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OOBEKTOM HCCIEOBAHUS SBISIOTCS SIBISIIOTCS TKAaHEHH)XEHEPHbIE MATPUKChI HAa OCHOBE
MOJIMMOJIOYHOM KHUCIIOTHI C BBICOKOMOJICKYJIIPHON T'MalTypOHOBOM KHCIIOTOH, MMMOOWIM30BaHHON
Ha [TIOBEPXHOCTHU.

Lenp paboTel — wuccleOBaHWE BIUSHHUS TKAaHEWH)KEHEPHBIX MAaTPUKCOB Ha OCHOBE
MOJIMMOJIOYHOM KHUCIIOTHI, TOJTYYEHHBIX METOJOM 3JIEKTPOCIMHHHMHIA, ¢ MMMOOWIM30BAaHHOW Ha
MOBEPXHOCTH THUYaTypOHOBOM KHUCIOTOM TyTeM uX 00pabOTKM HETePMHUYECKON III1a3MOi
aTMOC(epHOro AaBICHHS Ha MEPBUYHBIC MaKpodaru 4eaoBeKa.

B mpomecce wuccnenoBaHHs MPOBOAWINMCH: HU3yueHHE (DU3MKO-XUMHUYECKUX CBOMCTB
TKAaHEMHKEHEPHBIX MaTpUKCOB MeTogamu cnekrpockonuu KP, COM, uzMepeHne cMaunBaeMOCTH
MOBEPXHOCTH MATPUKCOB, HCCIICOBAaHUE BIUSHUS MATPUKCOB Ha BbliAeneHne M1- u M2-
aCCOLIMMPOBAHHBIX IMTOKUHOB Makpodaramu merogoM ELISA, nccinenoBanue BIUsiHAS MATPUKCOB
Ha okcrnpeccuto CHI3L1 wmeronmom QRT-PCR, wuccnemoBanue BIUSHUS MATPUKCOB Ha
peMoJIeTMpOBaHIE IKCTPAEIUTIONSIPHOTO MaTprukca Makpodaramu metonom ELISA, uccnenoanme
BIMSIHUS MATPUKCOB Ha 1IN Vitro anrumorene3 Ha kietkax HUVEC. IlpoBenena oreHka
pecypcodh(peKTUBHOCTH MPOEKTA, a TAKXKE pa3padOTaHbl MEPOTIPUATHUS 110 OXpaHe TPyAa U 3allUTe
OKpYKaroIlEe Cpeabl.

B pesynprare wucciemoBaHus ObUIO  MOKa3aHO, YTO pEaKUUMU MakpodaroB Ha
TKaHEUH)KEHEPHBbIE MATPUKCHI SBISIOTCS JJOHOP-CIEUU(PUYHBIMA. MaTpUKCHl C HAaUMEHbLINM
KOJINYECTBOM THATYPOHOBOH KHCIIOTHI SIBISIOTCS HauOojiee OMOCOBMECTMMBIMM, TaK Kak He
CTUMYJIUPYIOT CEKpELHMIO TNPOBOCHATUTEIbHBIX LUTOKMHOB M HE HWHTHOUPYIOT CEKpPELUIo
MIPOTHBOBOCIIAJIUTEIBHBIX ITUTOKWHOB MEPBUYHBIMU Makpodaramu yelioBeka. TKaHEMH)KEHEpHBIE
MaTPKUCHI ¢ UMMOOMIIM30BAHHOM I'MaypOHOBOM KHCIIOTON CTUMYJIHMPYIOT aHruoreHes. IlokasaHno,
YTO MPEJIOKCHHBIA HA0OP MapKEPOB MOXKET OBITh MCIOJIB30BaH st iN VItrO IMarHOCTHKH C LEbIO
MEPCOHAIM3UPOBAHHOTO 1M0I00pa MaTepuasia MEIUIIMHCKOTO M3AETHs, a TOJTy4YEeHHBIE Pe3yIbTaThl
MOTYT OBITh HCIIOJIB30BAHBI I CO3/IaHUS SMat-UMIUTaHTATOB.

CreneHb BHEAPEHMS: PE3yJbTaThl PaOOTHI OMyOJMKOBAHBI B 2 XypHajlaX, MHICKCHPYEMbIX
SCOPUS u WoS (M®=3,088; 0,49), 1 xypHane u3 crnucka BAK, 14 te3ucax KoH(EpeHIHIi;
npezacTaBieHbl Ha 9 poccuiickux u 5 MexayHapoaHeix koHpepenumsx (Poccus, Ucnanus, CLIA,
Yexwst, ['epmanust), OTMEUEHBI 30JI0TOM Meaibio HAa 9-oM Mex1yHapoJHOM OHOTEXHOJOTHUECKOM
®opyme-BoicTaBke "PocbroTex-2015". Pabora nomnepxana xommnanueii Pfizer, momydeH rpant
PODOU 16-33-00528 mon_a. [lo pesymbraram paboThl mojaHo 2 3asBKH Ha mateHTBl PD (Ne
2015154342, Ne 2015154344).

Oo0iacTe IPUMCHCHUS. TPAHCIAIHMOHHAA MCAUIMHA, pCrCHECPpAaTUBHAS MCIUIUHA

DxoHOMHYECKasi A(PPEKTUBHOCTH/3HAYMMOCTh PA0OTHI: MPOBEICHHOE HMCCICAOBAHUE UMEET
KOMMEpYECKUI OTEHIHAN B cepe AMArHOCTHYECKUX YCIYT U UMILIAaHTOJIOTHH.

B Oyaymem mnnaHupyercss H3y4eHUE BIUSHHS MakpodaroB Ha IpOLECC erpalaliu

ckapGoNTOB U HCCIEIOBAHUE BIMAHUSA IOJNyYECHHBIX MAaTEpPUAJIOB Ha BHYTPUKJIETOUHBIC
MEXaHU3MBI TPOBOCIIATIUTEIBHOTO TPOrPaMMHUPOBAHUS TIEPBUYHBIX YEJIOBEYECKUX MaKpO(]aros.
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BBenenue

Ha ceromHamHuii JeHb B cllydae TSDKEIBIX 3a0ojieBaHUM, IePEKTOB |
MOPAXCHU BHYTPEHHUX OPraHOB CaMbIM PACHPOCTPAHCHHBIM IyTeM CIACCHHS
KM3HU TAlMeHTa SBJSETCS TPaHCILIAHTAIMs JOHOpCKHX opraHoB [1]. OmHako,
HECMOTPSl Ha JOCTUTHYTBIC YCIEXH, TaHHBIA ITOJAXOJ HMMEET psiJ HEIOCTaTKOB,
KOTOpBIE 3HAYUTENHHO COKpamawT chepy U 3DPEKTUBHOCTH €ro MNPUMEHEHHS:
OTPaHWYEHHOE KOJUYECTBO JOCTYITHOIO OHMOJIOTHYECKOTO Marepualia, TKaHeBas
HECOBMECTHMOCTh, TPOOJIEMbl KOHCEPBAIIMM M XpPaHEHHUS TPAHCILIAHTHPYEMOTO
MaTepuaja, 3HaYUTeNbHbIe (UHAHCOBBIC 3aTPaThl, CBS3aHHBIC C MPOICAYPOU
TpaHCILIaHTauu. JIJis MHOTHX 3a00JICBaHUI M TpaBM, KOTOPBIE MPHUBOIAT K TOTEPE
oprana wid (QYHKIIMH TKaHH, IO CHUX IOp HET CIOCOOOB pelIeHHs, KOTOpBIC
MO3BOJIMJIM OBl BOCCTAHOBHTH 3TH (YHKIMH ¥ OOSCHEYHUTh JUIS MAIUCHTOB
XKeJlaTeIbHOE Ka4eCTBO KHU3HU.

AJBTEpHATUBOM  KJTACCHYSCKUM  MaTepuajaM JJIi  TPaHCILIAHTOJOTHHU
SBIIIIOTCS  OMOMEIUIIMHCKHAE KIIETOYHbIE M TKAHCHMH)KCHEPHBIC MPOIYKTHI IS
3aMeleHus TKaHedl u opraHoB. [lo maHHBIM CTpaTerud pa3BUTHS METUIIMHCKON
Hayku B Poccuiickoit @enepanmu Ha mepuoxa go 2025 roma [2], Takoi moaxon
SIBIIICTCS. OJIHAUM W3 OCHOBHBIX HAIPABJICHUH Pa3BUTUS BOCCTAHOBUTCIIBHON W
pereHepaTuBHON MEIUIIUHBI.

PerenepaTuBHas MeIUIIMHA TOpa3yMeBaeT BhIpAIIMBaHUE TKAHEH U OPraHOB
B ycioBHAX IN VItro ¢ mocnenyromei mnepecaakod B Teno [3]. JlanHas
PCBOJIIONIMOHHAS TEXHOJIOTHS MMEET MOIIHBIA IMMOTSHIMAT TPU JICYCHHH IPEKIC
HEU3JICUNMBIX OOJIe3HEH — TaKMX, KaK caXapHbld AUA0ET, CeplAeyHO-COCYIUCTHIE
MATOJIOTUH, XPOHUYECKasl MOYeYHas HEJ0CTaTOYHOCTh, OCTEOMOPO3, MOBPEIKICHHE
CHIMHHOT'O MO3Ta U JIp.

OpHako JUIS  CO3/MaHUS TKAHCHH)KCHEPHBIX KOHCTPYKIIMH HEOOXOIHM
TPEXMEPHBIH KapKac, KOTOPBIH OyIeT SBIATHCSA MIAOJOHOM JUIsl POCTa TKaHU, —
Matpukc win ckaddonn (anri. scaffold). Co3ganue mogoOHBIX KapKacoB SIBIISETCS

KOMIIJIEKCHOM 3ajladeil, Tak KakK JOJDKHO ObITh obecmeueHo 3¢ @eKkTuBHOE
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B3aUMOJICUCTBHE MEXAY TpPEeMs KOMIIOHCHTAMH. CaMHUM KapKacoM, KOTOPBIH
oOecrnieurBaeT MNPOCTPAHCTBEHHOE pACIOJOXKEHUE KIETOK, KJIETKaMH, KOTOpPhIE
o0pa3yloT HOBYIO TKaHb Ha KapKace, U CUTHAIBHBIMH MOJICKYJaMH, TAaKUMH Kak
(akTopbl pocTa, KOTOPBIC HAIIPABIISAIOT Mporecc AU PEpeHITNPOBKH KIETOK [4].

VYcenemnas unTerpanus ckadgdonaga B opraHu3Me BO3MOXKHA TOJBKO MpHU
YCIOBHSI OTCYTCTBHS BOCIHAJIUTENIBHBIX W aIUICPTUYCCKUX PEAKIUH UMMYHHOU
cucteMbl uyenoBeka. Cpenu KJIETOK, OTBEYAOUUX 3a (OPMUPOBAHHE UMMYHHOTO
OTBETAa, TJIaBHYIO POJIb UTPpatoT Makpodaru [5].

[lenpto maHHOW PAaOOTHI SBISIETCS MUCCIECIOBAHNUEC BIHMSHUS TKAHCHH)KCHEPHBIX
MaTpUKCOB Ha OCHOBE IIOJIMMOJIOYHOW KHUCJIOTHI, TIOJYYCHHBIX METOIOM
ANEKTPOCIIMHHUHATA, C WMMOOWIN30BAaHHOW Ha TMOBEPXHOCTH THYaTypOHOBOU
KHUCJIOTOM MyTeM UX 00pabOTKM HETEPMHUYECKOM I1a3MON aTMOC(PEPHOTO JaBIICHUS
Ha TIEPBUYHBIC MaKpo(haru 4esoBeka.

OOBEKTOM HCCIEOBAaHUS SBJISIOTCS TKAHCHMH)KCHEPHBIE MaTpUKCHI. [Ipemmer
UCCIIEIOBAHUSI — METOJ OIEHKH PEaKIUHU TMEePBUUHBIX Makpo(aroB 4YelOBeKa Ha
TKaHCMH)KCHEPHBIE MaTPUKCHI.

Hayuynas HoOBu3Ha gaHHOM pabOTHl 3aKJIIOYaeTCs B TOM, 4YTO BIIEPBbIC
MCCJICIOBAHBl PEAKIMHM TICPBUYHBIX MakKpodaroB 4YelOBEeKa Ha TKAHCHH)KCHEPHBIC
MaTpPUKCHl C HCIOJh30BaHHEM clienytoniero Habopa mapkepoB. TNFa, IL6, ILS,
IL1B, IL10, IL1ra, CCL18, TGFB, MMP7, MMP9 u YKL40 (CHI3L1), a Takxe
BIIUSIHAC TKAaHCWH)KEHEPHBIX MATPHUKCOB Ha (HOPMHUPOBAHHE KAMWIUISPHBIX TPYOOK
HUVEC (in vitro anruorenes).

[IpakTHyeckass 3HAYUMOCTH PE3yJbTATOB PabOTHl COCTOMT B TOM, YTO
NpeUIOKEHHAsT TEeCT-CUCTeMa MOXET TPUMEHAThCA IS IN VItr0  OleHKH
OMOCOBMECTUMOCTH  TKAHEMHI)KEHEPHBIX  MATPUKCOB W JPYTHX  H3JCIHAN
MEIUITMHCKOTO Ha3HAYCHWS B KOHTEKCTE IEPCOHATM3UPOBAHHOW MEIUIIAHEI.
[ToyyeHHBIE TaHHBIC MOTYT OBITH UCTIOIB30BAHBI IJIs CO3MaHMs SMalt-uMIIaHTaTOB
- OmoMarepuaioB ¢  MOPOTPAMMHPYEMBIMH  (U3HKO-XUMUYECKHUMH |

MMMYHOMOYJIUPYIOIIUMHU CBOMCTBAMH.
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PesynmbraTtel paboThl OMyOIMKOBAaHBI B 2 JKypHaJlaX, HHICKCUPYEMBIX
SCOPUS u WoS (M®=3,088; 0,49), 1 xypHaie u3 crnucka BAK, 14 Tte3ucax
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15



1. O630p auTepaTypsbl

1.1 TKaHeuHofceHeprle MAMPUKCbL U 60NPOCHI buocosmecmumocmu

[To ompenenenuro, manHomy Murugan et al., TkaHeWH)KCHEPHBIA MAaTPHKC
(ckaddoma) mpegcraBiasieT coO0W BpEeMEHHYIO KOHCTPYKIIHIO, CITYXAIIyI0 KapKacoMm
JUTS BRIpAIIMBaHMsI TKaHed IN Vitro [6]. TpexmepHas cTpykTypa MaTpHKca IMO3BOJISCT
KJIeTKaM mnpoiudepupoBarb, MurpupoBatb u AuddepeHupoBaTECS B Tpex
MIPOCTPAHCTBEHHBIM HAIPaBJICHUSIX, B pe3yJbTaTe 4eTro MPOUCXOIUT (HhopMUpOBaHHE
TKaHW, TMOJO0HON CYIIECTBYIOMEH B KWBOM OpraHu3Me. |KaHEHWH)KCHEPHBIN
MaTPUKC SIBIIIETCS OCHOBHBIM DJJIEMEHTOM PETCHEPATUBHOW MEIWITMHBI, TaK Kak
MO3BOJISIET BOCCTAHABIMBATH WJIM 3aMelaTh yTpadeHHbIE TKAHW W OPTaHBHIL.
CymrecTByeT Tpu 0a30BbIC CTpaTerdd, OCHOBAHHBIC Ha NMpUMeHeHHH ckaddoima: 1)
ucnoap3oBaHue ckap@ongoB B KauecTBE MAaTPUIlbl, 3aMOJHSIONIEH CBOOOIHOE
MIPOCTPAHCTBO, 00Opa3oBaBIlIeecs B Pe3ysibTaTe TPaBMbl (KOHAYKTHBHAS QYHKIUA); 2)
UCIoNb30BaHne  ckap(donmoB B  KauyecTBE CHCTEMBl aIpecHOM  JTOCTaBKH
JCKapCTB/OMOJIOTMUECKA  aKTHBHBIX  MOJIeKynl (MHIykTuBHas  (ynkmous); 3)
ucrojap3oBaHue ckaddongoB B KauyecTBE TpexXMepHOM  minaTtopMbl st
BBIpAIlIMBAaHUS TKaHeH 1IN VIIr0 W3 KJIETOK pEeIUIUeHTa ¢  IOCIeIyIOIIeH
UMILTaHTaIuex [7].

B cymectByrommx paborax Chen et al. u O Brien chopmynupoBanu psi
OCHOBHBIX TIPUHITUIIOB IN3aifHAa TKAHEHHKCHEPHBIX MaTpUKCOB [8-9]:

- TIOBEPXHOCTh MaTPHUKCa JOJKHA CITIOCOOCTBOBATH aTre3UHn KIETOK, UX POCTY U

OI/IEP>)KUBATH OMPEEIICHHOE HarpaBiaeHue audhepeHITnPOBKY;

- ckaddona momKkeH ObITh OMOCOBMECTUMBIM; HM caM MaTepuain ckaddoiaa,

HU TIPOYKTHI €T0 IETPAalH HE JOJKHBI OBITh TOKCUYHBIMU,;

- ckadbdona nmomxeH OBITh OHOIETPAAUPYEMBIM W, B KOHEYHOM CUETE,

TIOJTHOCTBIO DJTMMUHUPOBATHCS B OPTaHU3ME;

- ckaddona momkeH 00Ja7aTh MEXaHUISCKUMH CBOMCTBAMU, TTO3BOJISIONAMUA

CMY BBIIIOJHATE MMOAJACPKUBAIOIINC (1)YHKI_II/II/I A0 3aBCpHICHHA IIponecca
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BOCCTAHOBJICHHSI, TIPH 3TOM JIOJDKCH OBITh OallaHC MEXIy J0CTaTOYHOM

HOPUCTOCTBHIO U MEXaHUICCKUMU CBOWCTBAMU,;

- pasMep TOp JOKEH OBITh JOCTATOYHBIM, YTOOBI ITO3BOJIHMTH KIIETKAM
MUTPUPOBATh BHYTPb ckaddoia;

- TEXHOJIOTHUs CO3daHUs ckaddonma TOJIKHA obecreuynBaTh
BOCIIPOM3BOJIMMOCTE Pe3yJjIbTara.

Takum 00pa3oM, MOKHO BBIJCIIUTH TPH T'PYIIBI CBONCTB TKAaHCHH)KEHEPHBIX
MaTPHUKCOB, KOTOPbIE HEOOXOIMMO MPOaHAIM3UPOBAThH MEpPea TeM, KaK TOBOPUTH O
MOTEHIMATBHOM IpuMeHeHnu ckaddonmos [7]:

1) ¢duzuKo-XUMHUYECKHE CBOMCTBA (MOAYJIb CXKATHS M yIPYTOCTH, MOPUCTOCTB,
CKOpPOCTh HaOyXaHUs, XAMUICCKUI COCTaB);

2) crmocoOHOCTh K Jerpamanuu (MPOAYKTHI JeTrpajalii, CKOPOCTh JerpaaallnH,
TEeMIepaTtypa Jerpajalid, BIMSHAC THAPOIW3a | (EPMEHTATUBHOM
Jerpagalun);

3) OuoIorHYecKHe CBOMCTBA.

Tak kak TKaHCWH)XCHEPHBIC MATPHUKCHI MPEIHA3HAYEHBI IS MPUMCHCHHS B
MEIMIIMHCKUX IIeJIAX, OICHKA WX OHOJIOTMYECKUX CBOWCTB, B TOM YHUCIIEC
OMOCOBMECTHMOCTH, UTPAET KIIOYCBYIO POJIb B UX JATBHEHUIIIEM HCIIOh30BAHHH.

Hecmotpss Ha OO0NBIION KIMHWYECKHW TOTEHIHAT, TKAHCHH)KCHEPHBIH
ckadpdonm, kKak W JF0O00C HMIUIAHTHPYEMOE METUITMHCKOE W3JeNNe, SBIISCTCS
WHOPOJIHBIM TEJIOM IS YEeJIOBEUYECKOr0 OpraHu3Ma. B BacKyJIspHU3UpPOBAHHOW TKaHH
Ha MPUCYTCTBHE WHOPOJHOTO Tejla OTBEYAIOT B MEPBYIO OYEPEIh KICTKH MMMYHHOM
cuctreMmbl. Ilocine wumIutantanuu ckaddoiaga Ha ero TOBEPXHOCTh W3  KPOBH
azgcopOupyeTcsi cioil OelKoB, B TOM 4ucjie anbOymuH, (uOpuHOreH, (parMeHThbI
komuiementa C3b wum Hecnenuduyeckue anturena [10]. Tak kxak B xoxe
UMIUTAHTAIUN TIPOUCXOAMT pa3pylicHHEe TKaHEH W COCYJIOB, PE3HJCHTHBIC TYYHBIC
KJICTKU BBIOPACBHIBAIOT THCTAMUH M TIPOBOCIIAIUTEIIBHBIC [IATOKUHBI. DTO MMPUBOJIUT K
UHOQWIBTPAIMM W aare3ud TaKUX KIETOK, KaK HEHUTPO(PWIbI, MOHOLHUTHI H
Makpodaru, B Mecto wuMmIuiaHTaruu. OHH, B CBOIO OYepeIb, BBIICISAIOT e€IIle

IMPOBOCIAJIUTCIBHBIC IUTOKWHBI, YCHUJIMBAA BOCIIAJICHHC. HpI/I 3TOM OHH TaKXeC

17



CEKPETUPYIOT sl MPOAHTHOTCHHBIX (PAKTOPOB, a TAKKE IUTOKWHBI M XEMOKHUHEI,
KOTOpbIE TMPUBJICKAIOT K MECTy BOCHAJICHHUS KIETKH, HEOOXOIUMBIE IS
BOCCTAHOBJICHUS TKaHEH: puOpoOIacThI, ME3CHXUMAJLHBIE CTBOJIOBBIC KIETKH U T.]I.
OTH KIETKH ETIOHUPYIOT KOJIJIAT€HOBBI MaTPUKC W MHKATICYIUPYIOT OoMaTepHal B
ciioe puOpo3HOI TKaHu [5].

