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Pecbepar: Viccnegosanu BnvsiHUE KPUOKOHCEPBUPOBAHHOW aMHMOTUYeCcKon 06onoYvkn nnaueHTol Yenoseka (AOIMY) Ha npouecc
BbICBODOOXAEHMS KneTouHbIX daktopoB pocta BDNF 1 TGF13 Bo BHELLHIOW Cpeay M opraH 3peHusi B CPoK HabnoaeHus Ao 21-x cyTok.
MeTonoM MMMyHOEpPMEHTHOrO aHanusa onpefensny cogepxaHve (akToOpoB pocTa KNeToK B TKaHSAX opraHa 3peHusi nocne
MCNONb30BaHUS B Ka4eCTBEe MOKPbITUS 3aMOPOXEHHOM No 2-aTanHoMy pexumy AOIMY npu aHTurnyakomato3Hon onepaunu. NokasaHa
3(pPEKTUBHOCTb NPUMEHEHUST pa3mopoxeHHon AOMY B oTHOWEHUM Mnpolecca BbICBOOOXAEHUS KIIETOUYHbIX (PAKTOPOB pocTa
nocrne ee annnvkauun B 30He MoOcneonepaunmoHHOro gedpekra. YCTaHOBNEHa 3aBMCMMOCTb HakonneHus daktopoB pocta BDNF un
TGF1 oT BpemeHu annnukauum KpuokoHcepsupoBaHHon AOIY, BMaa TkaHu rmasa v TPOMHOCTM (DaKTOPOB pocTa.

KniouyeBble cnoBa: amHMoTM4eckasi 06onoyvka nnaueHTbl YenoBeka, KpMOKOHCEPBMPOBaHME, NPOHMLLAEMOCTb, DaKTopbl pocTa
KNeToK, aHTUrnaykoMaTo3Has onepauus.

Pecbepar: [ocnigxysanu BNn1B KPiOKOHCEPBOBAHOT aMHIOTUYHOI 060MOHKM nnaueHTn noauHn (AOTMJT) Ha npouec BUBINbHEHHS
KNiTHHKX chakTopiB pocTy BDNF i TGF 1B y 30BHIlLHE cepenoBuLLEe Ta OpraH 30py B TEPMIH crnocTepexeHHst Ao 21-x ai6. Metogom
iMyHO(bepMeHTHOro aHanizy BuM3Hayanu BMICT akToOpiB pPOCTY KMiTUH Yy TKaHWHaX opraHa 30py MiCns BMKOPUCTAHHS B SIKOCTI
NOKPUTTSI 3aMOPOXEHOT 3a 2-eTanHUM pexumom AOTNI npu aHTUrNyakoMaTo3Hin onepadii. okazaHa edeKkTUBHICTb 3aCTOCYBaHHS
po3mopoxxeHoi AOTJ1 woao npouecy BUBINbHEHHSA KNITUHHMX hakTopiB pocTy nicns ii annikauii y 30Hi nicnsonepauinHoro gedexTy.
BcTaHoBneHo 3anexHicTb HakonuyeHHs gaktopis pocty BDNF i TGF1( Big yacy annikauii kpiokoHcepsoBaHoi AOIJ1, Bugy TkaHWHK
OKa Ta TPOMHOCTi akTopiB POCTY.

KniwouoBi cnoBa: amHioTu4Ha 060OMNOHKa NNaueHTU NMOAWHU, KPIOKOHCEPBYBaHHS, NMPOHUKHICTb, (haKTOpW POCTY KNiTUH,
aHTMrnaykomaTosHa onepadisi.

Abstract: The effect of cryopreserved human placental amniotic membrane (HPAM) on the release of cell growth factors BDNF
and TGF1p into both an environment and eye within the observation period of up to 21 days has been studied. By enzyme immunoassay
there was investigated the content of cell growth factors in ocular tissues after use as a coating of the frozen according two-step
regimen HPAM in antiglaucomatous surgery. The efficiency of using the frozen-thawed HPAM in respect of releasing the cell growth
factors after its application into the post-surgery defect zone has been demonstrated. There was found the dependence of accumulation
of growth factors TGF13 and BDNF on time of cryopreserved HPAM application, eye tissue type and tropism of growth factors.

Key words: human placental amniotic membrane, cryopreservation, permeability, cell growth factors, antiglaucomatous surgery.

B HacTosmee BpeMs aKTyaJdbHOHM MEIUKO-
COLIMABHOM POOIEMOil SBISIETCS POCT YUCIEHHOCTH
HaceJeHusl ¢ 3a00JIEBaHUAMHU OpraHa 3peHHs, CBS-
3aHHBIMH C TJIayKOMAaTO3HBIM cocTtossareM [3]. Tpa-
JTUIIMOHHO IIPH TaHHOW MTAaTOJIOTHH TIOKa3aH XUPYPIrH-
YeCKUU METOJ| JIeUeHHs], OAHAKO M3BECTHO [2], UTO B
MTOCIICOTIEPAIIIOHHOM MEPHUO/IE, @ MIMEHHO B MOMEHT
BBIpQKEHHOT'0 pyOLIeBaHNsl TKaHU, BO3MOKHO pa3Bu-
THE BOCHaJIUTEIbHOTro mpouecca. Iloatomy nng
KOPPEKLMH MOCICONEPAMOHHOTO Ae(eKTa IPUMEHSIOT
OMOJIOTHYEeCKHE TKaHEBBIC MOKPBITHS, B YACTHOCTH
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For now, a growing number of patients with eye
diseases related to glaucomatous condition is a vital
medical and social issue [4]. Treatment of this
pathology usually includes a surgery, which is often
accompanied with an inflammation [1] in the post-
surgery period, mostly during an expressed tissue
scarring. One of the methods to control the post-surgery
course is the application of biological tissue coatings,
in particular, human placental amniotic membrane
(HPAM) into the post-surgery defect area [8]. Using
this treatment in medical practice is stipulated by the
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AMHHUOTHYECKYI0 000JOYKY IIJIAIleHThl YelloBeKa
(AOITY) [6]. Takoli MeTOX JIeYEHHUS HCIIONB3YIOT B
MEIULUHCKON NMpakTHKe, mockoiabky B AOITY
oTMevaeTcsi 0ONbLIOE KOJTUYECTBO (AKTOPOB Kile-
touHoro pocta (BDNF u TGF1f3), ona obnamaer
MUHUMAaJIbHOW HIMMYHOTE€HHOCTBIO (KJIETKH STTUTENNS
Ha TMOBEPXHOCTU TKAHU MPAKTHUUYECKU HE HMEIOT
mapkepoB HLA 1-ro tuna u HLA-DR 2-ro Ttuma),
AHTUMHKPOOHBIM 3 (deKToM (32 cuer JIM30IuMa,
TpaHchepprHa U IaKTopepprHa), IPOTHBOCTIATUTEIb-
HBIM JeicTBUEM (0OecriedynBaeTcs HUuTOKuHaMu MJI-
6 u NJI-8), a Taxke B HEl coliepKaTcs HHTHOUTOPHI
TkaHeBbIX mporeas (TIMP- 1, 2, 3, 4) [10].

