbIM MPOCBeYMBaloLLEN
3M1EKTPOHHON MUKPOCKOMNU MOPKPOormsa 3oHbl 6a3anbHom
MemM6paHbl HOpManu3oBanacb nocne TpaHcnnaHTauuu,
a rmbpuausaums in situ ¢ NCNoNbL3oBaHMEM BEKTOpP-crew-
MPU4HBbIX 30HA0B LAMB3 nokasana roMoreHHyt aKcrnpec-
cuio LAMB3 MPHK Bo Bcex cnosx anugepmuca [16]. MNo-
CKOJSIbKY anMaepMncC YenoBeka OO6HOBNSETCA €XEMECHAYHO,
TpacnnaHTUPOBaHHbIA 3NUAEepPMUC MpeTeprnen He MeHee
16 MNONHbIX UMKNOB OOHOBIEHUSA B TedeHne 16 mecsiueB
HabnogeHus. Takum o6pas3oM, AnNuTenbHOe MoaaepXxa-
HMEe pereHepupoBaHHOro 3anuaepMmca OCyLLEeCTBNsSETCA
3a cYeT CaMOOBHOBMSAIOLMXCA TPaHCAYLMPOBAHHbLIX 3MNu-
JepMarbHbIX CTBOSIOBbLIX KNETOK WM HEe UMeeT TeHOAeHUUn
K 3aMeLLEeHUI0 aKLenToOpHbIMU KfleTKaMu, UMELLNMU My-
Taumio [16].

OK Ha ocHOBe anfioreHHbIX KepaTMHOLMUTOB, MOJyYeEH-
HbIX OT 340POBbIX LOHOPOB, TAKXe UCMONb3YT B Tepanuu
nauneHToB C BPOXAEHHbIM OYNE3HbIM 3NUAEPMOSIN3OM,
OfIHAKO UX NMPUMEHEHWE OrPaHNYEHO TPYOHOCTAMMN NPUKUB-
neHnsa B gonrocpo4dHon nepcriektuse [10]. B cBs3u ¢ aTum
anugepmMarsbHble  annoTpaHcnnaHTatbl  UCCnefoBanuchb
nMb0o B KadyeCcTBe BPEMEHHLIX MOBA30K B COYEeTaHWUM C ay-
ToTpaHcnnaHTaTaMu, nMbéo B TeX crny4dasx, Korga Ucnosib-
30BaHWe ayToNornyHbIX KNEToK 6bI110 HelenecoobpasHbiM.
J.A. McGrath n coaBT. npegnpuHANN 6e3ycneLUHyo NonbIT-
Ky MPUMEHEHNS anmnoreHHbIx anupaepMarnbHbix OK B neve-
Hun 10 NaumeHToB B Bo3pacTe oT 18 0o 44 neT ¢ TAaXenbiM
reHepann3oBaHHbIM PeLeCcCUBHLIM ONUCTPOPUHECKUM BYI-
nes3HbIM anvaepmonuaoM [11]. TpaHcnnaHTauus BbIMONHS-
nacb BO BpeMs nnacTU4ecKon onepauum, HanpasneHHOW
Ha BOCCTaHOBMEHWEe (OYHKUMIA KUCTEN PYK, U3MEHEHHbIX
no TWMy MNCEeBOOCUHOAKTUIUM U «pyKaBuubl». HecMmoTps
Ha HEKOTOpPOE YMeHbLUEeHUEe 60MeBbIX OLLYLLEHUA, 3Ha4n-
TENbHOro KNMHNYEeCKOro agodekTa B MecTax TpaHcnnaHTa-
UMM He OTMe4danocb, OAHAKO CTOUT OTMETUTb, YTO Nepuon
HabnogeHs B AaHHOM uUccnegoBaHun 6biil Ype3BblHaiHO
KOpPOTKum [11].