Cpenu KIeTOK, OTBEYAIIHNX 32 (OPMUPOBAHUE UMMYHHOTO OTBETA, TIIABHYIO
pOJIb UTParOT Makpodaru. Makpodarn MUTPHPYIOT B MECTO UMILIAHTAITUH, TJI€ OHU
aKTUBUPYIOTCS W JIGMOHCTPUPYIOT  CHEKTP  COCTOSHUN  (PEHOTHIIHMYECKOU
MOJISIPU3AIH, O0YCIOBICHHBIX MX (YHKIIMOHATHHBIMA OCOOEHHOCTSMU. Ha omHOM
KOHIIe ATOro cmekTpa M1, wim Kilaccmueckw akTUBHpPOBaHHBIE Makpodaru, a Ha
apyroM - M2, wiM ajdbTepHATUBHO aKTHBHpOBaHHBIE Makpodaru [11-14]. M1
(eHOTU BO3HUKAET B PE3yJIbTaTe KOHTAKTa Makpo(haroB C MPOBOCHATUTEIHHBIMA
curHajgamu, TakuMu kak |FNy wimm OGakrepwaneubnii LPS [12]. ¥V knaccuueckn
aKTUBUPOBAHHBIX MaKpO(aroB AaKTUBHPYIOTCS TaKUE MYTH TPAHCKPHIIINH, Kak
STAT1 u NF-xB; oHH BBIIEISIOT Psi IMPOBOCIAIUTEIBHBIX ITUTOKHHOB - TNFa,
IL1B, IL6 u IL12 [14], a Takke COCAMHEHUs, COACpKAIIUE AKTHUBHBIA KHCIOPOT
(ROS), Takue xak NO [15]. [lepeuucieHHble MUTOKUHBI CIIOCOOHBI MHIYIIUPOBATH
OBICTPOE PAa3BUTHE BOCHAJCHHS W ITUTOTOKCHUYECKHE peakinuu. J[aHHBIE MPOIECCHI
xapaktepu3yrotcs aktuBanuet NK kimerok, CD8+ muToTOKCHYHBIX TUM(OITUTOB H
npuBJiedcHreM HehTpodwinoB [14]. AbTepHaTHBHO aKTUBHUPOBAaHHBIC, Win M2
Makpodaru, JenasaTcs Ha HeCKOoJIbko moaturnoB - M2a, M2b, M2c, cpenu kotopbix
M2a (uagymupyemsie 1L4, IL13) u M2b (uaayuupyembie LPS, IL1JB) BeImOdIHSIOT
perynsropubie Gynknun, a M2c (uanynupyemsie [L10, TGFB) urpaior riaBHyO
POJIb B TIPOIECCaX BOCCTAHOBIICHUS TKAHEH W TOIABJICHHS BOCTIAIMTEILHBIX PEAKITHMA
[16-19]. M2 makpodaru xapaKTepU3yIOTCsS aKTUBalUMEH TPaHCKPUIIIMOHHOTO ITyTH
STAT6, a Takke O3KcCOpeccHed SHIONUTOTHYECKHUX perentopoB Stabilin-1 u
ManHo3HOro penenropa CD206 [20]. Onu BBIACHSIOT MPOTHBOBOCHAIUTEIbHBIC
uTOKKHEI, Takue kak 1L10, [IL1rau CCL18 [17-19].

Makpodarun 061agar0T BBICOKON IUIACTUYHOCTBIO M CHOCOOHBI H3MEHSTH

(GeHOTHIT B 3aBUCUMOCTH OT BHENIHMX curHanoB [21]. Hanpumep, Beigenenue TNFo
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nu IL12 M1 wmakpodaramu, TONyYCHHBIMH B pe3yibTaTe crumyisiuun LPS,
3HAYUTENILHO CHIKaeTcsl B mpucytctBud |L-4 [22]. Takum oOpa3oM, HpUCYTCTBHE
TKaHEWH)KEHEPHOT0 MaTpUKca MOTEHIUAIBHO CIIOCOOHO HU3MEHSATH COOTHOIIEHUE
M1:M2 B Ty wiu uHYyIO CTOpoHY. llpm 3TOM, mpomomkuTenbHOe mpucyTtcTBue M1
MakpodaroB BeJeT K OOIMPHOMY BOCHaleHUI0 U (OPMUPOBAHUIO (PUOPO3HOI
KarcyJsibl BOKpyr martepuana. B pe3ynbTaTe B MecTe UMILIAHTAlUU (HOpMUPYETCS
XPOHMYECKOE BOCHAJICHUE, YTO, B KOHEUHOM CYETE, MOXKET MIPUBECTU K OTTOPKEHUIO
UMIUTAHTaTa U HEOOXOMMOCTH ero u3BjeueHus [5]. TkaHeHH)KeHEPHbIC MAaTPUKCHI B
ATOM Clly4ae OKa3bIBAIOTCA OECIOJIE3Hbl, MOCKOJbKY HE MOTYT BBINOJIHATH CBOU
GYHKIIMM 3aMelIeHHs] yTpadeHHBIX TKaHed [23]. [lnurenpHoe mpuCyTCTBHE M2
MakpoQaroB Takxe MOXET MPUBOJIUTh K OTPUIIATEIbHBIM MOCIEACTBUAM, TAKUM KaK
MOSIBIICHUE THUTAaHTCKUX KIETOK M MakpodaroB, HaXOISAIIUXCA B COCTOSIHUU
dbpycTpupoBaHHOTO (harouTo3a, BHI3BAHHOTO HEBO3MOXXHOCTBIO JErpaJupOBaTh
gyxepoanoe Teno [10]. Kpome sToro, HecMoTpst Ha TO, uTo M2 mMakpodaru Bce ke
ABJISIIOTCSL 00Jiee MPEANOUYTUTENIbHBIM (DEHOTUIIOM B KOHTEKCTE B3aUMOJEHCTBUS C
MaTpUKCaMM, OHM YYacCTBYIOT B Pa3BUTUU aJUIEPTUYECKUX pEakIuid U paka, a
BeiiensieMbld MU UTOokHH CCL18 crmocoOCTByeT mommepKaHui XPOHHYECKOTO
BocniasieHust [24]. Crnenududeckue MmakpodarajibHble PEIenTOpbl U MEXaHU3MBI
pacrio3HaBaHMsT UMW OMOMAaTEpUalIOB NPaKTUUYECKHW HE omucaHbl. M3BecTHO, 4TO
Makpodaru CrnocoOHbl pacrmo3HaBaTh aJCOPOUPOBABIIMECS HA TOBEPXHOCTH
MaTepuaia O0enku (IpoIecc OMMCAH BHIMIE) 32 CUYET WHTETPUHOB, Hampumep, Mac-1
wm Arg-Gly-Asp (RGD)-pacnio3naromnux uaTerpuHoB oVp3, avp5 u ab5pl [25-26].
NHTerpuHbl OTBEYAlOT HE TOJBKO 3a MEPBUYHYIO aAre3vuro mMakpodaroB Ha
MOBEPXHOCTh OMOMaTepuana, HO U 3a (OpMHpPOBAHUE BOCHATUTEIBHBIX PEAKIUNA U
crernieHb  (puOpo3Horo kamcynupoBanus [25]. Taxke Makpodarun CrIocOOHBI
HaMpsAMYI0 B3alMOJICHCTBOBATH C TOBEPXHOCTHIO MAaTpPUKCa 3a cUeT TOoJI-M0J00HBIX
peuentopoB (TLR) [14]. H3BecTHO, 4YTO KATHOHHBIE IOJUMEPHI, TaKHE Kak
MOJUATUICHUMUH, MOJIWIN3UH, JIEKCTPaH M KEeJIaTHH CHOCOOHBI JurupoBath |LR4
[26]. 13-3a HemocTaTka (PakTOB MPAKTHYECKA HEBO3MOXHO IPEICKa3aTh PEAKIHIO

MakpodaroB Ha Haxojsgmuecs B pa3paborke ckabdoiapl M TO, KaK MaTepual
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MOBJIMAET Ha UX (eHoTun. B cBs3u ¢ 3TUM, ucciaeays BOIpockl OMOCOBMECTUMOCTH,
HEO0OXOAMMO B MEPBYIO OYEPE]Ib U3YUUTh BIHUSIHUE TKAHEMH)KEHEPHOIO MaTpHKCa Ha
Makpo(aru 4eroBeKa C LENbI0 BBISBICHUS KaK MOTEHUUAIBHBIX MpoOJeM, Tak H
ONTHUMAJIBHBIX  (PU3MKO-XMMUYECKUX CBOMCTB, MO3BOJISIOIIUX KOHTPOJIUPOBATH
M1:M2 OGanauc. IlomyueHHble B pe3ynbTaTe MOJOOHOTO HCCIIEOBAHUS JTaHHBIC
MOTYT OBITH MCHOJIB30BaHBI JUIsl CO3/aHUs SMart-MMIJIAHTAaTOB - OMOMAaTEPUAIIOB C
IpPOrpaMMUPYEMBIMUA  (PU3UKO-XUMUYECKUMU U HMMYHOMOAYJHUPYIOIIHMHU
CBOMCTBaMH.

Tak kak 1enbl0 JaHHOW palOOThl SABIAETCS HCCIEHOBAaHUE BIMSHUS
TKaHEMH)KEHEPHBIX MAaTPUKCOB Ha OCHOBE IOJIMMOJIOYHOW KHCIIOTHI, MOJYYEHHBIX
METOJOM  3JEKTPOCHMHHUHIA, C  HUMMOOMJIM30BAHHOW  HAa  MOBEPXHOCTH
TUyalypOHOBOM KHCIOTOM TyTeM HUX O0OpabOTKM HETEPMHUYECKOW IUIa3MOM
aTMOC(EpHOro [aBJIEHUS Ha MEpBUYHBIE Makpodaru dYeloBeKa, B CIEIYIOLIUX
paszenax OyJeT JaHa XapaKTEepPUCTHKA JTaHHBIX MaTEPUAIOB U METO/I0B U W3BECTHBIE

(bakxThl 00 UX BIMSHUMA HA MaKkpodaru (Mau Ipyrue KICTKH HMMYHHOU CUCTEMBI).

1.2 Mamepuanvt, ucnonvszyemule 0151 CO30AHUSL MKAHEUHHICEHEPHBIX MAMPUKCO8

Marepuanbl, UCNONAB3YEMbI€ ISl CO3/IaHMS TKAaHEWHXKEHEPHBIX MATPUKCOB
MOJKHO pa3JIeIuTh HA YeThIpe OOJIbIINe TpyIbI [27]:

1) CuUHTETHYECKHE OpraHWYeCKHUe MaTepHalibl: adudaTHICCKHe MOIUdPUPHI,
MOJIMATUJICHTIIUKOIb U JIP.,

2) CHUHTETHYECKHUE HEOPTraHUYECKUe MaTepuabl: TUAPOKCUAIIATHT,
Tpukanbiuidocdar, cTekIOKepaMuKka u Jip.;

3) opraHWuYeckWe MarepHalibl MPUPOJHOTO  MPOHMCXOXKICHHS.  KOJUIAreH,
JKEJIaTUH, XUTO3aH, IEJK, THaTypOHOBas KUCIIOTa U Jp.;

4) HeopraHWYECKHE MaTepUaIbl MPUPOIHOTO TMPOUCXOXKICHUSI: KOPAJLIOBBIN
TUAPOKCUATIATUT U JIP.
Cpenu mpeACTaBIECHHBIX TPYMN, CUHTETUYECKHE OPTaHMYECKHE MaTepHUalibl

npeacTaBJIAIOT 0CcOOBIN HHTCPECC, ITOCKOJIBKY OHH O6J'IaI[aIOT pssaAOM IpEUMYIICCTB.
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1) moctymHOCTH (IT0 CpaBHEHUIO C MaTepUAIAMU TIPUPOTHOTO MPOUCXOXKICHUS);
2) BO3MOXXHOCTh IIOJIy4aThb MaTepHadbl C Pa3HBIMHU, 3aBEJIOMO HW3BECTHBIMH,
cBoiicTBamu [28];
3) uckimoyaeTcss TMOTCHIMAJIbHAs BO3MOXHOCTh BHPYCHOTO 3apakeHus (1o
CPaBHEHHUIO ¢ MaTepHaIaMH MPUPOIHOTO TPOUCKOXKICHNUSA);
4) mupoxasi 00JaCTh UCIOIb30BaHUS (HEOpPraHUYEeCKHEe MaTepHallbl IPUMEHSIOT,
KaK MMpaBUJIo, I pereHepanuy KOCTHOW TKaHH);
5) koHTponHupyemas CKOpOCTh jerpaganuu  (ckaddoiamapl W3  MaTepualioB
MPUPOJTHOTO TMPOHMCXOKICHHS 3a4acTyi0 JErpaipyiOT CIHUIIKOM OBICTPO)
[29];
W3 rpynmbl CHHTETHYECKMX MATEPHUAJIOB IIUPOKOE NPHMCHECHHE HAaILTU
OonojerpaaupyeMblie TIOJUMEPBI, CO BpEMEHEM TIOJTHOCTHIO 3aMEIIAOIINECcs Ha HOBBIC
TkaHu. Hambosjee pacnpoCTpaHEHHBIM IIOJUMEPOM M3 3TOTO Kiacca SBJISCTCS

nonmmMosiounas kuciota (IIMK) (puc. 1) [30].

n

Pucynok 1 - CtpykTypHas ¢popmylia MOJTUMOIOUYHONU KUCIOTHI

I[IMK B mpomecce paerpamaniii oOpa3yeT MOHOMEp, SIBISIOUIUNCS ISt
OpraHu3Ma €CTEeCTBEHHBIM METa00IUTOM. MojodHas KHCJIOTa BXOJWT B IMKII
TpUKapOOHOBBIX KHUCIIOT W, B KOHEYHOM CYETE, pa3jaraercs 0 YTJIEKHCIIOro rasa,
KOTOPBIM YyTUIIM3UPYETCsl uepe3 JIeTKHEe, W BOJbl. B anbTepHATUBHOM BapHUaHTE,
MOJIOYHAs KHCJIOTa MOXXET METa0O0JIM3UpOBaThCs B TIEYEHH, IMpPEeBpaliasch B
rimukoreH. Kpome storo, [IMK nerko moaBepraercst mepepaboTKe; MaTepUalibl Ha €€
OCHOBE MOTYT OBITh TMOJYyYE€HBl METOJOM JIUThS, DBKCTPYy3uu, (HopMOBaHUS,
pacmbUIeHUsT TIpU BBICOKMX TeMIepaTypax WIM T[OJ JaBjieHueM. Bapbupys
Monekyssipayto Maccy IIMK u ee cTteneHb KpUCTaUIMYHOCTH, BO3MOXHO CO3/1aBATh

Marcpuajbl C OOIBIITUM JAUAIIa30HOM MCXAaHHYCCKHX XAPAaKTCPUCTHUK. HpOI/ISBOI[CTBO
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[IMK sBnsercss 3KOJIOTMYECKH YUCTBIM U pecypcodrddexktuBHbM. [IMK wumeer
BBICOKYIO OMOCOBMECTUMOCTh U 0700peHa FDA st KIuHUYeCcKoro UCroib30BaHUS.
HecMoTpss Ha sABHBIE NMpEeUMYIIECTBA, MEAULUMHCKUE Marepuanbl Ha ocHoBe [IMK
o0Najal0T  pAIOM  HEJOCTAaTKOB, TaKUX Kak rujapodoOHOCTh, CHHUKAIOIIAS
3O PEeKTUBHOCT,  B3aUMOJCHCTBHS  IMOBEPXHOCTH  MaTepuaiga ¢  KJIETKaMu,
OTHOCHUTEJIbHO HM3Kasi CKOpPOCTh Ouojerpajaluu, XpyHKOCTh, HEIOCTATOK
PCAKIIMOHHOCTIOCOOHBIX T'PYII/CUTHABHBIX TPYII, OO0CCICYNBAIONINX KIETOUYHOES
pacro3HaBaHue, Ha oBepxHocTH MaTtepuana [30]. DTo orpaHUYHMBAIOT MPUMEHEHHUE
I[IMK 1715 co3ianusi TKAaHEMHKEHEPHBIX MATPUKCOB.

Psan paboT mocBdleH M3y4eHUIO0 peakuuu kiaeTok mmmyHutera Ha IIMK ¢
UCIIOJIb30BaHUEM [N VIitro u in VIVO mojeneid. Pa3iudHbIME TpynmamMu Ha Tpex
KIIETOYHBIX JUHHSIX - 2D J774 MBIIMHBIX MakpogaromogaoOHBIX KieTkax, 2D
KPBICUHBIX OpromHbXx Makpodarax u HL-60 Obi10 mokazaHo, 4TO HAHOYACTHUIIBI U3
COMOJIUMEPA MOJIOYHOW U TJIMKOJIEBOM KHUCJIOT BBI3BIBAIOT KACKaJ BOCIAIUTEIbHBIX
peakiuii, ctumynupys cekpernto TNFo u IL1B B octpoii daze Bocnanenus [31-33].
B pa6ore Parks et a. npu 1o0aBineHnn comonuMepa MOJIOYHON U TJIUKOJICBON KHUCIOT
B KOKYJbTYpY (uOpoOIacCTOB M MOHOIIMTOB HAOIOJAIA MOBBIIMICHUE CEKPEIUU
TNFa, IL1B, IL6 u GM-CSF [34]. Zhu et al. noka3anu, 4To comoaumMep MOJIOYHOU U
TJIMKOJICBOM KHCJIOT CTHMYJIMPYET CO3pEBaHWE JEHIAPUTHBIX KIETOK iNn Vitro [35].
Onmnako B mpormecce xponumdeckoro BocnaneHuss [IMK wurpaer mnyro posb. Ha
MEePBUYHBIX Makpodarax uenoBeka HamMu ObUIO mokazaHo, uyto [IMK cHuxaer
cekpermro TNFo (Mapkepa M1 makpodaroB), Ipyu 3TOM CTHMYJIHPYET 3KCIPECCHIO
stabilin-1 (mapxepa M2 wmakpodaros) [36]. Bos et a. Obuto mokaszaHo, 4To B
pesynbTaTe moakoxkHoW wmmruiantanus [IMK kpeicam B oOmactu cnimabl Ha 143
HeJleTu He ObUI0 OOHAPYXKEHO CTUMYJISLMM BOCHAleHUs. BbIJIO OTMEYeHO, 4TO
¢unanbHass  craaus  gerpaganuu [IMK  compoBoxnmaercss  ycuieHUeM
BOCMAJIUTENbHBIX PEaKIUi, OJHAKO MPU OSTOM HE NPOUCXOAUT (HOPMUPOBAHUS
TMTaHTCKHUX KieTok [37].

Takum oOpazom, I[IMK o6Gmamaer BceMn HEOOXOAMMBIMH CBOWCTBAMH,

IMO3BOJIAIOIMIKMMHA  HUCIIOJB30BATE 3TOT IMOJIHUMEP I CO3JaHHA TKAHCHUHIKCHCPHBLIX
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matpukcoB [38]. OpmHako, yka3aHHbIE paHee HEIOCTaTKH, a TaKXKe HaJIUIHe
BOCITAJINTEIIBHOTO  KJICTOYHOIO OTBETa B OCTpOH (a3e, OrpaHUYUBAIOT €€
MpUMEHEHHE. DTHU HEJOCTaTKH MOTYT OBITh KOMIICHCHPOBAHBI KaK NMPUMEHCHHEM
ompenesieHHoro cmnocoba ¢opmoBanua ckaddonga, Tak M €ro MOCIeayIONIUM

MOIUDUITUPOBAHUEM.

1.3 Memooul co30arusi mKkaHeuHI’CeHEPHbIX MAMPUKCOB

Hecmotpss Ha pmocTwkeHwss B 00JIaCTM  TEXHOJOTHM  HM3TOTOBJICHUS
ckapdongoB, crnocoObl HUX CO3JaHUSI TMOCTOSHHO COBEPIICHCTBYIOTCS C IEJbIO
HauOojee TOYHOTO KOMUPOBAHUS CTPYKTYpbl BOCCTAHaBJIMBAaEeMbIX TkaHeh. Tak,
TKaHEWH)KEHEPHbIE MATPUKChl MOXXHO CO3/1aTh, CBSA3bIBas MOJMMEPHBIE BOJOKHA B
TOYKE WX TIepeceueHus BTOpUYHBIM moimMepoM [39]. CyOimManuoHHas Cylika
3aMOPaKMBAHUEM  TIO3BOJIIET  KOHTPOJMPOBATh  HAMNpaBJi€HUE pocTa  Mop,
obecrieunBast mopuctocTh cBbitie 90 %. Meton oTnuBku ckaddoI0B U3 pacTBOpa
3 PeKTUBEH N1 TOHKUX MEMOpaH WU JJIs TPEXMEPHBIX 00pa3IoB C OUYEHb y3KUM
ceueHneM cTeHkH [40], mpu 3TOM CyIIECTBYET ONMACHOCTH COXPAHCHHS TOKCHUYHBIX
pacTBopuTeneid B marepuane. [[ns momydeHHss MATPUKCOB C MOMOIIBIO TpoIlecca
BBIIIEIAYMBAHUS HEOOXOJUMBI Majble KOJIMYECTBAa IMOJIUMEpa, OH JOCTAaTOYHO
JIETKUM, OJTHAKO HEBO3MOXKHO PEryJIMPOBATh pa3Mep MOP U MEKIOPOBBIE OTBEPCTHS
[41]. OOpaboTka BBICOKMM JaBJICHHEM CYXOro IIOJIAMEpa NPHUBOIUT K
(hOpMUPOBAHUIO BBICOKOMIOPUCTHIX MATPUKCOB 0€3 HCIOJIb30BAaHUS OPTaHUYECKUX
pactBoputeneid. Takoil mporecc MPUroA€H AJIsi TEPMOUYYBCTBUTEIBHBIX MOJIUMEPOB
[42], onHako HaOMIOAAaETCS HEAOCTATOYHAS B3aMMOCBS3aHHOCTH TOP M 00pa30BaHUE
HEMOPUCTON TMoBepxXxHOCTU. Emie oauH MeTon, [jsi KOTOpOro He TpeOyroTcs
OpraHUYeCKUEe PacTBOPUTENM M BBICOKAsl TEMIlepaTypa, — METOJ BCIICHUBAHUS rasa,
KOTOPBIM TO3BOJIAET TMOJy4YaTh MAakKponmopucTteie ckahdoIasl C OAHOPOIHBIM
pacrpenelieHueM TMop, TMpUYeM, PEryJupysi CTENeHb peakiuu ABYX COJeH,
TEHEPUPYIONIUX a3, MOKHO YIPaBIsATh MEXaHUUECKON MPOYHOCTHIO U MOPUCTOCTHIO

[43]. TlonyueHue MaTPUKCOB METOAOM pasjeiieHus (a3 moj AeicTBHEM HM3MEHEHUS
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TEMITepaTyphl JIETKO OOBEIUHSCTCS C JIPYTUMU TEXHOJOTHUSMH H3TOTOBIEHUS, HO
OMpEeNeNAIIMMUA MapaMeTpaMu Mpolecca SIBISIOTCS TeMmmepaTypbl (a3 u BBIOOD
pactBoputens [44]. buoxmerpamupyembie IMOPHCTBIE MAaTPUKCHl TaKKe MOTYT
W3rOTaBIIMBATHCS TIOCPEACTBOM MpoIecca TPEXMEPHOT0 MPOTOTHITHPOoBaHwus [45].

OnHako MEepeyYrCIEHHbIE METOJbl HEAOCTAaTOYHO THMOKM W HE MO3BOJISIOT
dbopmoBath ckaddonabl ¢ peryiupyeMbiMu (U3UKO-XUMUUECKUMH CBOMCTBamu. B
TaKUX CTPYKTypax TreHeparus (QYHKIIMOHAIBHBIX TKAHEH HE TMPOWCXOAUT Ha
HEOOXOJMMOM YpPOBHE, TTOCKOJIBKY OHU 3a4acTyl0 HETOYHO HUMHUTHPYIOT CTPYKTYPY
€CTECTBCHHOT'O BHEKJICTOYHOT'O MaTpukca [46].