Kpnoxoncepsupoanne AOITY mo3Bosmsier co3na-
BaTh 3aI1achl TKAHH JUIS JaJIbHEHIIIET0 e NCI0Ib30Ba-
HUS 110 Mepe He0OXOANMOCTH NP AaHTHUIVIAYKOMATO3-
Heix onepanuax (AI'O). OnHako Ha CETONHSIIHUN
JI€Hb OTCYTCTBYIOT JJOCTOBEPHBIE JaHHBIE O MOCTYTI-
JIEHUH OMOJIOTMYECKY aKTUBHBIX BELIECTB U HEHPOIpo-
TEKTOPOB B TKAHH IJ1a3a U3 aMHUOHA, TOKPBIBAIOILETO
paHeBoii nedexr, in situ 10 21-x cyTok mocueornepa-
LIMOHHOTO TIEPHO/Ia.

Panee ans 3aMopakMBaHMs TKaHH TJIALlCHTHI
YeJIOBEKa NMPUMEHSIIN 2-3TalHbId peXUM, KOTOPBIN
oOecreynBas BBICOKHUI MOKa3aTelb CTPYKTYpPHOM CO-
XpaHHOCTH TKaHU [7]. B manHOI paboTe moka3aHa
3¢ PEKTUBHOCTH UCIIOIB30BAHUSI 3TOTO PEKUMA 3aMO-
paKMBaHMA B OTHOILICHHUH [TPOLIECCa BBICBOOOKICHHS
n3 pasmopoxeHHoil AOIIY kieTodHBIX (hakTOpOB
pocTa rmociie anInKaui Ha TKAaH! OpraHa 3pEeHNs.

Lenbto paboThl OBIIIO OMpEAETCHHE COACPIKAHMS
(hakTOpOB poCTa B TKAHSX I71a3a B TIEPUOJL UCIIOIB30-
BaHHS B Ka4yeCTBE OMOIOTHYECKOTO MOKPBITUS TPHU
AHTHUTIIAYKOMAaTO3HOH OTepanuu 3aMOPOXKEHHON I10
2-3TarHOMY PEXXUMY aMHHUOTHYECKOM 000I0UKH TU1a-
LEHTHI yesoBeka. DPPEeKTUBHOCTh PeKUMa KPHOKOH-
CEpBUPOBAHMSI OIIEHUBAIIHN IO BBIXOY U3 KPHOKOHCEP-
BupoBanHoit AOIIY (xkAOIIY) ¢pakTtopoB pocta
KJIETOK B TKaHU IVla3a TocJe onepalyu: HeMpoTpo-
¢uueckoro gakropa MO3TOBOTO MPOUCXOKACHUS
(BDNF) u tpanchopmupyromiero ¢pakropa pocra
kiaetok (TGF1B). Hamu Oblia mocraBieHa 3amada
nocine pazmopaxusanusi KAOITY momy4yuts TKaHb C
MHUHHUMAaJIHO BO3MOKHOH POHUIIAEMOCTBIO JUISl ATUX
MapKepoB U MCIOIH30BATh TAKOW PEKUM 3aMOPaKH-
BaHMS, KOTOPHIN OBl oOecrieunBan Hambosee MIH-
TenabHOe (10 21-X CYyTOK) BBICBOOOKICHUE HEUPOTPO-
¢uueckux u KIeTOuHBIX (hakTopoB U3 KAOIIY B
OpraHe 3peHHs.

Matepuajbl 1 MeTOAbI

OKCNepUMEHTHI TPOBOAMIIN HA KPOJIMKAX MOPOJIBI
[Huammnma (7 =25), KOTOPHIX COAEPKAIH B YCIOBHIX
BUBApUs MPU COOTBETCTBYIOIIEM OCBEIICHUH Ha
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presence of large amounts of cell growth factors
(BDNF and TGF1f) in HPAM, its minimal immuno-
genicity (tissue surface epithelial cells virtually do not
have HLA type 1 and HLA-DR type 2 markers),
antimicrobial effect (due to lysozyme, lactoferrin and
transferrin), anti-inflammatory action (ensured by
cytokines (IL-6, IL-8)) and inhibitors of tissue proteases
(TIMP- 1, 2, 3, 4) as well [4].

Cryopreservation of HPAM allows to create the
stocks of the tissue for future application in antiglauco-
matous surgery (AGS) when needed. However, there
are no valid data on releasing the biologically active
substances and neuroprotectors into an ocular tissue
from the covering the wound defect amnion in situ to
the 21* day of post-surgery period.

Two-step protocol was used to freeze the human
placental tissue previously, providing a high rate of the
tissue structure preservation [9]. This paper will
demonstrate an effective freezing regimen in respect
of the release of cell growth factors from the frozen-
thawed HPAM after application to an ocular tissue.

The research goal was to determine the content of
growth factors in eye tissues in case of using in
antiglaucomatous surgeries a biological coating of
cryopreserved HPAM (cHPAM), frozen according to
two-step protocol. Efficiency of the cryopreservation
regimen was assessed by release of cell growth factors
from cryopreserved HPAM (cHPAM) in eye tissue
after surgery, i. e. neurotrophic factor of cerebral origin
(BDNF) and transforming growth factor of cells
(TGF1B). We planned to procure cHPAM which would
have a minimal permeability of these markers after
thawing of the tissue and to use such freezing regimen,
which would provide the longest release (up to 21 days)
of neurotrophic and cellular factors of cHPAM in an
eye.

