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Pestome. Beedenue. OHUM H3 NEPCNIEKTHBHBIX U AKTHBHO Pa3BHBAIOMIMXCS HAayYHBIX HAIpPaBIICHUIH sB-
nsieTcs pereHepaTHBHas OHOJNOrMA U MeJHIMHA. B pamMkax 3Toro HampaBlleHHMs IPOHUCXOIHT H3yueHHE
MEXaHH3MOB JefiCTBHA NPENapaToB pereHepaTHBHON MEIHIHHEL, 3 KOTOPBIX B HACTOAILEE BpeMs OOJIbIIOe
BHHMaHHe yjensercs cekperoMaM. CekpeToMbl IPECTaBIAIOT coO0H KOMIUIEKC IHTOKHHOB — OEJIKOB
M IENTH/OB, BHIIONHAIOMUX B TKAaHAX PEryIATOPHYIO (yHKIHIO. BoIbIIHHCTBO COBpEMEHHBIX pabor,
NOCBSALICHHBIX U3YYeHHIO OHoNorndeckux 3G (exToB OTAeNbHBIX MIUTOKHHOB M UX KOMILIEKCOB IPH pe-
TIapaTHBHOM pereHepalyH, IPoBeeHO in vitro. Mopdonorudeckuid KOHTPOIIb, NO3BOJSIONHT OLIEHUTH
CTPYKTYpPHbIE H3MEHEHHs B TKAHIX U BEIIBHTH 0COOSHHOCTH TeYCHUS PEapal{iy 0] BIUIHHEM IUTOKHHOB,
npejcTaBleH (pparMeHTapHO H OCTAETCs HEJIOCTATOYHO M3y4EeHHBIM. B cTarbe npecTaBleHs! pe3ylIbTaThl
H3y4eHHs PelapaTHBHOM pereHepaly POTrOBHIBI 0[] BIHAHHEM CEKPETOMA ME3EHXHMAIILHBIX CTBOJIOBBIX
KIIETOK.

Mamepuaner u memoovi. Pabota npose/ieHa Ha MOpCKHX cBUHKaX (n=30, omnbITHAsA IpyIIa, IPyIIa cpas-
HeHHs U KOHTPOJIb), KOTOPBIM 110 H30(IIOPaHOBLIM HAPKO30M HAHOCHJIH OOIIHPHBIH rrybokui nedekr
POTOBHIIbI AHAMETPOM 5 MM, PaclpOCTpaHAIONMIMICA Ha 2/3 TONIIHHBI pOroBUIEL. JXHBOTHbIE HAXONUIHCH
T10J] IMHAMHYECKUM HaOMIOIeHHEeM H e3KeJHEBHO MOJIBEPTralich 0 TaIbMOIOrHIecKOMY 0CMOTpY. JKUBOTHBIX
BBIBOJIMIIM M3 9KcIlepuMeHTa ciyers 1, 5, 11, 28 cyTok nocie onepanuy yTeM NEpefo3HPOBKH HapKO3a
¥ Opaiy MaTepual Ul THCTOJIOTHYeCKUX U MHKPOMOP(hOMETPHUYECKUX HCCIIEIOBAHUH.

Pezyntomameur. [TokaszaHo, 94To H0J| BIMAHUEM UTOKMHOB periapalys pOroBUIIbI IPOHCXONHUT Ha (oHe MeHee
BBIPAXKEHHOTO BOCHAJICHUS H 3KCCYHAlHH, 3aBEPIIAETCs BOCCTAHOBIEHHEM KPHBU3HEI POTOBHIBI H Hac-
THYHBIM BOCCTAHOBJIEHHEM IIPO3Ppa4HOCTH. MHKPOCKONIHYECKH OTMEYEHBI MEHBIAs BOCIATUTEIbHAS HH-
¢unsTpanys, 6oree paHHss SMUTEIH3ALMS, BOCCTAHOBJICHHE TOIIMHBI pEreHepara, MeHbIas BRIPaXKEHHOCTh
pyOLIOBBIX H3MEHEHUIT POrOBHIIBL, YEM B IPYIIIIE CPaBHEHHUs U KOHTpoJe. BecbMa MHTepeCHBIM Mpe/CTaB-
JI€TCA NOSBIEHHE THIIOBACKYILIPHBIX H ABACKYJAPHBIX OYaroB B CTPYKTYPE COEIUHUTEILHOTKAHHOIO pe-
TeHepaTa, YT0 MOXET OBITH CBS3aHO ¢ peMojenupoBaHueM. ITo-Buaumomy, 310t (akTop ¥ 00yCIOBIMBACT
4aCTHYHOE BOCCTAHOBJIEHHUE IPO3PAYHOCTH POTOBHIIBL.

