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The scientific study was completed at the laboratory of Department of Experimental and Pre-

Clinical Anatomy at Tbilisi State Medical University.

Scientific Tutors of Research:
Konstantine Mardaleishvili - TSMU Emeritus, Professor, MD, PhD.

David Chakhunashvili - TSMU Assistant Professor of Experimental and Pre - Clinical
Anatomy Department, MD, PhD.

Experts:
Nodar Lomidze — MD, PhD, Professor, TSMU Emeritus.
Rema Gvamichava — MD, PhD, Professor, Head of the Department of Oncology of TSMU.

Giorgi Didava — MD, PhD, Professor, Associated Professor of Anatomic Pathology of TSMU.

The scientific data were approved at the joint meeting of Department of Experimental and
Pre-Clinical Ana-my, Department of Clinical Ana-my and Operative Surgery Departments

and Georgian Medical Assosiation at TSMU on June 21,

The scientific study is available at the library of Tbilisi State Medical University (Vazha-

Pshavela Ave # 29).

Defending PhD thesis will take place on December 5, at Tbilisi State Medical University,

conference hall N1.
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65350 93GHMMOL  SBOOm, ©INHMZB0  MYXOHIJPO  ©S  BOEOL  FodBHMEOYdO

96003690356  OHMEl  sLOWMEgdgh JOmbozmwo  FHowmdgdol  JgbmM3gdol
3639690[67-70]. M3 50b0dbs396 83309360900, WIOMZ560 YR MJOIOOL 250Mmygbgds
LogMAbMIWSE HBOEOL 960MmygbgHBOL bEHOTMEOMGISL, FodOMIWILEHYIOL BogMSE0sL,
2R MJOIO0L 3OMEORIMSE0LS O FHOEWMIOL G3000gE0BOE0SL [71-74].

JO®bozMwo  FOHowmdol 93MMbsErmdsdo  FoMmmE  2odmoygbgds obgmo  bBOHOob
BodHMMYd0,  OHMMOOE Mol BOHOL 0OMIdM30GHMo  BoddHmeo  (PDGF),
30OOMIILEHOL bMHOL 294BH™OO (FGF) Qo 3056 Mm30GH o
30b0sdslBH0dwomgdgeo goddm®mo (GM-CSF). mglmgmdoom o®mddmodweo
BOHOOL BoJBHMM0 FoMHIMobL 9OHSIMM FoMTS3MEMA0E 155 gdsls, GMIgeros
9009dMWos  OHMYMOE,  ©FSGHJO0MNO  MYMH305  ©OVYGHMMO  Bgbol  fywmol
1593MbsEME. Folo 989G WOMDS BsHmEgdols s 39699M0 939000 Fodmfzgmeo
Dyamamgdols Bsdzmembswm@ 5O MOl F3HI0EIOMMO. BodOMIWILEGHMMO DBOHOL
39JBHMOOL, M6 MMEoGIwo  3MEMmbosdolG0dNwomgdgro  BodBHmMol
930930 BOOL BoJGHMOOL 58cmgnbgds JOHMbo3Mwo FMH0WMdYdOL bsd3MMbswm©

X9 300093 356boz0l 9@s3Bgs [75-79].
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2.8 5360mb6:M0 99936560l 353mygbgds JHmbozmmo FMowwmdols bsd3mMbsgmo
50580560 58b0MmbmO F9ddMbs 890306530 30M39Es@ 49dMYgbgdme oym 1910

Db, xmbl 3m3306L0L »boggMloEgEol 3OHMBILMMTS 930Lds [80] 306M39¢ds
399M0yggbs 5360mbmE@o 89806565 H3OMdI0m 5dmfi39eEo FHowmdgdol
15939MbBs M. 5B 9, 95 9MMO b5OMT0 59Mmd399bS S3boMbMEO 3ddG6OL
399yg6900l JglodEgdmdol Fglobgd Lb35oLBZS 9EOMEMAO0L FH0W™dYdOL
b59399MbsEm[81-84, 85].

5Q580560L  53b0MmbMGmo 39306565  49BLOZMPOGOIMO  LEHOWIBHMOOL, dOMEMYOMOO
30L99900L5 5 03bMEMYO0OHO FobolosMGdEGdIOL godm, HoMdmagboos Mrmyme;
00MmMP0NMHo  Lyxggbo s  bJoMs  2sdmoyggbgds  JOMmbozmwo  FOHOWMdgdOL
Lo93MOboswm [86, 87]. GMAMmOE 50b0dbsg9b 933™MMYd0, 5060l  53b0MbMGO
999361565 53e9gbl ods 03bMYIBMOMBIL s byl MFymdlL BHGSE 930090 BOEOsL.
MBOm 99303,  9960mbmE  99ddMsbol  aooBbos  sbogdol  Lsfobsswdagym,
3bGHOGodOMBMOo,  96GH0T03OMOIMO S $H30300505Yhgdgwo  m30L909d0.
Q9000 9B9JAHJOOL gl FM935¢RGMHM369ds 353300 J0S dOMEOMPOWEMS® 5dEH0MMO
993290930l LobmgBoLs S odmgmaols Jgladwrgdemdsls, 3500 Mol 30EH™30bgdOLS
Q5 LBOLOYBIEM BoJBHMMJOOL, BHrAMOOEBS: LOALOZbOL By3BIMBOL BoJ@MMO - sergs (TNF
-a), GOBLBMOT>30ME0 BOOL BoBHMmOmo - swxs (TGF -a), GMBLEMOIs30o
BMHOOL BoJBHMM0 - 093 (TGF -B), 3odOHMOWILEHOL HBOEOL Bo@™meo - d9g@s (b-FGF),
93009M3Mo BOHOL Bod@Bmmo (EGF), 39053H0bm3o3gdol BMool gsj@mmo (KGF),
3935¢)™30@900L BOEOL RoddHmeo (HGF), ob@gmwgozobo - IL - 4, IL - 6, IL - 8,
39G9M3MOMGHYoDBgdoL 0BgdMH030 0630d0GHMMYO0, S 3OMLE AW B0bgdo [88].

5939 965 500b60dBbMU, MM 55d0560L 53b0MbMMHO 89FdE6S, BTl Jowgdss
3560309, §960HM59bL LodysbBMT0gd0b 13983 EL, LoIE VYK MIOIIL SEIOES®
39999050 259615300905, ORIMIDOE0MJds s F0oAMS30S [89]. 3560L goIbgMHY3BM 6
390560930m, 500530560l 5360MmbmMo d933EI60L 25dmyqbgds JOHmbozmewo FHowmdgdols
1593MbsEM© 36083690 M356 M30EMSEHJMDIIL 2300535BMBL. JobO odmYgbgds 56
0(1393L IME0egdsl, M5B Aol 9J3L WBSEP0 0FBbMYIEMOMDS s 56 0f393L

X 0909000 93MbEHOMEM 353093 qdsL [90].
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2.9 bbogm®mo 09Mms3000 353mfj39w9eo dgbmM(390500 FMH0EMdOL 33MHBse@dOL
d900m©gd0
JoOMOA00 I9NMEIO0IL godmoygbgds 3560b, Bolizool, 39bmgdols s

©@MO3560 oML IM3Mm39010 SO MDdM030 56 M1gu0Mbiscr®mo Jumzowol
Bogegmgdo [91-95]. 5939 M6 500b0dbML, HMT 5EYOEMdG030 Jumzowgdo bdoMow
565150890 M, M50 Fgloderms, sLL03xdD FoNBYE BMOBEPOBML gogwgbs, Mol
399mg3, 3OLdMOL MHOLZ0, 2630M5MEIL FMOEMdOL 0MY3w03 sOBYdIMWO Jimgzgowgdols
5300OMDMEO 25MHJbs. FOHOWMIOL M:93mbLEHMYJ300L5L Sbgmo JumzoEgdol
3990y9g69059 990dgds 259m0fjz0mb bsggargmol 4o089dm 3560L Bg3MM™MBO s M3000Mb
Bsgargomol Jumgool 693Ombog 30, s80L 49dm, JOmbozrwmo, dgmbmeEgdswo
FM0@mdq00L JoOrmemaorIe 93MbsEMd5T0 MB30MSEJLMIL 56039090 Bgy0mbocyH
65583 gmgdL, HMI9gdo3 Fo0dmygboos 3Mbmmgsbo, 396-3bmmgzsbo bsgwrgmgdols
Lobom, 55939 bsxggmgdo Lobbeds®rgmzsbo ggbom [96-101]. mwydzs, b
500603bmb M3 sbgmo FH030L M3GMS309d0 HMIESE TgLoliMEgdEOY, IMmombmgls
3390803096 39OHLMbIEL, bobamdwog ML s I30M5POMGOIMWOS.

d0M@WMYPONMHS©  5JBHOMOM0  Loxwgbgdo  s®ol  JOHMmbozmwo  FMowrmdol
939960b5Mmd0l 3sb6539M™39, sbgzghowo dgommo, Hmdgwos 99Jdbowos FHowmdol
dgbmM3990L 3OMEgLOL IRJIMYIOLMZ0L, bgwlisgMgumo 4o6gdml MHembagwlisgmas,
Jum309d0l sMEIboLy s MgA9bxMs300LMZOL. MMmEILsg Loddg gbgds GOOEOYO
96M5300L  999amd  (o®dmddbowo  FHo®dOL  93MMbIECOMISL,  BOMEMAO0IMS©
5JBHomeo  Logggbgdo  edMmO3  LoMYgdgEl  0dErg3s 98 BHodol  FOHOWMDJOIMD
53538060930 B39E0BR0ZMO0 FoMOIEGOJOOL 15300 530wgdol MbsMOL QsdMm,
OMAMO0ES:  FOOMIGOOL  TgbmM 3900l IMM393s, bMGOS @S  0bxygJzoolodo
906M930090s. 5 IMEIME0s  BOMEIMAO0MSI®  9dBHOMMO  Loggbgdol Msdgbody
9529wom0, MHMIGdoi3, B39MEg0cm03, 49dm0oygbhgds Lbbogmo  mgMmsdool Igyma
396300560900 FHoMdOL Bod3Obswm:

[0 3963Ebwol  bobggzgdo: 396mEberol  bsbggzgdo  Fgosogl  39M3EbEol  0mbydl,
A gdLYE 99300 96EH0803MMOIMWO M30L9d90, M5 byl MHYMdL HoEOSE0IO
FOOMdGO0L  ©o0bxozoMgdol  Mob3ol  F9dEoMgdsl. 53 Lobggzgdl  sbig3g
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9990doom  FoMd0  9JubsBHol  Fodomgzgs  (Aghmzs) o FMOwmdgdol
d9bm®3900L™M30L 5993009090 FJb0sbo gotqdmls G9Jdbs [114, 116].
300MHMP90l  Lobgzgzgdo: 3oMmmygerol bobgznzgdo Fgagds fywol Tosmswo
3993390 mdol Jmbg 29egdologsb, MHmAwqdos bawl MHymdgb FHowmdol sGgdo
A96056mdoL 9bsmBMbadIL, Gog goblogMmMgdom LoloMygdMms MOPOSFOIO
FO0MdgdobmzolL, OMIWgdoz IO O BYEIV  I3YB0sbIdMO.
306MMqol  bobgg3zgdl  slg3g dgmdwosm  GH3o30ol  Fgdldmdgds o
69360bPM0 Jumz0eol sEHMWOBMMO dmEowgds [117, 118].

35530560 Lob393900: Jo530560 Lobz939d0 godmoMbg3zs Lombol dwogMs@ dmsbomddols
B5M0® ©O 9BIJAHMOO© 58O JOL 9JuLIIGAL MOOS30E0  FHOWMDGOI0ED.
obobo NBOHMb39wymxgb FHOWMBOL SEAOWOL ©o339L, 91939, 0bsORMBAdI6
396056 go6gdmb, Gog bgwl MHymol GgbmMEgdsl. Bmyogemo Jogosbo bobggzo
31939 99033938 96GH0803OMdIMW 529630l 0633943008 9306 SBOEFOWGOEIS®
[119, 120].

3Meoggbol  Bobgg3zgdo:  3mesaqbol  Lobggzgdo domgdveos dMbgdcmogo b
LobMYHBMMO  FYoOrMmgdoIb s HoMBMoYgbl bgwols Fgafymdl v Gmggdols
BMEOLS s JuM30Wgdol MYygbgems30oLm30L. s Fgwderosm bgwo JgmhHymb
30561 o30MH0  Jum300OlL  FMOIOMIOSL S IBJIOME  BoosgOMWo
FOOw™dId0L JgbmeEgdol 3Mmisglo [121 —123].

5e0bsBol  Lobggzgdo:  seaobsdol  Lobgggzgdo  dBsEgds  Dpzol
09500396969930L 3™ F30900L0b s F9dM0MBY3s FMOEMdOL Fo6mdo 9Jlwmo@ ol
doobmddom, o3 9BIIGHMOL  bol 5L 9JuLMOIFOMMO  BOHOSBEOYICNO
FO0mdq00L 533 MMbs M. FHOEMdOL LOoMbYLME Fgbgdolisl gl Labgggzgdo
9496056 ggaml, G55 bl MHymdL FH9gbosbo 4o6gdmls 96560HFbgdsls s 58300l
FOO0™dOL 85d@9gMH0Mwo  s0bB0E0MdOL MoLZL. 3olGmEmaowmGmo 331935
33Wgbll  odOMIWLILEBHYOOL @O  Bo3OMBHYJOOL  5gBHOoMMMOOL  BMToEHYOSU,
93090Bs300L O 5B0MYgbgBOL 3OMEgLYdOL oBJsMGdL.[124 — 126].
0OMIdMG30GHJO0m  J0EIM0  3wsbdmmo (PRP) ULobgggqdo: PRP  Lobggzgoo
3903938 OMIdMEF0GHJO0m IO 3eoBIoL, MMIgGEog 91939, IO

BOHOOL BoJBHMOYOom, OHMIWgdoz byl MHgmdab Jumzowgdol smygbsl s
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6929696M5300L. gl Loggbgdo  4obLOIMIMGdom  9BgIBHIM0s  9BFoMAIBgBOL
3O 3960L  2oLOOJBHOMMPIWHE S 3MWogbol LObMYBOL  YolivdwrogMdEs©
505300 FOHOWMdYOOL Tgbme3900L 3Mrem3gudo [127 — 130].