Buonornyeckoe poAcTBO AoHOpa M peuunmueHta Mo-
XeT YyBenuuMBaTb LWAHCbl Ha 6naronpusiTHbIA - UCXo4
TpaHcnnaHTaumn. Tak, 6bl1 onuMcaH OnbIT MPUMEHEeHUs
anuaepmManbHbIX annoreHHbix 9K, cO3[4aHHbIX HA OCHOBE
KepaTUHOLMTOB, B3SITbIX Y MaTepU naumneHTa, Ans fnevyeHuns
3PO3UBHO-A3BEHHbIX O4aroB Ha nuvue y 5-neTHero nauu-
€HTa C norpaHuvyHbIM 6ynne3HbiM anugepmonusom [37].
Mocne npoBedeHus 4 nocnegoBaTeNbHbIX NpoLeayp Hano-
xXeHus IK B TeveHne 6 mecaueB AedeKTbl pe3anUTeNn3npo-
BasINCb N OCTaBaNUCh 3aKPbITbIMU B TeYEHUE 8-MeCAYHOro
nepuvoga HabnogeHus [37].

CyLlecTByeT Takke KOMMEPYeCKM LOCTYMHbIA Kyrb-
TuBMpoBaHHbIn K Kaloderm®, KoTopbIii co3faH Ha OCHO-
Be KepaTUHOUWUTOB, MOSIYYEHHbIX U3 KOXW HOBOPOXAEH-
Horo. OnucaH onbIT ero NPUMEHEHUsT Yy HOBOPOXXOEHHOIO
pebeHka C NpoCTbiM 6ynne3HbiM 3nuvgepMmonu3omMm [19].
TpexkpaTHoe HanoxeHue gaHHoro 9K Ha 3po3uun npuse-
110 K NpaKTU4ecKn NonHOM anutenusaumm 14 cyTok cnycTs,
OfIHaKO [OMroCcpo4HOro HabnoaeHUs He MpoBOAUIIOCS,
TakXe Kak U OLEHKN YCTOMYMBOCTU TPaHCNNAHTUPOBAHHO-
ro ydactka K MexaHn4eckum sosgenctansam [19].
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ﬂepmaanble TpaHcnnaHTaTbl

Bnepsble MeTOL KYNETUBNPOBAHUS AepMarbHbIX anfo-
TpaHcnnaHTaToB 6bIn npegnoxeH K. Kubo un Y. Kuroyanagi
[10, 38].

B 2010 r. K. Natsuga n coaBT. onucanu cO6CTBEHHbIN
ONbIT TPaHCM/IaHTauMM anforeHHoro pepmMasnsHoro 3K
Ha ONUTENbHO CYLLECTBYOLWME OedeKTbl KOXU Yy 2 naum-
€HTOB C peLecCUBHbIM AUCTPOPUYECKUM BYNNe3HbIM 3Mnn-
OepMonu3oM ABaxAbl B HEAEN0 B TeYeHUe nepsbIX 2 He-
nenb 1 panee 1 pas/Hepn [39]. Y ogHOM NauueHTKn apo3us,
CyLlecTBOBaBLUas [0 3TOro B TedeHne 10 mecsaues, NosHO-
CTbiO 3NUTENN3NpPOBanach 3a 4 Hefenu Tepanuu; y apyrou
3po3uA, NosiBMBLLIAsACA 3a 6 MecaueB A0 Havana Tepanuu,
NOMHOCTLIO 3ANUTENU3MpoBanach B TedeHne 3 Hegenb [39].
OpHako MEeToOoM MMMYHOoOpecLeHUMN 6bIN0 aokasa-
HO, 4TO BblpaboTka konnareHa VIl Tuna B Mectax TpaHcnnaH-
Tauumn He NPeBOCXOOUT ero BblpaboTKy Ha APYrux y4actkax
KOXW naumeHToB [39]. 3TO No3BONUIO aBTOpPam NpPeLoso-
XUTb, YTO anNuTenuaaums obycrioBneHa npoaykKunen umTo-
KMHOB M1 thakTopoB pocTa ¢mbpobnactamm (VEGF, bFGF,
HGF, KGF, PDGF, TGF-betail, IL-6, IL-8) [39].