Materials and methods

Experiments were carried out in Chinchilla rabbits
(n=25) kept in the animal house conditions with appro-
priate light regimen and the standard diet. Adrenaline
was administered to simulate eye glaucoma in animals
[5,7].

The work was performed in accordance with the
General Principles of Experiments in Animals, approved
by the 5" National Congress in Bioethics (Kiev, 2013)
and consistent with the statements of the European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes
(Strasbourg, 1986).

To prepare HPAM we have used the same tech-
nique as for the medical immune biological product
‘Plateks-amniotic membrane for ophthalmology’
(registration certificate Nr. 734/08-300 200 000,
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CTaHAAPTHOM paunone nutanus. s popMupoBaHus
[J1ay KOMBI I71a3 KUBOTHBIM BBOAWIIM aApeHauH [3, 5].

PaGoty BbImonHsM B cOOTBETCTBHHU ¢ «O0mNUMHI
MPUHLUIIAMHI SKCIIEPUMEHTOB Ha KUBOTHBIX», 0100~
perHbIMU V HaltmoHansHBIM KOHTPECCOM 110 OMOITHKE
(Kues, 2013) 1 cornlacoBaHHBIMH C TOJOKEHHUSIMHU
«EBponelckoll KOHBEHIIUH 1O 3aLIUTE MTO3BOHOYHBIX
YKUBOTHBIX, UCTIOIB3YEMBIX JUIS 9KCTIEPIMEHTAIbHBIX
1 IpyTuX HayIHBIX menei» (CtpacOypr, 1986).

s mpurorosnenus npenapara AOITY ucrnons3o-
BaJIM TaKyl0 e TEXHOJIOTHIO, KaK U MPH CO3/JIaHUU
MEIUIMHCKOTO IMMYHO-0MOJI0IMYECKOTO Ipenapara
«[Inarexc-amMHHOTHYECKAst 000T0UYKa A5t OPTATBMO-
norumy» (PeructparnuonHoe cBuaerenbctBo No734/08-
300200000 o 09.07.2013 1), ¢ coOMFONCHUEM YCIIOBUI
XenbCUHCKOU IeKIapaluu.

[Tepen 3amopaxuBanuem ¢parmentsr AOITY
WHKYOMpOBAJIM B PACTBOPE KPHOKOHCEPBAHTA JMME-
tmwicynbpokcuna (JIMCO) ¢ koHEeUHOH KOHIICHT-
panueii 10% (Kopmoparust «c Aprepuym», YKpanHa) B
teuenue 18—20 mMwuH, 3aTeM KaXabli (parMeHT
IIOMEIIAIA B CTEPUIIbHBIM OHOPAa30BbIi KOHTEHHEP
(«Nuncy, ['epmanus), repMeTU3UPOBAIN U MAPKUPO-
Bayu. OOpasLbl 3aMOPaKUBAIU 1O 2-3TaHOM Hpor-
pamme: oxnaxkaenue 10 —40°C co ckopocThio OT 3
710 5 TpaJi/MUH M JalbHeHIIee MOrpyKeHue B XKUIKUHI
a3ot (—196°C). Ilocne 3amopakuBaHMsI KOHTEHHEPHI
C MaTepuajoM MEepPeHOCUIN B HU3KOTEMIIEpaTypHBIN
OaHK 1715 XpaHeHus pu Temrepatype —196°C.

ITocne popmupoBanust B TeUueHUE 2-X MECSIIEB Y
1a00paTOPHBIX KUBOTHBIX TJayKOMBI MPOBOIUIN
AT'O, 3ateM B 30HE TOCIEOTNEPANIMOHHOTO nedexTa
ncrnonbszoBain KAOITY cpazy mocne ee pazmopaxu-
BaHwus [1]. Omeparuio BBIIONHSIHN B JIIOOOM H3
CBOOOAHBIX CEKTOPOB TNIA3HOTO SI0JI0Ka MEXKAY IMpsi-
MBIMH MBIIIIAMH. Y TUMOa, IOCIie IPEABAPUTEILHOTO
onpezaeneHus npoekuuu kanana lllnemma, nccekanu
1yOOKue ciou GUIBTPYIOLICH 30HbI BMECTE C CHHY-
coM u Tpabekyaoil B Buue TpeyroipHuka. Ckie-
paJbHBIA JTOCKYT (PMKCHUPOBAIN Y €T0 BEPIINHBI K
BBIITYKJION YacTH CKIIepsl oMHUM [1-00pa3HbIM IITBOM
1 Y3JIOBBIMH IIBAMHU C Ka)KJOW CTOPOHBI C OJHOMO-
MEHTHBIM 3axBaToM KAOIIY. [Ins 3aXKUBJICHHS Ha
KOHBIOHKTHBAJIBHYIO PaHy HAKJIaIbIBAINA HEMPEPHIB-
HBIi 1LI0B.

OcBOOOXIEHHBII OT Aedprca TOMOreHaT U3 Ha-
TUBHON M 3amopokeHHoM Tkanu AOIIY, a Takxe
OpYTUX TKaHel rina3a 1adopaTopHBIX KMUBOTHBIX
TOTOBWJIM CJEeAYIOIHMM 00pazoM. M3 xunkoro azora
u3Biekanu ogHy no3y kAOIIY, B yactu skcnepu-
MEHTOB COJiepKaHue (PaKTOPOB POCTA ONPENEISIH B
He3amopokeHHOM AOITY mm 3m0poBoii TkKaH! (POTo-
BHIIa, CeTYaTKa, IIa3HOW HEPB M CKJIepa) U3 JIOKyca
ATO. I'omorenar nmomydanu u3 100 mr tkarum AOITH
WM TKaHU I71a3a, KOTOPYIO M3MENBYalld B IPOOHpKe
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09/07/2013), the procedure complied with the
conditions of the Declaration of Helsinki.