XYM  doGHModuol  (ECM) Lobgggqoo: ECM  bobggzgdo  do0mqdeos
016996030 56 LObMYHBMBO FYoHrMmgd0EIB s 3960l VXYM FoBHG0oJubob
abs3L0s. 0LOBO MYBOHMB39wYMzg6 FHoEMBOL LEBMMJE IO T9bs6MBMbgdL o
bl Mfymdgb FOHOWMBOL 5Ol YIXMJOIdOL FodEMdE0L, SOIMWOBIMSE0SL
5 O0RIMIBE0s30L, Bomsi 9BJoMgdgb M9gbgMszool 3MMEgLL  MOOSEOYIE
FOowmdqddo [131 - 133].

mOR9bosbo 96 3MA3Mbo@GMEmo  Lobgzgz900: MORBI60sBo b 3MI3ZMBoGMOO
15H393900 59MH05670L LbgoEILHZs FoLOEgAL 56 30F3MbgbFHJOL, o0 25dMYyqbgdsls
209Bb0s 36153500 bEM030 LoMYgdgE0, MHMYMMOES: S6EH0T0ZOMdIMEO M30L909d0,
A96056mdoL  Fomrm3s, bR MBIds  @d  Jumzgowgdol  MgagbgMsiEos. 50
Lob393900LM30L  EOAsbOlI0SMYOJE0  FM535¢TbEMOZ0 396973030  A5dM, 0o
390dgds  499mygbgdme  0gdbsl  M50s30Io  FHOWMDdGOOL  F3MMbsemdol
36mgbdo [134 — 139].
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oogo 111

Bsbagmd s IgmmEYdo
331935 ©o0Ym M6 bsfows. 30639wo boflowo ©ogmdm 5sd0sbols s3bombolis o

d3zolb  330b0L  ©0gH™m3zs60  MXMHIOGIOLIRSD  LodYIBEDMToWgd0sbo  dOMEMAOMGS©
593Homo  FMHowmdol Loggbol dgdadbst. 33wg30l Fgmeg bsfoero 30 oslboggdom
399mf39mo  dgbsdg  bsdolbol  sd(zeMmdol  FOHowrmdol  339MbsmdLl
15396BMT0gd060 BOMEWMAOMMSE 5dBH0YOO FHOMdOL Loxgqbols yodmygbgdoo.

3.1 5¢0590560L 5360MbBOLsY6 domemmoMEsE Fgmsgligdso bsdysbbmdogrgdosbo
L358mMEOL (FosE®modLols) 3gJdbols dgmmeo.
5360mbmMo 99836160l JoLOMYdS© 25dmMmYyqgbgdwo oym 2 LEWWZsEOBO 3WsEIbEG).

X960 ds MmOy Jogngdds, XobIMMIE0  9HIEITMDOEGOOL B IIOL o
35396@0L  99mdg3900L 8909y PobsEbogl BbAMBS, 3ws3gb@OL  gedmygbgdols
dqLsbgd  Lsdgbogm doBbgdolmzol s bgwro dmsfigMgl 0bxzm®I0MYdME MsbbIMdOL
R3OS,

331935 393303900 0ym »doobol Lobgwdfoxzm bsdgoEobm Mbogzgdlo@gd ol
00mb53g0306M 3300930L gm030L 3ToBHYEHOL J0ge. 35396G 0L F0MdOLMLb3g dmbs

dolo 30639050 5349853905 2590bsMg Mb3s60L Fyeroom (LyGsmo 1).

©IBILMH0DE00LIMZ0L  FO3WIMOL MO39 SOGHJMH05d0 @S 396580 FMmogligdE
0965 3m09m0gbol 3509396900, GMIWGd0E IBOJLOMES sOMYINTol WoYsGIOOM
Lmomo 2, 3),  3wo3gbBHol  Lobberolbs  ©@s  dobo  gargdgb@gdologsb
3905308 GdOLIMZ0L 3°dm3099690m 39356060BoMgdmwo 0,9%-0560
RB0DBOMEMYoMMo  blbsMo.  F03WsMoL  9OGHIMH09ddo  F9Y3960w0  3509GHIMJO0D
39609600 3¢5396GHOL 39M BN HBoSL bo@MH0Tob M@0 byegs@ob (SDS - SIGMA)
bLBsM00 72 L5l 256353c0MdT0. 3060390 24 Lo5mMOL 2o63sg3MdIT0 godmoygbgdmes
0,01 %-0560 SDS . 530l 8999y 359Mmygbgdme 0d6s 0,1% s 1%-0560 SDS -ob blbs®o (24-
24 L5500). SDS-0l Lbbbomoo 3gexmbool 990wgy 3eo3ab@s 06g3bgdms 1%-0560
A&®0GH™b X - 100 (byGsoo 4).



Lb@smo 2. Fo3esMmol 5MEHgMHogdols s 39bol 0Bmsgool 3Gmaglio



L®500 3. F03EsMOL 5MEHIH0OOLS s 3950l 35009BHIHOBE0S

LMO500 4. 500590560l 3¢539bGHOL YRIEsMOBsGOOL 3MMmEglo

5Q580560L 353960l Y39 IIMODS300L  3OMMELOL  ILOYIgdOl 909y
b©gdms 5360mbMHo 998d0MHBoL 3es3gb@obogsb 2sdmEow 39390 (LMsmo 5, 6, 7) s

5360mbol 993360l oFMs 3x4 LA DmIol BoOROEHJOs©. JogdmeEro FgddMIBOL
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ROOR0EIO0 MI3BEIOMPS COMBOEODBIFO0L 835MsBHTo “Power Dry PL 6000 Freeze
Dryers” (He- Labware) (bwy6. 8).

L5000 5. 500530560l 3¢s39b@d ©IGITYMsMobsEool 3989y

bm6500 6. 5860mbMo 3993G6ol 3ams3gbEologsb gsdmEsm3939ds sesdosbols

353963 0L YIS0 BEo0L 3BMEglol sliGymadols 3999y



L5000 7. 500580560 YEIWIEsGM0HJOME0 59b0MbmEMo 3980M565
@OoMBoE0bs305909

bmEsmo 8. YGIMEsmoBoMYdMwo 50590560l 536omobmmo 393dMboll BoMmxoGgdo
3000535900 WOMBOWODBHFOOL 535GMSEdo

5530560l 53600mboLYYSD  FoMgdMEo YISO DIOMEO  BOOROEHIO0
WoMB0wobs3ool 990y  093LIdMEs BEBHIOOWE 30MHMdJOTo S 0bsbgdmMs
399my9gb905dqg. (Lw96. 9 ).
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Lm0 9. 500590560l 5360Mmbols YEIMEsMOBYdMEOo FgddeMmsbs womgowobszools

099dc09p 9gbsbuemo gs9myggbgdsdy

5360mb-9GHo 99806560 H3-ol M3MEYbmdMm030 §sblisBM3Ms IEILPYIMsMOBE05I©Y
5 OIGIN3MHO0BsE300L 9999y - 5360mbmEmo 98dM6oL HT-I ObBMEs30s
QIBILNLH0D53050Q) ©5 VIFILILWdO0bE00L Fgdgy mbEs LEbEsOGYwo
303960309900 B33M9d0L 25dmyg69d00m (G - spin Kit; iINLRON dom@gdbmermyos).
3000560 B3 goboloBEz®ms L3g]BHOHMBMEHMIYEHODY (NanoDrop 1000; Thermo Fisher
Scientific) Gow@ol Log™Mdgbg 260 63. yzgws 60dMdo beMIswrobEs 5Esdosbols
5360mbol G [Hmbsby.

50580560 5360Mmbol 93366590 HI-0l 998339eMds VIZILEPIMHODIEF05dY 0ym 338
933/ 9. 939 Es0Ds300l 30MM(39MEMOL 99909y, ©b3-0b bs6Bgbo 999(339e™mds 2%

-B9 o390 gobos.

3. 2 3ol (3060L gHhmzsbo MRMm9gdol Jomgdol Mm3EodobsEos. dgemol ¢30bols
0963560 MR MO0l M3MEIbmdOL S 3500 LoEMEbEolbsM0sbMdOL §sblsBM3MS.
500530560l ©YE3IWMIMODBOMGOMEO  560MBOLLRID  domEMPoMMo©  sdEoMo

39336sbols  d9gdbolomzgol  gsdm3z094gbgm  30MHMsa30L  dzerol  BH30bol  gdmgsbo

X 090900. d3eol GH3060L ©gMHM3s60 MXMIIdOL ToLswgds godmyggbgdme 0dbs
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06039 bJglob Lewis - ob bsBol 15 09m60 sdMEOsEGHMEOME0 30005330 dsboom 200-250y.
996396039630l mJdgdo s HBMZgEMs JoBMmYgbgds IIBHI0EJIMO 0gm 3bMmzgEmMs
53306 0BLAHOGHMEOL  3mToBHYBHOL Bogh. wgdBHswmo 0bgdzool 8gdgy  (0,5%
Bo@omdol m0m3gb@owol blbs®o) dmbs 3bmggwgdobmzol d3gws JomEmgdol
5939935309, d3Mdsyol dzol  3MbmM3560 Jum30WOobYsh goliRmzgds @S dzwob
69Bgd30s 930x80BoLs s OIRODBOL sMgdo. dzwol 3060l sS3oMsgool oIy
396bMM 309 oo OLM(305305 30GHMsEG0m, EDTA s Dulbecco's phosphate-buffered
saline (DPBS) -U bLlbs®ol q59mygbgdom. 8mbmbmzwgs®mmo RMog30s  dsdmoym
36500960 dsmmoom Ficoll Paque Plus-ol godmygbgdoom (by@somo 10, 11).

U500 10. 30605330l 836dogol d3e0sb dzeols Bgobol 0BmEsEooL 3Bm3glo
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LmEsmo 11. 30605330l dzeol $Hg060l gMmgzs60 MxMgEIdoL dmbmbmzmgsymo
RM5J300L gsdmyma3s 3Msogb@rwmo dsmmeoom Ficoll Paque Plus-ols 359mygbgdoom

©9MH™M39560 MR Jd0L Bofloeo dmmoglis Neubauer-ob 35d9Msdo, @ Imbs domo
LomEbEolvybscr0s6mdol 9dmfjagds (LwyGsmo 12) GHModsb wrmeyxoom (Sigma).

3. 3 dgeol 33060l WgMm3s60 MRMIgdOL FMmsgLgdols Fgomols 999mds3gds
500530560l 5960mb0olsgsb Bomgd e ©YEIWIEsM0BIdME 1553y56DMmBoErgd0sh
95¢®ogbbg s glislisdsdols, dOMEMAOMEMSE sgE0Mo IgddMmsbols 9gJdbs.

©96O™3560 MXM9Jd0L ©IBIMBRIBO Bofogro Fmmoglis Mgr0EMOMYdIME 5sT0sbol

©IGICNMH0DYdMEo  53bombols  8gddMsbol  Bgsdom®By  (LyGsmo 13, 14).
©IBILMH0DGIYO 5360MmbMHO 39FdMBS 356025 Fo0Mg3bs BGHIMOEME phosphate-
buffered saline (PBS) 30 {wool 9o6dsgermdsdo. 8o@osbmdsdo  s@sdosbols
©IBILMMH0DBGIM  58bombME  9adMHBoL  Bgs3ombg dmmogls 2.5 x  10°
dmbmb3egemwo MxMgoo. 15 ool d9dgy ImbMb3gs®eo  Mx®mggdols
03039 ©5m96Mmds FMmmMo3LS Y39 IPIM0DYIOME0 58BoMbMGO F9ddMBOL Tgmey
dboMgDg3, dbg 2oaMIgers 1 Lssmol obdsgermdsdo. ymgger 15 fo-do bgdmes
5360mbmMHo 999361560l MmM039 bl gOHM3560 YN MgJdOL FMmmsgLgds.
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©IBILMMH0DBGIMwo  s8bombmMo  F9ddMbs, GMIJDg3  FMMozLgdMEo oy
9mbmbvy3engomeo MxMgd0 dms3bs Hgbosh dot9gdmdo, 0b3mdsG™m®mdo (37°C, 5%
CO2) 4 oL 296353eMdsdo. T9damddo, doMmEMYOMI©  odGHowmemo dgddMsbols
WOoMBOWODsE305 s J98rmyxbgdsdg dolo gbabgs s1g3EH03M yocMgdmdo.

BT W, e A b DR
’ S ] B : & i(} . -~ = & o\f
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o, -

\ & b

’ o oy B, | et }
S o | é% o
E i) ! © e '; O~ (‘ *—-b“ o

L ‘*"‘.ot :

%o“ { & 3 - ';.s ogi

A e 1 i # o ke =% "J‘

L5000 12. 330l 3060l dmbmbmzmmgs®rmemo gMsgaool Logmaberombs®osbmdols
29BLEBWIMS 30356 ARl BlBsGOL 353mygbgdom

U500 13. 1553390 605380 3ms3l5gdME0 IBFILESMODYdIMEo 58Bombols
39906565 s BolBg obersggdmero dgeol ¢30bol mghmgsbo vMxMggdo
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#

L300 14. d3e00l GH3060L gMH™m3560 MRMIOId0 BMmm3LgdME0s 5¢3d0sBOL
©I39LYsHOBOMGIME 5860mbol g3dMsbol Bgsdomby. Ggmgdgs 3g9ds@mglogob
9Bobom. 35000qgds X400.

3. 4 s1B039d0m §3dmfj3gmero Iglisdg bsGolbols safgztmdol FHoEMdOL FMEIEP0MmYdS

5 30MEMROMMSE 5JBHO0MMO FMH0oEMdOL 358mygbgds.
©sobboggdom  4sdmfiggmeo  dgbodg  bsGolbol  odfigmdol  FMHormdols

9mgo®mgdolomgzol dgbgmer odbs mMogzgg ULgbol Lewis-ol bsbolb 45 omgméo
W5dMMOGHMOHOO 300535, 8-10 33060l Sb530L s 200-25086 dsboom. Ebmgzgwgdo
900900 0ym d0wobol Lobgwdfmum Bsdgogobm »boggMbodg@ol 3Ebmggwms

509190006 s PodmYgbgdme 0dbs MMM MBMMYds, 0lig Mg30309bEgds.