T. Hasegawa 1 coaBT. MCMONb30Banu anfioreHHble
nepmaneHble 9K, KOTOpble COCTOAT M3 (hrMbpo6nacTos,
pacnonoXeHHbIX Ha ryb6kKe N3 KonnareHa v rmanypoHOBON
KUCNOTbl, B JIE4YEHUN XPOHUYECKUX I3PO3UN, CYLLECTBO-
BaBLUMX 6onee 10 Mecsues, y 3 NauueHToB C peLeccus-
HbIM AUCTPOOUYECKMM OYnnesHbIM anugepmonusom [40].
TpancnnaHTaums 9K nposogunach 2 pasa/Hed B Te4YeHue
2—6 Hepenb, NOABNEHWE rPaHyNAaLMOHHON TKaHu Habnoaa-
fnockb Yepes3 1 Hefeno, a Hayano anuTenuaauum ot nepu-
depun K LEHTPY — 4epes 4 Hedenu oT Havana Tepanuu,
OfIHAaKO AaHHble O JONFOCPOYHOM HabAEeHUM NaUMEeHTOB
npeacTasneHbl He 6b1nn [40].

B nccnepgosaHun, nposegeHHoM H.A. Moravvej n co-
aBT., cpaBHMBanacb 3(PMEKTUBHOCTb MHBbEKLMI PUOPO-
6rnactoB u pepmanbHoro 3K, co30aHHOrO Ha OCHOBe
hnbpo6nacToB U aMHUOTUHECKON MeMbpaHsbl [41]. YV 7 na-
LMEHTOB C peLeCcCUBHbIM OUCTPOUYECKUM GYNNe3HbIM
annaepmonn3omM 6bIsio BblI6paHO Mo 7 ANUTENbHO Cylue-
CTBYIOLLUNX 9pO3UA, B 06nact 3 U3 KOTOPbIX BbINOMHS-
JINCb NHBbEKUUN hnbpo6nacToB, 3 NOKPbIBASIUCL anoreH-
HbiIM gepmMarnbHbiM TUK 1 1 ucnonb3oBanacb B KavyecTse
KOHTPONbHOWM — ob6pabaTtbiBanacb C WCMNOMb30BAHUEM
CTaHJapTHbIX NepeBa304HbIX MaTepuanos [41]. 3a 12-He-
OenbHbIA nepuod HabnwogeHus 21 3po3uun, MNOKPbITON
gepManbHbiM 3K, Tonbko 1 anuTenuaupoBanacb MosHO-
CTblO M Bcero 6 anutenuanpoBanocb 6onee Yyem Ha 70%,
4YTO MpeBoCXoauT Mo APPEKTUBHOCTU OObIYHbIE MEpPeBs-
304Hble MaTepuanbl, OOHAKO 3HAYUTENbHO YCTYynaeT UHbL-
ekumsamM mbpobnactos B 06nacTb paHsbl [41].

MmeeTcss KOMMeEpYeCcKn JOCTYMHbIA AepmanbHbin OK
Dermagraft®. B 2005 r. 6bl510 NPOBEAEHO MCCnenoBaHne
0N OUEeHKN ero 3heKTUBHOCTN B Tepanun AnuTensHO cy-
LLLeCTBYIOLLMX 3p03MI Y 6 NaLUMEHTOB C pPeLecCBHbIM AUC-
Tpodhmyecknum 6ynnesHsiM snupgepmonusom [18]. Ha 4-i
Hefene nocne TpaHcnnaHtaumMm otMedanacb ~95%-a anu-
TenMsaumsa BCeX y4acTKOB, OOHaKO yxe K 8- Hefene Ha-
6nofeHns NOBTOPHbIE TPaBMbl NPUBENU K YMEHbLUEHUIO
nnoLwann aNnuTenM3npoBaHHoOM nosepxHocTy [18].