Prior to freezing the HPAM fragments were
incubated in dimethyl sulfoxide (DMSO) cryoprotectant
solution at a final concentration of 10% (Arterium
Corporation, Ukraine) for 18-20 min, then each
fragment was placed into a sterile disposable container
(Nunc, Germany), sealed and marked. The samples
were frozen according to the two-step program: cooling
down to —40°C at a rate of 3 to 5 deg/min and further
immersion into liquid nitrogen (—196°C). After freezing
the containers with the material were transferred to
the Low Temperature Bank for storage at liquid nitro-
gen temperature.

Within 2 months after simulation of glaucoma the
laboratory animals were subjected to AGS, during which
the cHPAM was applied in a zone of post-surgery
defect right after thawing [12]. The surgery was per-
formed in any of the eyeball free sectors between the
rectus muscles. Near the limb, after a preliminary
determination of the projection of Schlemm’s canal,
we have dissected the deep layers of filter area with a
sinus and trabeculae as a triangle. The scleral flap was
fixed at its top to the convex part of the sclera by
means of one U-shaped suture and interrupted sutures
on each side with a simultaneous capture of cHPAM.
Conjunctival wound was closed with a continuous
suture.

Debris-free homogenate from native and frozen
tissue of HPAM, as well as other eye tissues of
laboratory animals were prepared as follows. A single
dose of amniotic membrane was taken from liquid
nitrogen, in some experiments the content of growth
factors was determined in the non-frozen amniotic
membrane or in healthy tissue (cornea, retina, optic
nerve and sclera) from the locus of AGS. The
homogenate was derived from 100 mg HPAM tissue
or eye tissue which were ground in a 1.5 ml tube using
a Potter micro-homogenizer in phosphate based
physiological saline pH 7.4, supplemented with 1 mM
protease inhibitor phenyl-methylsulfonilfluoride in 1:9
ratio. The resulted homogenate was cleared of debris
by centrifugation at 1000g for 10 min. The supernatant
was collected into separate tubes for the measurement
of cell growth factors and neurotrophins.

To assess the yield of growth factors BDNF and
TGF 1 the frozen-thawed cHPAM tissue was incuba-
ted in a sterile physiological saline. The cHPAM tissue
(100 mg) was placed into 1 ml solution at 37°C and
after 1, 3, 6, 9 hrs the supernatant was collected for
measurement of growth factors.

Content of TGF1[3, BDNF growth factors (human)
was measured by highly sensitive test systems from
DRG (USA; sensitivity 2 pg/ml) and R&D Systems
(USA, sensitivity 20 pg/ml), respectively. Measure-
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00beMoM 1,5 MII ¢ TOMOLIBIO MUKPOTOMOT'€HU3aTOPa
[TorTepa B pusnonornueckoM pactsope Ha ocdar-
HoM Oydepe pH 7,4 ¢ nobGasnennem | MMOITb UHTHOU-
Topa mporeas ¢peHWIMeTUICYIbPoHmIGIyopHIa B
cooTHoteHnd 1:9. [lomydeHHbII TOMOTeHAT OCBOOOXK-
nanu ot pedpuca nentpudyruposanuem npu 1000g B
teuenue 10 muH. Hamocagok oTéupanu B OTASTHHYO
MpoOUpPKY AJIA U3MEPEHHs coaepkKaHus (HakToOpoB
pocTa KJIETOK M HeHpOTPOPHHOB.

s ouenkn Beixoma akTtopoB pocta BDNF u
TGF1p pa3smopoxennyto Tkaub KAOITY mHKYOUpO-
BaJld B CTEPHJIBHOM (U3HOJIOTHYECKOM PacTBOPE.
Txanp kKAOITY (100 Mr) momemanu B 1 M1 pactBopa
(37°C) muepes 1, 3, 6, 9 4 oTOUpanu HaIOCAOK JIISI
HU3MEPEHUs COAepKaHus PaKTOPOB POCTA.

Conepxanne (axkropos pocta BDNF u TGFI1[3
(geoBeka) M3MEPSIIH BBHICOKOUYBCTBUTCIbHBIMHA
tect-cuctemamu «DRG» (CLLA; qyBCTBHTEIBHOCTD
2 iir/mi) u «R&D Systemsy (CLLIA; 4yBCTBUTENTFHOCTD
20 mir/MIT) COOTBETCTBEHHO. M3MEpeHwus MPOBOIUITH
COMIACHO MHCTPYKIHH K AaHHBIM TECT-CUCTEMaM
METOJIOM MMMYHO(EPMEHTHOTO aHallu3a Ha IOJYy-
aBTOMATHYECKOM clieKTpodoTomMeTpe A 96-myHou-
HBIX TUIAHIIETOB C BEPTUKAIBHBIM JydyoM «StatFax
2400» (CILIA).

JanHble cTaTucTHYECKH 00padaThIBAIN METOI0M
CThIOIEHTA U TIPE/ICTABIISUIN Ha PUCYHKaX KakK Cpel-
HHUE 3HaueHus M £ m. Paznuuust CHUTaIN 3HAUMMBIMU
pu p < 0,05.

Pe3yabTarsl U 00cy:KaAeHHE

B pesynbrare npoBeieHHBIX UCCIIEAOBAaHUN ycTa-
HOBJICHO, 4TO yepe3 7, 14, 21 cyTok mociie HalnoKeHHUs
Ha MeCTo nocyeonepannonHoro msa kKAOITY, 3amo-
POXEHHOW Mo 2-3TamHOW mporpamme, ObIcTpee
BOCCTaHaBJIMBAIACh TKaHb I71a3a U (HOPMHUPOBAIICS
MSITKHH II0B.