®opmoBanue ckapdoaaOoB U3 pacTBOpa MO3BOJSET MNYyTEM U3MEHEHUS
TEXHOJIOTHYECKUX PEXUMOB JOCTATOYHO JIETKO YMPABIATH (PU3HKO-XUMHUUYECKAMHU
CBOMCTBAMH TOJyYaeMbIX MaTEPHAJIOB. TMOPUCTOCTHIO, JAUAMETPOM BOJIOKOH,
Mopdosiorueii; BBOAUMBIN B MOJMMEPHBIA PACTBOP HAMOJHUTENb TAKXKE MO3BOJISET
MEHATH (PU3UKO-XUMUIECKHE U OMOJTOTUYECKUE CBOWCTBA MATPUKCOB.

Hawnbonee momxomsmuM ¥ IMIHPOKO HUCIMOJB3YEeMBIM METOJAOM IS
W3TOTOBJICHHUSI TKaHCMH)KCHEPHBIX TTOJIMMEPHBIX MaTPUKCOB SIBIISICTCSI
ANEKTPOCIIMHHUAT. MeToa 3akiodaeTcs B (HOPMUPOBAHWHM HAHOBOJOKOH TIPH
MPWIOKEHUU BBICOKOTO TMOCTOSHHOrO Hampspkenuss mopsiaka  (10-20) kB k
MOJIMIMEPHOMY PAacTBOPY, BBIXOMSAIMIEMY W3 TOHKOTO COIJIa TOJ JEHCTBUEM CHIIBI
TSDKECTH JTNOO JMaBIEHUS. DJIEKTPOCITMHHUHTOBBIE HAHOBOJIOKHA M3TOTABIWBAIOT U3
Pa3TUYHBIX CUHTETUYCCKUX TIOJUMEPOB, MPUPOHBIX MOJIUMEPOB WINW WX CMECH, B
TOM 4YHCJie OETKOB, HYKJIEMHOBBIX KHCJIOT W JTaXKe MOJIMCAXapuaoB. MaTpuKchl U3
[IMK, momy4eHHBIE METOJOM JJICKTPOCIIMHHHUHTA, XaPAaKTEPU3YIOTCS OTHOPOIHBIM
(y3kuM) pacrpeselieHHeM BOJIOKOH TI0 JUaMETPY, BBICOKHMH IPOYHOCTHBIMHU
CBOWMCTBaMH, BBICOKOW OmocoBMectumMocThio [47]. I'pynmoii Sanders et a. 6wuio
II0OKA3aHO, YTO BOJIOKHAa Marpukca Ha ocHoBe [IMK, mnosyyeHHOro meromom
AEKTPOCIIMHHUHATA, UMEIOIIHNE TOMMUHY OT 1 10 5 MKM, BBI3BIBAIOT MUHUMAJIbHBIN
MMMYHHBIM OTBET M (popMHUpoOBaHUE HaubOosee TOHKOM (hUOpPO3HOU Kamcynbl MpU
MOJIKOXHOW UMIUTaHTanuu KpeicaMm [48]. Almeida et al. mokasanu, 4ro TpeXxMepHbIe

ckaddonael Ha ocHoBe IIMK c nauaroHanbHBIMH TOpamMU BBI3BIBAIOT MEHBITHN
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UMMYHHBIH OTBET, 4YeM ¢ opToroHadbHbiMH [49]. [lpu >TOM WMH W JPYyrHMH
rpynmnamMud  ObUIO  TOKa3aHO, 4YTO  (EeHOTUN  MakpodaroB  3aBUCUT  OT
MPOCTPAHCTBEHHOTO PACIOJIOKEHUSI KJIETOK MO OTHOlIeHHI0 K ckaddonay. Kpome
TOr0, KJIETKH 00JIaJJal0T BEICOKOM METa00JINYECKON aKTUBHOCTBIO, B PE3yJIbTaTE YETro

aKTUBHUPYIOTCS Kak M1, Tak 1 M2 Mapkepsl.

1.4 Moouguyuposarnue nosepxHocmu Mampukco8 6 niasme ammoc@eprHoo

0a6/IeHUs

3a mocneaHee BpeMs Obul pa3zpaboTaH psj (QU3NUECKUX U XUMHUYECKUX
MeTo0B  MoauduuupoBanus noBepxHoctd [IMK ¢ wmenbto  ymydiieHus
OMOCOBMECTHMOCTH M MPHUIaHUs Onojiorndyeckoi aktuBHOCTH [30].

Bo3sgelictBue miazMoi SIBISIETCS MPOCTBIM U TMEPCIEKTUBHBIM CHOCOOOM,
MO3BOJISIIOIIMM HM3MEHUTh CBOICTBA MOBEPXHOCTU MaTpukcoB Ha ocHoBe [IMK 0e3
u3MeHeHuss ux o0bEMHBIX cBoiicTB [50]. Mcmonb3oBaHre HETEPMHUYECKOW IIa3MbI
aTMOC(EepHOro JaBJICHUS SABJISIETCA MPUBIEKATEIHLHBIM METOJIOM MOAUPUIIMPOBAHMUS,
Oylarogapsi TAaKUM MPEUMYIIECTBaM, Kak MPOCToe 00pa3oBaHUE CTAOMIBHON IJIa3MBbl,
HHU3Kasi CTOMMOCTb M BBICOKasg MPOU3BOAUTEIBHOCTh. B 3aBHCHUMOCTH OT TOro, B
KaKOM ra3e MpPOMCXOJUT pa3psijl, HA MOBEPXHOCTH IMOJUMEPA MOKHO T'€HEPUPOBATH
pa3nuHble PYHKIIMOHAIBHBIE TPYIIBI (AMHHO-, TUAPOKCUIbHBIC TPYIIIBI U T.J.), 4TO
CIIOCOOCTBYET YBEIMYEHUIO TUAPO(UIBHOCTH TMOBEPXHOCTH, M, KaK CIIEJICTBUE,
KJIETOYHOM aare3uud u ouocoBmectuMocTH [51]. B psime pabot OBLIO MMOKa3aHO, YTO
o0paboTka 1aa3Moi, oOpasyromelcst B pe3yiabTare pa3psaa MExXAy AJIEKTPOJaMu C
avdJIeKTpuueckuM — OapbepoMm  ([IBP), MoXeT yCHemHO TPHUMEHSATBCS IS
MOIU(MUIIIPOBAHUS TOBEPXHOCTU OUOJETPAIUPYEMBIX TOJIUMEPOB, B TOM YHCIE
I[IMK [52-54]. B pabdote Pankg et al. Obuto mokasaHo, uro 00OpadOTKa IJICHOK Ha
ocHoBe [IMK /IbP mia3Moii npuBOJUT K YBEIIMUYEHUIO IEPOXOBATOCTH MOBEPXHOCTH,
MapoNpOHUIIAEMOCTH U TemIiepaTypsl aerpaganuu [55]. B padore De Geyter et al.
ruccienoBany BiausHue JIbP mia3Mbl Ha XUMHUYECKHN COCTAB MOBEPXHOCTHOTO CJOS

I[IMK B 3aBHUCHMOCTH OT TOTO, B KaKOM Ta3€ MPOUCXOAUT pa3psill. beulo mokaszaHo,
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YTO UCIOJIb30BAHUE T'eIUS B KauecTBE cpelibl AJisl reHeparuu JIbP mna3mel npuBoauT
K BBICOKOMY cojiep:kaHuI0 a3oTa Ha nmoBepxHoctu [IMK, Torna xak ucrnonab3oBaHue
BO3/yXa - K BBICOKOMY COJepKaHHIO Kuciopoga. Ilpu stom, mpu moOaBieHUU
HEOOJIBIIOTO KOJMYECTBAa Telusi B BO3AYX 3axBaT a3oTa Ha mnoBepxHOCTh [IMK
CTAHOBUTCS 3aTPYJHEH 32 CUET HAIMYUSI KHUCIOPOJACOJEPKAIIUX YaCTHUI[ B IUIa3Me
[56].

B pesynbraTe mma3zmMeHHON 0OpabOTKM Ha TMOBEPXHOCTH MOJUMEpa
o0pa3zyroTcs CBOOOJHBIE paJUKaIbl, W3MEHSETCS MOTEHIHMAl MOBEPXHOCTH. ITO
MPUBOJUT K YBEJIUYEHUIO CMAaYMBAEMOCTH U JA€T BO3MOXHOCTh UMMOOUIU3UPOBATh
OHMOJIOTMUECKH aKTHBHBIC COCIMHEHUS U3 BOJAHBIX pacTBOpoB. B padore Sharmaet al.
yaanoch UMMOOWIN30BaTh  (GochOoIUNUIbl Ha TMOBEPXHOCTh MOJUYPETaHa,
obpabotannyio JI[Pb mmasmoit B armocdepe azora [57]. I'pymma Chandy et al.
HCToJib30Baia MoauduiupoBanue maTpukcoB Ha ocHoBe [IMK JIPb mmasmoi ams
MMMOOUIIM3AIMMd HAa WX MOBEPXHOCTh (UOpPOHEKTHHA. bBUIO MOKa3aHO, YTO
MOJU(MUITTPOBAHHBIE MATPUKCHI CTUMYJIUPYIOT POCT YEIOBEUECKUX IHAOTEIUATBHBIX
KJIETOK (00J1a1af0T aHTMOTEHHBIMU CBOMCcTBaMH) [58].

Takum o60pa3oMm, wucnonb3oBanue JIPb mnasmel anga moaudunrpoBaHus
MatpukcoB Ha ocHOBe [IMK mo3BosisieT HaHOCUTh Ha UX MOBEPXHOCTH COCTUHEHHUS
0eJNKOBOM MPUPOABI U3 BOJHBIX PACTBOPOB, HE HM3MEHSIA HPU 3TOM OOBEMHBIX
CBOMCTB MaTepuaiioB. OTHUM M3 COCIUHEHUM C BBICOKOM OMOCOBMECTHMOCTHIO,
CIIOCOOHBIX 3HAYUTENBHO YBEIUYUTH CMAYMBAEMOCTh IMOBEPXHOCTU MATPUKCOB Ha
ocHoBe I[IMK, a Takxke mnpumarh UM HMMYHOMOJYJIUPYIOIIME CBOWCTBA MJIs

IIoJaBJICHU S BOCIIAJICHUSA B OCTpOI\/,I (1)336, SABJISACTCS THAITYPOHOBAsA KHMCJIOTA.

15 lela./lyPOHOE?CI}Z KUCI0ma u ee Ouoi02udecKkdss AakmueHoCmbo

I'manyponoBas kucinora (’A) mpeacraBiseT coOO# JMHEWHBI AHUOHHBIHN
nojicaxapuji U3 Tpynnbl TNIMKO3aMUHOTIIMKAHOB, MOHOMEPOM KOTOPOIO SIBJISIETCS
mucaxapun - [-1,4-D-tmrokypoHOoBOi  KUCHOTHI-f3-1,3-N-aneTtmn-D-riroko3amuH

(puic. 2). [59].
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Pucynok 2 - CtpykTypHas ¢popmyiia THaTypOHOBOM KHCIOTHI

Monekynst I'A odeHb TUAPOPWIBHBI, KpPOME TOr0, B pacTBOpaxX OHU
CIIOCOOHBI  CaMOAacCCOIMUPOBATHCS U OOpa30BBIBATH TPEXMEPHBIE CTPYKTYPHI,
cinyxamue ckapdonmoM s Apyrux OENKOB SKCTPAIEUIIOISPHOTO MaTpUKca
(OLIM) [60]. T'A sBiseTcss OCHOBHBIM KOMIIOHEHTOM CHHOBHAJIbHOH >KHIKOCTH,
CYyCTaBHOTO XpsIIa; BXOAUT B COCTAB COCIWHUTEIbHOW, SMUTEINATBHON U HEPBHOU
TKaHel. 3a cyeT cBoMX (PU3UKO-XUMUUYECKUX CBOMCTB OHA MOJAJAEP>KUBAET BS3KOCTH
CYyCTaBHOW CMa3KH U 3JIACTUYHOCTH TKAHEH.

Cpenu TpaHcMeMOpaHHBIX PELENTOPOB, CIOCOOHBIX B3aMMOJAECHCTBOBATH C
I'A, omanM U3 ocHOBHBIX siBisieTcs: CD44, skcnpeccupyeMblii MOHOIIMTAMHE, a TaKXKe
apyrumu  kietkamu  [61].  Jlng npucoenmHeHus ['A HE0OXOIMMO HAUYHE
«moporoBoro» koymdectBa CD44 Ha moBepxHOCTH KiIeTKH. DopmMupoBaHue KiaacTepa
penenTopoB obOecrneunBaer Oonee 3ddexkruBHoe cBsa3bpiBanne CD44 ¢ T'A [62)].
ObpazoBanue komiekca ['A-CD44 ctumynupyeT MHUTPaMi0 UMMYHHBIX KIETOK B
MECTO TMOBPEXKISHUS TKaHEH, a Takke ooOierdaet axaresur0 (uodpoOIacToB,
CHIOCOOCTBYS 3aKUBJICHUIO paHbl U BoccTaHoBieHUIo DIIM [63]. Kpome CD44, T'A
Takke crnocobHa mpucoeauniatbes Kk RHAMM u |ICAM-1. B pesynbrate
B3aumojielictBusi ¢ ['A aktuBupyerca skcnpeccuss RHAMM 'y kepatuHOIUTOB,
MakpodaroB u Murpupyromux ¢GuopodIacToB, 4YTO CIOCOOCTBYET PEIMUTEIU3AIUY.
Oo6pazoBanne kommuiekca |ICAM-1-I'A  wmoxer cmnocobctBoBath |ICAM-1
OIOCPEIOBAaHHON aKTHBaNWU BocmaneHus [62]. A ywacTByer B Kaxmoil craauu
mpoIiecca BOCCTAHOBJICHMsI, HauyWHas OT paHHed (a3pl ©  3aKaHuUBas
dbopMupoBaHUEM TpaHYISIIMOHHOW TKaHu. B  panHell (¢asze BocmaaeHus

MOBPEXJEHHAs] TKaHb COJEPXKUT OoJbiioe konudecTBO ['A, KOTOpast Urpaer poib
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MPOBOCHATUTEIBLHOTO areHra. A CTUMYJIUPYET BbIJICTICHUE TaKuX
MPOBOCHAIUTENBHBIX TUTOKUHOB, Kak TNFa, IL1B u IL8 [64]. C apyroit cTopoHsI,
rpaHyJIsIIMOHHAsA TKaHb Takxke comaepxkutr ['A. B stom cnyuae I'A mnpossiser
CKaBEHXXUHT 3(PhexT Oarogapsi CBOSH MOJMAHUOHHON MPHUPO/IE, 3alIUIIAST KIETKHA OT
paspyuieHus cBOOOAHBIMU pajaukanamu. [lomumo storo obmero mexanusma ['A
crocoOHa MOJIEpUpOBaTh BOcHajeHue 4epe3 crenuduueckue Bzaumoaenctaus: ['A
cBs3bIBaeTCs ¢ KomiuiekcoM TSG-6/lal, MHruOupyst akTHBALKIO TUTa3MHUHA, KOTOPBIN
3alycKaeT MPOTEOJUTUUECKUN KacKall, MPUBOMASIINI K pa3pyllIeHUI0 TKaHu. Takum
o0pasom, peanuszyeTcsi OTpUIlaTeIbHas 00paTHas CBS3b, MPUBOASAIIAS K YMEHBIIICHUIO
BocHiayieHus [62].

buonorunueckass aktuBHOCT, ['A 3aBUCUT OT €€ MOJICKYJISIPHOM MAacChI:
BbICOKOMOJIeKy IsipHass [A (BMI'A)  mposiBisier  aHTHBOCHAIHMTEIbHBIC |
aHTHAHTUOTEHHBIC CBOWCTBA, TOrja Kak HuskomosekymspHas ['A (HMI'A) umeer
MPOBOCHAIUTEIBHYIO U MTPOAHTHOTCHHYIO aKTUBHOCTH [65]. Hanpumep, 1 BMT'A, u
HMI'A cmocoOubl mpucoenunsathess kK TLR2 w TLR4, »skcupeccupyemMbiMu
MOHOIIUTAMH U JNeHAPUTHBIMU KileTkaMu. Oqnako, HMI'A unayuupyer BocnaneHue,
a BMI'A unrubupyert ero [63]. B padore Rayahin et al. Ha MbpimuHBIX Makpogarax
Ob110 TIOKa3ano, yTo BMI'A Hampasmnser monspusanuto Makpodaros B M2 dbenoTu,
JlaKe eCJIM paHee OHU OTHOCHJIUCH K eHOTHITY M1 [65].

Takum  oOpa3zoMmM, uMMOOMIM3anus  BbICOKOMOJEKyisipHoH ['A  Ha
MOBEPXHOCTh TKaHEHMHXXEHEPHBIX MaTpukcoB Ha ocHoBe [IMK ¢ ucnonbzoBanuem
HETEPMHUUECKON  Ma3Mbl  aTMOC(EpHOro  JaBIECHUS  UMEET  CICAYIOIIUE
MIPEUMYIIECTBA:

1) CymiecTBEHHO yBEIMIMBACTCS TUAPOPUIBHOCTH TTOBEPXHOCTH MATPUKCOB,;
2) o0OpaboTKa TIa3Mol TTO3BOJIAET YCKOPUTH CKOpOCTh aerpamanuu [IMK;

3) MaTpHKCHI TPHOOPETAIOT IPOTHBOBOCIIATUTEIbLHBIC CBOMCTBA.
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1.6 Bvibop memooa oyenKku UMMYHHO20 Omeema

B Tabn. 1 kpatko 000O0IeHbl onucaHHble paHee d(PGEeKTH MaTepHalioB, U3

KOTOPBIX COCTOUT I/ICCJICI[yeMI)II)'I MaTpuKC, U MCTOJOB O6pa6OTKI/I IOBCPXHOCTHU

MaTpuKca Ha Makpodarm.

Tabnuna 1 - BiusitHue paznuuHbIX MaTEPUAIOB U METOA0B 00PabOTKU MOBEPXHOCTHU

MaTpuKca Ha Makpodaru

Penenropsl makpogaros,
oTBevyaloIme 3a

pacno3HaBaHue Bausinue Ha makpodgaru
MaTepHaja/Tuna
MOBEPXHOCTH
MarepuaJj/coenunenne
B mMonenu xpoHndeckoro
MK 2 BocniasieHusi TNFa|,
stabilin-11
TNFa]
CD44, RHAMM, ICAM-1, IL1

BMTI'A TLR2 (?), TLR4 Bl

TNFa1

CD44, RHAMM, ICAM-1,
HMTA TLR2, TLR4 IL1pT
IL81
Meton
Bonoxkna Tonmuno# 1-5 mxm
) " JWaroHaJbHBIC TOPbI
JIEKTPOCTIMHHUHT ’ YMeHBIIAIOT TOMIHY
(bubpO3HOI KarCybl

IToBepxHOCTD,
o0padoTranHas ) 2
HeTePMUYECKOH

aTMoc(epHON N1a3Moil

Takum o00pa3oM, BOMPOC Kak O MEXaHM3Max B3aWUMOJCHCTBHUSA, TaK U O

BJIMSTHUN UCCIICAYCMBIX MATPUKCOB Ha MaKpO(baFH OCTacCTCA OTKPBITBIM. OTI[CJ'IBHYIO

npoOjieMy TMpEeJCTaBlsieT BBIOOP MeETOAa MCCIEAOBAaHUSA TMOJOOHBIX CBOWMCTB

OnomaTepuaios.
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Ornenka OMOCOBMECTUMOCTH TKAHEWHXEHEPHBIX MATPHUKCOB TPEIICTABIISCT
co00i KOMIUICKCHYIO MpOLEAypy, BKIIOYAIONIYI0 Kak IN Vitro, tTak u in Vivo
WCCJICIOBAHMsI, HAIIPABJICHHBIC HA BBISBJICHHUE IIMTOTOKCUYHOCTH, Pa3Ipa)karoiero u
CEHCUOUITM3UPYIONIEro ACHCTBUS, OOIIE TOKCUYHOCTH, CIIOCOOHOCTH BBI3bIBATH
AUIEPTUYECKUE PEAKIIUH, UMMYHOTOKCHYECKOTO ACHCTBUSA. OCHOBHBIEC MPUHITUIIBI
OIICHKW OMOJIOTUYECKOTO JACHCTBUS METUITMHCKUX W3/IETUI OMHUCAHBI B TIOJOKECHHSIX
cranmaptoB cepur MCO 10993 [66]. B oleHKy UMMYHOTOKCHYHOCTH, COTJIACHO
CTaHAapTy, BXOJIAT OTIpe/IeIICHIE BOCTIAJICHHUS, UMMYHOCYTIPECCHH,
UMMYHOCTUMYJISIIHA, TUIEPIYBCTBUTEIHPHOCTH W ayTOMMMYHHOCTH. B craHmapTte
OTJAeTCs MPEANIOYTECHUE UCCIIEI0BAHMUIM IN VIVO, Tak Kak IN VItro TeCThl CYUTAIOTCS
0oJiee OorpaHUYEHHBIMH, MTOCKOIBKY B MOJAOOHBIX MOJIEISX OTCYTCTBYET CIIOKHOCTH
LEJIOCTHOM MMMYHHOM cHCTeMbl. OQHAKO PE3yJbTAT UCCIEIOBAHUM, MPOBEICHHBIX
Ha JKUBOTHBIX, HE MOXET OBITh HAMpsMYyIO TIEPEHECeH Ha uenoBeka. K Tomy xe,
WCIIOJIP30BAaHUE JAHHOTO CTaHIapTa HE IO3BOJISAET y4eCTh Takue (PaKTOphl, Kak
HACJICJCTBEHHOCTh, MECTO WMIUIAHTAIIMA, MUKPOCPENa, pEaKIus WMMYHHOU
CUCTEMBI, TIPUCYITNE KAKIOMY KOHKPETHOMY TanueHTty. [IpoBeaeHme ncciaeaoBanmii
Ha TEPBHYHBIX Makpodarax HWHANBUAYATHHBIX JOHOPOB TIO3BOJISIET y4YeCTh JTH
daktoper. [Ipu 3TOM, C OJHOW CTOPOHBI, MOXXHO JaTh MEPCOHU(PHUITUPOBAHHBIC
PEKOMEHJAIIMN OTHOCHUTEIFHO HCCIIeAyeMOTO Marepuana, a C JAPYTrod - BBISBHUTH
oOIre TpeHabl B KJIETOYHOM OTBeTe. PaHee Hamu Obuta paspabotaHa in Vitro Tect-
CUCTEMa, TIO3BOJISIONIAs MOJIETUPOBATh B3auMojeiicTBue onomarepuaios ¢ MO, M1
u M2 makpodaramu, noiTydeHHbIMU B pe3ynbrare cTumyssanun |IFNy u IL4 qis M1 u
M2 ¢enorumna coorBercTBeHHO [36]. [To100Has TecT-cUCTEMa UMEET IPEUMYIIIECTBA
M0 CPaBHEHUIO C WCIOJIb30BaHUEM TOJIbKO MO, MOCKOJIBKY TO3BOJISET UCCIEAOBATH
peaknuu MakpodaroB Ha BcexX 3Tamax OoT a3kl OCTPOTO BOCTIAIICHUS IO 3aKUBIICHUS.