KOMﬁMHMpOBaHHbIe TPpaHcNNaHTaTtbl

B 1998 r. M. Eisenberg u D. Llewelyn onucanu ycnewu-
HbIM OMbIT NMPUMEHEHUS KYNETUBUPOBaHHBLIX KOMMO3UTHBIX
annoTpaHcnnaHTaToB y 7 AeTel C peueccuBHbIM AuC-
Tpohmyecknm 6ynnesHbIM 3NVOepMOnM30oM B KavecTBe
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BCMOMOraTenbHOro arana BO BpeMsi MiacTU4ecKux one-
paTuBHLIX BMeLUaTeNnbCTB, HanpasiieHHbIX Ha KOPPEeKLuto
CYHOAKTUNUIA U crubaTtenbHbIX KOHTpakTyp [42]. Anno-
TpaHcnnaHTaTbl co3gaBanucb NyTeMm nomeLleHus unbpo-
6nacToB N KepaTUHOLMTOB Ha pasHble CTOPOHLI MOPUCTbIX
KonnareHoBbIX ry6ok [42].

E. Betsiun coasT. B 2009 r. Takxe onvcanu CO6CTBEHHbIN
OMbIT UCMOSMIb30BaHNA KOMBUHUpoBaHHOro OK y nauueHTta
C peLecCcuBHbIM AUCTPOPUHECKUM BYNNe3HbIM 3NUaepmMo-
nm3oM (Annono—CumeHca) nocre onepauum no BOCCTaHOB-
NEeHN0  PYHKLMOHANBHOM CMOCOBHOCTU NanbLeB KucTen
[43]. TpaHcnnaHTauusa nposogunacb noatanHo. NepeoHa-
YarbHO Ha nocreonepaumoHHyo paHy 6blna HaHeceHa noa-
rotoButenbHas ocHoBa (Matriderms, 6b14nin konnareH |, I,
V 1 6eckneToyHbI AepMarbHbIi MaTpUKC Ha OCHOBE M-
Aponuaara anactuHa), Yepe3 10 gHer nocne 3Toro Ha pa-
HeBble AedeKTbl MoMeLLleHa KOHCTPYKUMSA U3 COBMECTHO
KYNbTUBUPOBAHHbLIX (oM6pOo6nacToB U KepaTuHoLUMTOB [43].
MonHasa anutenuaauma 3asepLumnack Yepes 2 roga rnocne
TpaHcnnaHTauum, U naumeHT cMor NofHOLEHHO MUCMOoSb30-
BaTb 06€ KMCTW B NOBCEOHEBHOM XN3HU [43].

KoMmep4yeckn [OCTYMHBLIA KOMOGMHUPOBAHHbLIA arnno-
TpaHcnnaHTtat Apligraf® npegcraBnseT co6oi TKaHenHxe-
HEPHYIO KOHCTPYKLMIO, BKITHOYAIOLLYIO AepMaribHbIA Crown
HeoHaTasbHbIX PM6pPo6IacToB, refnb Ha OCHOBE KonnareHa
| TMNa n anngepmarnbHbIN CNOW HeoHaTasrbHbIX KepaTUHO-
yutoB [10]. CumTaeTcq, 4To AaHHbIM DK cTumynupyeT 3a-
XXUBMEHWe paH 3a CYET IKCMPEeccun LMTOKMHOB, (hakTopoB
pocTa n 6enKoB BHEKNETOYHOro matpukca [10].

06 wucnonb3oBaHun Apligraf® B Tepanuu npocToro
6ynnesHoro anuagepmonuaa snepsble coobwmnu A.F. Fa-
labella n coast. B 1999 r. [20]. HoBOpOXAEHHON OEeBOYKe
6bI110 MPOBEdeHO HanoxeHve JK Ha O6LUIMPHbIE 3PO3MK
Ha KoXe NeBOr HMXHEN KOHEYHOCTU 1 NPaBoi BEPXHEW Ko-
HEYHOCTM B 06aCTU JIOKTS C MOSNOXUTENbHLIM 3PDEKTOM
B BUAE MOMHOW 3nNuTenuMsaumm 3po3mBHbIX gedektos [20].
Yepes 11 Hepenb nocne TpaHcnnaHTaumMn Ha 6onbLUen Yya-
CTN NOBEPXHOCTUN HanoxeHHbIX K He Habnganocb HOBbIX
Ny3bIPHLIX U 3PO3UBHbLIX 3neMeHToB [20].