OpnuH n3 HanboJee BaKHBIX MOKA3aTeNel CTPYyK-
TypHOI menoctHOCcTH TKaHu AOIIY mocne 3amopa-
KUBAHUA-OTOTPEBA — CTIOCOOHOCTH yIepKUBaTh
BHYTPHKIJIETOUHBIE BemiecTBa. Jlocrarodno pacmpo-
CTPAHEHHBIM SIBIIICTCS M3MEPEHHE BBIXOJA BHYTPHU-
KJIETOYHBIX BEIIECTB M3 TKAHH, KOHI[EHTPAIIHIO
KOTOPBIX ITPUHSTO ONPENENSTh Cpasy Mocie pa3mMopa-
XKUBaHUsl OnMooObekTa. OJHAKO MPU TAKOM METONU-
YECKOM TMOAXO0/IE OCTACTCS HESICHBIM, KaK arlTuINKaLHs
kAOIIY B 30HE mocieonepalmoHHOrO MIBA CITYCTS
3HAUYUTEILHOE BPEMs [10CIIE PA3MOPAKUBAHHS MOYKET
MOBJIMATH HA ee coxpaHHOCTb. C 1enblo Hanbomee
00BEKTHBHON OIIEHKU CTPYKTYPHOH IEIOCTHOCTH
kAOITY u MomenupoBaHHS peabHBIX yCIOBUU €€
HaXOXKJICHHS B OpTaHe 3pEHUS TI0CIIE Pa3MOPaKUBAHHUS
TKaHb IOMEIAIH B (PU3HOIOTHIECKUH PACTBOP, 3aTEM
M3MEpsUTA BBIXOZ (hakTopoB pocra kieTok BDNF u
TGF1p B Hamocamok.
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ments were carried out by ELISA with StatFax 2400
semiautomatic spectrophotometer (USA) with a
vertical beam in 96-well plates according to the
manufacturers’ instructions.

The data were statistically processed by the Student
test and represented in the Figures as M = m. The
differences were considered as significant at p < 0.05.

Results and discussion

The findings allowed to establish that to days 7, 14,
and 21 after application of cHPAM, frozen-thawed
by two-step program, to the site of post-surgery suture
the ocular tissue recovered more quickly and a soft
suture formed.

One of the most important indices of HPAM tissue
structure preservation after freeze-thawing could be
the ability to keep the intracellular substances. Quite
common is the measurement of intracellular substances
release from a tissue, which concentration is usually
determined immediately after thawing of biological
object. However we believe such a methodical
approach could not to provide a true information, since
it has remained unclear how cHPAM application in
the post-surgery suture zone could affect its safety in
a considerable time after thawing. In order to more
objectively assess the structural integrity of cHPAM
and to simulate the real conditions of its being in an
eye after thawing the tissue was placed in a physiologi-
cal saline, and afterwards the release of growth factors
BDNF and TGF1 into a supernatant was measured .

After using two-step protocol of HPAM freezing
in 10% DMSO solution the yield of growth factors
within one hour was considerably lower than that with
no cryoprotectant used during freezing. The findings
suggested the higher preservation rate of the cells and
tissues as well as their structural integrity, which were
supported by the data of morphological studies [6].

After one-hour incubation of unfrozen HPAM
tissue (control) in a physiological saline an insignificant
release of BDNF and TGF1 growth factors was
observed, after freezing according to two-step protocol
amoderate yield was found (in average by 20% higher
than the control) and a significant loss of cell contents
was noticed in negative control (freeze-thawing with
no cryoprotectant). Incubation of HMAP in physiolo-
gical saline could simulate the coating of a wound
surface of conjunctiva with the HPAM, i. e. we can
conclude a release of the growth factors during healing
(Fig. 1). Therefore, the effective healing of post-
surgery suture wound will be largely determined by
the durable release of biologically active substances
from the cHPAM into an eye.

After incubation of the HPAM tissue in physiological
solution we determined the remaining amount of BDNF
and TGF1f3 in the cHPAM tissue, since it was important
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[Tocne ncnonp3oBaHus 2-3TaTHOTO PEKUMa 3aMO-
paxusanusg AOIIY B 10%-m pactBope JIMCO BbIXOA
(akTOpOB pocTa B TeueHUE yaca ObLI CYIIECTBEHHO
MEHbIIIE, YeM NPH 3aMOPaKMBaHUM 0€3 KpUOMpo-
TekTopa. I[lomydeHHbIe TaHHbBIE CBHAETENHCTBYIOT O
OouTbIIIel COXPaHHOCTH KIIETOK M CTPYKTYPHOM II€TI0CT-
HOCTH TKaH! ¥ IOATBEPKIAIOTCS JAHHBIMHU IIPOBE/ICH-
HOTO MOP(OJIOTUYECKOTO HccenoBanus [4].

B mezamopoxennoit Tkaru AOITY (KOHTpOJIB)
nocine nHKyOanuu (1 1) B GU3noIornueckom pacTBope
HaOJIIo1aIICsl He3HAYNUTEIbHBIN BBIX0 (PaKTOPOB pocTa
BDNF u TGF 13, mocie 3aMOpakUBaHHs [0 2-3TaIHO-
My PEXHMY — UX YMEPEHHBII BBIXOX (B cpeHeM Ha
20% BblILIE KOHTPOJIS), @ B OTPULIATEIILHOM KOHTPOJIE
(3amopakuBaHne 0€3 KPUOTPOTEKTOPa) — 3HAUUTEIb-
Hasl TOTePS KIETOYHOTO copepxumoro. Takum oOpa-
30M, pe3ynbTarsl nHKyOarm AOITY B ¢pusnonornyec-
KOM pacTBOpE, Moaeupytorieit mpedsiBanne KAOITY
Ha paHEeBOH MMOBEPXHOCTH KOHBIOHKTHBEI, TOKA3bIBAIOT
YTO B TpOIecCce 3aKMBIICHUS TKaHb BBICBOOOXKIAET
¢axTopsl pocta (puc. 1). IloaTomy 3 pekTHBHOCTD
32)KMBJICHUS [TOCIICONEPALMOHHOTO 1B Oy/IeT B O0JIb-
LIOH CTETMEeHU ONpeAesThCs Hanbosiee MpoaOoIIKHU-
TEJNBbHBIM TMOCTYMJICHHEM OMOJIOTHYECKH aKTHBHBIX
BemecTB U3 KAOIIY B opran 3peHus.