3aknioyenue. CEKpETOM CTBOJIOBBIX KIIETOK OKA3bIBAET IIOJI0KHTEILHOE JeHCTBUE Ha 3aXKHBIICHHE PaHbI
POTOBHIIBI: perapalus nporekaeT Ha (hoHe YMEPEHHO BEIPAKEHHON BOCIANUTEILHOH HHOUILTPALMH H 3a-
BepiuaeTcs (GopMHpOBaHHMEM pereHepaTa o THITy HyOeKyIIbI ¢ YACTHYHBIM BOCCTAHOBIEHHEM MIPO3PaYHOCTH
POTOBHIIBL

KiloueBbie ¢/10Ba: Me3€HXHMAJILHEIE CTBOJIOBEIE KIIETKH, CEKpETOM, IHTOKHHEI, POrOBHIIA, paHa, pelnapa-
THBHaA pereHepanus
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Abstract. Introduction. Regenerative medicine is a promising and actively developing scientific area. Of
particular interest are studies related to the mechanisms of biological drug action, a particular focus being
on secretomes. The term “secretomes” refers to numerous cytokines, growth factors, and other proteins and
peptides that are secreted by cells and regulate biological processes. Most published literature on biologi-
cal effects of individual cytokines and cell secretomes during reparative regeneration processes have been
carried out in vitro. Studies describing morphological control, i.e. assessing structural changes in tissue and
identifying the key processes influenced by cytokines during regeneration, are scarce, and further research
is needed. This article presents the results of evaluating the reparative corneal regeneration with secretome
produced by mesenchymal stem cells (MSCs).

Materials and methods. We divided guinea pigs (N=30) into three groups (experimental, comparison, and
control). Under isoflurane anesthesia, each animal received a mechanical corneal defect 5 mm in diameter
affecting 2/3 of the cornea in depth. We observed the animals and performed daily ophthalmological ex-
aminations. Animals were sacrificed on days 1, 5, 11, and 28 after the manipulation with an overdose of
anesthesia. Then, we performed histological and micromorphometric evaluation.

Results. We revealed that under the influence of cytokines, corneal regeneration was with less pronounced
inflammation and exudation. The restoration of corneal curvature was full whereas that of corneal transpar-
ency was partial. Microscopic examination of the samples obtained from the animals of the experimental
group showed that they had a lower inflammatory cell response, earlier epithelialization, restored thickness
of the regenerate, and less scar-like tissue formation in the cornea than those in the comparison and control
groups. We observed the appearance of hypovascular and avascular foci in the structure of the regenerate con-
nective tissue, which may be associated with the remodeling process. This factor may also be responsible
for the observed partial restoration of corneal transparency.

Conclusion. The secret of stem cells has a positive effect on the healing of corneal wounds. The inflam-
mation is moderate. The corneal regenerate is of nubecula type; corneal transparency is partially restored.
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THMHU3HPYS XUPYPTHUECKHUH M 3CTETHUECKHH pe3ynbTaT

AKTyansHBIM BOIIPOCOM pereHepaTHBHOH OHOIOTHH
M MEIMIMHBI ABIIAETCS U3ydeHHE 3(PEKTOB pereHepaTuB-
HBIX npenaparoB. Ocob0e MECTO 3aHHMAIOT CEKPETOMBI —
BEINECTBA, B KOTOPBIX CONEPKUTCSA KOMILIEKC THTOKHHOB.

IMTOKHMHBI — 3TO OEIIKH U IENTHIBI, BBIIEIIEMBIE KIIET-
KaMH{ H PETYIUPYIOIHe MEXKKIETOYHbIE B3aHMOAEHCTBHA
napakpHuHHBIM criocobom [1-4]. IluTokuHEI perynupyor
BCE ATallbI peNapaTUBHON pereHepaliy TKaHel U JanbHel-
niee peMoeTpoBanue pereHepara [4—11]. 3to npoucxo-
JWT 3a C4eT MOOMIM3AIMH COOCTBEHHOTO PENAapaTHBHOTO
TIOTEHIMAIa TKAaHEH, B YACTHOCTH MPOTCHUTOPHBIX KIle-
Tok [1, 2, 11, 12]. Cumnraercd, 9TO CEKpETOMEI ME3EHXH-
MAJIbHBIX CTBOJIOBBIX KIIETOK BBHJTY KOMIUIEKCHOTO ddek-
Ta MOT'YT OKa3aTh BEIPAXKECHHOE ITOJIOJKHTEIBHOE BIIMSIHHE
Ha 32KUBIICHAE TKAHEH, CTHMYJIUPYS 3TOT HPOIECC U OII-
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nmeuenus [1-71].