OTn MHOroo6eLlaroLLme pesynsraTbl NOCYXMIM CTUMY-
JIOM [N Ha4ana nccnefosaHns 6e30nacHoCcTy U 3ddeKTmB-
HocTun Apligraf® B rpynne 13 15 naumeHToB C pasnmM4HbIMM
nogtunamy 6ynnesHoro anugepmonu3a (9 naumeHToB —
C peLeccuBHbIM AUCTPOMNYECKUM BYNNe3HbIM 3nmagepmo-
nM30M, 5 — ¢ NpocTbIM 6YNne3HsbIM anmaepMonmaom, 1 —
C MOrpaHuyHbIM BYNnIe3HbiM 3NMOEepPMOIM30M), KOTOPbIM
6bin HaHeceH OK Ha 78 paHeBbIX OeeKToB (M3 KOTOPbIX
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9 6LV ANUTENbHO CYLLIECTBYIOLLMMU U TPYAHO nopaatoLm-
MU1CA Tepanuu, a 69 nosBunmucb HefasHo). Yepea 18 Hepenb
oTMevanacb anutenuaaumsa 79% HedaBHO MOSIBMBLLIMXCS
3p03uin, 4 N3 9 XPOHMYECKMX 3PO3UIA INUTENU3NPOBAITUCH
cnycTa 12 Hegenb, ogHako Yepe3 18 Hefdenb TONbKO B 2 U3
HUX COXpaHUNCs [OCTUTHYTbIN adpdoekT [21].

B gpyrom uccrnefosaHum onvcaHo npuMeHeHue Ap-
ligraf® y 9 peTelt ¢ pa3nuyHbiMKM noaTUNaAMKU GYNNE3HOro
anngepmonusa (5 — € peLeccuBHbIM AUCTPOUHECKUM
6ynnesHbIM 3NMAepMOnn3oM, 3 — € NPOCTbIM 6YrNe3HbIM
anuaepMonua3oM, 1 — ¢ norpaHnyHbIM 6yNnesHbIM anu-
depmonunsom) [22]. ABTopamu 6bifla onvcaHa anuTenuaa-
umsa 6onee 90% 3po3uK B TedeHWe nepuoaa HabnogeHns
y 8 geten n3 9 [22]. OgnH n3 geTel ¢ NorpaHn4HbIM 6yn-
Ne3HbIM 3NngepMonu3om (mogtun Xepnutua) ckoHvancs
OT [AbIXaTeNlbHOM HeJoCTaTOYHOCTU Ha 28-M [OHEe XW3HMU,
YTO caenano HeBO3MOXHOW oLeHKY addekTnsHocTH Apli-
graf ® B 4ONrocpo4HoO NepcnekTuBe y AaHHOro NauueHTa,
OfJHaKO CTOWUT OTMETUTb, YTO 3a 17 AHein HabnogeHusa oT-
MeYyanuck NosBreHVe rpaHynsALMOHHON TKaHW U YacTU4Has
3NUTENU3aLMA SPO3UBHbLIX AedeKToB [22].

HecmoTps Ha ycnelwHbIvi onbIT npumeHexuns Apligraf®,
OTHOCUTESIbHO BbICOKaA CTOMMOCTb M KOPOTKUI CPOK rof-
HocTu (oT 5 go 10 gHen) co3patoT NPensaTCTBUA AN ero py-
TUHHOIO KIIMHUYECKOro nucrnonb3osaHus [10].