[Mocne naky6aumu Tkanu AOITY B puznonornuec-
KOM PacTBOpPE MBI OTPEACIISIIIN OCTaBIIeecs B TKAaHU
KAOITY kommuectBo BDNF u TGF1[3, mockonbky
Ba)KHO OBUIO M3Y4YUTh CO/epkaHne (aKkTOpOB pocTa
HE TOJIBKO B HaJ0CaaKe, HO U B camoii Tkanu kKAOITY
(puc. 2). ITokazaHo, 4To uepe3 9 4 mocie pasmMopaku-
Bauusi KAOIIY (3amopakuBaHue 1Mo 2-3TamHOMY
pexxuMy) coxpansieTcs 65—75% KIIeTOYHBIX POCTOBBIX
(akTOpOB, B TO BpeMs Kak MpH HEONTHMaJbHBIX
YCIIOBUSIX 3aMOPAKUBAHUS yKe uepes 3 4 1ociie 0To-
rpeBa uX coaepxkanue coctaBmio He Oomee 10-15%
OT NMEePBOHAYATHHOTO. ITOT 3HPEKT OOBSICHICTCS yBE-
JUYEHUEM CTEIICHU Pa3pyIllIeHUs KIETOK TKaHU
kAOITY mociie 3aMopaXuBaHus MPH TOTPYKCHUU B
KHUJIKAN a30T U, HAIIPOTUB, IIPU 2-3TAITHOM PEKUME
3amopakuBanus B 10%-m pactBope IMCO coxpa-
HseTcs ueinocTHocTh kieTok AOITY m mMuHuMUH-
3UPYETCsI OTEPsI KIETOUHBIX (PAaKTOPOB pOCTa MOCe
pazMopaxuBanus TkaHu KAOITY.

B nanpHelinem BayxHO ObLUIO OLICHUTH IIOCTYIUICHUE
U pacnpezenerne GakTopoB POCTa B pa3HbIX TKAHSIX
oprasa 3peHus npu ucnosbdoBanuu KAOITY nocne
AT'O. [l 5TOTO B MECTE OIEparioHHOTO BMeIIa-
TEJIbCTBA Mbl MCCIIEOBAJIN TKaHb POI'OBUIIBI, CET-
YaTKU, [JIA3HOTO HEpBa U CKIEpbl. B 3THX TKaHAX B
pa3HbIE CPOKM I10CJIE IIPOBEIECHUS OIEpaLUU ObLIO
n3MepeHo conepkanue ¢pakropoB pocta BDNF u
TGF1[. Ha puc. 3 mokasaHo, 4T0 B TKaHb POTOBHIIBI
Ha 1-e u 3-u cytku u3 kAOIIY, o cpaBHEHUIO ¢ He3a-
MOPO>KEHHOH, 00J1ee HHTEHCHUBHO MOCTYIAIOT (PaKTOPBI

npo6nembl KpMOOMONOrMM 1 KPUOMEAULIMHDI

problems of cryobiology and cryomedicine
Tom/volume 26, Ne/issue 2, 2016

1600
1400 - A

1200 A

N

o

o

o
1

800 -

600 -

400 -

CopepxaHue BDNF nr/mn
BDNF content, pg/ml

200 A

0 1 3 6 9

Bpewms nHkybauun, 4
Incubation term, hrs

400

350

300

250

200

150

TNF1pB content, pg/ml

100

CopepxaHune TNF1B, nr/mn

50

0 1 3 6 9
Bpemsi nHkyGaumm, 4
Incubation term, hrs

Puc. 1. CogepxaHue caktopos pocta BDNF (A) nu TGF1(3
(B) B dpusmonornyeckom pacrteope nocrne ux Bbixoga U3
KprokoHcepBupoBaHHon AOTY, nogBeprHyTon runoTep-
MWYECKOMY XpaHeHWo nocne pasmopaxusaHus: € —
koHTponb; M — 3aMopaxuBaHue 6e3 KpUOMNPOTEKTOPA;
A — 3amopaxuaHue B 10% OAMCO.

Fig. 1. Content in the physiological saline of BDNF (A) and
TGF1B (B) growth factors released from HPAM stored
hypothermically after thawing: 4 — control; B — freeze-
thawing without cryoprotectant; A — freeze-thawing with
10% DMSO.

to examine the content of growth factors not only in
the supernatant, but in the cHPAM tissue itself (Fig. 2).
It has been shown that 9 hrs later thawing the cHPAM
(frozen-thawed according to two-step protocol) has
retained 65—75% cell growth factors, while under non-
optimal conditions of freezing their content was not
more than 10—-15% of the initial one already 3 hrs later
thawing. This effect could be associated with the
increased cell destruction in cHPAM tissue after
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Puc. 2. CogepxaHue daktopoB pocta BDNF (A) u TGF13 (B) B TkaHn AOIY nocne KpuokoHCepBUPOBaHUSA U
runoTepMmyeckoro xpaHeHusi: € — kontpons; Ml — 3amopaxusaHue 6es kpuonpoTekTopa; A — samopaxusaHve B8 10%

AMCO.

Fig. 2. Content of BDNF (A) and TGF1[3 (B) growth factors in the HPAM tissue following cryopreservation and hypothermic
storage: @ — control; M — freeze-thawing without cryoprotectant; A — freeze-thawing with 10% DMSO.

pocTa, 4T0o, BO3MOYKHO, CBSI3aHO C BBIXO/IOM M3 YacTH
MOBpEKAEHHBIX KIeTok KAOITY BHYTpHKIIETOYHOTO
coznepxuMoro. [lo cpaBHEHHIO ¢ KOHTPOJIEM ITOT
rokasarenb Obu1 Oosbie Ha 60%. B aTH ke cpokun
(HampuMep, B IIEpBbIE CYTKH) MOCTYIJICHHE (PaKTopa
pocta BDNF B TkaHb ceT4aTKu U IJa3HOTO HEPBa
MIPEBBIIIAIIO AAHHBIN TOKa3aTellb HE3aMOPOKEHHON
AOITY na 100%. Takas ke TSHACHIINS COXPAHsIIACh
B OTHOIIICHNH TJIA3HOTO HEPBa, B KOTOPOM Ha 7-€ CYyTKH
conepxxanne ¢akropa pocta BDNF 6o Ha 30%
BBINIE, YeM B HezamopokeHHOU AOITY. Crnemyet
OTMETHUTB, 4TO BbIX0J] HelipoTpoduHa BDNF B Tkanb
CETYaTKHU U POTOBUIIBI CPABHUM C MOCTYIUIEHHEM U3
HezamopokeHHOM AOIIY. Jlns ckiepsl 0TMEYaIoCh
HenoctarouHoe nocrymieHue BDNF, kak mMoxxHO
MPEANOJIOKUTh, U3 MOBPEKACHHBIX KIETOK TKaHU
KAOITY kak Ha HadaJdbHBIX CPOKaX, TaK M mociue 7,
14, 21 cyTok HaONrOICHMSL.