99396039630l mJdgdo s HBM3g™Ms 98MmYygbgds FBHI0EJIMO 0gm 3bmzgEms
©5330L  0bLEBHOGNMAHOL  3mToGgBHol  Fogh.  yzgws  ™m39MoEos  J0dE0bsMgmds
06@550MA0bse®o  sbglomgBool 4398,  9@980bsE-Bo@momdol  godmygbgdom
(3002/33), 9b93EH030L5 s 96EOLY3BH030L WHE30L 30OHMBYdTO.

3b™399d0 ©s0gm 3 933035I5G IO XJYNBOI®, Mo X3nBdo 15 sbmggeo.
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gb®owo 1 -8o sbsbMwos M3gMsEgowo Bs®mgzol Lobggdo, Lsggwro Ebmggwgdols

XIMBIO0 ©O X3BJOF0 (3bM39EmS MoMEIbMDL.

IIT bsGolbolb 3560L bLbogwEmo ©sd)Hzdmdol dmpgero.

3960l Bbogm®o  @sdfzmmdol  93m@bscmds  10%
LobE™IoEobol obodgbEom

III baGolbol 3560l Lbogm®o ©sdzmmdols dmgwro. 15
39600 BbogMo ©sd)3Mmdols I3MMboscrmds

JoOea0mwo 0d3wsb@om (Colorado Therapeutics

USA)

IIT bsGobbol 3560l Lbog®o sdfzmmdol dmgwro. 15
3960L LbogmMo sdfzdmdol 93Mbowmds 6396 b

9096 89999539990 dOMEMYOIMSQ SJGH0IM0

Lox3bols godmygbgdom

3b®oo 1. bygwgeo 3bMm3gegdols X3MBId0, m39Ms30weo BsMgzol Lobggdo, Logwgeo
(3b™39¢9B0L M3 bMds X am5gdd0.

3060390  xXaMx3oL 3bmzgergddo (n=15) L3106 5 Eol d90ay PoGoMs
FOH0mdolL JoOHMHaomwo ©s3w9ds390s, 99Mm0339ms albo3gdol F9wgas® dH356M0
390390mIgdseg 3960, 35643905 3bodmzsbo  Jumgowo, BgsdoMHwo RLL3Os S
§om3mddbowo RGO osdgBMmom 1 18* s0BIMS 10% LobEmdogobol ¢wobodgb@oom.
99m6M) x3MxnoL 3bmggmgddo (n=15) sbg3g LH039006 5 Ol g9y RGOS
FOH0E™dOL JoM Moo 3853905 s 39B0L IBIJEHO 0dgEM0m 1 1I? IOTIG
JoOrmeaomwo 0d3esbEom (Colorado Therapeutics) , GMmIgerog  ©Ix50JLOOES 3569
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3396dm3060 b539M9d00m. Iglsdg xamBolL bmggemgddo (n=15) slbogzgdosb 5 ol
3900093 BOBHIMS  FMOEmdOL  JoMMa0Mo 3353985 s 3960l gBgBO
©0539BHMom 1 13 H0GsGs B39bL FogMH F9ddsz390EP0 BOMEMAOYMIQ 9JGHOMMO
Logggboo.

5Lb03gd0L Hysmrm godmoyggbgdms M0s30wo dmfiygmdowwmds (RUM-17, Gmligoo).
dool gme@ogo ogm 250 kV, doewdo @gbol Bszso ogm 10 mA, bemeom dsbdoqro
5Lb0ggd0L IM[YmdOEMdOL LogEgwo 3bm3qwsdg ogm 25 . 60 Gy-0g MBS
905005 Bg30659Y, bwm HBgs30MH0L sHB0sHIdOL OsTYEHMTS - 1-sb 1.3 LB-0Y.

39653008 8999y Y39ws 3HM39w0 IMm3Lgdwo 0gbs 3035000l LEHObIME
306Md90d0 s (3000056 3, 7, 14, 30, 60 ©s 90 MIHBg bIdMPS 330039ds.

3L GHM39MH30I 39MH0M©T0, 3esb0dgEHEo 390MEOm A9BoLBM3MS FOHOWMBIOOL
dgbme 300l LoBRds®g. 3L G M3GMOE0S© FOHomdOL 560my9bgHols
39bLOBOZMOLIMZ0L A5TMY9bgdIEmo 04bs FHGMIBLOWMTobsz00l dgmMmEO. 59BM3L0sDY
900900 dsboens 930LHogwgo 30GHMWMYMO0, 30LEMEMYPOMOO s 1360MgdsO
9036mb3m300l 8900MEYd0L godmygbgdoo.

3. 5 565 m3o®o 33¢g30L IgommEgdo
3bsGHMIomMo  33eg30Lm30L  BoBHIMS  9BH™M3Los 10 9O WHdMOSEGHMOHOVIE

3060053509.  3960L, 39643905 3boIM3z60  Jumzowol,  BgI3oMHImo  FsL300U,
33Mmb93MMmBgdols s 39bmMgdol  BHM3MyMoxool  dglfogws  Bmbs  sbsGmIomMo
©obgdaool  dgomom. 39560L Bgs3oMHMo s s Lolberds®zms LolEgdol
d9Lsbogs A99Mm3099b900 FJMHOO BOMYdIMIO (3030 Bsld) S COOMIMBEMILEMWO
6030009690900 (35MOMEMLEH0) OMIWgdoE Y3960 0dbs 306MHMs3900L smMESA0
39969309-0689Dool g00M©Om. 3569w gWwMo©, 250Mm3094gbgm  GHEsblowmdobsiools
dgomo O0S-100 ogdobs@m®ol (Hlgomo) s MBS-9 domemaom®mo dozmmbzm3ol
L5 YO00.
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3. 6 30LEBHMEYMYOMOO S 0dMBMIoLEBHMEMY0MHO 331930l IgonmEYdo
30LEGHMEMY0MMO 2odm33eg30LmM30L BLYMYOL B0EITIMPID S©JIMWo 0ym beMTser Mo
3960L LEOEIN0B0 BsmMoErgdo 3 x 3 x 0,5 B Bmdoom.

5Q530560L  Bo@omeo s3bombmmo 9906bs, ©YEILIIMHODBOMGOIo  s8BombMMO
39036565, 50MWMY0MHS© 9JEH0MMO FHOMdOL LyKgbo 2odmygbgdsdg s 4odmygbgdols
3900099 30LEHMEMAO0OHO 3300930L5M30L sBOJLOMS 10% ByoEGMow G FmGsobdo,
B59go0ds 3565530630 5 ©s0FMS 5 8030MMbo Lobdob BoFMgds®. Y35M9R0BOBSFOOLS
5 ©93000535300L 9999 Jumzowmo dgomgds 395G MJboob gmboboom s Jobmb -
&ModmOmdoom.

000M99wo  30LGHMWMYPOMOHO 36MH935MoFEH0L  Tgbfagwrs dmbs dozmOmlzmdom (E100;
Nikon Corporation, Tokyo, Japan) s L@gcglzm3meo dozmmbzm3doom (MBS-9; Lomo, St.

Petersburg, Russia).

03996m30LE™JodomEo 90gdoLom30L 259mygbgdeo ogm 3565830630 sx0dloMgdwo
3 3036Mmbo Loligol Jumz0o. d0MEMPOMEMSI® 5dGH0ME Lyxzgbdo 3Mwsgbol I al-ol s
53000MmbgdBHobol  9bFBHOLbgMgdol  AoBLIBOZIMOLIMZ0L,  dmbs  LErso)dDY
©5530J50M9dME0 FoLOEOL Y35MOPROBOBOMYDS O MY30WESEB)SE0S.

000MYNo  30LGHMEMPOMOO0  360935M5G0L  Tgufagars  Imbs  LBEGHYMYMLZM3Io
90360m3300.

3. 7 500530560l s960mbmMo 9993G560l 13560Mgds©O gergdEMmbrmmo Gogzmhmlizm3os

RIBILIWH0D305IRY ©5 RIGILIWH0D300L g7y
1356069350  gEgdBHOMbMo  FozMMlgMm30m  FsLoerol  SBswoBobmgzol, dmbs

B350 5360mbmMHo 89836960l s dOMIEH0IMO 58b0MbNGO Loggbol Jumzowmgdols
WOMGBOODI30s.  2odmIOHMIOL  ILEOWGdOL T9dIy, Y39wws JBMZOWO  I0BIMS
MJOHM0 IRIMZ0L 353710 gJbmeEmaool 259mygbgdom s om0 Fodmbobgs dmbs
JEOL JSM-65 10 LW 135606935000 9w9d@®mbmemo do30mbzm3oom (JEOL Ltd, Gmzom,

053Mb05).
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3. 8 360@MdoL JgbmM3500L 35M93gEMYdOL s0MmOEbzs 065303980 3¢sbodgE Moo
dgoemqols gsdmygbgdoo.

FOomdol  dgbmeiEgdol  LoBdo®ol  mdogd@mo  TgxsLgdolmzgol  4sdmz0ygbgo
3¢ob0dg@momwo  99mnmEo.  580LsM30L  FOOWMISDY  39BIMIIPOM (39 MBIBOL
B0OROEL, O®MmIgEHyi3 39gbom 35830JL0MGOOM FOHOEWMBOL 3MBEMMIOL obsdo3sdo.
0900098 39mxzsbo s dobbBg S0bodbmwo  FHowmdOL JMbEGHWMMId0 3BEYIMO.
90¢089BHM0560 Jo0ow@BY O FOOWMIOL RsMMMOO A560LIBOZIMJIMEs JMBEGHMEMOL
dogbom 335065@o JowodgB®ol MomEabmdol sM3w0m. FHowmdol d9d3zocMgdol
36Mm39b@GMwo 95839690900 oL 456353eMd30 2obolsBP3MS BMGOIME00):

St = So exp (-t/T)

LoOE So - FOHOWMOOL 56g, St - FOOWMdOL 569 MM t, s T 356599 BHM0 sbb3L
FM0@mdol dgbme 3900l LoBJsMgl. T 356599EHEM0 goblibzs39dw0s ygzges XyIBoL;m30L.
Go3 MBRO® 93o6mgs T 350599360, Joom MRO® LBHEIRs© 8080bsMgmdl FMHowmdol
dgbmM 3900l 3OmEgLo.

3. 9 33930l IMb5399900L LEBHOEGHOLEOIMMO 35390
33930l BoGyengddo Fgxnsls  FHowmdol Tgbmegool  dMmiEgbo  9JudgeHodgb@do

dmbsfoerg gm0 doM0mO© s 2 JgLoEMdg XaRTo. FOHOWMIOL 509900l QsBMIZs
b9dm©s FO0WMdOL dMmEgwo®gdosd 99-3, 99-7, 14-g, 30-9, 45-9, 99-60 s 75-9
©MY90%DY. 965¢0Bol MML  gedmm3zwo 0dbs  FMoErmdol  MBdbgdol  LsdSEm
500393030, BEGHBIOEHMEO 25bMY, LoMHdMbmdOL 0bEHIMZ5¢0. JOMOMI© S
L53MBBHOMEM ¥ A1390d0 J0LgdYwo J9gagd0L Lbgsmodol Lo®{dmbmdol alisqbs
3odmmzmo 0dbs t-GgbGo. ©odsxgMJOMIOL ™Mby FobLsBOZMME odbs 0.05.
090930 ©535%9IMOIOWO© Bs0mM3wgds MmEs P< 0.05. dmbsigdms @olisdw)dsggdes@
39909g9690me 0dbs LEGOGHOLE03MOO 3MMyMsds IBM SPSS Statistics 26 39®Los.
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omogo IV

4.1 3330l 993900

OMamO3 9583965 BoBHM9dMEds 5bsGMIom®Ts 33¢093900s, 39560L LEHOYIEHMEMS s Jobo
565953900 MJNE WHBMOSGHMMH0ME 30MM2390d0 DAoL s69gdo HoMdmygboos
930009M3oLOm, IMTom, (3b0dM3560 S BOOOMBMWO FMYJOOM. MZ3000Mb J30IMTOLO
Do00m9gboos d5Bsw Mo, 13930560, oM E3wM3560, s MJm3zs60 dMggdom

(Lyesomo 15).

L5000 15. 3060053300 3560l 30LGmmMyom®o vyMsoo. 3grgd3s 3gds@mgbogob
9Boboom. 3500c9ds x 200

05BOEMEO 967 90905 d5DBIEIME F9ddMIBsDY 9O HOYS® FobEsggdIemo 3G:0BIMWwo

2R MJOJO0LRD  (05BoMHO  9300IMM30GJO0), OHMIWYdTog  SMOL  dsBoWMMO
99906560l 0o 39639600321 sMms© J0dsMmIo doMHm3900. (i39@0sbo TG0l
3sbdmmgdgdo  Ho®mdmddbosh  ©®ds,  MO®D0gemdgdomfigy  FobsBodgdl o
©9LIMLBMIYPMD  ©T53530060909e  [obsBoMgdl.  §39B0sbo  FMOL MY MHggddo
AMbMR0dMHOWYd0 MRO® 39305, 300009 d3BIM IMHdo, obobo d0MM3900L 4oMTgdm
560056 830OMO s 3Mmb390EGHM0MIOMWI 2obwsagdmmbo @y BIHBOHOEO 560D
©9bdMbmdgddo.
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956330356 90930 gobersggdIeos Lm&mo 3mb@Mmgdol ddmbg MxM9ggdo GMdwgdos
390339396 396M53™3050bol AMbMEgdL. MJmgsbs Mg Fo@dmddbowros JmEr0sbo
39MJM35690wo MBOOHMZM YR MHJJO0m. MJm35bs oOLOL FgddMBS Folidgergdmeros,

X 090900 99035396 39M5EH0bU.