3aknioyenue

TakMm 06pa3oM, Bce Ony6IMKOBaHHbIE K HACTOsLLe-
My BPEMEHWU uccrnenoBaHns 3EKTUBHOCTU GUOMeEN-
LIMHCKUX KIETOYHbIX MPOJYKTOB B Tepanvu BPOXOEHHO-
ro GynnesHoro anMaepMonu3a MNpoBOAWMIUCL Ha MarbixX
M pa3HOPOAHbIX BbIOOPKax MauMeHTOB, YTO OBGYCIIOBIEHO
opdaHHOCTbIO 3abonesaHusa (Tabn. 1). B 6onbmnHcTBE
MccneaoBaHUn NauMeHTbl HAXOAUNUCL NoA HabMAeHNEM
B TEYEHME KOPOTKOro Nepuofa BPEMEHU, YTO He NMO3BONS-
€T Oenatb BbIBOAbI O OONMTOCPO4HbIX adhdeKTax, NonoXu-
TeNbHbIX U OTpULaTenbHbIX, TpaHcnnaHTaumm OK. OpgHako,
HECMOTPS Ha OrpaHWYEHHbIN OMbIT, UMetoLLecs nNybnvka-
UUn OEMOHCTPUPYIOT BbICOKYHO adhdekTMBHOCTL K 1 no-
3BOJIAIOT paccMmaTpuBaTbh UX B Ka4eCcTBe MepCrnekTUBHOIO
MeTofa Tepanuu 3pO3UBHO-A3BEHHbIX Ae(heKToB Yy nauu-
€HTOB C pa3nnyHbIMK noaTvMnamm 6ynne3Horo anuaepmo-
nm3a. OTcyTCTBME 3apEerMcTpupoBaHHOIO Ha TeppUTOpUM
Poccuiickon ®epepaumm OK onpepenset HEO6X0AMMOCTb
NpoBeAeHNs JanbHEALLNX UCCNENOBaHUN, HanpaBfeHHbIX
Ha co3daHMe OTEe4YeCTBEHHOro MeOWLMHCKOro U3nenus,
npesocxogsLlero 3apy6exHbie aHanoru. JJj

Tabnuua 1. Pesynbrarbl Tepanuin 3po3nBHO-A3BEHHbIX NEEKTOB KOXN C UCMONb30BAHNEM 3KBUBANEHTOB KOXN Y 60SbHbIX BPOXAEHHBIM 6yN/1e3HbIM NUAEPMONU30M
Table 1. Wound healing results using tissue-engineered skin substitutes in patients with epidermolysis bullosa

Konuyectso
3"":;:::"“" nauueHToB Bupa KNeTo4Hoi Tepanuun Hagﬁgzﬂuﬂ JhthekTMBHOCTD Wccnepnosanue
(nedhekToB KOXH)
KynbTuBUpPOBaHHbIE
2 fethbekTa KoXu — nosiHas .
aAyTONOrNYHbIE . U. Wollina et, al.,
1(3) KEpATUHOLMTLI HA MEBpaHe 1roA anutenunsaums; 1 AedhekT KoXn — 2001 [29]

n3 I'VIaJ'IypOHOBOVI KNUCNOTbI

anutenusauus 6onee 50%

dnuaepmarnbHble
KynbTueMpoBaHHble

ayTONOrMyHble
KEpPaTUHOLMTbI Ha
KONNareHoBoil ryGke

1ropa, 7 mecsues,
9 mecaLeBy
KaXKaoro u3
3 naumeHToB
COOTBETCTBEHHO

1 naymeHT — nonHas anuTenn3aymns
1 YaCTUYHAA PenUrMeHTauus
neeKToB KOXW; 1 naumeHT —
MOMHasa anuTenm3aumnsa gedeKkTos
KOXW; 1 nauMeHT — yacTuyHas
anuTenn3auns AeeKToB KOXu

D.M. Carter, et al.,
1987 [31]
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Tabnuua 1. MpogomxeHne
Table 1. [pomomkeHne