YcTaHOBIIEHO, YTO OCHOBHOE KOIMYECTBO (hakTopa
pocra kinetok TGF1[3 HakarmMBaeTcsi B TKAHH POTO-
BHIIBI B TIepBEIe CyTKHN amutukanuu KAOITY (puc. 4),
HE3HAYUTEIbHOE — B IVIa3HOM HEpPBE, CEeTYaTKe U
ckiuepe. I[Ipu aTom neiicTBue HE3aMOPOKEHHOU U
kpuokoHcepsupoBanHoii AOITY 6bu10 cxomHbIM [9,
12]. Ha mo3aHUX cpokax HaOIIONEHUsS COJCpKAHUE
TGF1(3, npeBblmaromniee KOHTPOIBHOE, OTMEYAIOCH
TOJIBKO B POTOBHIIE, 3HAUUMBIX PAa3IMUUil B TKaHU
CeTYaTKH, TIa3HOM HEPBE M CKJIEepe MPHU HUCIOB30-
Bannu KAOIIY mo cpaBHEHHMIO ¢ HE3aMOPOKEHHOMN
AOITY BrisiBeHO He O0bUT0. OMHAKO B TKAHU CKIICPHI
HaOIIoManach TeHICHIUS K CHIDKEHUIO COMEPKaHUS
TGF1p.

150

freezing by immersion into liquid nitrogen unlike the
two-step protocol of freezing in 10% DMSO solution,
when the integrity of HPAM cells was preserved and
the loss of cell growth factors was minimal after
thawing of cHPAM tissue.

Afterwards it was of an importance to assess the
delivery and distribution of growth factors in different
ocular tissues when using cHPAM after the AGS. To
do this we investigated the tissues of cornea, retina,
optic nerve and sclera in the site of surgery. At
different post surgery terms we measured the content
of growth factors BDNF and TGF 13 in these tissues.
Fig. 3 shows that there was more intense release of
growth factors from the cHPAM into the corneal tissue
to days 1 and 3 if compared with unfrozen one, that
might be associated with releasing of intracellular
content from some damaged cells of the frozen
HPAM. The index was higher than 60% if compared
to the control. At the same time period (e.g. during
the first 24 hrs) the entering of BDNF growth factor
into retina and optic nerve tissue exceeded by 100%
this index for an unfrozen HPAM. The same tendency
was found in the optic nerve, wherein to day 7 the
growth factor BDNF content was 30% higher than in
unfrozen HPAM. It should be noted that the release
of BDNF neurotrophin into retinal and corneal tissues
was similar to the one in unfrozen HPAM. For sclera
there was found a poor BDNF release from the
cHPAM tissue both at initial terms and after days 7,
14, 21 of observation period.

Major amount of the cell growth factor TGF1[3 has
been found to be accumulated in the corneal tissue
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Puc. 3. CogepxxaHue poctoBoro daktopa BDNF B pasnuyHbiX TKaHAX opraHa 3peHus nocne npumeHeHus AOMY B
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Fig. 3. Content of BDNF growth factor in various tissues of eye in different terms after applying the HPAM during
antiglaucomatous surgery: Il — control; 00 — freeze-thawing in 10% DMSO.

CrnenyeT OTMETUTH, YTO Yepe3 7 CyTOK coaep-
xanne BDNF u TGF1[3 B porosuiie mociie anminka-
MY KaK HaTUBHOM, Tak 1 KAOITY 6110 IpaKTHIECKU
OJMHAKOBBIM, YTO MO-BHANMOMY, CB3aHO C BBICBO-
O0oxxaeHneM (paKTOpoB pocTa HE U3 MOBPEKICHHBIX
3aMOpaXMBaHWEM, a U3 IIENbIX KIETOK, KOTOphIe B
HaTUBHOH U KpuokoHcepBupoBanHoi AOITY mpucyT-
CTBYIOT B 3HAYUTEIHHOM KOJIMYECTBE.

AHaJIoru4Has 3aKOHOMEPHOCTh HaOII0AaeTCst TPU
HCCIeA0BAaHUM TKAHEBOW TPOMHOCTH MOCTYIJICHUS
¢akTopa pocra kinerok BDNF B ceTuaTky u rinaznoit
HepB. C 1-x no 3-u cytku anmmukanun KAOITY B 30He
OTIepalMOHHOTO0 JiepeKTa coepKanne HenpoTpoprHa
BDNF yBennuuBasioch Kak B CETUATKE, TAK U [NIA3HOM
HEpBE, MOCKOIBKY ATH TKaHW 00O0TaIIeHbl HEPBHBIMU
kierkamu. HanbGonbinee conepxkanue TGF1[3 B oot
CPOK OTMEYAJIOCh B POrOBUYHOM TKaHU. XapaKTepHO,
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within the first 24 hrs of cHPAM application (Fig. 4),
an insignificant content was found in the ophthalmic
nerve, retina and sclera. Herewith the action of
cryopreserved and unfrozen HPAM was similar [3,
11]. At late observation terms the TGF1[3 content,
exceeding the control, was observed only in cornea,
and no statistically significant differences were found
in retinal tissue, ophthalmic nerve and sclera after using
cHPAM if compared with unfrozen HPAM. However,
there was a tendency to decrease the TGF1[3 content
in sclera tissue.