H3BecTHO, 9TO A€HCTBHE KJIETOYHBIX IPOJYKTOB B pe-
reHEPAaTHBHOH MeIUIMHE 00YCIOBICHO HMEHHO ITHTOKH-
HETHYECKHMH B3aHMOJCHCTBHAMH. DTO IOATBEPKICHO
OKCHEPHMEHTAIbHBIMH JTaHHBIMH, [TONyYE€HHBIMH IIPH
H3Y4YeHHH 3aKMBIICHHS paH KOKH ¥ porosuis! [4-17].
CexpeToM Me3eHXHMAaJIbHbIX CTBOJIOBBIX KJIETOK OKa3bl-
BaeT HMMYHOCYIIPECCHBHOE H IPOTHBOBOCIIAIUTEIBHOE
IelicTBue Giaronaps paLy IUTOKHHOB: (akTopy HEKpo3a
omyxomnu $1 (TGFB1), uatepnetikunam 1, 6, 7, 10, 12, 13,
18, 27, IL18BP, neiliporpoduny 3 (HT-3). Obnapyxeno,
y10 MSC-CM nponyuupyioT MpoBOCHIAIUTENBHBIE ITUTO-
KuHEI, Takue kak IL-1, IL-6, IL-8 u IL-9 [3-7]. Umen-
HO c0aJaHCHPOBAaHHOCTh M CBOEBPEMEHHOCTD JICHCTBHA
IPO- H IPOTHBOBOCIATHTEIBHBIX IIHTOKHHOB OIIPE/IENACT
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K 28-m cyTtkam B rpynne I TommuHa perenepara cra-
HOBHJIACh PaBHOMEPHOH M COOTBETCTBOBaJIa TaKOBOH
HHTAKTHOH POTOBHIEI, IPHYEM BOCCTAaHABIMBAIACH €€
chepudeckas Gopma. JNUTENHH UMeEN 00BIYHOE CTPOE-
uue. [lepennss morpanngHas MeMOpaHa CKIEpO3HpOBa-
Ha, 3aHs norpanudHas MemOpana coxpansa (puc. 4 C).
Perenepar ocHoBs! poroBuiisl chopmupoBat GudposHOiM
TKaHBIO C XOPOIIO CTPYKTYPHPOBAHHBIMH IIyYKaMH KOJI-
JIaT€HOBBIX BOJIOKOH, HMEIOIIHX B3aHMOIApaljIeIbHOE
pacnonoxenue. Ilo cpaBHEHHIO ¢ TIPEBIAYIIHM CPOKOM
konmu4ecTBo (GuOpobIacTOB U reMOKAMUIIIAPOB 3/1€Ch CHH-
xasock (Tabi. 2). BaxkHO OTMETHTB, UTO BacKyIApHU3alUs
ObLTa MeHBIIIEe TAKXKe U 110 cpaBHeHHIO ¢ rpynnamu [ u 11
(tabi. 2), npu 3TOM ONpeAeNsINCh THIIOBACKYISpHBIE 00-
nact (0-1 remoxamumuiap B 1-2 113). Ha stom ¢one co-
xpansuiacsk auddysHas MakpodaranpHas HHQHIBTpAIIKA,
9TO MOXKET CBHIETENLCTBOBATE O IPOIODKAIONIEMCS pe-
MOJIE/IHPOBaHUH PEreHepara.

B rpynmne II (puc. 5 C) Tonmuna pereHepara MeHbIIE
TOJIIMHB] POTOBHIBI, IOBEPXHOCTH €ro OBlIa MEpOXo-
BaTOM, HepoBHOM. KpHUBH3HA POrOBHIIEI HE BOCCTAHAB-
nmuBanacsk. Habmonanu ckiepos nepeanei norpaHuYHOM
MeMOpaHEI, OCHOBa POTOBHIIBI 3aMelleHa pyOIoBOH TKa-
HBIO C XOPOIIO CTPYKTYpPHPOBAHHEIMH, ILIOTHO PAcIONo-
EHHBIMH ITyYKaMH KOJUIAr€HOBBIX BOJOKOH M OOJIBITHM
konmuuecTBoM Gubpobnactos (Tabn. 2), 94To yKa3pIBaeT Ha
¢ubpo3. KonmndecTBo reMoOKanmIIsApOB OCTAaBAIOCH 3Ha-
YHUTENLHEIM (Tabm. 2).