93> 9909905 3 F300900m 3OO S YYXMJOJOI0 TJOIMIOOM VIGMOBdO 8330030,
0905960009090 Jumgz0eolysb, GMmdgwog Fomdmoygbl 3560l sBsdsEgdols (mdgdol,
RORbogdoL, Lomgwg s 3bodmzsbo X006 33wgdol), Lolberds®rggdol s ByMgzgdol
Loymgbl. dsbdo Qo8mymRgb me JMgl: 930gMAoLOL IMLsDM3M) 3MOWOLYIMO ©s
350LJOMO  (M9BH03WMM0) TMggdo. 39643985 Jumzowo Tgygds  3Me9bGo,
9LGHOMO0 @S O9AHOINWMO0  dMF3MGOol  BsFoM0  Jugeroboysb,  HMIgEms
0569995190003  39bsgdmwbo 56056 3bodmgzsbo  Jumzowol  4mMm39d0. OIS0
bmO(30900g05 LOLLEdsMM3gdOL AoBBHMBH0569dS S bIBEMIMDYOOL BodmyseE0dgds
M3 ©O  HBYPIZ0OWMWO 5B MEmo  LolbEdsMm3mgsbo  Jugwgdol  Loboo.
53000MDMEo M9 (oMM 9bowos 9935909090 Jimzomol dmF3mqd0m.

3060m5330L 356D Bodo®mgdmends  GH®mablorydobszool dgmmgdds 3063965, G™J
3060m5330L  39560L  J03MM3530MMeo  Jugwo Bs3Wgds© MOl gobz0mIMGIMWO
500530560 356396 gsmgdom (LrMoomo 16, 17, 18, 19, 20)

bmO500 16. 30600053308 3560L J03MM3Is30EWsMyEo Jugwo
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bmEomo 17. 3060530 39643985 dozMmzsdowstmvyemo Jisgero

LmEsmo 18. BGgMglzm3mero 303MmL3Mm30s. 30030 39643995
8036353056090 Jigeo
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Lm0 19. 30MHmsa30L 35693995 3030MI5300msMeo Jugamols BHGMsBlowdobsizos.
2900q90s - 20X

L3500 20. 300Hm330L 3960l Fo3HMIs30MmsMveo Jugao. sMEIMH0gd3o dgy3s60¢os
foomgmo ggmols 3mb@msliGrmo dslss, 3959880, 30, R0 BgHOL 3MEGMLEEo dols

5990096 259m30bs6g, 890degds 935133650, MM 5Qsd05BOL 3560LS s 3963985
3033560 Jumz00l BJMMJEMIOS PO 6O J9BLLZ3Yds ZJ0OHMSY30L 3560l
LAOMIEHMO0LOYSD , o3 235d093L Bodw)oEgdSL, Fodm309gbmo 30MHMoy30L 3560
FOOwMdOL IMmEIoMgdolsmgob.
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Bodo®mgoremds  33e093900s  @30B3965  OHMm3 5530560l 58BbombmEmo  893dGsbs
©IGICMEMH0D300L 9997 065MRM69dL 0530l 0BgdMH0Z LGMIE ML IB0BYOOL
390989 (bmGomo 21, 22, 23, 24, 25, 26, 27, 28).

L6500 21.5005905600 5360mbmGo 3g93G965 ©YEILIEsM0BI3053®Y. 90903
3995¢mgboEob-9mBobom. 35000gds - 200X

LME5000 22. 50590560l 5360mbyHo 930Mbs ©EIEFILMEsMHOBIE05T©Y.
LE9MgMLM319@0 B03MMIZM305. 900EIds - 20X



LvyGo0mo 23. AsligzsboMgdgero gergdd®Ombyemo 9ozMmlszm30s. 5¢sdosbols sdbombrm®o
39306565 Y30 BE053©Y.

L6500 24. Asli356060gd9gwo 9ergdEHMbymo JozMMgM30s. 5530560l 5dbombyGo
39306565 Y3 M SMH0B3050¢Y.



bmE5000 25. 50590560L 5960mbGo 3930Msbs ©YEIEMEsMHODIE00L 3909.
U39M9ML3M3MEo 30360mL3M305. §50EYds X-20

L5000 26. 500530560 5360mbmMHo FgadMsbs IEIEMEsMHoBsgool 899¢093.8909d35
3995¢3mgdlo0b-9mBobom. gs0gds X-800
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U500 27. 500590560l 5360mbmMo dgddMmsbs. BermGmgliggbd o do3Mmml3m30s.
3900903 X-80

95000 28. 50530560 5360mbGm0o 9ddG6s IEIVYsMHOBEOOL F909Y.
135606905000 gE9dEHMMbMEo FozMHmlszm30s.
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5Q530560L  ©YBIXIWMH0DOMGIMwo  sFbombmMo  9ddMsbs  Fgo3o3L OO
(5m©gbMdom 30GH™M30bgdL s BOEOL FBodGHmMgdl, dsom FmEmOl 930gMHIME BHEOL
5399&H™OL (EGF), 3006003 sb39dol DOob 13od@m®l (FGF), 390605@0bmo@gdol Mool
35dBH™OL (KGF), bLobbds®ngms gbmmgemn® Bol ioddmedl (VEGF) s Mool
0OMIdMEG0GHME  BoJAH™OL  (PDGF). 33w9390ds sbg3g 33063965, ™I 50580560l
5360mbmMH0 89806565 990393V 93009 YO, BsDBIEIME, 30335916, BOOOMIWSLEYIM S
OMBEXM356 IM990L. g30mgeme Mo 29b6eogdME0s JOHMOOMM30560 g3omgEIMHo
X 090900. 05BOMMo IOg FJoEe3l M9G03NWMM0 dMmF3Mgdol by Jugel s
Do@dmepgbocros III, IV, V #Hodol 3mwsqqbom, 10d6MHmbgd@obom, ©s @sdoboboom
(LwGomo 16). 3m33sJBHmGo Mg T9oEegh  M9GHo3Mm  dmF3mgdl. dsbdo  slggg
39b@oggdmemos I, III, V, VI @odol 3meosgqbo. 53006MHmdmslGgool d6mg 8d9o3o3L
30LGH0ME0GHIOL,  FOMBOBIOMIWSLAHIOL s  Fo3OMBHYJOL.  VOMBdEM3sBo  dg 3o
Dom0meygbocos I, III, V Godol 30moggboms s 30m@gmyamolsbgdoom (byGsmo 29, 30).

L5000 29. 500580560l 53bombryMo 39306965 YEgEIEsMOBsE0L 9900099
06508693l 0530l 3mbBrdMog LEBHMIBHYMIL sH0sEIIOL 3otMgdy. 5) gmgdas
3905¢mgJbogrob-gmboboom. gs0wgds x 200 3) 3grgd35 FoLmb EHMoJMHMBom. J5OEIYds X
400
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L5000 30. Bermdgbzgb@eo 08wmbm3oliGmdodos, 5580560l
©I39LYsHOBoMGINME 5960mbmH 3gadM6530 g53m3z3wgbomos BodGMMbydEobo s
w53060bo

Bo@M9dmo 3393900 dobg300,, d3erol 33060l mgMmgsbo MxM9ggool godmygmaols
9900m@03ds Ficoll Paque Plus-ol g59mygbgdom, bodmomgds dmy3ss doaggmm 90 %-bg dg@o

LoMEbOoLKYbsMH0sB0 WgMM™MZ560 WX Gmggdo (LMosmo 31, 32, 33).

¥ o
PSS P 2

L5000 31. 0396mBEmMOgL3gbGHMEo 303MMmL3M305. 0BMEOMHydowo d3eol ¢30bol
0963560 MR HgEgdoL IMbMbMIEgsM Mo BMsgd30s. 990gd35 MID126-1KT. 25000gdd
x 1000
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9500 32. 00MbMBMOHLEIEEGHN@Oo F03MmU3M30s. 0BMEoMgdoEro dgeol ¢30bol
©90HM3560 MxMH9900L IMbMbm3EgsMmeEo gMogaos. 9910gd3s DAPI, 6 4',6-c00sd0bm-

2-g3960¢0bmemo. 35000gds x 1000

500 33. s1360MYdGEo JergdEOMbrmo Fo3HMl3M30. 0BMEOMYdOEO d3¢ols

}3060L 0gmHmgs60 MRM9EgdOL dmbmbmIwgs@mmo gMsgdzos.
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306390 X3B0L 3bMm39wgddo Bmeyol sG:gdo dgoddbs bbogmeMo sdfatmdols
990 1 8% ©osdgBHom s 0,3 3. LoE®dom. EILLOZ]d0L 5 ol 8989

FOH0@mdOL JoHMH0ME0 353909, 5803390 alb03gdol d9wgasw ©sdfizoM0
3960, 39643985 3b0dm3960 Jumgzowo, Bysdomwo gslos s Homdmddbowo angJGO
©05393HMom 1 13? , 085G 10 % LobEH™mdoEobols wobodgb@om. 3960l FOHowmdol
990900l 9999 039mx398m©bab ws3306039d0L J398 (Lmsmo 34, 35, 36, 37, 38,
39, 40, 41)

byM500 34. LBgHgMLZM3mEo dogzMmlszm30s. III bs®olbol 3sbol bogm®o sdfizmmdols

M@0 35000905 x20
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LyyHsmo 35. III bsGolbol 3sbob LbognMo sdfig®mdol FHowwmdol JoMwyMHyowywo

©53m8s3900L 39993

bey®smo 36. III batolbol 3560l Lbogm®o sdfg®mdol FHhogmds 93mE6semdols

9990099 ©5330603900L 35005 - 8 MY

bmGosomo 37. III bsGolbol 3560l Lbogm®mo ©sd)zdmdol FMHowmds 33mmbsenmdols
899003 ©5330M3900L 3505 - 14 Y.



60

LbeyGsmo 38. III baGolbol 3560 Lbogw®o sdfig®mdols F3Howmdol Eabwy®zol 3GmEglo
05330639000 35005 - 28 ©®Y.

Ley®smo 39. ITII bsdobbob 3560L Lbogm®o sdfiatmdol FHommmdol sbvymgzol
3Mmm3glio 533063900 35005 - 45 Y.
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Ley@smo 40. ITII bsGolbols 3560 LbognMo sdfig®mdols FHowwmds. 33003980l 35¢0s-
28 mg. 3909035 3995¢™mJLoE0b-9mBobom. gsoEgds x 400

LMoo 41. III baeolbol 3sbol Lbognmo ©sdfizhmdols FHowmds. s330M3900L 35¢0s-
45 Y. 9907035 3995¢mJlowob gmbobom. 3sogds x 400

DmOol sM9d0 3bM39w0l 3560l sLLOgqds 60 Gy MmbBom ofjz93s dglsdg basGolbols
©53)36OMdsL.  89-2 xRl  3bmzgmgddo, ©slboggdom  gsdmfzgMwo  FOHowmdol
JoOmmG0mMwo ©s3vds39d0l 9999y FMOWMdS I0RBIMS JOOIMHROMWO 033WsbEGH0m
(Colorado Therapeutics. USA) (byGoomo 42, 43, 44, 45, 46, 47, 48, 49, 50).
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b©00 42. EILLO3]Bom 39mfizg7o FMHoEMdOL dmEgEoMgdol 5 ol 893wgy
Bo@s®s FHommdol 306390 JoMvMowyemo sdw)dsggds.

b96H5000 43. sboggd0m gsdmfizggmeo 3Howmmdols JoMHMaowmo sdwdsggdols
0990092 3OOWMdS EB5ONME0s JoMMoMmo 0d3esbGom (Colorado Therapeutics.
USA) , 005330639000 35005 - 12 comg



63

L5000 44. FOHOEMDS EIBIMHME0S JoMrmMAoMmo 0d3sbEGHom (Colorado Therapeutics.
USA) , 005330639000 35009 - 15 comy.

U500 45. FHOEMdS IBIHYE0S JoMMMROMEo 033¢sbE0m (Colorado Therapeutics.
USA). 53306039000 35¢05 - - 20 om9.
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L5000 46. EsLbO3gd0m godmfizgmeo FHommdol EsbMm3zolL 3MmEgLo. s330MH39d0L
35005 - 24 M.

bmO500 47. ©ssboggd0m 35dmfizgmeo FHowwmdol EsbM30L 3GmEglio. 33003980l
35005 - 30 oM.