Takum oOpa3om, Hu3ydeHUE BIUSHHUS TKAHCHWH)KCHEPHBIX MATPUKCOB Ha
ocHoBe [IMK, momydeHHBIX METOJOM SJEKTPOCTMHHUHTA, ¢ UMMOOMIN30BaHHOW Ha
MOBEPXHOCTH THYaTypOHOBOW KHCJIOTOH TyTeM HX OOpabOTKHM HETEPMHUYECKOM
1a3Moi aTMOC(EepHOTO NaBlieHUs Ha MEPBUYHBIC MakKpodard YeIOBeKa SBIISCTCS

aKTyaHBHOﬁ 3az[aqel71, TAaK KaK IIO3BOJIMT HC TOJIBKO J1aThb OLICHKY OMOCOBMECTHUMOCTH
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pa3pabaThIBa€MbIX MaTEpHUAIIOB, HO M PACHIMPHUTh MOHUMaHHE 00 OCOOEHHOCTIX

B3aMMO/ICUCTBUS MEXK1y Makpodaramu u 6uomaTepuaiaMu B IIEJIOM.
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2. O0BEeKT M MEeTOABI HCCJICI0BAHUSA

2.1 Ob6wvexm uccnreoosanus

OOBEKTOM UCCIIEIOBAHUS SIBJISIOTCS TKAHEHHKEHEPHBIC MATPUKCHI HA OCHOBE
ITIOJIMMOJIOYHOM  KHCJIOTBI C  BBICOKOMOJIEKYJSIDPHOM THMaJypOHOBOW  KHUCJIOTOMU
(M,=2-10°, Sinopharm Chemical Reagent Co., Ltd., Kurait) nMMO6HIN30BaHHON Ha
noBepxHOCTHU. JlaHHAs yacTh pabOTHI BhIMOJHEHA coBMecTHO ¢ Kynpsisueroit B.JI.
(rpynma 06m51, kadenpa obmeit duzuku, DTHU).

1 dbopMupoBaHUsS HETKaHBIX MaTepuajoB wucrnonab3oBain 4% pactBop
nosi-L-monmounoit kucinotel PL38 (PURAC, Hunepnanasi) B xiopodopme (OKPOC,
Poccus). ®opMupoBaHHe HETKAHBIX MAaTEPHAIOB  OCYIICCTBIISLIA  METOJIOM
anekrpocnimaanTa Ha yctraHoBke NANON-01A® (MECC, fAnonus). B kadectBe
COOPOYHOTO KOJIJICKTOpA MCIIOIB30BaIN Bpamaromieics nuinaap auamerpoM 100 mm
u JummHOW 210 MM mpH CIEAYIONIMX TEXHOJIOTHYECKUX PEKUMaX: CKOPOCTh MOJAYH
pactBopa 6 mi/uac, Hanpsbkenue 20 kB, paccTosiHEEe MEXIY WUIVIONH M KOJJICKTOPOM
190 MM, yacToTa BpalieHus: cOOpOUHOro kojurekropa 50 00/mMuH.

Jlnst ummoOmm3aruu ['A Ha TOBEPXHOCTH MAaTPUKCOB MCTIOIB30BAIIN TIA3MY
aTMocepHoro maBieHus. MoaudunupoBaHue TOIUMEPOB  OCYIIECTBISIOCH
ANEKTPOAHOM CHUCTEMON ¢ TpeAbloHU3aTOpoM. Pexumbl o0mydeHus ObUIU
CJIEMYIONMMU: 9acTOTa CiieoBaHus UMITyabcoB - 500 ', HanmpspKeHUS UMIyJbCca -
20 kB, mmurensHOCTh MMIyNbea - 120 He, sHeprus B ummyibee - 0,3 [x. Kaxapiid
oOpa3zelr Kpemwics K aHOAy 3JEKTPOIHON CHUCTEMBI, BpeMs obmydenus 3amaBanu 10
MUHYT. ['’A HaHOCWJIM W3 BOAHBIX PACTBOPOB 3 pas3nu4HbIX KoHmeHTparui: 0,1%,
0,2% u 0,3%.

CMaunBaeMoCTh TOBEPXHOCTH MATPUKCOB BOJIOW MCCIIEIOBAIIM HA YCTAHOBKE
«EasyDrop» (Kruss, 'epmanus) MeroioM «cupasaen» karum (00bem 3 MKII) uepe3 1
MUH TIOCJ€ TIOMENICHUS Karuli Ha TOBEPXHOCTh. MccimemoBaHuss MOPQOIOTHH
MOBEPXHOCTH CKa(POIIOB MPOBOAMIA METOJAOM CKAHHPYIOMEH 3IIEKTPOHHOM

Mukpockonuu Ha mpudope Quanta 400 FEG (FEI Company, CIIIA) ¢ HaHeceHHneM
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HMPOBOJIAIICIO MOKPBITHS M3 30JI0Ta. CHEKTphl KOMOMHAIMOHHOT'O PACCESHUS IS
HUCXOIHOTO U MOIU(PHUIIMPOBAHHBIX MATPUKCOB MPEACTaBICHBI HAa PHUC. 3.

J1J1st McclieToBaHus BIMSHUS MAaTPUKCOB Ha IIEPBUYHBIC MaKkpodaru ueaoBeKa
UCIIOJIL30BAIM CIIEAYIONUE MaTPUKCHl pasMepoM 1 Ha 1 cM: MCXOIHBIA MaTPHUKC Ha
ocHoBe IIMK (IIMKwm), matpukc Ha ocHoBe I[IMK, oOpabGoTanHblii B I1a3Me
atmocdeproro gasiaenus (IIMKm), matpukc Ha ocHoBe IIMK ¢ I'A, HaHeceHHOH U3
0,1% pactBopa (ITMK-I"'A1), marpukc Ha ocHoBe [IMK ¢ I'A, nanecennoit u3 0,2%
pactBopa (IIMK-I'A2), matpukc Ha ocHoBe IIMK ¢ I'A, manecennoit m3 0,3%
pactBopa ([IMK-I'A3). MWzo0paxenus COM wuccleayeMbiX MaTPUKCOB |
THECTOTPaMMBI pacIipe/ieJICHUs] BOJIOKOH 0 WX JAHAMETPy IpPEJCTaBJICHbI Ha puc. 4.
Pe3ynbTaTthl McCeOBaHUS CMAYMBACMOCTH ITOBEPXHOCTH MATPUKCOB M CPEIHHMA

JMaMETP BOJIOKOH TPEJICTABICHBI B Ta0M. 2.

2 I[IMK-T'A3

[IMK-T'A2

[IMK-T'A1

. 1IMKwm

'|'|]'|'|"|:'|'|1'|'|"|'|'|
800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
-1
BomHoBoe unciio, cm

Pucynox 3 — CriekTpbl KOMOMHAITMOHHOTO PACCESTHHS UCCIIeTyeMbIX 00pa3IioB
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Tabmumna 2 - 3HaueHUs KpaeBOro yIyia CMAauyWBAaHUS W CPEIHHUNA THUaMETP BOJOKOH

HCCIICAYCMbIX MAaTPHUKCOB

YroJua cMmaunBaeMocTu
Cpennuii tuamerp

O6pasen (Boma), °
BOJIOKOH, MKM
+5%

IIMKm 120,1 1,99+0,21

IIMKn 0 2,25+0,24
IIMK-T'A1l 123,2 2,10+0,27
IIMK-T'A?2 0 2,05+0,22
IIMK-T'A3 27.3 2,12+0,29

JIns JOCTHKEHUs 1IeJIM  MCCIIeAOBaHUs ObUIM TOCTAaBJIEHBI CIEAYIOLINE
3a/1a4H:
1) WccnenoBaTh BIWSHUE TKAaHEWH)KCHEPHBIX MAaTPUKCOB Ha BbIIeIcHHEe M-
aCCOIMUPOBAHHBIX ITMTOKMHOB Makpodaramu,
2) WccrnenoBaTh BIIMSHHAE TKAaHEWHXCHEPHBIX MATPHKCOB Ha BbIAelieHHE M2-
aCCOIMUPOBAHHBIX ITMTOKMHOB Makpodaramu,
3) MHccnenmoBaTh BIUSHUE TKAHCHHXEHEPHBIX MATPUKCOB HA PEMOJICIUPOBAHUE

OIIM makpodaramu.

2.2 MemoOowl uccieoosanus

I[JI)I peICHUS MMOCTABJIICHHBIX 3a/1a4 UCITOJb30BaAJIN CICAYOIMNE MCTOABI.

2.2.1 Buioenenue u kynoemusupoganue CD14+ monoyumos

HGpBH‘IHBIC MOHOLIUTBI YCJIOBCKA ObBLIH BBIACIICHBI M3 HGfIKOHHT&pHO-

TPOMOOIIUTAPHOH MacChl WHIUBUAYAIBHBIX 3I0pOBBIX JIOoHOpOB [36]. Kaxmomy
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JOHOpPY OBUI TPHCBOCH YHHKAJIBHBIN HICHTU(UKANMOHHBIA HOMep. KoHIeHTpat
pasBoawiu B cootHomeHnuu 1:1 PBS (Biochrom, I'epmanus), He copepKaiiuM HOHBI
Ca™ u Mg®. Ionydennyo cycreHsmo B o0beMe 30 MI AKKypaTHO HAHOCWIM HA
15 mn buoxona (Biochrom, T'epmanus), npensapurensHo gobaBiaeHHOro B 50 M
KOHUYECKyto mpooupky. O0pasiel nentpudyruposanu 30 mun (Hettich, I'epmanwst)
npu 4209 6e3 mepepwiBa. [locme 3Toro coOwpanu JIEUKONMHUTAPHYIO (PAKIHIO C
uaTepda3sl  buokon/ceiBopoTka W 2 pasa orMmeBaim  PBS. Bo  Bpews
HeHTpU(yrupoBaHUs TOTOBWJIM HENPEPBIBHBIA TIpaJleHT Ha OCHOBe Ilepkora,
umeronuil cnenyrommii coctas: 13,5 mur Ilepkona (Pharmacia, T'epmanus), 1,5 mi
10x cbayaHCHPOBAHHOTO coyieBoro pactBopa Jpia (Sigma-Aldrich, 'epmanus) u
15mMn MuHEMaIbHO HeoOXomumon cpenasl Mrma (Sigma-Aldrich, Tepmanus).
Ormbrtsie kinerkn (5-10°—810°/mn) pecycrenauposanu B 5w PBS u HacmamBaim
Ha MPUTOTOBJICHHBIA TPAJHMEHT, MOCIIE Yero MeHTpUPyrupoBaiu B TeueHne 30 MUH
npu 4209 6e3 nepepriBa. [lociie neaTpudyrupoBanms coonpanu 2 BepxHuX ¢Gaspl U 3
paza OTMBIBaIM KIeTKH ¢ momomipio PBS. Jlnsg Beipenenns CD14+ mMoHOIIMTOB
MPOBOIMIIA MAarHUTHYIO COPTUPOBKY KJIETOK. J[JIsl 3TOTO MCTOIB30BAIM CTaHAAPTHBIN
nabop CD14 wmumkpochep u komonok (Miltenyi Biotech, Bergisch Gladbach,
['epmanus). KonnuecTBO BBIICICHHBIX MOHOLIUTOB ONPEIESISUIA Ha CYSTUYUKE KICTOK
CASY® Model TT (Roche Innovatis AG, T'epmanus). BeineiaeHHbIE MOHOITUTHI
pecycrenaupoBamn B X-VIVO 10 (Lonza, Bembrus) mo xonmentpammm 1-10°
kinerok/min. K monmydenHoi#t cycrnensum mobaBmsun jaekcamera3zon (Sigma-Aldrich,
Tepmanms) n0 komnentpaumn 10°M u m-CSF (Peprotech, Tepmamms) 10
KOHIIEHTpauu 5 Hr/mMi1. MOHOITUTHI KOKYJIbTHBHPOBAIH B 12-JTyHOYHOM IUIAHIIETE C
UCCIIClyeMbIMU MaTepuajaMu. B Kaxayro JyHKY JOOaBISIM 2 MJ CYCIICH3HH,
comepxaieii 2-10° knetok. B KadecTBe KOHTPOMIS Ky/IbTHBHPOBATH MOHOLMUTEI 03
UCCIIeyeMbIX MaTepuajaoB. [IpOTOKOJ MOCTAaHOBKH 3KCIIEpUMEHTA IMPEACTaBICH Ha
puc. 5. BeiieseHHbIE MOHOITUTBI OBLTH Cpa3y K€ MPOCTUMYJIMPOBAHBI ITUTOKMHAMM:
IL4 — 10 ur/mu (Peprotech, I'epmanmst), IFNy — 100 ar/mi (Peprotech, T'epmanus) u

KyJIbTUBAPOBANKCH B TeueHne 6 gaeit B CO,-uHKyOaTOpe mpu temmepatype 37 °C.
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ITnaumer 1

1 2 3
KonTpons, HC IIMKwMm, HC I[IMKn, HC
B KonTpoins, IL4 IIMKwm, IL4 [IMKm, IL4
Kontpons, |FNy [IMKwm, IFNy [IMKm, IFNy
[Tnanmrer 2
1 2 3
I[IMK-T'A1, HC | TIMK-I'A2, HC | TIMK-T'A3, HC
B | IIMK-T'AL,IL4 | TIMK-TA2,1L4 | TIMK-TA3, IL4

TIMK-TAZL, IFNy

TIMK-TA2, IFNy

TIMK-TA3, IFNy

PucyHnok 5 - [IpoTOKOJ NOCTAHOBKY 3KCIIEPUMEHTA

2.2.2 Uccneoosanue xi#cuzHecnocoOHoCmu MOHOYUMO8

Ku3HecnocoOHOCTh HE CTUMYJIHUPOBAHHBIX IMMTOKHHAMH MOHOIIUTOB Ha 6
JIeHb KOKYJbTUBHPOBAHUS C MaTepHalaMH WCCIIENOBAaId C HCIOJIb30BAHUEM
dnyopectupytomero kpacutens Alamar blue (Sigma, CIIIA). s 3Toro B Kaxaou
JAyHKe 12-TyHOYHOrO TUIAHIIETa OCTaBsUIM 1 M KyJIbTypaJlbHOM Cpelabl H
nobassumm o 100 mxnm Alamar blue. Kiterku wHkyOMpoBanm ¢ KpacuTeilem B
teuenue 3 4 mnpu 37°C. [lanee, cymepHaTaHTHl mepeHOCWIH B 96-TydHOUYHBIH
IUTAHIIET ¥ W3MEPSUIM WHTEHCUBHOCTH (DIIyOPECIICHIIMH, WCIOJbB3Ys IIaHIICTHBIH
cuektpoporomerp Tecan Infinite 200 (Tecan, Illeeitnapus) (IvMHA BOJHBI
Bo30ykaeHuss - 570 uM, jmHa BoiHBI dMuccuu - 600 HM). Bcee wu3mepenus
NPOBOAWIN B TPHUIUIMKATax. B KauecTBEe KOHTPOJSI WCIOJIb30BAIA MOHOIIUTHI,
KyJIbTUBUpYEMBIE 0€3

ucciienyembeix MarepuanoB. (COTNIaCHO JIMTEpPaTypPHBIM

(bopMBI Alamar blue

MPOMOPITMOHATILHO JKU3HECITOCOOHOCTH KJeTOK [67]. JKu3HecrmocoOHOCTh KIIETOK

JaHHBIM, KOJH4YCCTBO BOCCTAHOBJICHHOM KpaCHuTCIIA

pPacCUMTHIBAIIN COTJIACHO CIEAYoIIel GpopMmyiie:
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CV (%) = ;— 100% (1)

rae CV (%) - xu3HecrnocoOHOCTh MOHOITUTOB (%0), f; - HHTECHBHOCTH (ITyopecCIiCHIINH
KyJbTYpaJbHOU Cpelbl, OTOOpAaHHON W3 JTYHOK, TJI€¢ MOHOIMTHI KYJHLTUBHPOBAIH C
MaTepuagamu, W f. - WHTECMBHOCTH ()IYOPECHEHIIMH KYJIbTypaabHOW CpPEJbl,
OTOOPaHHOM U3 TYHOK, TJI€ MOHOIIUTHI KyJIbTUBUPOBAIIN O€3 MaTEPHAIIOB.

DOKCHEpPUMEHT TPOBOJIWIHN, UCIOJB3Yysl KICTKH TSATH Pa3IMYHBIX JTOHOPOB.
Uccnenyemprii  MaTepuiaJl  CUWTANM  [UTOTOKCUYHBIM, €CIM  PacCUUTAHHAS
xKu3HecrmocooHocts Obuta  Menee 30%, JOBOJBHO ITUTOTOKCHYHBIM, — €CIH
paccuMTaHHas >KU3HECMOCOOHOCTh Jekana B wHTepBae 30-59%, oTHOCHTETHHO
IUTOTOKCUYHBIM, €CIIH pacCYUTaHHAs JKU3HECMOCOOHOCTh Jiekasia B mHTEepBasie 60-

90%, ¥ HENUTOTOKCHYHBIM, €CIM PACCUMTAHHAS KU3HECIIOCOOHOCTh OblIa Ooiiee

90%.
2.2.3 Ombop cynepuamanmos

[Tocne 6 4 KynbTUBHPOBaHUS OTOMpay cynepHaTaHThl (200 MK U3 KaX IO
JYHKH) 1 omnpeneiieHuss koHneHtpamuu 1NFo. s onpeaeneHus KOHIICHTPAIHH
TNF-a, IL-6, IL-8, IL-1p, IL-10, IL-1ra, CCL18, TGFB3, MMP7 u MMP9 (R&D
Systems, CIIIA) otoupanu cynepHatanTsl (1,5 M1 U3 Ka)X10H JTYHKH) TI0 OKOHYAHHUU

KYJbTUBUPOBAHHA MOHOIIMUTOB Ha 6 ACHBb 3KCIICPUMCHTA.

2.2.4 Onpedenenue KOHUEHMPAYUU YUMOKUHOB MEMOOOM  UMMYHHO-

Gepmenmnozo ananuza (ELISA)

Onpenencune konneHntparmuu 1NF-a, IL-6, IL-8, IL-1B, IL-10, IL-1ra,
CCL18, TGFB, MMP7 u MMP9 (R&D Systems, CIIIA), IpoBOAXIOCH C TOMOIIBIO
coraBuI-ELISA cornmacHo HHCTPYKIIMH TPOW3BOIUTEINS.

3a CyTKM [0 TIOCTAaHOBKM JKCIIEpUMEHTAa pAcTBOpP aHTUTEN paldodeit

KOHIICHTpAIlMU HAaHOCWIN B JIyHKH 96-myHOUHOTO TuTanmeTra u3 pacdera 100 Mk Ha
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ayHKy. ['oToBBIN mnanmeT octaBimsuid Ha 12 4 nmpu Temnepatype 20 °C. [Tocne storo
4 pa3za npombiBanu JiyHkd 0.05% Tween® 20 (Sigma-Aldrich, T'epmanus) B PBS,
200 Mk Ha syHKy. OcraBmigecss Mecra JUIsS CcBsi3biBaHMs OnokupoBamn 1% (macc.)
pacTBOpoM OBIYBETO ChIBOpOTOYHOTO anbOymuHa (BSA) B PBS B Teuenue daca. B
JYHKH TIIAIIKA HAaHOCWIIHM TIOCIIEZIOBATENIbHBIC Pa3BEICHUs CTaHAApTa aHTUTEHA IS
MOCTPOCHUS KaJTMOpPOBOYHOW KPHBOM W 00pasmbl cynepHataHTa (pa3BelCHHS
CyIlepHaTaHTa WHIWBHIYaJIbHBI JUIS PAa3JIMYHBIX [IUTOKWHOB M THIOB 00pa3ioB). B
KaueCTBE CTaHapTa MCIOIb30BAIA COOTBETCTBYIOIINI peKOMOMHAHTHBIN Oesok. Bee
o0Opa3ibl aHATM3UPOBaIU B TyonukaTtax. OOpasipl, HAHECEHHBIC B JIYHKH IIJIAHIIIETA,
WHKYOMpOBaJIM B TEUYEHUE JBYX YacOB NpH KOMHATHOW Temmepartype. [locie
nHKyOaruu tiadmeT oTMbeiBam 4 paza 0,05% Tween® 20 B PBS, nHanocumm pactBop
MEUEHBIX aHTUTEN JJI onpeaeneaus anTurena, 100 MK B TyHKY, 1 HHKyOHpOBaIu 2
gaca. [lanee mmanmer orMmeiBayik 4 paza 0.05% Tween® 20 B PBS u nobGasisiu
pacTBOp CTpENTaBUIWHA, KOHBIOTHUPOBAHHOTO C mepokcumazon xpena, 100 Mxm B
nyHky. [Tnanmer nakyOupoBanu B TedeHne 20 MUHYT TP KOMHATHOW TeMIIEpaType
B TEMHOM MecTe, mocie dero oTmeiBamm 4 paza 0,05% Tween® 20 B PBS.
DEepMEHTATHBHYI0 aKTUBHOCTH OMPEEIISUTH MPU TIOMOIIU TOTOBOTO CyOCTparta is
MEePOKCUAa3bl XpeHAa HAa OCHOBE TETpaMETWIOCH3WIMHA. Peakiuio ocTaHaBIMBAIH
nobasnennem 20 H,SO,. Jlamee mpu moMommu IUIAHIIETHOTO CHEKTpodoToMeTpa
Tecan Infinite 200 (Tecan, IlIBelinapwsi) OmpeACNsIN ONTHYCCKYIO IUIOTHOCTB
pacTBOpOB B JyHKax Ha jumHax BOJH 450 HM/570 HM. Ha OCHOBaHHMM ONTHYECKUX
MJIOTHOCTEH pacTBOPOB B JIYHKAaX, COJEPKAIIUX KOHTPOJBHBINA OEIOK, CTPOWIH
KaJINOPOBOYHYIO KPUBYIO.