B rpynne III (puc. 6 C) B obnactu nedexra porosuna
ObLIa HCTOHYEHA, CHEPHIHOCTD yTpayeHa, KpHBH3HA CIVIa-
keHa. B cTpykType pereHepara onpenemnsics 3IHTETHHA
obsrunoro crpoenus. Habmonancs ckiepos nepenHeit mo-
rpaHUYHOH MeMOpaHBI, B OCHOBE POTOBHIIBI OIPEEIIACE
XOpOIIO BacKy/IApH30BaHHAsA (HHOpO3HAS TKAHb C TON-
CTBIMH, IUTOTHO YIIaKOBAHHBIMH ITyJKaMH KOJUIAI€HOBBIX
BonokoH. Ilo mokaszaremnsm xonuuectBa ¢pubpobracToB
H TEMOKAIWJIAPOB PEreHepar 3aHUMal IPOMEKYTOUHOE
MIOJIOEHHE N0 cpaBHEHHIO ¢ rpymmamu [ u I1

MopdomeTprdeckne MOKA3aTENH PEreHEPaToB Poro-
BHIIBI IpeACTaBIeHE! B Tabmumax 1 u 2.

IIpu oneHKe MEKXIPYNIOBBIX OTIHYHIH II0Ka3aHO, 9TO
B IIPOIECCE penapanuy CTATHCTHYECKH 3HAYHMMBIE Pas3-
JIAYHS TONIUHBI PEreHepaTa MOSBLUINCE MEXTY TPYyII-
namu [-11 Ha 5-e u 28-e cyTKH 3KCIEpHMEHTa, MEXIY
rpynnamu [-1I1 na 28-e cyTkH 3KCIIEpHMEHTA, IIPH TOM,
4T0 oTIHYKA Mexay rpynnamu 1111 BeigaBneHs! TONbKO
Ha 5-e ¥ 11-e cyrku. KonnuecTBeHHOE NpeACTaBUTENb-
cTBO (prOpoOIACTOB B TKAHK pEreHepara HMEJO CTAaTHCTH-
4eCKH 3HaYMMEble 0TIH4Hs Mexay rpynmnamu I-1I na 5-e,
11-e u 28-e cyTKkH 3KcIiepuMeHTa, Mexay rpynnamu [-111
Ha 5-e u 28-e cyTkH, Torma kak Mexay rpynnamu [1-111
3HAYMMBbIE OTIHIUS MOKHO BHJIETh JIMIIb HA 11-e CyTKH.
ITo moxa3aTeinro KOIMYECTBa FEMOKAMHILIAPOB CTaTHCTH-
9ECKH 3HAYUMBbIE OTJIMYHS YCTaHOBICHBI MEXTY IpyIIIa-
mu I-1I na 11-e u 28-e cytku, mexay rpynnamu [-11I na
28-e cyTkH, B TO Bpems Kak Mexay rpynnamu I1-111 oun
HE OTME4eHBI. TONIMHA MyYKOB KOJIJIAT€HOBBIX BOJIOKOH
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CTATHCTHYECKH 3HAYUMBIX MEXIPYIIOBLIX OTIHYHH HE
umena (tect Teioku, p<0,05).

O6c¢cyxnenne

Pe3ynpTaThl, IONTy4eHHbIE B HAIIMX HCCIEIOBaHMAX,
NOATBEPKAal0T NaHHBIEe padot [6-8, 10, 14, 17, 25, 28],
B KOTOPBIX OTMEYaroTCs Oojiee paHHee Hadano peMoieI-
POBaHHUA pereHepara  yMEHbIIEHHe pyOLOBBIX H3MEHE-
HHUH [TPH UCIIOIB30BaHAH ITUTOKUHOB. B TO 7k BpeMs HaMu
HOJTy4eHBl 1 OpHI'HHANBHEIE JaHHbIE. Tak, B HCCIIen0Ba-
Husx [8, 14] necTpyKIuu MOABEPrall TONBKO IUTEIHH
POrOBHIIBI, B TO BpEMS KaK B HAIllEM 3KCIEPHMEHTE IIIy-
6uHa paHBI pacnpocTpaHsiack Ha 2/3 ee Tonumusl. Kpo-
M€ TOro, B 60IbIIHHCTBE paboT u3ydeHb! 3P QeKThI U
OTJENbHBIX [IUTOKHHOB, B TO BPEMA KaK B HAIIEM HCCIIE-
JIOBaHHH HCIIONIB30BAJICA CTAHAAPTH3UPOBAHHBIH PacTBOP
KOMIUIEKCA ITATOKHHOB, BBIJIEIIEMBIX ME3EHXHMaIbHBIMA
CTBOJIOBBIMH KieTkamu [11].