G500 48. EsLBO3xd00 §sdmfizgeo FMom®dOL dMmEIMoMgds. 33003980l 35¢S
9379665¢0Mmd0s6 - 14 Y. 3909035 3995¢™Juoob gmBobom. 3s0gds x 400

L300 49. ELLOZIBOM §359Mfi39mMEOo FHOEWMBOL IMEIEOMYDs. ©330MZ39dOL 35S
93096650306 - 28 Y. 990935 3905BHMJLoEob - gmbobom. 3oowyds x 400



L3500 50. EsLLOZ3]d0m 3dmfi3gMEo FMHOEMBdOL FMEIEOMYDs. ©ES3Z30M39d0L 3500
93960b65¢md03b - 45 EMY.d9109d35 3995GHMILOEW0b - gMBObom. 430EYds x 400

153039 XaMBOL  3bmggwgddo 9dudg@modab@ol  sbofyoldo  FHowrMmdol  Lodwyom
7396M0M00 0ogem 7.07 +0.93 192,

306390 X250l 3BM39¢gddo FHowmdol d9ddbosb 24 Losmol d9dagy Hoedmoddbs
45303900 BMRbo, MOMIGWo3 04m 0bBoWEHM®OMIOo Bb3sILb3S Mg Ywo
9w99963GHg00m.  dgbsdg L,  FOOWMBdOL  BodMom  FsMMmMdo  Lsdo3g X3RO
296Ub353090Mms. 306039 X ABd0 040 89500390 3,98+0,72 1d? (Clss%=3.581 - 4.379). 09
-5 06 BYRbol 39bGHMI®OTs Bofods oofiym MBdOGdS, FMRbBg Bgfiterol
3909250, FM0XMd0IL LghMmbME-BoMdmgzsbo gduado godmogmxams. 39 - 7 L
FO0mdolL LsdMoem BsOHMMdO0 3093 MROM 3060 s gobs 1.55+0.49 102
(CIos%=1.279- 1.821). 09-12 @Ml ©>B0sbgdM dsbdo sobodbs  Fgdm3gds,
690@®MBoMHO 06830 EHM3E05 S Jum30wgdoL 6730MbMEo MBbgdOL Fo®dmddbs. dg-
14 Mgl FHo®dOL LT SEM BGosOPMdO 3.6-x 960 F9030M©s 0.43+0.12 192 (Clos%=0.364 -
0.496). 25-9 ML FOHOMBOL BYOIZ0MO IRIOIWO 0y M5dEY60Tdg 35OOLRIMO
356" o30MmHo Jumzowom. 3060390 xXaRoL 3bmgzgwgddo Jgbme3gdol 3OHMEgLO

QILOMES 45-9 L, OMEILIE FHOEMBOL LOTLISM FoMMMBO TJoA96®s TbMmE M
0.01+0.01 -1@? (Clss%=0.004 - 0.016).
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d9mOM9 X3IRBoL 3BM39w9gddo, sLLO3xdOEIL 5 WOl 9999, BoBHIMS FHowMdOL
JoOMGAOMO  ©3TF53905 @O 39606 ©IRgIBHOL ©osdgBtom 1 LA , S0GIG
JoOmmGaomwo 0d3wsbGHom, GMIgwos sxoduoMs 396y 3396dm3zs60 boggHom,
LoR39boL ORIMIOOIB 24 Losmol 899Iy, JoOIOHRMEo 0d3ebEOL J3gd Hoedmoddbs
45303900 gMBbo, OMAMOHE Bgdmo 903608690, FMHOEMBOL BsdwWomm RsOOMOO
9939608963 0L  sLEHYoLbdo  Bgoygbs 7.07 +0.93 LI*L. dgbodg WL Fgmery
X3B0Lm30L Jobds BoMnMmdds 99500065 5.85+0.83 Ld? (Closw=5.39 - 6.31). 89 -5 ELOI6
MBbol 396G ©ds Bofods s0fym ©sMdOEGds s A5dMBbs JoMwmGmyormo
0083¢96@0L Jumgzowgdo. JoOmEmyor 033¢sbE by Bgfimemol 99990, FOHOWMIOIH
399m0ym BgOHMB-BoMdm3z560 9Juo@0. 89-7 ML FOHOWMIOL BsAYSETM BSOOIMDO
3903065 Q5 Pobs 3.58+0.58 1d? (Clss%=3.259 - 3.901). Igme9g x3w930L 3bmgzgergddo, dg—
14 b, ©sD0sbgdme Mdsbdo 500bodbgdms 89dw3qds, FoMdo bgod®mmzow Mo
06830 GHM5305 O Jumz0gdol b93OMb Mo MBbgdo, Moz doBbgMe oym dodobstry
360900L 99U EOMO BSBO@. FOOWMDSTO F0IMOMFOMOMF0M3IMEIGOMMO OIMPZIINOO
399m3Ww0bs  3930WsMHMIo  BEBIHBom ©s  JOHOMOM30GHJOOL  398moBol  Loboo.
FOOEMdOL Gomrnmdds 30 dgopobs 1.93+0.32 1d? (Clesw=1.753 - 2.107). 99-20 ©L,
FOH0E®dOL LFMSWM BoOIMNMO 3-X 96O 99300 s Fgoa0bs 0.64+0.11 LA* (Clss%=0.579
- 0.701). 99m69g x2n0L 3bm39wgddo, 24-9 gD FOHOWMOOL HBYIPISOMO IFIOIMEO
0Ym 059096089 3560H0LGBIOO M6 30OHO MBBOm S 500b0TbgdM©S JoMmMEYOIEO
083@sb@ol  BadBgbo Jumzowgdo. 28-9 ML FOomdol dmerosbo Bgps3oMo
QIBIOMO 0Ym D0 M6MwWs30mMH0  Jimzomom. 500b0dbgdIMEs 9MOMIBIOIMO
Lbobdob gdomgemeo 96g. gmeg X3MBol 3bM39wgddo, FHow™dgdol JgbmM39ds
LMW 28-30 Y)ODY. )H3OMdOL ggRs© Homdmddbods FHOW MBS dooMMm
Poa®dgemgdmmo  gmMds  898pamdo  930mgE0bsgools s  Mbgdo  bsfodmMol
396300560900l 359m. 24-9 MIHY FOOWMIOL Bodwoem RoMMdO 95003960 0.22+0.04
132 (Clos%=0.198 - 0.242), beerm 28 - 30-9 gy - 0.03+£0.02 BA?* -Us (Clos%=0.019 - 0.041).

dgLodg X3IBoL 3BM39wgddo sLlb03gd0m AsTM{)3gr)eo dglsdg boGolbol sdfzG@dOL
FOH0oEmdol dmEgo®gdol 9999y dmbs FOHOWMIOL 30039090  JOMMOROWO
05999953995, M5 o3mobs@s 593MrMBMwo Jimzomgdols ImEowgdsdo. s8ol 3909y, 39-5
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O, FOOXMdS 0GOS 5530560l 5360MboLOYSL  FowgdMwo  BOMEMAOMGS©
59BHoeo Logggboom (GEO d9ddmsbom) (51, 52, 53, 54).

500 51. Baomem®gl3gbG Mo 03Mbm3olBmdodos. EIRILNIHOBOMYdMEO
500580560l $360Mmbmeo 998dMbs s FoLBY IMsgLYdvEo d3eol 330608 WgMm3zsbo

xR 0900900 (0090M0 0MHYd0). 300Jds X 1000.

Lm0 52. EYEIELIErsM0BYdWOo 50530560l 5860mbmMHo 89036565 s TslsBy

800s3Lgdvemo dz¢rol (3060l gHmgzsbo MxMggdo. 8909035 3985@MJloob-
9mBobom, 4500 gds X800.
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bM65000 53. ©IEIXMXsMH0BYdMO 500580560 5860MbEMMO FgadMBs s BsliBy
3m53Lgdymo dgemols $306ol gMM3zs60 MXMIGd0. iEghgmlizm3meo dozhmlzm3os.

U500 54. ©EIBILMIOHOBOMYDLIO 5530560l 5360MbBMMO TgadMmbs s ALY

90053900 dgeol $3060L gMM3zs60 MRMYIYdO0. 113560MYds©O JErgd@EHHMbmwo
3036ml3m300.
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33e93900s  s1939 230P3965, ®md GEO 89836sbols  godmygbgdosb 99-3 ML,
00MMPONMSQ 95JBH0OO0 Lsxxgbo ogm TIMswo, dmdo gog30LGgMHO F9BRIOOELMdOm,
“dgoE 030OME 9BIMJOIMS FOHOWMdOL HBgsdo®ml (LyMsmo 55, 56, 57, 58, 59, 60,
61,62, 63, 64). 39-3 ML, AgLsdg XaRd0, FMOEMBOL LSTMsEM FoMMITS F9500Q0bs
2.92+0.68 159? (Clss=2.543 - 3.297). d0m5dGHoMo Loxggbby Bgfimerol 39999 FOHOWMdOH
399mbogmbo 96  500bodbs. (o®mdmddbowo gMgbo, Tgmeg XAMBOL  (3HM39EGOMH
09056M9d0m, 0gm dgbedhbgzo MRO™ mbgro s Bs3wgds 0bgowEHMOMYdIMWO
IXOIQI0 Jergdgh®gdoom. 39-3 x3BoL 3bmzgwgddo Ggbob dngowgds @sofjge dg-
7 ©©0sb. 58539 35009030 d0MEMYOMES® 59BH0OO Loxgqbols 4393, dglsdhbgzo oym
305bmws30mH0 Jumz0e0ol 35MEOLABIOO MBBYd0. 9JlOE0s O S00bodbgdM®.. B39
3804OMOm, MH®I gl 459mf 390 0gm BOMWMYONMSQ  SJBHOMO Logggbols 3Js6o
3OLMODd300L MbIMOm. 39-7 YL FOHOWMOOL LsTSEM RsOMMBO F950gbs 0.85+0.34
19?2 (Clos= 0.662 - 1.038). 99-14 OB FHOEWMOOL D060 HBYPIZ0MO IBIOO OYm
Do BOPS MBMWs30mO Jumzowom. s0bodbmwo Jumzowo FgoEs3s OO
5m©gbMd0m sbemo FoMdmgdbowr Lolberds®®3gdl. mbgw3geosbo Lolbads®mzgdo
00MEMP0MSQ 99BH0O0 F9ddMIBOL 0O M5OI MM 093696 2obesygdmbo.

FO0EmdOL LydMs M oMM 30 Fbmerme 0.09+0.02 1d? (Clss= 0.079 - 0.101) 9o 0bs.

L300 55. bGHIMHYIMULZM3MEo 03MMZM30s.

©3b0ggd0m gsdmizgmero III bsGolbol FHowmmds . 4soEgds x20
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L6500 56. sB0Zd0M gsdmfzgmero FHommdol dmgmomgdols 9999
Bo@o6gdvemo FMHowmdol JoMrmeyormo ©sdmdsggds

byHsmo 57. slboggdoom gsdmfjzgmmo FHowmdols dmmgeogds. FOHogmdols

JoOH0mMmo ©s3853905. FHOWMDS 0BIMS BOMEMR0MSE s§GHOMGO bsggboom
©5 5830g4L0MES 3356dmgzsbo 6s39Mgd00m.
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L5000 58. FHOWMBS IRIY0S B0M3JE0MMO Lsgggboo,

0533003900 3505 - 89-3 LY.

5000 59. F3Ho@Mds s0bMEMS bofioemmd®og, 33003900l 350> - 14 MY
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L300 61. EILH0OZYB0m 9mfizgrmo FHOEMBOL FmMEYEOMds. ©5330M3900L F500s -
10 c009.8909035 3995¢mgboeob gmbobom. gsogds x 400



bmO500 62. ©slboggd0m 5dmfizgmero FMHomdol 939Mbsenmds domsg@ommo bsggbols

3°0mg9gbg000m. ©5330M3980L 35005 FMPIL0MJO0E6 14 E®.d909035 3995GHmJbowob
90Bobom. 3500009ds x 400

19300 63. Eslboggxd0m gsdmfiz9mMeo FHowwmdol 3mOHBsEmds domsg@ow®o Lsggbols

3°9myggbgdom. 0533003900l 35005 dMEYE0MYd0Es6 18 ®Y, 9gmgd3zs 39ds@EHmgbowob
9Bobom. 39000gds x 400

9030MmE0M3MW305DY 09330039008 3OM39LTS A50MH3e0bs  B0ZMHMEFOMIMMSE0IMO

©MM3935 Y390 X3RT0, 30639000 150 EWOL Fobdsgzermdsdo. (LvyGsmo 60).



Lm0 64. GGBLoMdobs30s. FHowmdSdo 500b0dbgdm©s 303MHMEOMIsSEoMMO
©3M03939. BEAHYMYMLM3MEo F03MOMIIM305, J3EOEIds X20

0939, 99Ty XaMBOL 3bMmzgegddo Igbmg EWOEIL 500b0TbYdIMPS J530WsMYOOL
(5m©gbMdMH030 35(3Hgds, B3 J0MOMYdEs bgm3z5L3MEsM0BI300L 3OMEgLBY, brmerm
®M0 330600L 9990099, 3930WMGOOL MroMm©OYbMds IF0MEIOMES S “YOBEMZWOIIMOS
Bm&dsb (LGomo 65, 66, 67, 68, 69).

bMO5m0 65. BHMobloErdobs30s. FH0WMdS PIBRIMMEOs B0MddGHOMMO Loxgboom.
BEghgmlzm3meo 3o3mmlizm30s, 30 ds X20



B ReX. L
o gl SN

L5000 66. BHGBLOETobs30s. FNOWMBS EIRIMI0S doMSJGHOMGO Lsxggbom,
609003 EIBOJ0MYPOMWOos 335633560 B539M9d0m. LEBHgMYMLZM3MEo dozMmbzm30s,
390000 9ds X20

LG50 67. HMBLOG0bs30s. domsgd@owmo bsggbols dmzomgdols 3ohmaglo.
BE9m9mb3m3meo 80360:mL3m305, 33¢00Yds X20
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bG350 68. BGBLOETobszos. domsg@omemo Lsggbols dmazomgdols 3989y,
3930sMo Juigerol seagbol 3Gmaglio. LEgMHgmlizm3meo dozmmlzm30s,
390000905 X20

BOsm0 69. GHMsblogrdobs30s. d30msg@om®o Lsggbols dmaomgdols 3999y,
393050 Jigeol s0ygbs. LEIMIMIszM3Teo Bo3MML3M30s, 3500EYds X20
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BoGo690M@0 33009390000 s©A0bs, O™ dglsdg xamnoL 3bM39wgddo, sboggdom
299390 ©IH3OHMIOL FOHOWMdOL LMo Jgbm™Egds 500bodbs 39-14 ML, MObYE
056 IgHPM Mbgwo, 653Bo 65fodmEOL o®dmddbs (LryyGHsmo 70)

bEsmo 70. 8513560605850 gangd@®mbomero 3o3HmL3Mm30s. 353036 935M530.
FOom@doL Lo FgbmME3gds. 330603900l 350s -17 Y.