[IpeacraBneHsl pe3ynbTaThl aHadu3a Uisi 8 WHIWBHAYATbHBIX JOHOPOB.
Konnentparus TNFo mocne 6 9 KyJapTuBHpOBaHUS u3MepeHa miusi1 4

VHJIMBUIYAJIbHBIX JIOHOPOB

2.2.5 Jluzuposanue kiemox
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Ha 6 meHb 1m0 OKOHYAaHWU KYJITUBUPOBAHUS KIETOK 12-TyHOUYHBINA TIIAHIIET
nomermany Ha yen Ha 10-15 mua. B 910 Bpems rotoBwnmm mm3upyoomuid 6ydep: 20
MKJ -mepkanrodTanona Ha 1 mi Lysis Buffer uz mabopa E.Z.N.A.® Total RNA Kit
| (Omega Bio-tek, CIITA). OcraBuiuecs B JIyHKax CylnepHaTaHTbl oTOMpayi B 1,5 M
npooupku «Eppendorf» u nenrpudyruposanu 10 mun npu 4 °C, 6000 rpm. ITocie
ATOTO aKKypaTHO MEPEHOCHIIN CYNEepPHATAaHTHl B HOBbIe mpoOupku «Eppendorf» ms
aHalln3a, CTapasch HE 3aTPOHYTh KIETOYHYIO Maccy. B Kaxayro JIyHKY TUIaHIIETa
nobapmsumm o 200 mxn Tpuncua/3JITA w MHKYOUpoBaiM 5 MuWH, MOCiIe dYero
nepeHocwn Tpuncuna/D/ITA U3 nyHKH TUIaHIIETa B COOTBETCTBYIOIIYIO MPOOHPKY
«Eppendorf» ¢ kaeTounoit maccoii. Ilnanmer aBaxasl npombiBanu PBS. s aToro
nepeHocwn PBS w3 JyHKM B COOTBeTCTBYIOIIyIO mpoOupky «Eppendorf» wu
neHTpudyrupoBanmu B TeueHue 10 mun mpu 4 °C, 6000 rpm. B kaxayro TyHKY
miadmera no6asmsum o 350 Mk nu3upyromero Oydepa, nmepemenuBanu. JIn3aTel
NIEPEHOCUIIH U3 JIYHKU B COOTBETCTBYIOIIYIO ipodupky Eppendorf, nepememmBanu ¢

ITOMOIIBI0 BopTekca 1 XpaHmid npH -80 °C 10 HCIOIb30BaHUs 110 Ha3HAYSHHUIO.

2.2.6 Boioenenue mampuunou PHK (MPHK)

Hus Beimenenus MPHK u3 nmszatoB ucnonb3oBanmu Habop E.Z.N.A.® Tota
RNA Kit | (Omega Bio-tek, CIIIA). K roMmoreHU3upoOBaHHBIM KJICTOYHBIM JTH3aTaM
no6aismu 350 M 70% »TaHONA W MIEpEeMENUBAIA ¢ TIOMOIILI0 BopTekca. CMech
aKKypaTHO IepeHociIn Ha KojoHkw mis copoumn PHK «HiBind RNA column»,
MMOMEIICHHBIC B IPOOUPKH 00beMoM 2 mi1, rieHTpudyruposasm 60 cexyna mpu 10000
rpm. Ipomennyro depe3 KOJIOHKY KHJIKOCTh OTOPAachIBAIM, HA MEMOpPaHy KOJOHKH
Hanocuan 500 mxir «Wash Buffer |», neatpudyruposanmu 60 cekynn mpu 10000 rpm.
[Tpomenmyro dYepe3 KOJOHKY JKHUAKOCTH OTOpAchIBAIM, Ha MEMOpaHy KOJOHKH
naeakbl Hanocwn 500 mxir «Wash Buffer [1», neatpudyruposanmu 60 cexyHn mpu
10000 rpm kaxnerii pa3. [Ipomemmniyro depe3 KOJIOHKY J>KHIKOCTH OTOpachIBAIIH,
KOJIOHKM TIOMEIIAIM B CyxXdHe MNpoOMpKM Ha 2 MI H  BBICYIIUBAIH

neHTpudyrupoBanremM B teuenue 2 muH npu 14000 rpm. 3atem kononky «HiBind
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RNA column» mepememanu B 1,5 M npobupky «Eppendorf», ouuimeHHyro OT
PHKa3z (RNAse-free «Eppendorf») w aBaxkabl SIIOMPOBATH  COJACPKUMOE C
MeMOpaHbl KoJOHKH no0aBieHueM 40 mkin ouwmmenHoir ot PHKas Boasr (DEPC
water). LentpudyrupoBamm 1 munyty npu 14000 rpm, camy KOJIOHKY OTKHIIBIBAJIH.
Xpanenue 00pasnoB ocymecTBIsLiA B nmpobupkax mpu -80°C 10 ucmosb30BaHUS 110
HasHaueHno. Koneunyto konnentpanuio MPHK m3mepsuim Ha cmextpodoromerpe
Tecan Infinite 200 (Tecan, lIsetinapust) npu mmmHax BoyH 260 HM 1 280 HM. s
npoBepku kadecTBa mnosydyeHHoM MPHK mnpoBomunu snektpodope3 B arapo3Hom

reie.

2.2.7 Ilonumepasnas yenuas peakyus ¢ O0OPAMHOU MPAHCKpUnyueu 6

pearcume peanvrozo spemenu (QRT-PCR)

DKCIPECCHI0 HWCCIeAyeMOro TreHa oIleHuBanu ¢ mnomompbio (RT-PCR
(Quantitative reverse transcriptase PCR —  konWuecTBeHHOW  0OpaTHO-
tpanckpunrtasnoi [11P) mo meromy ACQ (moporoBbiii MeTOJT cpaBHEHHUS Ipa(HUKOB
Hakortenus JIHK). Jlng Hopmanmu3anmuum ypoBHEH SKCIPECCHH HCIOIb30BAIH
GAPDH B kadecTBe peepeHCHOTO TeHa.

Jlns oOpaTHOM TpaHCKPUIILIMKM aHAIU3Upyembix o0pa3noB MPHK  Obut
ucnoynp3oBan HaObop peareutoB RevertAid H Minus First Strand Synthesis Kit
(Thermo Fisher Scientific, CIIIA). OOpaTHy TPaHCKPHIIIHMIO TPOBOJMIN Ha
tepmomukcepe Eppendorf ThermoMixer C. Jlns pacmierienus octatounoit JTHK k 5
Mk nostydyeHHoOM ToTanbHOM MPHK noGasmsim 1 mkn JIHKa3er «kDNAse [», 1 mxn
10-kpatHoro peaknuonnoro oydepa (10X Reaction Buffer), conepxamero MgCl, u
3 Mk ountiernHor ot PHKa3 Boxer (DEPC water). O6pasubl nakyoupoBamu 40 MuH
npu 37°C B tepmomukcepe, mocie dero mHaktuBupoBanmu J[HKaszy mpu 70°C B
teuenue 10 mun. O6pa3ier momeranu Ha nef. K cmecu nobasnsimm 1 Mkt mpaiimepos
«Oligo(dT)1g Primer» u 1 mxa ounmennoit or PHKa3 Boasr (DEPC water). O6pasisr
nakyOupoBasm 5 mua pu 70°C B TepMoMukcepe. 3aTeM B cMeCh T00aBIsUTA 4 MK

5-kpatHoro peakiuonHoro Oydepa («5X Reaction Buffer), 1 mxn wmHruOuropa
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PHKas3 «RiboL ock RNase Inhibitor», 2  MKI 10 MM cMecHu
ne3okcunykieotuarpudocdaror (ANTP Mix) u 1 Mkin oOpaTHOW TpaHCKPUIITA3bI
«RevertAid H Minus M-MuULV Reverse Transcriptase». OOmuii 00beM cMecH
cocraBisur 20 mkin. CMech aKKypaTHO IMepeMEIIMBaid W WHKyOupoBaim 1 4 mpwm
42°C, 3arem 10 munyT mipu 70°C. O6pa3ins! xpanmwiu B mpodupkax npu -80°C.

[IIIP B peanbnom Bpemenu c¢ kJIHK mocne o0paTHOW TpaHCKpUNIUU
POBOIIIH B pesknme: Harpes 10 95 °C - 10 muH, 50 muxitos 95 °C - 30 cex, 60°C —
90 cexk Ha ammudukarope LightCycler® 480 (Roshe, IlIsefinapus). qRT-PCR
CTaBWIM B KOHeYHOM oObeMe 10 Mk, comepxammm: 5 M SensiMix Il Probe Kit
(Bioline, CIIIA), 3 mxn ounmiennori or PHKa3 Boxer (DEPC water), 1 Mk rena-
mumiean CHI3L1 (TagMan CHI3L1 assay, HsS00609691 ml, Life technologies,
CIIA) u 1 mxa pedepencaoro rena GAPDH (Eurofins Genomics).

Jna xaxnoro rena-mumienu I[P npoBoaunu B tpurumkarax. B kaxmgom
UCCIICJIOBAaHUM B O00S3aTEIbHOM TOPSJKE CTaBWJICS HETATHUBHBIA KOHTPOJIb,
coaepxkamuii [TIP-cmech 0e3 matpuiibl. B paboTe HMCHONB30BaIUCh CIIEAYIONIHE

npaiMepsl U 308161 (Tadm. 1):

Tabnuma 3 - [MocnenoBarenbHOCTD TpaiiMepoB (pssmMoit F u oOpatHbIii R) 1 30H710B

(FAM-BHQ) nust onlenku renHoi sxcnpeccnn CHI3L1

HanmenoBanue ITocnenoBaTeabHOCTD

reHa

GAPDH 848F 5-CATCCATGACAACTTTGGTATCGT -3
848R 5-CAGTCTTCTGGGTGGCAGTGA -3

849Pr obe FAM 5'-
AAGGACTCATGACCACAGTCCATGCC

BHQ1 -3
CHI3L1 F PaspaGorano Life technologies, TagMan
R CHI3L1 assay, Hs00609691 m1

Probe

2.2.8 Kynsmueuposarue 3H00OMENUATbHBIX KIeMOK NYNOUHOU 6eHbl Uello8eKd

(HUVEC)
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[TepBudHbBIC SHAOTENMATBHBIC KJIETKH MynodHo# BeHbl uenoBeka (HUVEC),
00bEIMHEHHBIE OT HECKOJBKHX JOHOPOB, ObUIM JIOOE3HO MPEIOCTaBICHBI MPOQ.
Karen Bieback. Kiterku pasmopaxuanu B Teuenue 5 mun npu 37 °C, mocie 3Toro
pecycnienaupoBayii B 5 mut PBS (Biochrom, I'epmanus) v neHTpuQyrupoBain 8 MuH
npu 1200 rpm. CynepHaTaHT ymajasuli U PECYCICHIUPOBAIH KJIETOYHYIO MAaccy B
cpene EGM-2 (Lonza, benbrus). Kierku kynstuBupoBainu Bo 25 mi ¢iiakone B CO,-
uHkyOatope mpu Temmeparype 37 °C. Korma KiIeTKH CTaHOBWINCH KOH(DIIOIHTHEI,
nemanu maccax. Jms atoro w3 ¢uakoHa yOuwpamu cpeay W npombiBaim PBS.
Jo6asmsun 2 vt Tpuricun/D/ITA u ocraBnsin Ha 2 muH B CO,-uHKyOaTope npu
temriepatype 37 °C. biokupoBaiu TpUIICHH T00ABICHHEM 2 MJI HHAKTUBUPOBAHHOM
FCS. Knerounyro cycneH3uto mnepeHocnan B 15wy KoHMYECKYr0 TpOOHpKY,
neatpudyrupoamn 8 wmwmH npum 1200 rpm. CynepHaraHT yoasUIA |
PECYCTICHIUPOBAIH KJIETOYHYIO MacCy B mpeaBapuTenbHo Harpeton g0 37 °C cpene
EGM-2 (Lonza, benbrus). Knerku kynpruBupoBaiu Bo 25 M ¢uiakone B CO,-
uHkyOaTope npu Temneparype 37 °C. [[ns skcnepuMeHTa UCIOIb30BAIH KYJIbTYpy 3

maccaxa.

2.2.9 @opmuposanue xanunnsipuvix mpyook xremxamu HUVEC (In Vitro

aneuozenes)

Bo ¢makone ¢ kierkamu 3a 3 9 10 SKcIiepuMeHTa 3ameHsn cpeny EGM-2 Ha
HE coJiepKalryro pocToBbix (hakTopoB cpexy EBM (Lonza, Benbrus). B ato Bpems B
96-nynouHbIi TwTaHmIeT qo0aBisin 50 MM rens Corning® Matrigel® Growth Factor
Reduced (CORNING, BenukoOpuranus) Ha ayHKy ¥ octaBmsuim 1 u B CO,-
nnkybatope npu temmepatype 37 °C. Ilocme 3 4 w3 QuakoHa yOMpanu cpemy u
npomeiBasin  PBS (Biochrom, TI'epmanus). JloGapmsmu 2 mur Tpuncua/DATA wu
octapisuii Ha 2 MuH B CO,-mnkyOatope mpu temmeparype 37 °C. broxupoBaim
TpUNICUH pAo00aBieHneM 2 M wHakTUBHpoBaHHOW FCS. Kietounyro cycrneH3uro

nepeHocwr B 15 M1 koHMYecKyto mpooupky, nenrpudyruposanu 8 mun npu 1200
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rpm. Ilocie 3Toro ymansiau CymepHaTaHT M PeCyCHEHINPOBAIN KIETOYHYIO MacCy B
500 mxn PBS (Biochrom, I'epmanus). KonnuecTBO M KHU3HECIIOCOOHOCTh KJIETOK
OTpeNeNsuin ¢ TOMOIIbI0 Kamepbl [opseBa: k 10 MKM KJIETOYHOW CyCHEH3UU
no6aBisii 10 MKM TPUTIAHOBOTO CHHETO M CUHMTAX HEOKpaIleHHbIe KIeTKu. B 96-
JYHOYHBIA TIAHIIET M00aBisin oOpasibl B TPUIDIMKATax coriacHo puc. 6 mo 100
MKJ B JIyHKY. B xaxayio aynky go6asmsuin mo 10 000 knetok. Cpeny X-VIVO 10,
comepkamnyto 100 ur/mn YKL40 wucnonp3oBaiM B KavecTBE IMOJIOKHTEIHLHOTO
KOHTpous. CynepHaTaHThl KyJIbTypbl Makpodaros, crumyiupoBanHbix |FNy, ot Tpex
nonopos (ID-6, ID-7, ID-8) ucnonp30Baan B KaueCcTBE HETaTUBHOI'O KOHTPOJS. IN
VitrO aHTHOTeHE3 IPOBOIMIIN UCIIOIB3YIO CYIIEPHATAHTHI, COOpaHHBIC U3 KOKYJIbTYPHI
[IMK-I'A1 u HectumynupoBaHHbIX MakpodaroB (MO) u kokynbtypbl PLA-HAL u
Makpodaros, ctumyaupoBanHbix |FNy, ot Tpex monopos (ID-6, ID-7, ID-8). Kitetku
nakyOupoBasim B TedeHue 18 u B CO,-makybatope mpu Temmeparype 37 °C.
KomnuectBo  chopmupoBansabix  kietkamu  HUVEC kamwmsipHbIx  TpyOOK
MOJCYUTHIBATIM B 9 pasnuyHblx mojsx Mukpockoma AXxiovert 100 (Carl Zeiss,
['epmanus) mpu 5S-kpaTHOM yBEJIMYCHHH. Pe3yiabTaThl TpPEICTABICHBI B BHUJC

«KOJMYECTBO KJIETOK/TIOJIE MHUKPOCKOIIa».

1 2 3 4 5 6 7 8
A X- KonTtpons KonTtpons
B VIVO Kontpons | KonTpoas Hg Kontpons | KonTpoas IFNp
+100 | EGM-2 HC HC D-8 IFNy IFNy ID-g
C Hr/mi ID-6 ID-7 ID-6 ID-7
YKL40
E [IMK- | [IMK- | IIMK- IIMK- IIMK- Hrl\ﬁ
rAl F'Al | TA1HC rAl rAl IEN
£| HC HC ID-8 IFNy IFNy ID-g
ID-6 ID-7 ID-6 ID-7
Pucynox 6 - [IpoTokoa MOCTAaHOBKH dKCIIEPUMEHTA
2.2.10 Cmamucmuueckas obpabomka
Cratuctuueckass  00paOoTka  pe3yibTaToB  Obula  mOpoBeAeHa  C

ucnojp3oBanueM mporpammbel Prism (GraphPad Software, CIIIA). [Ins oneHku



CTaTUCTUYECKOM  3HAYMMOCTH  MOJYYEHHBIX  PE3yJbTATOB  MCIOJIb30BAIN
HenmapaMeTpuueckuil kpurepuil MaHHa-YuTHH. CTaTUCTUYECKHM  3HAYUMBIMHU

pe3ynbTarhl cuuTanuch mpu P<0,05.

2.2.11 Ilpoepammuoe obecneuerue

Hnst  rpaduyeckoro mpencrasienus pesyiabTatoB (RT-PCR u ELISA
HCIIOJIB30BaTN nporpaMmy GENE-E
(http://www.broadinstitute.org/cancer/software/ GENE-E/index.html). st
rpadudeckoro  MpenacTaBiICHUS ~ pe3ysnbTaroB  dkcmepuMentoB ¢ HUVEC
ucnoip3oBaiu mnporpammy AxioVision (Carl Zeiss, I'epmanus), s MOCTPOCHHS

auarpaMmm pacrpezenenus ucrnonb3oBam OriginPro 8.1. Oomas rpaduueckas 4actb

Beinosinena B CorelDRAW X5.
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3. PacueThl M aHAJIMTHKA

Br16op u o0oCcHOBaHUWE HAINpaBICHUS MCCIEIOBAHUS, BKIIOYAIONIUE METOIBI
pemieHus 3a7ad W WX CPAaBHUTEIBHYIO OIICHKY, OIHMCAHWE BBIOPAHHOW OOIICH
METOMKH MTPOBEACHUS HAYIHO-UCCIIEIOBATEIHLCKONW paOOTHI, METOBI HCCIIEOBAHUH,
METO/Bl pacdera, 00OCHOBaHME HEOOXOMMMOCTH MPOBEACHUS IKCIICPUMEHTATBHBIX
pabor mpuBeneHsl B pazmenax 1. O03op muteparypel u 2. OOBEKT W METOIBI

UCCIIeIOBaHUS (CM. BBIIIE).
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4. Pe3yJIbTaTLI IMMPOBEACHHOI0 UCCJICI0BAHUA

4.1 Hccneoosanue sncusrecnocobHocmu Kiemok

Pe3ynbTaThl Hccien0BaHUs KU3HECTTOCOOHOCTH KJIETOK MOKa3aHbl HA PUC. 7.
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Tun matepuana

PucyHnok 7 - Pe3ynbraThl uccneoBaHusI )KU3HECTIOCOOHOCTH KileTok, Alamar Blue
(HEe CTUMYJIMPOBAHHBIC IIUTOKMHAME MOHOIIUTHI KOKYJIHTUBHPOBAIH C MaTepHaIaMU
B Teuenue 6 gueit 8 X-VIVO 10). *-p<0,05; ** - p<0,01; *** - p<0,001; n=5; tect

ManHa-Yuran

Paccuntannoe mo ¢dopmyne (1) 3HaueHue skm3HecmocoOHocTm MO
Makpo(aros, KOKyJIbTUBHPOBAHHBIX C MaTpukcamu, coctaBuio 6omee 90% mmst Bcex
TUTIOB MaTepuajoB. TakuMm oOpa3oM, HCCIeAyeMble MATPUKCHI HE ITUTOTOKCHYHBI.
[Ipu »stOoM xkum3HecmocoOHOCTE MO MakpodaroB, KOKYJbTHBUPOBAHHBIX C
moaudunupoBanabiMu Matpukcamu ([IMKn, TIMK-T'A1, TIMK-T'A2, [IMK-T'A3),
oonprie, uyeMm km3HecnocoOHOocTh MO MakpodaroB, KOKYJIbTHBHPOBAaHHBIX C

HemoupuiupoBaHHbIMH  MaTtpukcamMu ([IMKwm), dro roBopuT o0 TOM, 4YTO

a7



MoauduIMpoBaHue TUIa3MOM  aTMOC(EpPHOro  JaBJIEHUS W HUMMOOWIM3AIMS

TMyallypOHOBOM KUCJIOTHI YBEJIMYMBAIOT OMOCOBMECTUMOCTH CKa(PoII0B.

4.2 Hccneoosanue enusnusi mampukcos Ha evloenenue Ml-accoyuuposanmolx

UUNMOKUHOB Makpoc])aeazwu

Kak yxe ObLJIO OTMEUEHO paHee, peakius KJIETOK MMMYHHTETa, a UMEHHO
Makpo(aroB, Ha TKAaHEMH)XEHEPHBIH MATPHUKC OINPEIENSIeT YCIEUIHOCTh €ro
UCIIOJB30BaHUS [IJIi pereHepanuu TkaHed. MOXHO BBIJEIUTh JBa OCHOBHBIX
¢denoruna makpodaro: M1 deHoTun, mosABISIOUUNACS B pe3ysibTaTe CTUMYJISLIUU
IFNy win LPS (B mannoit pabore mox M1 Oymytr moapasymeBaTbcs Makpodard,
nosisipu3oBaHHble mox AeiictBuem |FNy), m M2 ¢eHoTHI, MNOABISIONIUICS B
pesynbrate crumyssinun 1L4, 1L13, IL10 (B mamHO# paGote mox M2 OymyT
noJipa3ymMeBaThcsl Makpodard, MoJspU30BaHHBIC TOja aekictBueMm [L4). M1
Makpodaru OTBEYAIOT 3a Pa3BUTHE BOCMAJIUTENBHBIX pEaKlui, Torma kak M2 — 3a
3axuBiieHue TkaHer [11-14]. O6a ¢eHoTHIIa PUCYTCTBYIOT B MECTEC MMILIAHTAIIUH
TKaHEMH)KEHEPHBIX MAaTPUKCOB, OJHAKO €ro (pU3MKO-XMMUYECKHE CBOMCTBA MOTYT
noBIUATh HAa M1:M2 6ananc, CTUMYIUPYS pa3BUTHE IMATOIOTUIECKUX MPOIECCOB [5].
J71st TOrO, 4TOOBI UCCIEA0BATh BIUSIHUE MOAUMDUIIMPOBAHHBIX ['A TKaHEUHKEHEPHBIX
MaTpukcoB Ha ocHoBe [IMK Ha makpodaru, msl Beigemuau CD14+ moHomwmThl U3
JEUKOUUTApHOW Macchl, TMOJIYYEHHOHM U3 KPOBU 3JI0POBBIX JOHOPOB, H
KOKYJBTUBHPOBAIM HX C HCCIEAyEeMbIMH MaTepHaliaMd B TedeHHe 6 gHel ¢
nobaenenueM |FNy wmn |L-4 kak OCHOBHBIX LHUTOKHHOB, CTUMYJIHPYIOUIUX
noJispu3aruio Makpodaros B8 M1 wim M2 ¢enotun. B kauecTBe OCHOBHBIX MapKEPOB
M1 makpodaroB mer BeiOpamun TNFa, IL-1B u IL-8, mockonbky m3BecTHO, uTo ['A
UTPaeT pOJib MPOBOCHIATIUTENBHOTO areHTa Ha PAaHHUX CTAAMSIX 3aKUBJICHUS U MOXKET
CTUMYJIMPOBaTh  BBIJICICHHEC  JIAHHBIX  [UTOKMHOB  Makpodaramu  [64].
JIOTIOMHUTENIBHO, MBI HCIOJh30BaTu B kKadectBe M1 wmapkepoB IL6 kak

KJIACCUYECKHUIA MPOBOCTIAIMTEILHBIN ITUTOKWH, M XUTUHA30m0q00HbIH Oemok Y KL40

(CHI3LY).
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TNFo — MHOroQyHKIIMOHANBHBI LMTOKUH, SIBISIOMIMICA OCHOBHBIM
KOMIIOHEHTOM OCTPOTO BOCHAIUTEIBHOTO oTBeTa. OH HMHAYUHPYET SKCIPECCHUI0
ICAM-1, anre3uro HEUTPOPUIOB U MOHOIIUTOB, cO3peBanue U AU hepeHITUpoBKy B
KJIETOK, U MUTPAIMIO JAPYTUX BOCHaNUTENbHBIX KieToK. NFo Taxxke crumynupyer
BBIJICJICHUE JPYTUX MPOBOCHAIMTEIBHBIX ITUTOKWUHOB, Hampumep IL1B [68].
Pesynberatel onpenenenus konmnentpanuu T NFo meromom ELISA B cymepraranTax,
coOpaHHBIX TmOCie KOKyiabTUBHUpoBaHus MO, M1 u M2 wmakpodaroB c

TKaHEWH)KCHEPHBIMHM MaTPUKCAMH Tociie 6 4 1 Ha 6 JIeHb, MOKa3aHbl Ha puc. 8.

a MO makpodparu M1 makpodarm M2 makpodparu
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Pucynok 8 - Konnientpanus TNFa B cyneprarantax yepes 6 1 (maHens a) 1 Ha 6
neHb (1aHeNb 0) KOKYJIbTUBUPOBAHUS NIEPBUYHBIX MaKpo(aros ueaoBeka ¢

TKAaHCHUHKCHCPHBIMU MAaTPHUKCaMU

Hccnenyemple MaTepuaibsl mocie 6 4 KOKyJIbTUBHPOBAHUS HE CTUMYIHPYIOT
Beiienieane TNFo MO makpodaramu WHIUBHIyaIBHBIX JTOHOPOB, 32 MCKIIFOUCHHEM
matpukca [IMK-I'A2, xotopsiii ctumynupyer Bbaenenue TNFa y ID-8. V M1

Makpogaros nonopa |D-8 marpukcel [IMKm u [IMK-I'A Bcex THMOB CTUMYIHUPYIOT
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Beiienieane TNFa. YV M1 makpodaro monopa ID-6 matpukcer [IMKwm, TIMKno u
[IMK-T'A3 taxxe ctumymupytoT Beimenenue TNFa. M2 makpodarun Bcex JOHOPOB
cexkpetupytor TNFo Ha ypoBHe OdkrpayHma. Ha 6 neHb KOKYJIHTHBHPOBAHHS C
marepuasiamu MO m M2 makpodarn BceX MOHOPOB MPAKTHYECCKH HE BBIICISIOT
TNFoa, npu 3tom M1 makpodaru 5 u3 8 nonopos (Bxitogast ID-6 u 1D-8, y koTopbix
TNFo, Obu1 TOBBINIEH mMOciie 6 9) BBIACIAIOT MeHbImee koaudectBo TNFo 1o
CPaBHEHHIO ¢ KOHTPOJieM (y OCTalbHBIX 3 JToHOpPOoB KoHIleHTpanus TNFa Ha ypoBHe
KOHTPOJIA).