It should be noted that in 7 days the BDNF and
TGF1[ content in cornea after the application of both
native and cHPAM was virtually the same, which was
likely due to the release of growth factors from the
cells not damaged by freezing, which amount was large
both in native and cryopreserved HPAM.
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Fig. 4. Content of TGF1[3 growth factor in various tissues of eye in different terms after applying the HPAM during
antiglaucomatous surgery: l — control; O — freeze-thawing in 10% DMSO.

YTO B CETYATKE U TJIA3HOM HEPBE BBISBICHO HAUOOIIb-
11ee KOJIMYEeCTBO HEHPOMIPOTEKTOPHOTO (hakTopa pocTa
BDNF, xotopoe Bhillie, 4eM B pOTOBUILIE (B CpEAHEM
Ha 100%), o cpaBHeHHIO ¢ He3aMopokeHHOH AOITY.
B cpok oT 7-1 10 21-X cyTOK MOCTyIUICHHE (haKTOPOB
poCTa B CETYATKy W IJIa3HOW HEPB CTAOMIN3UPYETCS
Y BBIPABHUBAETCS 10 CPABHEHHUIO C KOHTPOJIEM, YTO
COBIIQJAeT C paHee MOJYYEeHHBIMH JAaHHBIMH [4].
B pesynprare Mopdomorudeckoro aHanu3a ObLIO
YCTaHOBJIEHO, YTO TpH (HOPMHUPOBAHUH TIAYKOMBI B
MEPBYIO OYepeb THOeIH U aTpOQHUH MMOJBEPraucCh
MEJIKUE U CPEAHHUE TaHIJIMO3HbIC KJIETKH CET4aTOn
o0onouku. KonnuecTBo KpPYyMHBIX KIETOK CTAaTHCTH-
YECKM 3HaYMMO YMEHBIIANI0Ch, HO MX NMPOIEHTHOE
COZIep)KaHUEe 10 OTHOLICHUIO K O0IIEMY KOJMYECTBY
KJIETOK yBeNIMIHBaIIOCh [4, 8]. [loaTomy HanbombIICe
KOJTMYECTBO OMOJIOTHYECKH aKTHBHBIX BEIIECTB, KaK
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A similar regularity was observed in the study of
the tissue tropism associated with the entering of BDNF
growth factor into retina and ophthalmic nerve. From
the day 1 to day 3 following cHPAM application in
the zone of surgery defect the BDNF neurotrophin
content was increased in retina and in optic nerve, since
these tissues were enriched with nerve cells. The
highest content of TGF1[ in this term was noted in
corneal tissue. Interestingly, that the largest amount
of neuroprotective growth factor BDNF was revealed
in retina and optic nerve, which was higher than in
cornea (in average by 100%) and if compared to
unfrozen HPAM. Within the period from day 7 to 21
of observation the delivery of growth factors into retina
and optic nerve was stabilized and approached to the
control, which was in consistence with our previous
data [6]. Morphological analysis enabled to establish
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MBI TIpeAIoNaraeM, IocTynaeT B Hauosee OBpeK-
JICHHBIE B PE3YJIbTaTe INIAYKOMBI KJIETKH. Bo3MOXHO
CYILLECTBYET KaueCTBEHHAsl U KOJMYECTBEHHAs 3aBU-
CHUMOCTb HaKOIJICHUS (PAKTOPOB pOCTa KIIETOK, OTIpe-
JielisieMast BUIOM TKaHH I71a3a M TPOITHOCTHIO (pakTopa
pocta. IToCcKoJIbKY HIMEHHO B TKaHSX Ivla3a, HOBPEX-
JEHHBIX IT1ayKOMOH, TI0-BUINMOMY, UMEIOTCS e (PeKT-
HBIE PEIETITOPHBIE U TAHTIIMO3HBIE HEPBHBIE KIIETKH, B
koTopbie U3 KAOIIYU B 3HAUYMMBIX KOJIMYECTBAX
MOCTYTIAeT 00J1aJar0IN il BBIPaKEHHBIM HEHPOIIPOTEK-
TOpHBIM JeiicTBueM (akrop pocta BDNF [11].

BriBoabI

TakuMm 00pa3oM, B 30He MIPOBEICHUSI AHTHITIAY KO-
MAaTO3HOU omepanuu nocie anmiukauun kAOITY,
3aMOPOKEHHOM 0 2-3TalHON POrpaMMe B pacTBOpe
10%-ro AIMCO, yCcTaHOBJICHO YBETUICHHUE COIePHKa-
Hust pakropoB pocta BDNF u TGF1[3 B Tkansx riaza
(mo 7-Mu CyTOK) M UX CTaOMJIBHBIN YPOBEHb Ha MPO-
TSOKEHUH BCETO IMOCIEONEPAMOHHOTO CPOKa HAOIIIO-
nenus (1o 21-x cytok). [lpu ncnonb3oBanuu s dex-
THBHOTO peknMa 3amopaxkupanus AOIIY B mecte
nocieonepanuoHHoro aedexkra odecrneynBacTes
Oosee UIMTENBEHOE BEICBOOOXKICHHE (PAKTOPOB pocTa
BDNF u TGF1[3 B oprasne 3penus.
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that experimental glaucoma was accompanied
primarily with the death and atrophy of small and
medium sized ganglion cells of retina. Number of large
cells was significantly decreased, but their proportion
in the total number of cells increased [6, 10]. Therefore
we believe the largest amount of biologically active
substances to enter the cells mostly damaged by
glaucoma. There is likely a qualitative and quantitative
dependence of cell growth factors accumulation,
determined by the type of an ocular tissue and growth
factor tropism. Since the very in the damaged by
glaucoma ocular tissues there are likely defective
receptor and ganglion nerve cells, whereto from
cHPAM in considerable amounts the BDNF having a
pronounced neuroprotective effect is released [8].

Conclusions

Thus, application of HPAM, frozen-thawed
according to the two-step program in 10% DMSO
solution in the AGS zone resulted in an increased
content of BDNF and TGF 13 growth factors in ocular
tissues (up to 7 days’ observation term) and stable
level over the postoperative observation period (up to
21 days observation term). An effective freeze-
thawing regimen for HPAM provided a sustained
release of BDNF and TGF1[3 growth factors in an
eye from the site of post-surgery defect.
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