BGsGoLEGH03MMOo b6serobo

OmamO3 #2 3bO0osb Bbl, 3060390 xamxndo FOHOWMIOL LT MSWM BIOPMOOL
3993060905 40-45 Ol 356353 Mdsd0 bEgdm©s s 45-9 ML 339 b9l GHmeo oym.
99Mm6M9 X3MRJdo 300390 XAMBMD F9M9d0m FOHOWMOOL LSTMIWM RsOOMdO 28
09995 Homdmaqbowo s dbmemE 30-9 gL 500bodbs bmwro, bmwem dgLsdy,
doM0MO© XAMRJ0 FOHOEMdOL JgbmM390s IgmEg 33000l Mo3Bg 500b0dbgds.
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3b®owo #2

FOH0EMd0L BsOHMMBOL Lodwoem 5M0m3YE 0320 9Ju3gM0dgbEOL Lbgsolibgs MMl

L5039 IgLoLHogw xamx3do

el 0 3 7 14 30 45 60 75
I %3530 7.07+0.93 | 5.85+0.83 3.58+0.58 | 1.93:0.32 | 0.64+0.11 0.08+0.04 0.01+0.02 0
Closo 6.555 - 3.259 - 0.579 -
7.585 5.39-6.31 | 3.901 1.753 - 2.107| 0.701 0.198 - 0.242 | 0.019 - 0.041
II %3530 7.07+0.93 3.98+0.72 | 1.55+0.49 | 0.43:0.12 | 0.01+0.01 0 0 0
Clos% 6.555 - 3.581 - 1.279 - 0.004 -
7.585 4.379 1.821 0.364 - 0.496| 0.016
I xamgo | 7.07+0.93 2.92+0.68 | 0.85:0.34 | 0.09+0.02 0 0 0 0
Clos% 6.555 - 2.543 - 0.662 -
7.585 3.297 1.038 0.079 - 0.101

dgmeg  3bGowwdo  dmEgdeo  dmbsggdgool  sbseroBol  dobggom,  FOHOEMdOL

339600MO0L BodMsEM SM0MIYE 03290l Lo®dMbMdOL 06E M350l 903060935 30M39e

X35300, 80900m90L FOHOEMIOL M6I0TEI3M I Fgbm®EdsBY.

SOOI IOl T Py S Tutelell)

06@96m35wo  IgmEg  xaRdo  459mboBogl  FOOWMBSMS

dgbmemgool AsbLlbgsg90 3OHMEILL,MSE BYIMMOE ML sOfgMowo, bmwmm dqlsdy

X3IBI0  FOOWMdOL Lsdoeml Lo®(aMbmdoL 0b3gM35eol sbsewobo bsBl, 3093

9embgw, MlgsdL FHoMdOL LM s Msbd0dI3MIE TgbmM39dL.
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3bOowwo#3
33930 BEGHOGOLEH03MMO 3565996¢MdO
X3MIBJOO | Y900 3 7 14 30 45 60
[-11I P p=0.0003 | p=0.0001 | p<0.0001 | P=0,001768
T t=4.145 t=4.546 t=10.824 | t=3.85
II-111 P p<0.0001 | P <0.0001 | P <0.0001 | P=0,00001 | P=00001 | p=0,000049
T t=11.458 | t=15.727 t=22.226 t=22,535 t=22 t=5,77

d9bodg 3B®owdo BMm3997IW0s F0MOMOI @S Lo3MBEBHMMWM Yamx3gddo oMgdYIEO
99093990L  bbgomdols Lo®fdmbmds FMowmdol dgdmfidgdol yzgms 9@edbg. HmamOs
306390 s Igbsdg, oy Bgmeg s LTy XyMBJOOL F9IRgd0L FgEocmgdsd sB396s

95050 Bo®(aMbmdoL 99w09a900. Y39ws d9dmbggzsdo P Lowog<0.05, Mog 33wg30L
5L5Hgoldo 300 JIMW0s LoMfEMbmdOL Mby.

IIT xamx30 5B39690L FM0oErmdol MiHEmsxgl dgbmM3gdsL. FMHomds JgbmM(390ww0s
LOHMWSE 09-14 EEOLMZ0L. FOHOWMIOL FoMCMOOL Bodwoem  SMHOMTYEH03IdOL
b35mds doM0mo© 39-3 s 9Ju3gM0a6EG M XaBRIOL TmGOL FOHoEMdoL Fgdm{jdgdols

93905 9393D9 LEGHOGHOLEH03WMs© 360d369EM3bs BoOIMbMS.

306039 XaMRdo JgbmmEgdol 3OMmEqlo 439waby bgws 8080bsergmdl  Lsdmemm
dgbmeigdoom 45-50-9 L.

99Mm6M9 x29Rdo  FOHOWMOIOL FoMMMIOL  LsFMsEM  LEGHdOEMMIE J30MEIdS, M3
00mgdol LOYIE Fgbm®mEqdsL 28 - 30-9 OIL s©fg3L, T3S 53 3OMEgbom BTIMMBYDdS
doGMO0MO® XMIRY, 39BL53MNMGO00 Tgbme(3900L Lofiyol §Es3BY.

d9gmeg s dgLsdg X3ROl OOl Lodmsmms Lbgomds BESEGHOLEH03MMS© Lo®dxmbms,
011939, B9MM35000905 306039¢00 s IGBsdg X MRJO0L F9gRdL TGOl Lo®IMb™BSL.
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4.2 33930l 390093gd0L gsbboengs
B39bL 8096 Bo@o6mgdvIero 339300 536 gddo, d0MmobgobyM o dgmmogodol

2459my9gb9d0m, 99399960 doMmEMY0MI© 5JE0IO0 Logggbo (GEO 99306 5bs),
MoLM3Z0LsE PodMYgbgd 0dbs 5@5F0sbol YWD YOIEO S
W0oMEBow0Hgdwo 5360MmbMHo 39936965 s d3crol 3H30b0L g ™M3zs60 M M9gE9dO.
MMamO3 36Mmd0w0s, 39H96408MH0 0gMHM3560 MR MHILIdO SbMEMEF0EGdgb olgmo
35653606290 3354EHMMGO0L 19309305L, MMAMMOBSS, LOLBEWAsMMZMS 9bmmgEomadols
BM©OOoL Bod@mOo (VEGF), a096wm303H900L 300mbosdsl¢od)eo®gdgeo gsd@mdo,
3935¢)™30G900L BOOL BodEmmo (HGF), 0b@ghargozobo - 6, 8¢
G6bLRMOHI>30wo BOEOL Boddmeo (B1 TGF) [140]. bimGgo 53 35653006mwo

33943 MMGO0L 459339300 5MOL 25630039 ME0 Ol MM, BMYo O™ 3309359
©9YMHbMdOm, gMHM3560 MR M9Jd0m 83MbICIMIST IPIOOMO 9BIJEHO
299053065 G9bmE 3905000 FH0MdGdOL 339MbsEMdLS S JuMm3z0gdol S0gbols
36MHmE9LOL gogdxmdglgdsdo [141, 142].

5Q0580560L 5860Mbm0o F9ddMbs 903931 OWO MHMPIEMDdOM DBOHPOL BoJEHMMIIL S
30A™30690L: 130009M3ME0 BOOL Bod@mmo (EGF), 390530bmEodgdol ool

1359 BHMM0(KGF), Lolbeds®3ms 9bmmguosww®mo BMool gogddm®mo (VEGE), sergs
AOBLRMOHIs309w0o BOOL BodBm®o (TGF- «), d9@s GHMIBLFMOTS30mEro BOHOL
BodBH™M0 (TGF-B) s 39353™30G 700l BMol Bod@m®l (HGF) [143, 144]. Gmymbs
50dmPRbY, YEILMEIMO0HJOIMWO O OMBOEO0HYOMWOo sFBoMbMOO T9adMHB.,
3900905 259myqbgdem 0gbsl, Mmam® 3 LsdysbysbBmowgdosbo zsxzmM©o,

X 090900l 503900, F0M3E00LS S 3OMMWOBIMFOOLIMZOL. oM@ ST0LY,
Q©IBILHO0DBIINMWO O COMBOODHJIMWO 5850MbMHO 9ddMIBs bolosm©Yds
3630560900000 s 96E0d03OMIMWO M30L909d0m. MMM 33¢g3900s 5B39bs,
5Q580560L 5860MbmO F9ddMHBOL godmygbgds JMmbozrmwmo FMmowmdol bsd3m®bswm,
00393L $30300l J933060905L, 50939 Jobo 259myqbgdom bgds B0dOHMYgbgBOL o
36200969 Hol 25de0gM9ds s WYX MJIMGOOL LogMgdo (ECM) 3md3mbgbEgdol
0o0mgabols gosd@Bomemgds [145, 146].
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56589000™39 MmaBwomdo oS 063 Mglo d3eol 33060l ©gMHMm3560 MR MgIdOL
30050m, 59BH0M© J0IEOBIMIMBIL 5T MY M9Ed0L J0gM 45dm3)d39dw9o
356536006990 Bo9dEGHMMGO0L Breaenols dglfogws.

B396 50dm356069m, HMI ©Y(39IIOODBIOMEO S WOMBOLOHYOMEO 5Q5d05BOL
5360mbmMH0 399361560l o dz3w0ol 33060l WgOM3560 YR M9IdOL godmygbgdoom

394960000 30MEMa0MMs© 5dEH0MEO0 Lsgggbo s5dGHowWEMmIdL FHowmdsdo
9300090Ds300L 3MM39LL s SBJoMgOL TgbmM(3900L 3B 3gLL, TgLsdsdobo, 990degds
299g9g690me 04658 JOMb03 Mo JgmbmE (393500 FOHOWMdGdIOL a3 MMbserm.

FOHowmdol Jgbm®mzgdols LoBds®ols Jglobffogwrs® 4sdmygbgdyer 0dbs Bomgdsdo3mMo
9906900l b5Hg3650 9830000 FgmMEO. 030 IBR¥ABIOMW0s Fo00gdsE03MM0
531BJ300L 560hg35D9, OG0 sbEbIgL G9MRI3000 b 300L, HMIgeois 3mdowgdols

7GR 9ddo 90mb3z93s 94u39M0896EME dgoMEL.

#4 3b6owdo ImEg0mE0s FOHOWMdOL dgbme3930L 3GMm39L0. 3BMZ9EMs yg9es
X3IBA0 FOHOWMdOL BoM0IMd0 9300 49M339w0 356MEBMB0gMgdols dobgzom,
3903, OMmAMO3 Bgdmo 503608bgm, FH0WMBOL FoMmCMBdO sOfgMoos 3909y0
05393530329600 BmMIMom: St = So exp(-t/T), Losg T 356539EHM0 yz9wrsbomgol
396Ub35390E05 X39O0l dobgz0m. MO3E MROM 306095 T 3565393 M0, doo MROH™
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Problem Review

The medical field faces many challenges, many more problems remain to be solved, one of the
important ones is the fight against cancer. Many people around the world still suffer from this

disease. Modern cancer treatments are often characterized by complications.

One component of cancer treatment is radiation therapy, either alone or in combination with
other treatments such as surgery or chemotherapy. The main goal of radiation therapy is -
destroy cancer cells or suppress their growth. In most cases, radiation therapy is a painless
procedure. However, during the procedure, normal tissue surrounding the tumor is damaged
along with tumor cells, which can lead - a number of complications, including skin atrophy,
soft tissue fibrosis, epithelial ulcers and fistulas. Complications that develop after radiation
therapy occur in 60% of surgical patients. As a result of performing surgical manipulations on

irradiated tissues, the development of chronic non-healing wounds is possible.

Various conservative and surgical methods are used - treat chronic wounds that develop as a
result of radiation. However, conservative methods often do not give the desired results.
Surgical methods include local or regional tissue flaps obtained from the skin, fascia, muscles
and mucous membrane. It should also be noted that local tissues may be unreliable as radiation
may also affect them, increasing the risk of fibrotic transformation of the tissues around the
wound. During wound reconstruction, such tissue can cause necrosis of the skin around the
scar and even necrosis of the scar tissue itself. Because of this, in the surgical treatment of
chronic non-healing wounds, preference is given - regional flaps, which are presented in the
form of muscular, skin-muscular flaps, as well as flaps with a vascular foot. At the same time,
it should be noted that such operations are difficult - perform, require qualified personnel and
a long time. In recent years, rapid developments in bioengineering have made it possible -
create effective, diverse bioactive and functional dressings for the treatment of non-healing,

chronic wounds. They are represented by a three-dimensional extracellular matrix loaded
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with bioactive molecules. These dressings promote the rapid proliferation of cells in the

wound, activate angiogenesis and accelerate the re-epithelialization of the wound.
Relevance of the Problem

The development of effective treatments for chronic non-healing wounds remains an
unresolved problem. However, many people suffer from chronic wounds, including: diabetic
ulcers, ulcers caused by venous and arterial insufficiency, pressure ulcers, and radiation

therapy wounds.

A chronic non-healing wound, unfortunately, is one of the common complications of radiation
therapy; this problem aggravates the patient’s condition, worsens the quality of life, increases
the number of bed days in the clinic, and therefore requires a lot of human and material

resources. are spent on solving this problem.

Over the years, treatments for chronic non-healing wounds have been developed and
improved. In the modern world, various types of conservative and surgical methods are widely
used to treat wounds after radiation therapy. Each of these treatment methods has both
advantages and disadvantages. Therefore, there is great interest in creating an effective,

sophisticated method of treatment.

Particular attention is paid to the use of bioengineering methods and improvement of existing
treatment methods, in particular the creation of dressings for the treatment of chronic wounds,
which in their properties will be close to an ideal membrane and will provide an effective
solution to the problem. to all types of complications associated with the formation of chronic

wounds.
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Scientific News

The biologically active diaper we created from decellularized and lyophilized human amniotic

membrane and bone marrow stem cells is close in its properties to an ideal membrane.

In particular, its advantages are: biocompatibility and good bioresorption. In the study, the use
of a biologically active dressing significantly reduced the healing time of wounds formed after

radiation therapy, so its use in the treatment of non-healing wounds is promising.

Aim of the Study:

The aim of the study was to treat chronic non-healing wounds developed after physical

therapy using a three-dimensional collagen matrix.

Objective of the Study:

1. Obtaining a biologically active membrane (GEO membrane) from human
decellularized amniotic membrane and bone marrow stem cells using bioengineering
methods.