VYyactue B ocTpoil (haze BocnasieHus: nmpuHUMaeT Takxe nuutokud [L1f. Ero
(GyHKIIMU BO MHOTOM TiepekpbiBatoTcs ¢ pyHkuusMu [ NFo — oH Takke HHIyIUpyeT
skcrpeccuto |CAM-1, cospeBanue u nuddepenimposky B u T kierok [69-70].
Pesynbratel onpenenenus xkouneHtpanuu [L1B metomom ELISA B cymepnaranTax,
coOpaHHBIX TmOCHe KOKyiabTUBHUpoBaHuss MO, M1 u M2 wmakpodaroB c

TKAaHCHUHKCHCPHBIMU MAaTPUKCaMH HA 6 ACHb, IIOKa3aHbI HA PHUC. 0.

MO makpodarm M1 makpodparun M2 makpodparu
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B $ s
£ 200- £ 2004 £ 200-
C_ e c
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Pucynox 9 - Konnentparus |IL1B B cynepraranTax Ha 6 eHb KOKYJITHUBHUPOBAHUS

IICPBHUYHBIX MaKpO(i)aFOB YCJI0BCKA C TKAHCHHXXCHCPHBIMH MaTpUKCaMHU

Uccnenyemple Marepuanbl He CTUMynHpyloT Bbigenenwe IL1 MO
MakpodaramMmu UHAUBUYaTbHBIX JOHOPOB, 3a uUckitoueHueMm marpukcoB [IMK-T'Al
u [IMK-T"A3, koTopble CTUMYIHUPYIOT HEOOIBIIOE YBeNUUeHHEe KoHIeHTpanuu L1
y ID-7 u ID-1 cootBercTBeHHO. ¥ M1 makpodaros nqonopa ID-5 marpuxcel [IMKwM u

[IMKn He3HauuTenbHO CTUMYIHPYIOT Bbigenenue |L1B. M2 wmakpodarum Bcex
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TOHOPOB cekpeTupytoT |IL1f Ha ypoBHe O3KrpayHja, 3a UCKIIOUEHUEM HEOOIBIIOTO
yBEJIMUEHHUE ceKkpenuu y MakpodaroB poHopa [D-1, KOKyJIbTUBHpPYEMBIX C
matepuanamu [IMK-I'A2 u [IMK-T'A3.

JpyruM BaXHBIM MEIUATOPOM BocmajeHus sBisiercs |L6. JlaHHBIN TUTOKUH
CeKpeTupyercs MakpodaraMd B OTBET Ha MPUCYTCTBUE MATOTEH-aCCOIMUPOBAHHBIX
MoJieKyJsipHbIX cTpyktyp (PAMPS) [71]. IL6 ctumynupyeT mpoayKIiuio aHTuTen B
KJIeTKaMi; B komOuHanuu C |L1 cnocoOcTByeT MOsIBIEHUIO PETYIATOPHBIX B KIIEeTOK,
cexkperupyromux |L10. IL6 Bruser Ha aktuBaruio u auddepeHnupoBky T KIETOK,
Hanpumep, yepe3 STAT3 ycunupaeT skcnpeccuto BCl-6, 4To mprBOIUT K TOSIBIICHUIO
Trn keToK. [72]. Kpome Toro, IL6 wuaymupyeT sKcrpeccHio OeKOB OcTpoi (assl
[71]. Taxxe IL6 HampaBiaseT NOJApPH3AIMI0 MOHOIMTOB B Makpodarw, a He
JNEHJPUTHBIE KJIETKU, OJlarogapsi CBO€M CIIOCOOHOCTH KOHTPOJIUPOBATH IKCIPECCUIO
mM-CSF [73]. Pesynbratel omnpenenenus kouieHtpanuu |IL6 metomom ELISA B
CylepHaTaHTax, COOpaHHBIX MOcie KoKyabTuBupoBanus MO, M1 u M2 makpodaros

C TKaHEWH)KEHEPHBIMHA MAaTPUKCaMH Ha 6 JieHb, moka3aHbl Ha puc. 10.
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Pucynox 10 - Konnentpanus IL6 B cynepraranTax Ha 6 1eHb KOKYJIbTUBUPOBAHUS

IICPBHUYHBIX MaKpO(l)aFOB YCJI0BCKA C TKAHCHHXCHCPHBIMH MaTpUKCaMHU

HaGnronaercss 3HaumtenbHOe ycwieHue cekpenmu L6 MO makpodaramm,
kokynpTHBHpyeMbiMu ¢ [IMK-I'A2, y 3 u3 8 nonopos (ID-1, ID-5 u |D-8), nmpu sTom
OCTallbHBIE MaTepuajbl HE BBI3BIBAIOT TOMOOHOW peakiuu. Beimenenue 1L6 M1

makpogaramu 2 noHopoB (ID-4 u 1D-6) Hocut I'A-KOHIIEHTpPAIMOHHO-3aBUCUMBII
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xapakrtep: yeM Ooibiie ['A Ha MOBEPXHOCTH MATPHUKCA, TEM BBIIIE KOHIEHTPALIUS
IL6. OcTanbHbIe TOHOPHI HE TIPOSIBISIIOT CIICIM(PUIECKON PEaKIy Ha KaKHe-Tu00 13
MaTtepuanoB. M2 makpodaru Bcex JOHOPOB HE CEKpeTHpYIoT L 6.

Kmaccnuecknm mapkepom M1 makpodaros Takxke sBiusercs |L8 — nurokus,
MMEIOINN JBOSKYI0 posib. C OJHOM CTOPOHBI, OH CTUMYJIHUPYET XEMOTAKCHC
HEUTPO(UIOB U TUMQPOIUTOB; UHAYLUUPYET y HeUTpodumioB s3kcnpeccuro Mac-1 u
CR-1, a Takke CTUMYJHPYET WX aAre3vi0 K SHAOTeIHAIbHBIM Kietkam [74]. C
apyroi croponsl, |L8 sBisercs makpodaraibHbIM MEAHATOPOM aHTHOTeHe3a [75] —
BaKHOTO TpoIiecca /i uaterpanuu ckadgdonna. Takum o6pazom, |L8 ctumynupyer
KaKk OCTpPO€ BOCMAJICHHWE, TaK U o0O0pa3oBaHUE HOBBIX COCYJOB. Pe3ynbrarsl
onpeneneaus koHreHTpanuu L8 meromom ELISA B cymepraTanTax, cOOpaHHBIX
nociie KokynetuBHpoBanus MO, M1 u M2 makpodaroB ¢ TKaHEHH)KEHEPHBIMU

MaTpuKcaMu Ha 6 IeHb, MOKa3aHbl Ha puc. 11.
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Pucynox 11 - Konnentpanus IL8 B cynepraranTax Ha 6 1eHb KOKYJIbTUBUPOBAHUS

IICPBHUYHBIX MaKpO(i)aFOB YCJI0BCKA C TKAHCUHXXCHCPHBIMH MaTPpUKCaMHU

Bce Marpukchl ¢ MMMOOMIN30BaHHOW ['A Ha TMOBEPXHOCTH CTUMYJIUPYET
cekperuto IL8 y MO u M1 makpodaros 50% moropos, Torma kak [IMKm u IIMKm
ctumynupyetr BoigeneHue IL8 y MO m M1 makpodaroB Tombko ID-5 u ID-6.
Hab6mrogaeTcs HeOombioe yBenuueHue KoHmeHtparuu L8 y M2 makpodaros 1
nounopa (ID-1), M2 makpodaru apyrux ITOHOpPOB cekpeTupyioT IL8 Ha ypoBHe

OdKrpayH/a.
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[Tocnennuii w3 paccMaTpuBaeMbIX HaMH MapkepoB BocmaieHus - Y KL40
(CHI3L1) — xuTrHAa30110,100HbIH 0€JI0K, CEKPETUPYEMBIN Pa3IMYHBIMH KIICTKAMH, U B
ToM uucie wmakpodaramu. IlpucyrcrBue YKL40 accommmpoBaHO C OCTPBIM U
XPOHUYECKUM BOCHAJIECHUEM; B MATOJIOTHYECKHX YCIOBUSIX HPUBOAUT K (Huldpo3y
[76]. B Heckoabkux paboTtax ObLIO Toka3aHo, 4To Y KL40 MokeT CTUMYIUpOBATH
aHTHOTeHe3, yBenuumBas dkcrnpeccutro VEGF 3a cuer BweicOkOW aphUHHOCTH K
renapuny. B ctpykrype YKL40 ecTh ABE aMUHOKHCIOTHBIX IOCJIEIOBATEILHOCTH,
KOTOpBIC TIOTEHITHAIBHO MOTYT CBSI3bIBaTh THaiypoHaH [77-78]. HeusBecTHO, MOXET
mu Y KL40 npucoenuasaThes K ['A, oTHaKO OH CITOCOOEH paclo3HaBaTh THaTypOHaH,
a 3HAYUT MOXKET BJIUATh HA €ro KOHIEHTPAllUI0 U TIPOILIECChl, CBA3AHHBIE C
BOCCTAHOBJICHMEM TKaHed. Pe3ynbTaThl oOmpeseneHuss ypoBHS SKCIPECCUU TeHa
CHI3L1 metonom gRT-PCR y MO, M1 u M2 makpoaros, KOKyJIbTHBUPOBAHHBIX C
TKaHEMH)XCHEPHBIMU MaTpUKCaMHu, Ha 6 JIeHb, TOKa3aHbl Ha pUC. 12 B BUIE TETTIOBOMA

KapThl.
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JIKCIIpeccus
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Tun m arepuaJjia

Kourtpois M0 makpogaru
[TMKwm

[IMKn

[IMK-TAl

[IMK-T'A2

[IMK-T'A3

Kontpoub M1 makpodarn
[IMKm

[TMKn

[IMK-T'A1

[IMK-T'A2

[IMK-T'A3

KonTpoib M2 makpodaru
[TMKm

[IMKn

[IMK-TA1

[TMK-T'A2

[IMK-TA3

Pucynox 12 - TeruoBas kapta, oTpaxkatomas dkcripeccuto rera CHI3L1
MEPBUYHBIMH MaKpogaraMu 4eJioBeKa, KOKYJIbTUBHPOBAHHBIMHU C
TKaHEMH)KEHEPHBIMU MaTPHKCAaMU B TeueHue 6 queil. B kauecTBe pehepeHCHOr0 reHa

ObLT ncnosib3oBaH «house-keeping» ren GAPDH

Y MO u M2 wmakpodaroB BceX JJOHOPOB HE HAONIOMACTCS YCHICHHE
skcnpeccun CHI3L 1 mpy KOKYITUBHPOBAHUY C MaTEpHAIaMH, 32 UCKITtoueHueM | D-
6, y M2 makpodaros kotoporo skcnpeccusi CHI3L1 yBenuunBaeTcsi, HO He O0JbIIIE,
geM B 2 pa3za. Y M1 wmakpodaroB storo ke moHopa skcmpeccust CHI3L1
yBeITUYHBAETCs OoJiee, ueM B 2,5 paza mpu kokynbTuBHpoBaHuu ¢ [IMKm, [IMK-T"A2
u [IMK-T'A3. Taxxe npu kokymbruBupoBannun M1 makpodaroB ¢ [IMK-I'Al u
[IMK-T'A3 »skcnpeccus CHI3L1 yBemmuumBaercs y ID-7, ID-8 u ID-5, ID-7

COOTBCTCTBCHHO.



4.3 HUccrnedosanue GIusHUsL MAMPUKCO8 HA vloelenue M?2-accoyuuposanmvix

YUNOKUHO8 Makpoqbaeamu

M2 makpodaru SIBASIOTCS «albTepHATUBON» M1, Tak KaKk CTUMYJIHPYIOT 32
MPOIECC 3KUBJICHUS U CEKPETUPYIOT NMPOTHBOBOCIAIUTENbHBIC ITUTOKUHEI [79]. B
KadecTBe MapkepoB M2 makpodaroB Hamu Obutn BeiOpanmu |L1ra, TGFB, IL-10 u
CCL18.

IL1ra cexpetupyercss makpodaramu B otBeT Ha IL1 gns Toro, uToObI
MHTUOMpPOBaTh MPOBOCHATUTENbHOE JeiicTBUE mocneaHero. OH CBS3BIBAETCSA C
peuentopom |L1, mpenarcTBysl akTUBAIIMU BHYTPUKJIETOYHOTO CUTHAJIBHOIO KacKaja
sToro nuutokuHa. s nonasnenus s3gdekxra |L1 neoOxoauma konnentpanus |L1ra, B
100 pa3 mpesbrmaromnias konmeHtpanuto |L1. Jluc6amanc mexnay IL1 u IL1ra
MPUBOJUT K Pa3BUTHIO psaa 3a00JieBaHUM, BKIIOYAs apTPUT, BOCHAIUTEIHLHOE
3a00JieBaHNE KHIICYHHKA, OTTOPXKCHHWE TpaHCIUTaHTata W Ap. [69]. PesympraTs
omnpenenenus konmnentpanuu IL1ra merogom ELISA B cymepHaraHTax, cOOpaHHBIX
nociie KokynbtuBHpoBaHus MO, M1 u M2 makpodaroB ¢ TKaHEHH)KEHEPHBIMU

MaTpuKcaMu Ha 6 IeHb, MOKa3aHbl Ha puc. 13.
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Pucynox 13 - Konnentpanus IL1raB cynepnatantax Ha 6 16Hb KOKYJIbTHBUPOBAHUS

TKAaHCHUHKCHCPHBIMU MATPHUKCaMU,

IICPBHUYHBIX MaKpO(i)aFOB YCJI0BCKA C TKAHCHHXXCHCPHBIMH MaTpUKCaMHU

Cekpernust IL1ra MO, M1 u M2 makpodaramu, KOKYyJIbTHBUPOBAHHBIMU C

HC3HAYMMO OTIMYacTCd OT KOHTPOJA,

3a
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uckmoueanem MO makpodaroB gonopa |D-1, kymeruBupoBanubix ¢ [IMK-T'A2.
Konnentpamuss Boigenmsiemoro  makpodaramu IL1lra B 100 pa3 mpeBbimaeT
KoHieHTparwmto IL1p.

IL10 sBysieTcst CumbHBIM cymipeccopoM 3 dekTopHbIX QyHKIMI Makpoharos,
T-xknerok m NK-knerok, wuarnoupyer cekpermto IL1, IL6, TNFa =n [L12
makpodaramu u npoaykiuio |FNy T-mumporuramu [80-81]. TGFB1 Oiokupyer
aKTUBAIMIO W mposindeparuio Makpodaros, a takke npoaykiuio nvmu ROS [82].
Bmecte 9TH  UMTOKMHBI  00JIalalOT  CUJIBHBIM  HMMMYHOCYINPECCHUBHBIM U
MPOTUBOBOCTIATIUTENBHBIM JielicTBHeM. OmHako, Obl10 moka3ano, uto T GFB1 moxer
crocoOcTBOBaTh pa3BuUTHIO (uOpo3a uepe3 aktuBanuio Quodpodiacto [79].
Pesynbrate onpeaenenns kounentpanun 1 GFB1 meroqom ELISA B cymepraranTax,
coOpaHHBIX TmOCHe KOKyiabTUBHpoBaHus MO, M1 u M2 wmakpodaroB c

TKaHEMH)XCHEPHBIMU MaTpPUKCaMu Ha 6 IeHb, TOKa3aHbl Ha puc. 14,
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Pucynox 14 - Konnentpanus TGFB1 B cynepraranTax Ha 6 1eHb
KOKYJIbTUBUPOBAHUS MIEPBUIHBIX MAaKpO(haroB 4eIOBEKa C TKAHCHHKCHEPHBIMU

MaTpUKCaMU

Cekperust TGFB1 MO, M1 u M2 makpodaramu, KOKyJIbTHBUPOBAHHBIMU C
TKaHEMH)XCHEPHBIMU MaTpPUKCaMH, He oTiimdaeTcs oT KoHTpods. Cekperuu 1L10 He
OBLJI0 OOHAPYKEHO HU B KAKUX UCCIIETYEMBIX YCIOBHSIX.

JlomomHuTENbHBIM MapkepoM M2 makpodaroB sBisiercss CCL18. Jlannbiid

XEMOKHH CIOCOOCH HAINpaBlATh MOJIpU3aiuio MakpodaroB B M2 ¢enorun [83],
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onHako Oputo moka3zaHo, uro CCL18 ywacTByeT B pa3sBUTHM W TMOAAEPKAHUU
XPOHHUYECKOTO BOCTIAJICHUS, a TAK)KE B PA3BUTHU | N2-0IMOCPEIOBaHHBIX 3a00JICBaHHIA
[84]. Pesymbratel omnpenencHus koHrentparmuun CCL18 wmeromom ELISA B
CylepHaTaHTax, COOpaHHBIX MOcie KoKyabTuBupoBanus MO, M1 u M2 makpodaros

C TKaHEWH)KEHEPHBIMHA MAaTPUKCaMH Ha 6 JeHb, TOKa3aHbI Ha puc. 15.
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Pucynox 15 - Konnenrpamus CCL 18 B cynepraranTax Ha 6 1eHb
KOKYJIbTUBUPOBAHUS MIEPBUIHBIX MAaKpO(haroB 4eIOBEKa C TKAHCHHKCHEPHBIMU

MaTpUKCaMU

Matpukcel, oOpaboranubie Turazmor  ([IMKm), sBISIOTCS  CHIBHBIMH
cymnpeccopamu CCL18 (CCL18 mnonmxkaercs y 100% nonHopoB). OcTtanbHbIC
MaTepuajbl 00 He BiauAOT Ha KoHneHtpamuto CCL18 (~50% nmoHopos), ymbo
nonmwkator ee (~50% monopoB). MO m M1 wmakpodarn Bcex ITOHOPOB HE

cexperupyrot CCL18.

4.4 Hccneoosanue rusanus Mampurkcos Ha pemooenuposarue LM maxkpogpazamu

Makpodaru He TOJIBKO BBIJICTSIOT MEIUATOPHI BOCTIAIICHUS WIIM 3a3KUBJICHUS,
HO U MPUHUMAIOT ydyacThe B mpeoOpazoBanuu DM kak Hampsmyro, CEKpeTupys
MaTpuKCHBIEe MeTayuionporenHassl (MMPS) — hepmenTsI, criocOOHBIE AeTrpaaupoBaTh
oenku D1IM, Tak U KOCBEHHO, BBIJIENSAS] IMTOKUHBI, CTUMYJIHUPYIOIIUE GuOpoOIacTh

WIH CHHOBHAJIbHBIE KJICTKH cekperupoBatb MMPS [85]. B Hamieit paGore MbI
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OIICHUBAJIM BJIMSIHUE TKAHEUH)KEHEPHBIX MATPUKCOB Ha KoHIeHTpauuro MMP7 u
MM PO.

Maxkpodaru cexpetupytor MMP7 mpu ctumynsuun LPS, mostomy MMP7
SBIIIETCSI MapKepoM OakrepuanbHoro Bocmainenus [86]. IIpodepmentHas dopma
MMP7 aktuBupyercsa tuazmuHom. MMP7  perpanupyer kaszewH, KeJaTuH,
¢bubponekTuH u ap. 6enku DIM. Kpome Toro, MMP7 aktuBupyer MMP2 u MM P9,
pacieruisis ux npodpepMeHTHyI0 hopmy [87].