Hcnonp3oBaHre KOMIUIEKCA IMTOKHHOB (CEKpeToMa
CTBOJIOBBIX KJIETOK) B CHTYAITHH C ITyOOKOH 1 00mIHpHON
JECTPYKIHEH POTOBHIIBL, 10 HAIITHM JAHHBIM, IIPHBOIUT
K paHHEMY (epMEHTATHBHOMY OYHINEHHIO 00JIaCTH MO-
BPEKACHHS C IIOMOIIBIO CETMEHTOAAEPHBIX HEHTPO(hHIOB
1 MaKpogaros, KOTOpoe IpoTeKaeT 0olee aKTHBHO, €M
B KOHTpoJI€. B manpHeiimem pemapaTHBHEIN Iponecc Xa-
PaKTepU3yeTcs paHHHUM HosABIeHHeM (pHOpobiacTos, He-
3HAYHTEIHHO BBIPAKEHHBIMH IIPH3HAKAMH BOCIIAICHHU.
Ha 7-e cyTku perenepar maydline BacKylIsapu3oBaH U 0o-
nee 6orat pubpobiacramy, yeM B IpylIax CpaBHEHHS,
4T0 00yClIoBIKBaeT H Oojee paHHEee 3aKphITHE AedeKTa.
JToMy cHOCOOCTBYET M HE3HAYUTENbHAS BOCIIAIHTENb-
Haf peakuus. K 14-m cyTkam pereHepaT B OTIHYHE OT
TAaKOBOTO B KOHTPOJIE H TPYIIIE CPABHEHHS HMEET IIPH-
3HAaKH CO3PEBAHUA, POABIAIONINECT YIOPAIOYCHHBIM
PAacIOI0KEHHEM MYYKOB KOJUIAr€HOBBIX BOJIOKOH, CHH-
JKEHHEM KolTHuecTBa puOpo6I1acTOB H TEMOKAITHILIAPOB.
K 30-m cyTrkam B 06nacTu nedekra BOCCTaHABIHBAKOTCS
TOJNIIMHA POTOBHIEI H €€ KPHBH3HA. JTOT (PaKT Hapsaay C
YTIOpSIIOYEHHBIM PACHOIOKEHUEM ITyYKOB KOJJIaT€HOBBIX
BOJIOKOH PEreHepaTa i CHHKEHHEM BaCKYIIAPH3AIHH €T0
TKaHH IPABOJHT K MHUHAMAJIbHBIM KIHHAYECKHM HOCIIE-
CTBHAM 3a’KHBJICHHS PaHbI POTOBHIIEI B BH/IE HyOEKYIIBI €
YaCTHYHBIM BOCCTAHOBICHHEM IPO3PaYHOCTH POTOBHIIBL.

3akmoyeHue

Taxum 06pa3om, pe3ynbTaThl IKCIIEPHMEHTAIBHBIX HC-
CIIEJOBAaHUH CBHIETEILCTBYIOT O IIOJIO)KHTEIEHOM BIIHSA-
HHH CEKPETOMA CTBOJIOBBIX KJIETOK Ha 3aKUBIICHHE 00IIHp-
HBIX H ITyOOKHX paH pOroBHILIBL, YTO IIPOABIIAETCS OBICTPOH
3MUTENH3alNeH nedeKra u HOpMHPOBAHHEM pereHepara,
B CTPYKTYpPE COEJHHUTE/IbHOTKAHHOH 9acTH KOTOPOro Ha-
XOJATCA PBIXJIO PACHONOKEHHBIE, TOHKHAE ITyYKH KOJLIa-
TEHOBBIX BOJIOKOH. KpoMe TOro, BEISBICHHAS PEXYKIH
TEMOKAIMWLIAPOB 00yCIOBIMBAET YaCTHYHOE BOCCTAHOB-
JIEHHE NIPO3PavHOCTH POTOBHIIBL, YTO ABIIAETCSA Hauboee
JKENATEIFHBIM KIIMHHYECKHAM 3¢ (eKTOM IIpH JICYSHHH paH
U A3B POTOBHIIBL.
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