Konuyectso
KBUBANEHTbI - Mepu
g ma:: NauueHToB Bup kneto4Hoi Tepanuu Haﬁjfl?ml:eﬂun JddhchekTUBHOCTD Wccneposaunue
(nethekToB KoXu)
KyNbTHBMDOBAHHbIE MonHas anutenusauus
ayTONOTMYHBIE 6e3 BOCCTAHOBJIEHNSA
1(1) KePaTUHOLMTBI (MONyYeHHble 4 mecsaua ALl 20 T A L s e, 2l
3nuAepmManbHoro coeHeHuns 2009 [12]
113 PEBEPTAHTHOTO y4acTka
B TPAHCMNAHTMPOBAHHOM y4acTKe
KOXM)
KOXN
1 KT KOXU — 4acTu4Has
KynbTUBMPOBaHHbIE AEEKT ko ac a .
ayTONOTMYHBIE 3NUTENN3aLna cnycTs 2 Hefienu S. Shinkuma, et al.,
1 4aCTUYHOE BOCCTAHOBIIEHN 2014 [13];
1(4) KepaTuHOLUUTbI (MONYYeHHbIe 16 net ac 0€ BOCCTAHOBNEHNE 014 [13];
W3 PEBEDTAHTHOO y4aCTK (PYHKLMOHANBLHOCTY JepMOo- W. Matsumura, et al.,
KOXM) y 3MnAepManbHoro CoeuHeHus; 2019 [14]
3 nedhekTa KoXu — HeT adppekTa
2 nauneHTa — nosiHas
KynbTuBNpOBaHHbIE annuTenn3aums; 1 nauneHt —
MMapH TONOMNYHbI YacTMYHas aNMTeNM3auns
3 (8 cymmapHo ayTono e ac as anuTenn3at W. Matsumura, et al.,
y BCeX KepaTMHOLUTBI (MONTyYeHHble 76 Hepenb 1 NOBTOPHOE BO3HUKHOBEHME 2019 [14]
nay1eHToB) 3 PEBEPTAHTHOrO y4acTka f13BEHHbIX AeEeKTOB
KOXM) Ha TPAHCMIAHTUPOBAHHbIX Y4aCTKaxX
KOXN
KynbTMBNpPOBaHHbIE Bce nedekTbl KOXU — nosHas F. Mavilio, et al.,
1(—) ayTONOrnyHble 16 net anuTenn3aLmsa 1 BOCCTaHOBIIEHME 2006 [17];
KEpPaTUHOLUMTbI (FeHeTUYECKM (PYHKLMOHANTBHOCTY JepMO- L. De Rosa, et al.,
AnuaepmanbHble CKOPPEKTUPOBAHHbIE) anuaepmMansHoro coeiHeHUs 2021 [35]
1(~80% KynbTMBNpPOBaHHbIE Bce nedekTbl KOXU — nosiHas T. Hirsch, et al.,
nnowaan AyTONOrUYHbIE 5 16T M 5 Mecsilies 3NUTeNN3aLns n BOCCTaHOBJIEHNE 2017 [15];
KOXXHOT0 KepaTNHOLUMTbI (FreHeTUYECKM (PYHKLMOHANTBHOCTY JepMO- M. Kueckelhaus, et al.,
NnoKpoBa) CKOPPEKTUPOBAHHbIE) 3nnaepMansbHOro CoeAnHeHuns 2021 [36]
KynbTMBNpOBaHHbIE [edekT KoXu — nosiHas
1(1) ayTONOrnYHble 16 mecsiues 3NUTEeNn3aLns n BOCCTAHOBIIEHNE J.W. Bauer, et al.,
KEpPaTUHOLUMTbI (FeHeTUYECKM (PYHKLMOHANTBHOCTY JepMO- 2017 [16]
CKOPPEKTUPOBAHHbIE) 3NUAEPMANIbHOr0 COeANHEHUS
He Ha6ntoganocb
npeuMyLLecTBa B aNUTeNM3aLmm
TPAHCMNAHTUPOBAHHbIX Y4aCTKOB
10 (1 MMapH )
L Cssizex apHo KynbTnnpoBaHHble 4 wepenu B CPaBHEHNM C KOHTPOJIbHLIMK J.C. Hill, et al., 1992
nazmeHToa) annoreHHbIe KepaTuHOLNTbI nedekTamn KoXu, 04HAKO [11]
0TMeYancs aHanbreTu4ecKui
3(PEKT 9KBUBANEHTOB KOXU
y 913 10 nayneHToB
KynbTuBnpoBaHHble Bce aedhekTbl KOXM — YacTU4Has J.C. Hill, etal.,
1(>1) 8 mecsaues
aNNI0reHHble KePaTUHOLMNTDI anuTenmaayms 1992 [37]
Bce AeeKTbl KON — YacTuyHas K.C. Shin, et al.
101 Kaloderm H " ' ’
>1) aloderm® S anuTennsauyms 2011 [19]
3 Hepenn
2 (2 cymmapHo y KynbTnBUpoBaHHble n4 Hepenn — Bce pedekTbl KOXU — nonHas K. Natsuga, et al.,
BCEX MaLMEHTOB)  annoreHHble (onépo6nacTbl y 2 nauyneHToB anuTennaaums 2010 [39]
COOTBETCTBEHHO
KynbTnBUpoBaHHble
annoreHHble nbpo6nacTbl Bce pedbextbl koxn — yactuyHaa 1. Hasegawa, et al.,
3(—) 2-6 Hepenb 2004 [4
NlepManbHbie Ha ryoke n3 Konnarexa v anuTenn3auus 004 [40]
T1anypoHOBOI KUCNOTbI
KynbT1BNpPOBaHHbIE 1 AeCDEKT KOXM — NONKaA
7 (21 cymmapHo annTenn3aums; 6 feekTos )
(21 cy P annoreHHble ubpo6nacThbl u Aed o,. R.G.Sibbald,etal.,
y BCeX 12 AMHUOTHYECKOIT 12 Hepenb KOXn — anutenusauus 6onee 70%; 2005 [41]
nayneHToB) 70% 061wero Konuyectsa fedhekToB