2. Modeling of radiation skin burns in animal experiments;

3. Treatment of non-healing wounds developed after radiation burns using a three-
dimensional matrix obtained from human decellularized amniotic membrane;

4. Treatment of non-healing wounds after radiation burns using a surgical implant
(Colorado Therapeutics).

5. Comparative analysis of matrix derived from human decellularized amniotic
membrane and surgical implant (Colorado Therapeutics) used for the treatment of non-
healing wounds developed after radiation burns on animals and determination of their
effectiveness using laboratory, morphological and scanning electron microscopy

methods.
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KETEVAN EDIBERIDEE, ZURAS KAKABADEZE, DAVID CHAKHUNASHVILL
IRARLT AMIRANASHVILT
TYFES OF WOUND DRESSING MATERIALS - A REVIEW
Thilisi State Medical Universiry

SUMMARY

Wound healing process is dynamic and complex, which depends on the synergic effect of a
different cells, enzymes, cytokines and growth factors. Deregulation in the healing process can result in
the development of non-healing chronic ulcer. Together with the rechnological advancement, over 3,000
types of wound healing produces have been developed for the treatment of various types of wounds. All
currently existing wound treatment materials have their respective advantages and limitations and in
order to achieve fast wound healing, it is necessary to select the appropriate method. In this amicle, we
examine the effects of different types of wound dressing materials on the wound healing process.

Keywords: Wound dressing, semi-permeable foam dressing. hydrogel, biactive wound dressing,
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BONE GRAFTS FOR RECONSTRUCTION OF BONE DEFECTS (REVIEW)

"Karalashvili L., '"Kakabadze A, *Ulrya M., “Vyshoevska H., 'Ediberidee K., 'Kakabadze Z.

I Thidini Srae Medical University, Georgia; *Lviv Notional Medival Universine:
‘nstinge of Somatedogy and Mexile-Faciel Sugery Nosionad Avademy of Medical Sciences of Ukraine, Odeisa, Ukraine

For many decades, various awto-, alle- and xenografis have
been used for the bone defect reconstructions that have been
caused by an injury, bone tumor resection or congenital mal-
formations of the bones. In the recent years, alloplasts have
also been proposed for the bone defeet reconstruction. Re-
construction of large size defects of the bone is a challenging
task, and a swecessful result primarily depends on the mate-
rial with which the bone graft 15 created. Out of auto-, allo-,
xenografis, synthetic materials or grafis created through the
methods of bivengineering, which one can be preferred the
moat? According to the authors, the grafis used for the recon-
struction of bone defects have the following requirements:
they should be biomechanically stable, able 1w degrade within
an appropriate time frame, exhibit osteoconductive, osteo-
genic and osteoinductive properties and provide a favourable
environment for invading blood vessels and bone forming
cella [17].

Auredogons hone grajf

Autologous bone graft i3 considered as the gold standard
in the reconstruction of bone defiects [2-5]. It possesses os-
tengenie, ostepconductive and ostesinductive features [B).
Autelogous graft containg viable cells and ostesinductive
profeins such as BMP-2, BMP-7, FGF, IGF, and PDGF [T).
Autologous bone graft is fully biocompatible. However, in
the cases of large size defects of the bone, the use of autolo-
gous bone in the clinical practice has its boundaries since har-
vesting them from the body of the recipient is limied [R,9]. It
i noteworthy that the main negative aspect of the autalogous
bome grafl is the need for an additional surgery for obtaining
it, which may cause different complications at the donos's
gite [10-13]. Autologous graft is harvested from the regions
of the recipient’s body such as tibia, iliac erest, seapula and
rib regions [14-16].

Acordurg to the structures of the bone, there are three types
of autogenie bone grafia: cancellows, cortical and cancellous-
cortical. The type of bone graft required for the recomsinacton is
often determined by the location of the defect.

However, because of the structure of the cortical segment,
it ean cause hindering of the revascularization that is neces-
sary for the graft integration and slow down the process of re-
generation, which then becomes the cause of the autologous
grafl resorption.

Allogeneic grafi

Allografts are considered to be the altemative for the au-
togenic bone grafis [17], and it can be obained both from
the cancellous and cortical bone segments in different forms:
powder, fragmented or cubes. Allogeneic grafis can be min-
eralized or demineralized, native, native-lyophilized and ly-
ophilized [18]). Their main advantage is that harvesing does
not pequire additional surgery on the patient. It is also pos-
sible 1o obtain any amount, shape and size of the bone grafis.
Allogeneic grafis possess osteoconductive features but the
osteogenic feature s less expressed and ar the same time,
the risk of various infection transmission is high [19]. The
prabability of development of immunological conflict s also
high, that itself prevents bone healing and cawses the rejec-
tion of the grafis [20-22].

4+

KNewogenic grafis

Xenogenic grafis are also used for the reconstruction of the
bone defiects [23]. Nenografts are acquired from the catile bones.
Their main advantage i the availability, the low cost of pro-
ceasing and acquizition, and most importantly, just like with the
allografis the amount i pot lmied. Xesegenic grafis have os-
tescanductive and osteoinductive features, but osteogenic char-
acteristics are less expressed. The quite high tranamission risk
of the zoonote infections and the probability of development
of immunological conflict can be considered wo be the disad-
vantages of this graft [6.24]. Therefore the availability of syn-
thetic substitutes such &5 ceramics, composites, and polymers
at a cheaper cost i3 challenging the growth of the natural bone
grafls segiment.

Symtheric graft

Synthetic bone grafis are mainly represented with the mate-
rals ereated on the basis of Flexible hydrogel-hydroxyapatite
(HA) composite which has a mineral o organic mairix ratio, al-
maat similar to that of human bone. Artificial bome can be creat-
ed from ceramics such as calciom phosphates [25-30], bioglass
[25], and caleium sulphate that are biologically active depending
ot selubility in physiolegical environment.

The main advantages of the grafis ereated from the syn-
thitic materials are the biocompatbility and a good biore-
abaorption. Despite these featunes, they do not provide the
perfect regeneration, The above mentioned is associated with
an inaufficient vasculanzation, low osteoconductive feature,
madequacy of bone formation, low mechanical resistance and
stability [31]. Currently, grafts created from varous matenals
are being preseit on the medical market. As a result, syn-
thetic substitutes segment is anticipated 1o show significant
growith during the forecast penod. Despite the diversity of the
existing grafis, considering their advantages and disadvan-
tages (Table), the sdies for finding an ideal graft thar will
satisfy all of the requirements put inte a claim for an ideal
grafl continwe 1o take place.

The rapid development of tissue bioengineermg m the recent
veard has given the hope of creating an wheal bone grafi that will
b efficiently used for the boie defiect reconstruction.

Bome tixsne engineering

Tisdue engineering i3 a major component of regenerative
medicineg and in recent years, it has moved i the foreground
together with the other new approaches of tissue formation.
Tissue engineering 15 an mterdisciplinary field that 15 based
on a careful selection of materials such as: cells, scaffold’
extracellular matnx and signaling molecules [32]. Cells are
often categorized by their source: antologows, allogenic and
senogenic. Scaffolds are the key components of engineered
tiszues that provide the structural support for the cell anach-
ment and subsequent tissue development [33]. Bone tissue
broengineering is directed towards the development of bone
grafis that will have the ability w accelerate the osteogenesis
process in the area of the bone defect following the tranaplan-
tation [34-42). The technology of creating three-dimensiomal
brsinaterials and optimization of bioreactor systems has sig-
nificantly increased the gquality of in vitre bone grafi creation
[43.44].
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Scaffolds are an mtegral part of bome tisse engineering.
Seaffolds are three-dimensional (303 biocompatible stractures
which can mimic the extracellular matrix { ECM) properties and
provide a template for cell antachment and stimulate for bone
tissue formation in vive [435; 46). Pore size, volome and me-
chanscal strength are important parameters for the ereation of
seaffalda.

A minimum pore size between 100 and 150 pe iz needed for
e formation althougl, it is reported that enhanced bone for-
mation and vascularzation is achieved in scaffolds with pore
sizes larger than 300 pm [47].

Porous bone scaffolds can be made by a variety of methods.
Chemical/gas foaming [48)], solvent casting, paricle’sall leach-
kg [49, 50], freeze drying [$1], thermally nduced phase separa-
tion, and foam-gel [52] are some of those that have been used
extensively. However, pore size, shape, and its interconnectivity
cannat be fully controlled with these approaches. Currently, the
methods that are specessfully wed for the creation of porous
biome scafold are: bioprnmting, electrospinning and decellulkar-
Lzatbon.

3D primting

D pristing i3 & powder based freeform fabeication method,
which uses regular inkjetr print-head; the bomelan practically
represents the spores that contain thowsands of differemt cells.
In general, a wide range of powders including ceramics, poly-
mers and composite materials can be processed using inkjet 3D

©GMN

printing, but binder selection i a key factor in sucoesaful pan
Tor the fabrication of tssues and scaffolds [33,54). Three difer-
ent types of binders are commonly wsed in the inkjet 3D print-
ing method: water-based binders [55], polymer solution binders
[56] and phosphorne scid-based and citrie acid-based binders
[57]- But, as it s underhned by the authors, the technology of
bioprinting is associted with various types of complexities: the
material wed for printing nesds w be dissolved into liquid states
at low viscosites; the heat, ulrasound, and mechanical stresaes
eenerated during the inkjer biopeinting have adverse effects on
cell viakility; it is difficult 1o update the required hardware and
software; and also the biomaterials used for cell loading are lim-
ited [58].

Electrospinning

Electrospinning is a polymer fabrication technigue which has
alse been comidersd for tssve engineering application due 1o
its potential of producing polymer fibers with pano 1o microm-
eter diameter scale that are physically and wopographically com-
parable to the collagen fibers, commaonly found in the natural
ECM [59]. However, elecirospining lhas some lmitations such
as poar cell imvasion, since usually the electrospun biomaterials
are highly compacted, they impede cell migration twwards the
anter side of the scaflold. The search for different solvents and
eleetrospining conditions may solve this issue [&0].

Dheeellularization method

Mloar of the grafis suffer from several limitations such as im-



munological rejection cansed by the presence of residual cel-
lular components of unmodified biological materials. Conse-
quently, through the decellularization techiniques, the cells from
tisswe can be removed with chemical, biological and physical
agents [61]. BECM is typically derived through the decellulariza-
tion procesdes of mammalian tssees or organs. Authors men-
tion that metheds of decellulanzation result in disraption of the
architecture, loss of surfsce structure and composition [62, 45].
Diespite this, the preservation of the naral biolegic ECM scaf-
fold components during the decellularzation process would re-
sult i the ideal scaffold for tisgue remodeling [63].

Mowasdays, there is an attempt of ereating grafis that addition-
ally contain platebet-rich plasma [64], growth factors or stem
cells [65] for sirengthening the osteoconduction and osteodnduc-
tion of the bone grafis,

In 2016, we created a bivactive bone from the decellularized
bovine femoral bone and freeze-dried bome marfow stem cell
(BMSC) paracrme factors. We hypothesized that freeze-dned
BMSC paracrine factors have the ability 10 sirengthen osteain-
duction, esteoconduction and ostecdntegration 6]

We have conducted muliple preclinical smdies that hawve
shown that the biologically active boie, together with the BMSC
paracrine factors is safe, efficient and has ostesinductive, osbeo-
conductive and cateomiegration feabuns.

The biologically active bone has been wsed in clinical practice
[B6]. A novel biolegically active bone (BAR) graft has been de-
veloped and wsed for the reconstruction of large size defects of
the mandible bone following wmor resection. The bone decel-
lularization was performed sccarding 1o the protocol developed
by us, which has been published earlier [67.6%). Sodium dodecyl
sulfate (3D5; Sigma-Aldrich; EMD Millipore) and 1% Triton
o100 (Sigma-Addnel; EMD Millipore) has been used for the
decellularization. Biologically active bome graft was developed
by using human freeze-dried BMSC paracrine factors and three-
dimensional bone scaffold derved from cancellows bovine bone
following decellularization [66). Preliminary clinical investga-
tions ndicated that BAB grafis seeded with freeze-dred BMSC
paracrine factors hold great promise for the future of mandible
defeet reconstruction following tumor resection. As a result, this
type of composite graft should be able negate the need for has-
vesting donor bone.

Conclusion

Binactive bone grafts comtaining freeze-dried BM3C para-
crine factors may be used for the reconstruction of lorge sise
mandibular bone defects following wmoer resection. Despite
the acquired positive resulis, it 15 oo early o make staternments
whether or not the biologically active grafi that is developed by
us 15 an wbeal graft for the reconstruction of the bone defects o
not since it requires multiple experimental and clinical sdies
for determining the positive and negative features.
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SUMMARY

BONE GRAFTS FOR RECONSTRUCTION OF BONE DEFECTS (REVIEW)

"Karalashvili L., "Kakabadze Ao *Ubiryn M., "Vyshnevika H., "Ediberidee K., "Kakabadze 2.

I Tilini State Medical! Urra'wr.-.'.iu'. Gm’.lrx.;c.-; i Neniewal Wedica! Un veTsity;
The fnstitute of Stematobogy and Maxilo-Facial Surgery National Academy of Medical Sciences of Dkraine, Odessa, Ukraine

Recomatruction of large sime defects of bone is a challenging
task. T this date, discussions and conmroversies on selection of
auta-, allo-, xeno- ar synthetic grafts continue 1o take place. Yas-
cularized autologous bone grafl 15 consudered as gold standard
i reconstruction of large size defects of bone; however an
additional surgery is required for obtaining it Allografis and
senografls possess osteoconductive features, but osteogenesis
15 less expresaed and risk of varous infection transmissions
1% high and may have probability of developing immunologi-
cal conflict. Main advantages of grafis created from synthetic
materials through bicengineering methods are blocompatibil-
ity and good bioreabsorption. Despite these features, studies
related to the creation of an ideal bone grafl continue 1o take
place that should have biomechanical stability, be able 10 de-
grade within an appropriate peried, exhibit ostecconductive,
osteogenic and osteoinductive properties. Nowadays, there is

an attempt of creating grafis that contain platelet-rich plasma,
growith factors or stem cells for sirengthening ostesconduc-
tion and ostecinduction of bone grafis. In 20016, we created
broactive bose from decellularzed bovine femoral bone and
freeze-dried bone marrow stem cell paracrine factors. We hy-
pothesized that freeze-dried BMSC paracrine factors would
have ability o strengthen osteoinduction, osteoconduction
and osteointegration. Experimental and preliminary clinical
mwvestigations indicated that bioactive bone grafis containing
frecze-dried BMSC paracrine factors may be used for recon-
struction of large size bone defects. Despite acquired positive
results, it requires multiple experimental and clinical studies
for further improvement of grafi.