MMP9  cexpetupyercs MakpodaramMmu B BHAE MNpodepMeHTa  TOA
BozneiictBueM PGE,u IL6 [88]. MMP9 nerpaaupyet kosuiareH, »einaTvH, 3JACTHH,
arpekan u jp. oenku DM [89]; mposiBiisseT MPOAHTHOTCHHYIO aKTHBHOCTH, TaK Kak
CIOCOOCTBYET BBICBOOOXKICHHMIO akTUBHOW (opmbel VEGF n3 DIIM [90]. MMP9
CIOCOOHA TaK)Ke aKTHUBUPOBATH IIUTOKUHBI/TIEPEBOINTD UX B 00Jice aKTHBHYIO (hopMy
(pro-IL1B wu IL-8) wmmm wnaxktuBupoBatb ux (CTAP-1II, PF-4, GROa) [89].
Pesyneratel onpenenennst kouunentparuun MMP7 u MMP9O meromom ELISA B
CylepHaTaHTax, COOpaHHBIX MOcie KoKyabTuBupoBanus MO, M1 u M2 makpodaros

C TKaHEWH)KEHEPHBIMHA MAaTPUKCaMH Ha 6 JIeHb, TOKa3aHbI Ha puc. 16.
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Pucynok 16 - Konnenrparus MMP7 (manens a) 1 MM P9 (nanens 0) B
CylepHaTaHTax Ha 6 IeHb KOKYJIbTUBHPOBAHUS MIEPBUYHBIX MaKpO(haroB 4eIoBeKa ¢

TKaHCHUHKCHCPHBIMHU MaTPpUKCaMH

TkaHeuHX)eHEepHbIE MaTPUKChl, MoauduuupoBaHHbie ['A, He BIUSIOT Ha
cexkpernto MMP7 MO wmakpodaramu OONBIIMHCTBA JOHOPOB, Y IBYX JIOHOPOB
HaOmoaeTcs nmoHmwkenne KoureHrpauu MMP7 (ID-6, 1D-8) u tonbko y ogHOTO —
noeiieHue (ID-7). [IMK-I'A2 ctumynupyet Boinesienne MMP7 M2 makpodaramu
aByx paonopoB (ID-7, ID-8) w3 Bocemu, Torma kak IIMK-I'A3 crumysnupyer
Beienecane MMP7 M2 wmakpodaramun 50% goHopoB. M1 makpodarn He
cekpetupytroT MMPY. TkaHeuH)XEHEpHbIE MaTPUKCHl CTUMYJIUPYIOT BBIJICIICHHUE
MMP9 MO u M2 makpodaramu, npu 3ToM KoHeHtparus MMPO B cynepHaTtanTax
or IIMK-T'A1-3 mpumepno B 2 paza Oombmie, gem oT [IMKm u [IMKn. M1
Makpodaru BeiaenssioT MMPO Ha ypoBHe OdKrpayHma, MpU 3TOM KOHIICHTPAITHS

MMP9 B cyneprarantax ot [IMK-I"A11-3 cierka noBsImeHa.
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4.5 [Ipeononazaemas cunomesa u 06cysxicoeHue pe3yibmamos

TeroBast kapTa, Ha KOTOPOW TpeacTaBieHbl pe3ynabTaThl ELISA mns Bcex
W3MEPCHHBIX IUTOKMHOB [UII BCEX JOHOPOB, TIpejacTaBieHa Ha pwuc. 17.
buonornueckne (GyHKIUMKM [IMTOKMHOB KpaTKO TMpeACTaBlieHbl B Tabnuine 4.
HaOnromaembie peaknuu TEPBUYHBIX MakpoQaroB 4YeJIOBEKa Ha HCCIEIyeMbIe
MaTPUKCHI SIBJISIOTCS JOHOP-cHerupuuHbiMU. Cpenrd TOHOPOB MOYXHO BBIJIEITHUTH
TPYIIy PECMOHACPOB, Y KOTOPHIX BBIPAXKEH MPOBOCHATUTEIBHBINA OTBET HA HATUYHC
MAaTpPUKCOB, U HEPECIOHJIEPOB, ¥ KOTOPHIX OTCYTCTBYIOT CIEUM(PUUYECKUE PEaKINU
WM HAOJF01aeTCs MPOTHBOBOCTIAIMTEIBHBIN OTBET. B Tpymmmy pecrnoHaepoB BXOMIST
ID-1, ID-6, ID-7 u ID-8. Y nonopa ID-6 BeIpakeH BOCHAIWTEIbHBIA OTBET HAa
Martepuanbl, MoaudunupoBanusie ['A: moBeimena cekpenus IL-6, IL-8 u YKL40
(CHI3L1) y MO mmu M1 makpodaroB Ha aeab 6 u cekpenus TNFo mocne 6 4
KOKYJBTUBHpOBaHUSA. B To e Bpems, y Hero moHmkeHa cekperus MMP7 MO
Makpodaramu. [lonop ID-1 takxke pearupyer Ha [IMK-I'A moBbillieHHEM CEKpelUu
IL-6 u IL-8 MO u M1 makpodaramu, mpu 3ToM y Hero nosbsimaetcs [L1ra MO u M1
Makpodaru goHOpoB |D-7 u 1D-8 orBewaror Ha maTpukcel IIMK-I'A moBEIIIEHHOM
cekperuei 1L-8 u skcnpeccueit YKL40 (CHI3L1). ¥V ID-8 noBsImeHO BBIICICHHE
TNFo mocne 6 9 xokympTuBHUpOBaHHS. OCTajdbHBIC JOHOPHI HE TMPOSBISIOT
BBIPOKEHHBIX OOIHUX MPOBOCHAIMTEILHBIX PEaKIid Ha BCE MaTepPUANbl, MTOITOMY
MO>KHO TTO100paTh MATPUKC C ONTUMATIBLHBIM THIIOM MOAUGUITUPOBAHUSI.

MO>XHO BBISIBUTH OOIIHE TPEHIBI B PEAKIIMA Makpo(aroB WHANBUIYATbHBIX
JIOHOPOB HA MaTepHUAaIbI:

1) Ha 6 neHp Bce TUIIBI MAaTPUKCOB CIIOCOOCTBYIOT IMOHIIKEHUIO CEKPEIIMH
TNFa M1 makpodaramu;

2) TIMK-T'A2 cniocoOcTByeT noBbitieHuo cekperuu |L6 MO makpodaramu u
MMP7 M2 makpodaramu,

3) [I[IMK-T'A3 ciocoOcTBYyeT noBbIeHuIO cekperuu |L6 M1 makpodaramu u

MMP7 M2 makpodaramu,
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4) Marpukcel, MoauduIpoBanusie ['A, cTuMyIHpyioT BbieneHue L8 u
MMP9, npu sTom, yem Oosbiie KoHIEHTparus ['A Ha MOBEPXHOCTH, TEM
0O0JIBIIE TOHOPOB OTBEYAIOT BBIACIIEHUEM 3TUX OEJIKOB;

5) VY Bcex joHOpOB ToBBINICHHE YpoBHS |L8 compoBoxkmaeTcss MOBBIIICHUEM
koH1eHTparuu MM P9;

6) [IIMKm sBisiercst criibHBIM cynpeccopom CCL 18;

7) Martpukcel, MomuduMpoBanHeie ['A, WIM CymnpeccUpyroT, HWIH He
ctumyipytoT Beiienenne CCL18 M2 makpodaramuy,

8) Bce MaTpukChl HE HMHTHOHMPYIOT BBIJCICHUE MPOTUBOBOCHAINTEIBHBIX
utToknHOB MO 1 M2 makpodaramu.

Takum 00pa3oM, MOKHO BBIIBUHYTh CIEIYIOUIYIO OOIIYO0 TMIIOTE3Y: TaK KaK
HAaHECEHHas Ha [IOBEpXHOCTb MaTpukcoB ['A  uMeer pacrpeeneHue 1o
MOJIEKYJIIPHOIl Macce, TO B €€ COCTaBe NMPHUCYTCTBYIOT osiuromepsl ['A, koTopsle,
CBS3BIBASICH C perentopamu Ha moBepxHoctn MO m M1 wmakpodaros CD44,
RHAMM, TLR2 wungyuupyror o»skcmpeccutro u Bbeigeiernwme |IL8 uw MMP9O
OonpmmHCTBOM J0HOPOB, U1 TNFa (mocie 6 u) m IL1B y HEKOTOpBIX ITOHOPOB.
Bo3moxHO, uto npucyrcrBue I'A kak komnoneHta DLIM cTuMynupyer BblACIEHUE
MMP makpodaramu yxe Ha epBbIi JeHb KOKyJIbTUBUpOBaHus. MMP9O nerpaaupyet
I'A, B pesynbrare k 6 qaI0 moBbImaercs koHreHTpanust |L8. Beinenusmmecs TNFa u
IL1B y pecmonaepoB BbI3BIBaIOT moBbimieHUE |L6. Takum oOpazom, ¢ omHOM
croponsl, Matpukcbl I[IMK-I'A Moryr crumynupoBaTh OCTpPOE€ BOCHAJIECHUE,
xeMoTakcuc HeutpodusioB u aumdounutoB. C Apyrol CTOPOHBI, MPUCYTCTBYIOIIAS
BBICOKOMOJIEKYJIApHast ['A OIOKUpPYeT CEeKpeluuio MPOBOCHATUTENbHBIX UTOKUHOB,
nostomy K 6 nHio koHneHtpamus TNFo monmxaercs. Tak kak HaOmromaercs
YBEITUYCHHUE CEKPEIMN HECKOIBKUX MPOAHTHOTCHHBIX (akTtopoB: IL8, MMP9 u
yBenumueHa dkcrnpeccus CHI3L1, To mpeamonoXuTeNnbHO MATPUKCHI, TOKPHITHIC
THAypOHOBOM KHUCJIOTOM, CTUMYJIUPYIOT aHruoreHes. [Ipu stom, marpukcsr [IMK-
['A He cTUMyNHPYIOT XpOHHUYECKOoe BocmajieHue, Tak kak cekpenus CCL18 ne
MOBBIIIEHA, HO U HE UHTUOUPYIOT 3PpdekTopHble QyHKIMU Makpodaros, Tak Kak He

HaoOmonaeTcs Beiaenenne 1L 10 nnu yeunenue cexperuu TGFf (puc. 17).
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Pucynok 17 - OOmras TemnoBas kapTa, HocTpoeHHas 1o pe3yapratam ELISA nms Bcex n3MepeHHBIX IIUTOKUHOB JJIS1 BCEX TOHOPOB



Tabmuna 4 - benku, ucnoib3yembie B kKauecTBe MapkepoB M1 u M2 makpodaros, u

ux Onosioruueckue PyHKInu

Beaok DyHKUUHA
ICAM-11
IL1B1T
TNFa IL6T

CTUMYJIUPYET aJre3uto HeMTpo(UIOB M MOHOIIUTOB, CO3PEBAHUE U
g depeHpoBKy B kieTox
ICAM-11
IL1p IL61
CTUMyIIUpyeT co3peBanue u auddepenunpoky B u T kieTok
akTuBupyercs B orBeT Ha PAMP

IL6 CTUMYJIUPYET MPOAYKLHUIO aHTUTEN B KiIeTkamu, akTUBAaLUIO U
g depeHpoBKy T KIIETOK, a TaK¥Ke SKCIPECCUIO OETTKOB OCTPOH (ha3bl
MMP91
IL8 CTUMYJIUPYET XeMOTAKCHC HEUTPO(DUIOB U TUMQPOLUTOB; HHAYLUPYET Y
HelTpodunos skcrpeccnio Mac-1 u CR-1
YK L40 aCCOIIMMPOBAH C OCTPBIM M XPOHUUYECKUM BOCTIAJICHUEM
VEGF
IL1ra L1

MHTUOHUpyeT nponudepanuio B kinerok u Mmakpogaros, a TaKxe
npoaykiuio ROS makpodaramu
TGFp IFNy|
TNFa]
IL2]
cynpeccop 3 dexropubix GyHKIHMI Makpodaros, T-kinerok u NK-kierok
IL1]
IL10 IL6|
TNFa]
IL12]
IFNy]

y4acTBYeT B Pa3BUTHH U MOAJIEPKAaHUU XPOHUYECKOTO BOCHIAJICHUS, a
TaKKe B pa3BUTUU T N2-omocpe1oBaHHbIX 3200JICBaHUI

CCL18 CXCL81
CCL21
CCL3?
CCL22%
MM P7

Mapkep OakTepuanbHOTo BocnaneHus, aktusupyer MMP2 u MMP9

MM P9 BeIcBOOOXKMaeT VEGF,
aKTHBHpYeT (MM IepeBOAMT B OOsiee aKTUBHYIO popmy) pro-1L-1b, IL-8




TNFa, IL1 —> IL6

MMP9 BMFA.A% ILS

AN /7

TLR \RHAMM

Ouaurol'A

Bbicokomouiexyasipuas I'A
u ourol’A

Pucynok 18 - Cxema B3aumoericteust MmatpukcoB [IMK-I'A ¢ makpodaramu (MO u

M1)

Cpenu matpukcoB, moauduuupoBanubix ['A, [IMK-I'A1 sBasiercs Hanbomnee
OMOCOBMECTHMBIM, TaK Kak He cTuMyiupyeT Bbiaenenue IL6 u IL1 MO u M1
MakpodaramMd HU y OJHOTO U3 JOHOPOB, MPU 3TOM HAOIIOAAETCS HAWMEHbIIas
cekperuss IL8 wum oaxcmpeccuss CHI3L1. Takum o00pa3oMm, maHHBIH MaTpPUKC
MOTEHIUAIBHO 00JI1alaeT MPOAHTHOTEHHBIMU CBONCTBAMU M HE CTUMYJIHPYET
BOCMAJIUTENbHBIA OTBeT. Ecnu paccmaTpuBaTh Bce HUCCIEAyEeMble MaTepualbl, TO
Xxopornieii OMOCOBMECTUMOCTBIO 00JIalaeT MaTPUKC, MOAUDUIIMPOBAHHBIN ILIa3MOMN
atMocepHoro napieHusi. OH HE CTUMYJIUPYET BBIICICHHE MPOBOCIAIUTEIBHBIX
mutoknHOB MO 1 M1 makpodaramu, KpoMe TOTO SBISETCS CHIBHBIM CYyIPECCOPOM
CCL18. OnnHako ero mpoaHTHOTCHHBIC CBOMCTBA BBIPAXKCHBI B MCHBIICH CTEIICHH,

TaK Kak MOHWXeHa KoHTeHTpamws |L 8.



4.6 In vitro aneuocenes

JUist Toro, 4toOBl MCCIAEAOBaTh BIMSHUE MAaTPHUKCOB, MOIU(DHUIIMPOBAHHBIX
I'A, Ha anrumorene3, Mol KynbTuBUpOoBain HUVEC Ha marpurene 6e3 mobGaBiieHUs
POCTOBBIX ()aKTOPOB B CylepHATAHTaX, COOPAHHBIX MOCIIE KOKYIbTUBUpOBaHus MO u
M1 makpogaroB ¢ I[IMK-I'Al, tak kak Hanbosiee OMOCOBMECTHMBIM MAaTE€pUAIOM

cpemu [IMK-T'A. Pe3ynbraTsl sKCIiepuMeHTa mpeacTaBieHsl Ha puc. 19 u na puc. 20.

Pucynok 19 - ®opmupoBanue kanmnisipabix Tpyook HUVEC: a) [TonoxurenbHbIN

koHTpoub (100 ur/mi Y KL40); 6) HeratuBHbIi KOHTPOJIb (CyTIEpHATAHTHI,
coOpaHHbIe TocIIe KyIbTUBUpoBaHus Makpodaros B mpucytrctBuu 100 ar/mn [FNYy);
B) CyIIepHATAHTHI, COOpaHHBIE ITOCIIE KOKYIbTHBHPOBaHUs Makpodaros ¢ [IMK-I'A1
MaTpPUKCaMH; T) CylIepHATaHThl, COOpaHHBIE MOCIIE KOKYIbTUBUPOBAHUS MaKpO(aros

¢ [IMK-I"A1 matpukcamu B mpucytctBur 100 ur/mi |FNy. [{nst kakaoro
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UcclIeIyeMoro oopasiia moka3aHo pacrpeaelieHue 1Mo JUTHHE 00pa3yeMbIX

KaUJUISIPHBIX TPYOOK

40-

* k%%

% Yo vk

1
o B r

Uccnenyembin obpaseu

Pucynok 20 - KonmnyectBo kamuuisspabix Tpyooxk HUVEC B mosre mukpockorna (N,
mIt): a) mooxuteabHbIid KoHTpotb (100 Hr/min Y KL40); 6) HeraTuBHBINH KOHTPOJIh
(cynepHaTaHTBI, COOpaHHBIC ITOCIIE KYJIbTHBHPOBAHUS MaKpo(aros B MPUCYTCTBUU
100 ur/mi IFNYy); B) cynepHaTaHThl, COOpaHHBIC TTOCIIE KOKYJIHTHBUPOBAHHS
makpodaros ¢ [IMK-I"A1 MmaTpukcamu; T) CyliepHaTaHThI, COOpaHHBIC TIOCTIC
KokynsTuBHpOBaHus Makpodaros ¢ [IMK-I'A1 marpukcamu B mpucytctBuu 100

ar/mit |FNy. **** - p<0,0001, n=3, Tect ManHa-YuTHu

CymniepHaTaHThI, COOpaHHBIE TIOCTE KOKYJIbTUBHPOBaHUS Makpodaros ¢ [IMK-
'Al maTpukcamMu, CTUMYJIHUPYIOT GopMupoBaHue Kammwuisipabx Tpyooxk HUVEC.
KonudecTBo chopMHUpOBaHHEIX TPYOOK MEHBIIE, YeM B MOJIOKUTEILHOM KOHTPOJIE,
HO 3HAYUTEIbHO OOJbIlE, YeM B HETaTUBHOM KOHTpOJIE. AHTUOTEHHBIH 3(PdeKT
I[IMK-I'A1 MatpukcoB ckopee Bcero oOOyCJIOBI€H TeM, 4To B oTBeT Ha ['A
Makpodaru CeKpeTUPYIOT KOKTeWIb nmpoanruoreHHbIx ¢gaktopoB (IL8, YKL40) (kak
obuto ommcano panee). MO m M1 wmakpodaru noHopo ID-6, ID-7 u ID-8
cekpetupyroT B cpeaneM 35 Hr/mi IL8 (0bu10 mokazano, 10 ur/mi IL8 crocoOHBI
CTUMYJIMpOBaTh N Vitro anrwmorene3 [91]), mpu 3tom skcmpeccus YKL40 M1

Makpodaramu 2-2,5 pa3a OoJbliie, ueM B KOHTpoJie. Tem He MeHee, pa3HHIla MEXITy
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aarroreHHBIM d(pdexkrom M1 m MO Hesnaumma. CpenmHssl TJIMHA KaMWUISIPHBIX

TpyOOK Ipe/cTaBiIeHa B Ta0IuUIIE O.

Tabnuma 5 - JlnuHa chopMUPOBAHHBIX KAMMILIAPHBIX TPYOOK

Hccnenyembiii o0pasen JiMHa KanWJLISIPHBIX TPYOOK

(MeantSD), Mmkm

IHoJ10:kUTENbHBIA KOHTPOJIb 151,8+70,7

HeratuBHbIi KOHTPOJIb 166,9+66,5
IMMK-T'A1 178,7+75,05
IMK-T'A1 (100 ar/mu | FNYy) 193,47+89,37

Bce BenumumHbl 1nuH cHOPMUPOBAHHBIX KAMWUIAPHBIX TPYOOK 3HAYUMO
ornuyarTcs Mexay coboir. Marpukcel [IMK-T'A1 cnocoOGCTBYIOT (hOpMUPOBAHUIO
0oJiee IITMHHBIX KaMWIISPHBIX TPYOOK.

Takum o00pa3oM, IOKa3aHO, YTO MATPUKCHI, MOKphIThie ['A, oOmamaroT
MPOAHTMOTEHHBIMM CBOMCTBAMHM 3a CUYET TOrO, 4YTO CTUMYJIUPYIOT BBIJCICHUE

MPOAHTHUOTEHHBIX (PaKTOPOB MakpodaraMu.
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BrpIBOABI

1)

2)

3)

4)

5)

6)

7)

Peakuun  mepBuYHBIX ~ MakpodaroB  4eJloBeKa ~ HA  HUCCIEAyeMbIe
TKaHEWH)KEHEPHbIE MATPUKCHI SIBJIAIOTCS TOHOP-CTIEIIU(DUUHBIMH.

Hanbonee OMOCOBMECTUMBIMH CpPEU HUCCIEAYEMBbIX MAaTEpUATIOB SIBJISIOTCS
MaTpUKC, MOJIU(DUIMPOBAHHBIA B TIUIa3M€ aTMOC(EPHOro MaBJICHUS, W
MAaTpPUKC C HAUMEHBIIUM KOJUYECTBOM MMMOOUIIM30BAHHON HA MOBEPXHOCTH
THATypOHOBOM KHCIOTHI, TaK Kak OHU HE CTUMYJHUPYIOT CEKPEIUIO
MPOBOCHATUTEIbHBIX ~ IMTOKMHOB W HE  UHTUOUPYIOT  CEKPEIUIO
MPOTUBOBOCHIAIUTEIbHBIX IUTOKMHOB EPBUYHBIMU MaKkpodaraMu 4eaoBeKa.
Matpukcel ¢ UMMOOMIM30BAHHOW Ha TMOBEPXHOCTH T'MATyPOHOBOM KHUCIOTOM
CTUMYJIUPYIOT aHTHOTECHES.

Hcnonb30BaHHBI HA0Op MapKepOB MOXKET OBITh MPUMEHEH B KaueCTBE TECT-
CUCTEMBbl  JJI1  JKCIPECC-OLEHKHM  HMHAUBUIYATbHONM  COBMECTUMOCTHU
TKaHEWH>KEHEPHBIX MATPUKCOB C OPTaHU3MOM.

[TonyuenHsle AaHHBIE MOTYT OBITh KCIOJIB30BaHBI IS CO3JaHus Smart-
MMIUIAHTaTOB - OWOMAarepuasoB C  MOPOTPaMMHUPYEMBIMU  (PU3UKO-
XUMUYECKUMU U UMMYHOMOYJIUPYIOIIUMH CBOMCTBAMM.

CpaBHeHUE 3HAYEHUW  MHTETPalbHBIX  TOKazaTened  AdQPeKTUBHOCTU
MOKa3ajao, 4YTO  HCHOJIb30BaHHAsT Il KCCJENOBAHUS  BIIUSHUS
TKAaHEWHXCHEPHBIX MAaTPUKCOB Ha MEPBUYHBIC Makpodaru vemoBeka in vitro
TecT-cucTemMa siBisgeTcss HauoOosiee S(PPEKTUBHBIM BapUAHTOM PEIICHUS
MOCTaBJICHHOW B MarucTepCKoOil AUCcepTalliu 3aJja4u ¢ MO3UIUU (PUHAHCOBOM
U pecypcHoit 3PHEeKTUBHOCTH.

Pazpabotan KOMIUIEKC MEpPONPUSATUNA TEXHUYECKOTO, OPraHU3alMOHHOTO,
PEXKUMHOTO W TPABOBOrO XapakTepa, MHHUMHUBUPYIOIIUX HETATUBHBIC
MOCJHEACTBUS, BO3HHUKAIOIIME B pe3yJbTare MCCICAOBAHUSA  BIUSHUS

TKaHCHUHKCHCPHBIX MATPHUKCOB Ha IICPBUYHLIC MaKpO(baFI/I YCJIOBCKA.
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4. Results of the conducted research

4.1 The cell viability investigation

The results of the cell viability assay are shownin Fig. 7.
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Figure 7 - The results of the cell viability assay, Alamar Blue (non-stimulated
monocytes were co-cultured with the materials for 6 daysin X-VIVO 10). *-p<0.05;
** - p<0.01; *** - p<0.001; n=5; Mann-Whitney test

According to the equation (1), the cell viability of the MO macrophages co-
cultured with the materials was 90% for al the material types. Thus, investigated
scaffolds are non-toxic. Meanwhile, the cell viability of the MO macrophages co-
cultured with the modified matrices (PLAp, PLA-HA1, PLA-HA2, PLA-HA3)
increased significantly in comparison with the cell viability of the MO macrophages
co-cultured with the non-modified matrices (PLAmM). Thus, the results confirm that
the atmospheric pressure plasma treatment and the atmospheric pressure plasma

assisted immobilization of hyaluronic acid enhance scaffold biocompatibility.