membpaHe

KOXU — anutenu3auns mexdee 50%
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Tabnuua 1. OkoH4aHue
Table 1. OkoH4aHve
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Konuyectso
3“":&‘:""" ' glauueums ) Bup kneTo4Hon Tepanuu HagI;l?):Z‘:luu JththekTUBHOCTD WccnepoBanue
ReheKTOB KOXH
Ha 4-11 Hepene 6bina
[NOCTUTHYTA anuTenmn3auns 95%
6 (0168019 - TPAHCNIAHTUPOBAHHbIX Y4aCTKOB, R.G. Sibbald. et al
[epmanbHble Y KOXA0ro Dermagraft 8 Hefenb 0[JHaKO NocneaytoLLne TpaBmbl o : ?

13 NaLNeHTOB)

NPUBENN K YMEHbLLEHUIO nyioLaan 2 T

ANUTENU3NPOBAHHBIX Y4ACTKOB [10
93% Ha 8- Heaene HabnoaeHNs

AnnoreHHble GnépobnacTbl
11 KepaTUHOLNTBI,

anutenusauns eeKToB KoXu,

HaNbreTu4ecKni KT, )
AHAJIbTETVHEC ek, M. Eisenberg, et al.,

7(—) NOMeLLEHHbIE HA pa3Hble [o 50 mecsues yBENUYeHNe BPEMEHY 0 peunnBa 1998 [42]
CTOPOHbI KOMNAreHoBbIX B 061aCTN TPAHCMNAHTUPOBAHHbBIX
ry6ok y4aCTKOB NPMMEpHO B 2 pa3a
[oaroToBuTenbHASA
ocHosa (Matriderms,
6b14nii konnareH |, 111,
V/ 1 6eCKNETOYHbII
JlepMasbHbIii MaTpUKC . .
1(1) Ha OCHOBE rMIPONM3ATA 2 rona Bce ﬂed)aenkl;:éjfggm - nonHas E.E. Betshest]al., 2009
3/1aCTUHA U COBMECTHO h
KynbTUBNPOBAHHbIE
ayTONOrMYHble
Kom6uHMpOoBaHHbIe n6po6nacTsl
11 KEpaTUHOLUTbI
L@ Bce neekTbl KOXU — nonHas A.F. Falabella, et al.,
e Apligraf 11 Henene anuTenn3ayns 1999 [20]
79% HeJaBHO NOSABUBLUNXCSA
15 (78 o [eeKTOB KOXU — NoJiHas
CYMMapHO Yy BCex Apligraf 18 Hepenb ANUTENN3aLNs; 4 XpOHUYECKMX R F;(I)%tz)el{l; ]et iy
Nay1eHToB) nedekTa Koxu — nosiHas
anuTenuaawums
9 (36 cymmapHo L@ bonee 90% netekToB KOXN — D.P. Fivenson, et al.,
y BCeX Apligraf 6-36 mecsues
anuTenn3auns 2003 [22]
naLlneHToB)
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