85



4.2 Investigation of the scaffold influence on the M1-assisociated cytokines release by
macrophages

As it was mentioned previously, the immune cells response, in particular,
macrophage reaction to the tissue-engineering scaffold defines the further success of
the implantation procedure. Macrophages have two main polarization states - M 1-like
phenotype (M1) appearing under inflammatory stimuli like IFNy or LPS (in the
present research macrophages polarized under IFNy will be assigned as M1) and M 2-
like phenotype (M2) arising under 1L4, 1L13, and IL10 stimulation (in the present
research macrophages polarized under 1L4 will be assigned as M2). M1 macrophages
are responsible for the inflammatory reactions while M2 macrophages favour wound
healing [11-14]. In the scaffold implantation site both types of macrophages could be
found. However, under influence of the biomaterial physicochemical cues, a shift in
M1:M2 ratio could appear leading to pathological processes [5]. In order to
investigate the effect of produced PLA-based tissue engineering scaffolds modified
with HA on macrophages CD14+ monocytes were isolated out of buffy coats of
healthy donors and co-cultured with the biomaterials for 6 days in the presence of
IFNy or IL-4 as major cytokines driving prototypical M1 and M2 macrophage
polarization. Regarding the fact that HA may act as a pro-inflammatory agent in early
stage of wound healing stimulating TNFa, IL-13, and IL-8 release, these three
cytokines were chosen as inflammatory markers [64]. Moreover, two additional M1
markers were investigated: |L-6 as a classical inflammatory cytokine and chitinase-
like protein YKL40 (CHI3L1).

TNFa is a multifunctional cytokine involved in acute inflammatory reaction.
It induces ICAM-1 expression, neutrophils and monocytes adhesion, the growth and
differentiation of B cells, and the migration of other inflammatory cells to the injury
site. Moreover, TNFa stimulates the secretion of other proinflammatory cytokines
such as IL1p [68]. TNFa concentration levels in supernatants collected after the co-
culture of the MO, M1, and M2 macrophages with the tissue engineering matrices
after 6 h and on day 6 determined by ELISA are shownin Fig. 8.
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Figure 8 - TNFa concentration levels in supernatants after 6 h (panel @) and on day 6
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(panel b) of the co-culture of the primary human monocyte-derived macrophages

with the tissue engineering matrices

All the investigated materials don't up-regulate TNFa secretion by MO

macrophages after 6 h of co-culture, except PLA-HA2, which stimulates TNFa,

release by ID-8 macrophages. ID-8 M1 macrophages respond with an elevated TNFa

production to PLAp and PLA-HA (all types). ID-6 M1 macrophages display asimilar

reaction: they respond with an increased TNFo secretion to PLAp, PLAp and PLA-

HA3. M2 macrophages of all the donors produce TNFa at the background level.

MO and M2 macrophages of all the donors did not secrete a significant

concentration of TNFa on the day 6 of the co-culture with the materials. At the same

time M1 macrophages of 5 out of 8 donors (including ID-6 and ID-8, who had TNFa

up-regulated after 6 h) have TNFo down-regulated in comparison with control (the

other 3 donors have TNFa concentration on the control level).

Another cytokine involved in the acute inflammation stage is IL1p. Its

functions overlap with the functions of TNFa: IL1J aso induces ICAM-1 expression,
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growth and differentiation of B and T cells [69-70]. IL1B concentration levels in
supernatants collected after the co-culture of the MO, M1, and M2 macrophages with
the tissue engineering matrices on day 6 determined by ELISA are shownin Fig. 9.
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Figure 9 - IL1P concentration levelsin supernatants on day 6 of the co-culture of the

primary human monocyte-derived macrophages with the tissue engineering matrices

All the investigated materials did not up-regulate IL13 secretion by MO
macrophages, except PLA-HA2 and PLA-HA3 that stimulate a dlight increase of
IL1B concentration in supernatants collected from ID-7 and ID-1 cells. PLAm and
PLAp insignificantly up-regulate IL1B in ID-5 M1 macrophages. M2 macrophages of
al the donors produce IL1p at the background level except slight increase of IL1J
concentration in supernatants collected from ID-1 macrophages co-cultured with
PLA-HA2 and PLA-HAS.

IL-6 is an important mediator of the acute inflammation secreted by
macrophages in response to pathogen-associated molecular patterns (PAMPs) [71]. It
induces an antibody production in B cells;, in combination with IL1 promotes the
appearance of regulatory B cells, which secrete IL10. IL6 influences the T cells
activation and differentiation, for example, it enhances Bcl-6 expression through
activation of STATS3 that leads to Try cells appearance [72]. Besides, IL6 stimulates
the expression of acute-phase proteins [71]. In addition, IL-6 influences the
macrophage polarization skewing monocytes differentiation towards macrophages

instead of dendritic cells owing to its ability to drive m-CSF expression [73]. IL6
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concentration levels in supernatants collected after the co-culture of the MO, M1, and
M2 macrophages with the tissue engineering matrices on day 6 determined by ELISA
are shown in Fig. 10.
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Figure 10 - IL6 concentration levels in supernatants on day 6 of the co-culture of the

primary human monocyte-derived macrophages with the tissue engineering matrices

A dramatic increase of IL6 secretion by MO macrophages co-cultured with
PLA-HA2 was observed in 3 out of 8 donors (ID-1, ID-5, and ID-8). Meanwhile, the
other materials did not cause such areaction. IL6 isreleased by M1 macrophages of 2
donors (ID-4 and ID-6) in a HA dose-dependent manner: the more HA is
immobilized on the surface the higher IL6 concentration is in supernatants. The rest
of the donors din not display any specific reaction to any of the material types. No
IL6 secretion by M2 macrophages was found.

IL8 is a classica marker of M1 macrophages playing a dua role. On the one
hand, IL-8 is a cytokine that exhibits chemotactic activity against neutrophils and
lymphocytes. It induces neutrophils to express Mac-1 and CR-1 and to adhere to
endothelial cells [74]. On the other hand, IL8 is a macrophage-derived mediator of
angiogenesis [ 75]. The latter role is very important for the tissue engineering scaffold
integration to the host. Thus, IL8 promotes an acute inflammation and
neovascularization as well. IL8 concentration levels in supernatants collected after
the co-culture of the MO, M1, and M2 macrophages with the tissue engineering
matrices on day 6 determined by ELISA are shown in Fig. 11.
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Figure 11 - IL8 concentration levels in supernatants on day 6 of the co-culture of the

primary human monocyte-derived macrophages with the tissue engineering matrices

All the PLA-HA materials up-regulate IL-8 production by MO and M1
macrophages in at least 50% of donors, whereas PLA and PLAp cause elevated |L-8
secretion by M0 and M1 macrophages only in ID-5 and ID-6. A dlight increase of IL8
concentration was observed in M2 macrophages of ID-1. M2 macrophages of the
other donors produced L8 at the background level.

The last inflammatory marker considered by us is YKL40 (CHI3L1) -
chitinase-like protein secreted by a variety of cells including macrophages. It is a
marker of acute and chronic inflammation. Its presence in pathological conditions
leads to tissue fibrosis [ 76]. In several studies it was shown, that Y KL40 can promote
angiogenesis, in particular, owing to its heparin-binding affinity resulting in up-
regulation of VEGF expression. YKL40 has two potential hyaluronan binding motifs
[77-78]. It is not known whether Y KL40 could bind hyaluronan. However, if YKL40
could recognize it, it could effect on hyaluronic acid levels and events related to the
tissue remodeling. CHI3L1 expression on day 6 by MO, M1, and M2 macrophages
co-cultured with the tissue engineering matrices determined by gRT-PCR is shown in

Fig. 12 as a heat map.
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Figure 12 - Heat map of CHI3L 1 expression by primary human monocyte-derived
macrophages co-cultured with the tissue engineering matrices during 6 days. House-

keeping gene GAPDH was used as areference

No increased CHI3L 1 expression was observed in MO and M2 macrophages
of all the donors except ID-6. M2 macrophages of this donor have CHI3L1 up-
regulated but not more than 2-fold in comparison with the control. M1 macrophages
of the same donor have increased CHI3L1 expression up to 2.5 times when co-
cultured with PLAp, PLA-HA?2, and PLA-HA3. In addition, M1 macrophages of the
ID-7, ID-8, and ID-5, ID-7 have increased CHI3L 1 expression when co-cultured with
the PLA-HA1 and PLA-HA3 respectively.
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4.3 Investigation of the scaffold influence on the M2-assisociated cytokines release by
macrophages

Opposite to the classically activated M1-like macrophages is anti-
inflammatory M2 phenotype [79]. M2 macrophages promote wound healing and
secrete anti-inflammatory cytokines. IL1ra, TGFf, 1L10, and CCL 18 were chosen as
markers of M2 phenotype.

IL1ra is secreted in response to IL1 in order to inhibit the pro-inflammatory
effect of the last. It binds to the IL1 receptor preventing activation of the intercellular
signalling switching by this cytokine. To inhibit the effect of IL1, the concentration
of IL1ra has to be 100 times higher. Unbalance between IL1 and IL 1ra leads to the
development of several diseases such as arthritis, inflammatory bowel disease,
rejection, etc. [69]. IL1ra concentration levels in supernatants collected after the co-
culture of the MO, M1, and M2 macrophages with the tissue engineering matrices on
day 6 determined by ELISA are shownin Fig. 13.
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Figure 13 - IL 1ra concentration levels in supernatants on day 6 of the co-culture of
the primary human monocyte-derived macrophages with the tissue engineering

matrices

IL1lra secretion by MO, M1, and M2 macrophages cultured with tissue
engineering matrices did not vary significantly in comparison with the control, except
MO macrophages of ID-1 co-cultured with PLA-HAZ2. Concentration of IL1ra
exceeds IL1B by 100 times.
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IL10 is a strong suppressor of the effector functions of macrophages, T-cells,
and NK-cells. It inhibits secretion of IL1, IL6, TNFa, and IL12 by macrophages and
IFNy production by T-lymphocytes [80-81]. TGFp1 also suppresses a macrophage
activation and proliferation, as well as ROS production [82]. Together these
cytokines exhibit a strong immunosuppressive and anti-inflammatory effect inducing
resolution of inflammation. However, it was shown that elevated TGFf1 secretion
could contribute to fibrosis through fibroblast activation [79]. TGF31 concentration
levels in supernatants collected after the co-culture of the MO, M1, and M2
macrophages with the tissue engineering matrices on day 6 determined by ELISA are
shownin Fig. 14.
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Figure 14 - TGFB1 concentration levelsin supernatants on day 6 of the co-culture of
the primary human monocyte-derived macrophages with the tissue engineering

matrices

TGFB1 secretion by MO, M1, and M2 macrophages co-cultured with tissue
engineering matrices did not vary significantly in comparison with the control. No
IL10 release by any macrophage subpopulation was found.

An additional marker of M2 macrophages is CCL 18. This chemokine is able
to induce the M2 macrophages polarization [83], however, it is supposed to be
involved in chronic Th2-mediated diseases and chronic inflammation [84]. CCL18

concentration levels in supernatants collected after the co-culture of the MO, M1, and
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M2 macrophages with the tissue engineering matrices on day 6 determined by ELISA
are shownin Fig. 15.
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Figure 15 - CCL 18 concentration levels in supernatants on day 6 of the co-culture of
the primary human monocyte-derived macrophages with the tissue engineering

matrices

PLAp down-regulates CCL18 in M2 macrophages of all the donors, while
other materials either do not affect (=50% of donors) or suppress CCL18 (=50% of
donors). No CCL 18 secretion was found in MO or M1 macrophages.

4.4 Investigation of the scaffold influence on matrix remodelling by macrophages

Macrophages not only mediate inflammation or wound healing but also take
part in the extracellular matrix (ECM) conversion either directly by secreting matrix
metalloproteinases (MMPs) - enzymes able to degrade ECM proteins or by releasing
cytokines stimulating fibroblasts or synovial cells to secrete MMPs [85]. In our
research the influence of tissue engineering scaffolds on MMP7 and MM P9 secretion
was investigated.

In macrophages MMP7 is strongly induced by LPS and is a marker of
bacteria-induced inflammation [86]. MMP7 proenzyme form is activated by plasmin.
MMP7 is able to degrade collagen, gelatine, elastin, aggrecan, and other ECM
proteins. Besides, MMP7 activates MMP2 and MMP9 through cleaving their

proenzyme form [87].
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MMP9 is secreted by macrophages in proenzyme form in response to PGE,
and IL-6 [88]. It is aso able to degrade collagen, gelatine, elastin, aggrecan, and other
ECM proteins [89]. MMP9 exhibits a pro-angiogenic activity, since it promotes
release of bioactive VEGF from its ECM-bound form VEGF-A [90]. Moreover,
MMP9 is able either to activate severa cytokines/convert them into more active form
(pro-IL1B u IL-8) or to inactivate them (CTAP-III, PF-4, GROq) [91]. MMP7 and
MMP9 concentration levels in supernatants collected after the co-culture of the MO,
M1, and M2 macrophages with the tissue engineering matrices on day 6 determined
by ELISA are shownin Fig. 16.
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Figure 16 - MMP7 (panel a) and MM P9 (panel b) concentration levelsin

supernatants on day 6 of the co-culture of the primary human monocyte-derived

macrophages with the tissue engineering matrices

Tissue engineering matrices modified with HA did not influence on MMP7
secretion by MO macrophages in the mgjority of donors; two of them had MMP7
down-regulated (ID-6, ID-8) and one - up-regulated (ID-7). PLA-HA2 stimulated
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MMP7 release by M2 macrophages of 2 (ID-7, ID-8) out of 8 donors while PLA-
HA3 stimulated MMP7 release by M2 macrophages of 50% of donors. M1
macrophages did not secrete MMP7. Tissue engineering matrices up-regulate MMP9
in MO and M2 macrophages. The MMP9 concentration measured in supernatants
from PLA-HA was 2 times higher than in supernatants from PLAm and PLAp. M1
macrophages secrete MM P9 at the background level, however when cells co-cultured
with PLA-HA materials the MM P9 production was slightly increased.

4.5 The estimated hypothesis and discussion of the results

The heat map reflecting the al the measured cytokines concentrations
secreted by all the macrophage phenotypes of al the donors is shown in fig. 17.
Biological functions of all the cytokines are summarized in table 4. The observed
reactions of primary human monocyte-derived macrophages to the investigated
matrices were donor-specific. All the donors could be divided into two groups:
responders - those who have a pronounced pro-inflammatory reaction to the scaffold
presence, and non-responders - those who have no specific immune reaction to the
scaffold presence. The following donors can be included to the responders group: 1D-
1, ID-6, ID-7, and ID-8. ID-6 had a pro-inflammatory response to all the materials
modified with HA: the secretion of IL-6, IL-8, and YKL40 (CHI3L1) by his M0 and
M1 macrophages on day 6 was increased. In addition his MO and M1 macrophages
show elevated TNFa release after 6 h of the co-culture. Meanwhile ID-6 has MM P7
down-regulated in MO macrophages. Although ID-1 had IL 1ra up-regulated, his MO
and M1 macrophages secreted elevated levels of IL6 and IL8 when co-cultured with
PLA-HA. MO and M1 macrophages of ID-7 and ID-8 released an increased
concentration of I1L8 and YKL40 (CHI3L1) in response to PLA-HA. ID8 had also
TNFo up-regulated after the 6 h of the co-culture with matrices. The rest of the
donors belonged to the non-responders group and did not exhibit any specific

reaction to the materials. Thus an optimal material type for them could be found.
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There are some general trends that can be revealed in the donor reaction to the
investigated materials:

1. All biomaterials down-regulate TNFo production by M1 macrophages on day
6;

2. PLA-HA2 material up-regulates IL6 in MO macrophages and MMP7 in M2
macrophages on day 6;

3. PLA-HA3 materia up-regulates IL6 in M1 macrophages and MMP7 in M2
macrophages on day 6;

4. PLA-HA materials up-regulate IL8 and MMP9 production by M1 and MO
macrophages on day 6; moreover, higher concentration of HA results in more
pronounced response;

5. Elevated IL8 secretion is accompanied by increased MM P9 concentration;

6. PLAp strongly suppresses CCL 18 production by M2 macrophages,

7. PLA-HA either suppresses or does not affect CCL18 production by M2
macrophages;

8. All biomaterials do not suppress anti-inflammatory cytokines production by
M2 and MO macrophages,

Thus, the following general hypothesis can be formulated. Considering the
fact that HA immobilized on the scaffold surface possesses a certain molecular
weight distribution, it contains HA oligomers in its composition. These oligomers
bind to intracellular receptors CD44, RHAMM, and TLR2 expressed by M0 and M1
macrophages. This leads to the induction of the expression and secretion of IL8 and
MMP9 in the majority of donors and increases TNFa (after 6 h) and IL1p in some
donors. Apparently, the presence of HA (as the mgjor ECM component) stimulates
the secretion of MMPs by macrophages aready on the first day of the co-culture.
MMP9 degrades HA, resulting in an elevated concentration of IL8 on day 6. The
secreted TNFo and IL1B cause an increased release of IL6 in responders. Thus, on the
one hand, PLA-HA matrices can stimulate an acute inflammation and chemotaxis of
lymphocytes and neutrophils. On the other hand, the presence of HA with high

molecular weight blocks the secretion of proinflammatory cytokines (TNFa
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concentration decreases on day 6). Since an elevated secretion of the number of
proangiogenic factors is observed including IL8, MMP9, and increased expression of
CHI3L1, then scaffolds coated with hyaluronic acid presumably stimulate
angiogenesis. At the same time, PLA-HA matrices do not stimulate chronic
inflammation, as CCL18 secretion is not increased. However, they do not inhibit
macrophage effector functions, since no increased secretion of IL10 or TGFfB
(Fig. 17) was found.
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Figure 17 - The heat map reflecting the all the measured cytokines concentrations secreted by all the macrophage
phenotypes of all the donors



Table 4 - Proteins that can be used as M1 and M2 macrophage markers and their

biological functions

Protein Function

ICAM-11

IL1
TNFa ||_£TT

Stimulates neutrophils and monocytes adhesion, growth and differentiation
of B cells
ICAM-11
IL1p IL61
Stimulates growth and differentiation of B and T cells
Secreted in response to PAMP
IL6 Stimulates an antibody production by B cells, activation and differentiation
of T cells, expression of the acute phase proteins
MM P91
ILS Stimulates lymphocyte and neutrophil chemotaxis; induces an expression
of Mac-1 and CR-1 by neutrophil
YK L 40 Associated with acute and chronic inflammation
VEGF1
IL1ra IL1]

Inhibits the proliferation of B cells and macrophages and the production of
ROS by macrophages
TGFp IFNy|
TNFo
IL2]
Suppresses an effector functions of macrophages, T-cells, and NK-cells
IL1]
IL10 IL6|
TNFo
IL12]
IFNy|

Isinvolved in chronic Th2-mediated diseases and chronic inflammation
CXCL8?

CCL18 CCL27

CCL3t

CCL221

MMP7 amarker of bacteria-induced inflammation, activates MM P2 and MM P9

MM P9 Contribute to VEGF release,
activates or make more active pro-I1L-1b, IL-8
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Figure 18 - The scheme of the interaction of PLA-HA scaffolds with macrophages
(MO and M1)

Among the matrices modified with HA, PLA-HA1 can be considered as the
most biocompatible one, since it does not stimulate the release of IL6 and IL1 by
MO and M1 macrophages of any donor. In addition, the lowest secretion of 1L8 and
expression CHI3L1 in response to this material is observed. Thus, this scaffold
potentially has the pro-angiogenic properties and does not stimulate the inflammatory
response. Among all the studied materials, there is one more scaffold with good
biocompatibility, which was treated with atmospheric pressure plasma. It does not
stimulate the release of proinflammatory cytokinesin MO and M1 macrophages and,
moreover, is a strong suppressor of CCL18. However, its pro-angiogenic properties

are less pronounced, as the concentration IL8 is decreased.
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4.6 In vitro angiogenesis

In order to investigate the effect of PLA-HA scaffolds on angiogenesis, we
cultured HUVEC on matrigel without the addition of growth factors in supernatants
collected after the co-culture of MO and M1 macrophages with PLA-HA1. PLA-HA1

was chosen since it was considered as the most biocompatible material among PLA-

HA. Theresults are shown in Fig. 19 and Fig. 20.
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Figure 19 - HUVEC tube formation: a) The positive control (100 ng/ml Y KL40); b)
The negative control (supernatants were collected after culturing macrophages in the
presence of 100 ng/ml IFNY); ) The supernatants, which were collected after co-
culture of PLA-HA1 scaffolds with macrophages; d) The supernatants, which were
collected after co-culture of PLA-HA1 scaffolds with macrophages in the presence of
100 ng/ml IFNy. For each sample the tube length distribution is shown
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Figure 20 - The amount of HUVEC tubes per field: a) The positive control (100
ng/ml Y KL40); b) The negative control (supernatants were collected after culturing
macrophages in the presence of 100 ng/ml IFNY); ¢) The supernatants, which were

collected after co-culture of PLA-HA1 scaffolds with macrophages; d) The
supernatants, which were collected after co-culture of PLA-HA1 scaffolds with
macrophages in the presence of 100 ng/ml IFNy. **** - p<0.0001, n=3, Mann-
Whitney test

The supernatants, which were collected after the co-culture of macrophages
with PLA-HA1 scaffolds, stimulate the HUVEC tube formation. The number of the
formed tubes is smaller than in the positive control, but significantly higher than in
the negative control. The angiogenic effect of PLA-HA1 matrices is likely caused
due to the fact that in response to HA macrophages secrete a cocktail of pro-
angiogenic factors (IL8, YKL40) (as was described previousy). MO and M1
macrophages of 1D-6, ID-7, and ID-8 secreted an average IL8 concentration of 35
ng/ml (it was shown that 10 ng/ml IL8 was sufficient to contribute in vitro
angiogenesis [92]). M1 macrophages simultaneously expressed YKL40 2-2.5 times
more than in the control. However, the difference in the angiogenic effect of PLA-
HA1 co-cultured with MO and M1 was not significant. The average length of the
formed tubes is presented in table 5.
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Table 5 - The average length of the formed HUVEC tubes

_ L ength of the HUVEC tubes
| nvestigated sample
(MeanzSD), um
The positive control 151,8+70,7
The negative control 166,9+66,5
PLA-HA1 178,7+75,05
PLA-HA1 (100 ng/ml | FNy) 193,47+89,37

All the length values differ significantly. PLA-HA1 scaffold contributes to the
formation of the longer capillary tubes.

Thus, it was shown that the scaffolds coated with HA have pro-angiogenic
properties owing to the fact that they stimulate the secretion of pro-angiogenic factors

by macrophages.
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