Keywords: Allograft, Aumograft, Xenograft, Bioengineering,
Hone reconstruction.
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KOMY 1EF S¥T0-, AM0- HIH BCEHTERHBIN TPAHCTUIARTATOR CHety-
eT oTAaTE npennerrenne. Backyunpnaosaninil ayronormasei
FOCTHEIR TPAHCIUTAHTAT SOTaerca "1000TeM cTantapron” &
peknHCTPYEDIE Goasine gedektos kocri, OIHAKD Doy SeHHe
TAKHA SYTOMOCIPIHEL TPAHCIIARTATOR TPedyeT QOnauHiTes-
HELX Dnepaiil. Hecsorpa Ba 1o, @io anioreHaEeE 1 KeeHoTeH-
HEDE KOCTHEIE TRRHCONGHTATR 0fEAKT 0CTEORDHIYKTHRHEMI
CROHCTEIME, HX OCTEOTEHET MEHEE BRPAKEH H PICK [RIBHTHA
paampius hesunoaeg sadonesanii bechaa sracok. [poe-
MEHEHRE IOMEHHEN H KCCHOTEHHBY ROCTHRIX TPaHCOnaH-
TATOE MEHKET BRISBATE Hssrysonorgsecknfl somjumer, B no-
CAEAHHE Tkl BHHMCHAE KOMHHUIBCTOE ofpallicso K KOCTHEM
TPAHCTUAHTATAN, BETOTORNSHEEIM 13 CHETETIFSCRNE o D0CHH-
TETHRECKHE MATEPHANOE € HCTMUIBIOBAHEEN METHI0E (H0HH-
scinepian. Takse KOCTHRE TPAHCIUEARTATE oagaseT xopomwei
BROCOBMECTHMOC TR, ONHAKS HE OGAANAKT OCTEONHIYKTHR-
HEIMH  cBORCTEAMH. Hpeansueil ROCTHRE TpanciuaHTar
nMEeT SIoMeNaHHaeCRyE CTaliALHOCTE, cnocoduocTe GHo-
peropluEn B TEICHHE COOTEETCTRY KAUET) NEPHOSR BPEsEHT
NOChe TPARHCTUANTANNN, OPOABIETE OCTEOROHIYRTHEHELE,
BCTEOMSHHEIE I OCTEOHHOYKTHBHEE CBoAcTEa. B nocheynse
FOIE] IPEANPEHHSMARTES DOMEITEN COYIAHNA ROCTHEY TPAHC-

NIAHTATOR, B KOTORRL CONepERTed Goraran TpomBioniraui
MATMA, PaIHHEE AKTOPE POCTR I CTRONOBRE KIETKI,
YVOIWIHBAKILNE WX OCTCOROHIYRTHEHER H OCTEOMHIYKTHE-
Hule ceofcTea. B 2016 © asropamn paspaboran SHoakTHE-
HEH BOCTHEGD TPAHCOIAHTAT, COCTORHA 13 LenenaxupHoi
feapeHHON KOCTI EPYIHOM OATons CEOTa i IHOEIHIHpO-
EAHHEDN CTBIIOBEY KIETOR kocTHOM Mosra. [pegnonaraerca,
S0 NHOPIUHIHPOBIHHES CTROMORED KIETEN KOCTHOM MOATa
YCHNHBART OCTEONHAY KUK, OCTEOROHTYKIHES I OCTe0HHTE-
FPALEHY BOCTHON KOCHOTRARCIUIARTITA, DREIEPIMEH TAIEH e
H NpeABIpHTeIbHEE K KHE HCCTEOSAHAA N0RIEI,
aTo paspaborapHel HaMn SHOAKTHEHEE KOCTHRIY TPAHCILIAR-
TAT, COCTOMULED 115 feieannapiziapoaasiod Seapesnodl BocTi
EPYIHOTD POraTen CEOTa © NOMELEHABMIE HL €00 DOREpRHO-
CTH ARGRIAZEPOEIHHEIME CTROHHENH ENETHIME KOCT B
MOSTA, MO#ET GETH HCOOMLSOBANH [/ PEKOHCTRYRIN KOCT-
Heax gederTos Gomsmon passepa. HecsoTpa Ha QOCTHCHY-
THIE NPEIBIPHTENLHER ONGKHTEILHES PERYILTATE, SRTOpL
CHHTARIT, FT0 [ YCNSHONG IBEHERH JRHBD KOCT HOT
TPAHCIAHTATA B KAMHHAeckol npakthse tpefyeren nposene-
HEHE MHODFIHCISHHBY SKCNSPIMEHTATLHEY 1 ROIHTECKHN
HECTEROBAHNI AT Y IeHHA OTSANEHHEIX PeayIETaToRs,
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Bone Marrow Stem Cell and Decellularized Human
Amniotic Membrane for the Treatment of Nonhealing
Wound After Radiation Therapy

Zurab Kakabadze,! David Chakhunashuvili,' Ketevan Gogilashvili,? Ketevan Ediberidze,!
Konstantine Chakhunasheili,’ Konstantine Kalandarishoili,! Lia Karalashoili®

Abstract

Objectives: In this study, our aim was to create a
bioactive wound dressing that combined decellularized
and lyophilized human amniotic membrane and
freeze-dried rat bone marrow stem cells for the
treatment of nonhealing wounds.

Materials and Metheds: For the decellularized human
amniotic membrane, sodium dodecyl sulfate and 1%
Triton X-100 were used. The mononuclear fraction of
bone marrow stem cells was isolated by density
gradient centrifugation using Ficoll Pague Plus (GE
Healthcare Bio-5ciences, Pittsburgh, PA, USA).
Investigations were conducted on Lewis inbred rats
with the radiation wound model (dose of 60 Gy). On day
20 after application of radiation, the skin was excised
around the radiation bum. The wound was treated with
decellularized human amniotic membrane seeded with
and without freeze-dried bone marrow stem cells.
Results: The use of a decellularized amniotic membrane
for closing the burn wound increased the rate of healing
by 2.5 times; the use of a decellularized amniotic
membrane seeded with bone marrow stem cells or
freeze-dried bone marrow stem cells increased the rate
of wound healing by approximately 4 times.
Conclusions: Administration of freeze-dried bone
marrow stem cell may represent a novel therapeutic
approach in the treatment of nonhealing wounds and
other conditions. We observed no evidence of local or
systemic complications related to the procedure.
However, further efforts with better protocol design
for future studies are needed.

Key words: Animal model, Bivactive wound dressing,
Paracrine bioactive factors
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Introduction

Radiotherapy is one of the components of cancer
treatment that is used alone or in conjunction with
other treatments such as surgery or chemotherapy.
The main objectives of radiotherapy are to destroy or
damage tumors and suppress their growth.!'”
Radiotherapy is usually painless and well tolerated
by patients. However, during the procedure, together
with tumor cells, the surrounding normal tissues are
also damaged, which can lead to complications,
including  skin  atrophy, soft tissue fibrosis,
desquamation, epithelial ulceration, and fistula
formation.®” Complications after radiation therapy
occur in up to 604 of surgical patients® Surgical
procedures performed on previously irradiated
tissues can also lead to the emergence of nonhealing
wounds (nonhealing irradiated wounds that are
unamenable to surgical repair).® For the treatment of
chronic nonhealing radiation wounds, local or
regional free flaps from skin, fascia, muscle, and
mucous membrane and fasciocutaneous flaps with
the cutaneous pedicle are used.’™ However, local
flaps can be unreliable since, in some cases, they are
affected by the radiation, which can lead to a gaping
wound, fistula development, skin necrosis around
the graft, and necrosis of the graft itself.'17 The use
of regional flaps for radiation wound treatment can
lead to only a slight reduction in the number of
complications. '

Various bicactive and functional wound dressings
from biologic scaffold materials comprising extra-
cellular matrix {ECM) and bioactive molecules or bone
marrow stem cells (BMSCs) have recently been
developed to treat nonhealing wounds!®22; these
materials stimulate granulation, tissue formation,
angiogenesis, and reepithelization. ™ Encouraging
wound repair results have been obtained after
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treatment with infiltration or local application of
bone marrow-derived mesenchymal stem cells
(MSCs). 2 Onee directly injected into a wound,
MSCs can regulate the wound-healing process by
means of early activation of matrix metalloproteinase-
9 and vascular endothelial growth factor (WVEGF) 22 In
addition, MS5Cs can support tissue regeneration during
the proliferation phase and promote production of
an ECM.*2 In an animal experiment, the systematic
administration of allogeneic and syngeneic bone
marrow-derived MS5Cs caused the rapid resolution
of the acute inflammatory phase and early formation
of granulation tissue, resulting in wound healing ™

We hypothesized that freeze-dried stem cells
could be used to treat nonhealing wounds. Here,
we created a bioactive wound dressing (BAWD)
that combined decellularized and Iyvophilized
human amniotic membrane seeded with freeze-dried
rat BMSCs for the treatment of nonhealing wounds.

Materials and Methods

Preparation of decellularized and Iyophilized human
amniotic membrane

This study included use of 2 full-term placentas
obtained from donors who signed an informed
consent form and gave birth at 38 to 42 weeks of
gestation. The women had normal pregnancies and
delivered healthy newborn babies {weight ranging
from 2500-3800 g). Newly acquired placentas were
washed with 0.9% saline solution and heparin at
37°C under physiological pressure. Decellularization
of placentas together with amniotic membrane was
performed according to our previously described
method % After decellularization, amniotic mem-
brane was separated from the placenta and cut into
6 = f-cm flaps and placed in a lyophilization device
(Fower Dry PL 6000 Freeze Dryers, Shenzhen,
China). The decellularized and Iyophilized human
amniotic membrane grafts were stored aseptically at
room temperature until use.

Fabrication of bioactive wound dressing

Isolation and seeding of bone marrow-derived MSCs
on decellularized human amniotic membrane was
performed according to our previously described
method ™ For acquisition of BMSCs, 20 Lewis inbred
laboratory rats of both sexes weighing 200 to 250 g
were used. Animals were euthanized with lethal
injection of 0.5% sodium thiopental solution (Sigma,

St. Louis, MO, USA). The lower extremities were
amputated after they were processed with 70%
alecohol solution. Femurs, which were cleared of
muscle tissues, were resected in the epiphysis and
diaphysis area. A needle was inserted into the lumen
of the bone canal, and the syringe was used to elute
the bone marrow with Dulbecco’s modified eagle’s
medium (Sigma). The mononuclear fraction was
isolated by density gradient centrifugation at 400g for
30 minutes at room temperature using Ficoll Paque
Mus or Ficoll Paque Premium solution (GE Healthcare
Bio-Sciences, Pittsburgh, PA, USA) After they were
washed with phosphate-buffered saline (PBS), cells
were centrifuged at 200g for 5 minutes. A portion of
cells was dissolved in 1 mL of PBS and then placed in
a Neubauer chamber, with vitality determined with
Teypan blue (Sigma). The remaining portion was
seeded on the surface of the 6 ® 6-cm samples of
decellularized human amniotic membrane.

The decellularized human amniotic membrane
was thoroughly rinsed in sterile PBS for 30 minutes
and immersed in RPMI 1640 medium (Sigma-
Aldrich; EMD Millipore, St. Louis, MO, USA). In
total, 2.5 ¢ 10° mononuclear cells were seeded on the
top surface of the decellularized human amniotic
membrane. After 15 minutes, the decellularized
human amniotic membrane was turned over, and the
same quantity of cells was seeded on the opposite
side. This process was repeated every 15 minutes for
up to 1 hour to facilitate uniform cell distribution.
Decellularized human amniotic membranes with
mononuclear cells were cultivated in a humidified
incubator (37°C, 5% CO2) for 4 davs in nutritive
medium containing Dulbecco’s modified Eagle's
medium-low glucose (Sigma-Aldrich; EMD Millipore)
supplemented  with  10%  fetal bovine serum
{Sigma-Aldrich; EMD Millipore) and antibiotics
{100 U/ mL penicillin G and 0.1 mg/ mLstreptomycin;
Invitrogen, Carlsbad, CA, USA ). Subsequently, the
decellularized human amniotic membrane with the
seeded mononuclear cells was Ivophilized. The BAWD
was stored aseptically at room temperature until use.

Radiation wound model and bioactive wound
dressing application

Seventy-five Lewis inbred rats (age B-10 weeks,
weight 200-250 g) were obtained from the breeding
facility of the Thilisi State Medical University (Thilisi,
Georgia). This study was carried out in strict
accordance with the recommendations in the Guide
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for the Care and Use of Laboratory Animals and the
Institutional Animal Care and Use Committee. The
protocol was approved by the Committee of Ethics
of the Georgian National Medical Research Institute in
Thilisi, Georgia (permit number 5/26). All surgical
animals were under anesthesia with intraabdominal
administration of pentobarbital sodium (30 mg/kg).
The animals were divided into 5 equivalent groups.

In group | animals (n = 15), a wound model
(diameter of 2 em? and depth of no more than 0.3 em)
was created in the spinal area. In animal groups 11,
L IV, and V, a model of third-degree radiation burn
was created in the spinal area. A radiation device
(RUM-17, Russia) was used as the source of
radiation. The tube voltage was 250 kV, the tube
current was 10 mA, and the distance from target to
the point of measurement was 25 cm. The dose
reached 60 Gy, and the diameter of the damaged
surface area was 1 to 1.3 em®

On day 20 after administration of radiation, the
skin was excised around the radiation bum (diameter
of 2 em? and depth of 0.3 cm). After excision of the
radiation wound, group Il animals (n = 15) were not
treated and the wound remained open. For group 11
animals (n = 15), the skin wound defect was covered
with decellularized human amniotic membrane
(diameter of 4 em). For group [V animals (n = 15), the
skin  wound  defect was  covered with  the
decellularized human amniotic membrane (diameter
of 4 cm) on the inner surface where BMSCs were
seeded. In group V animals {n = 15), the skin wound
defect was covered with the 4-cm-diameter BAWD
that we developed and that contained the freeze-
dried BMSC paracrine factors.

Postoperative care

Animals were housed in standard laboratory
conditions under 12:12-hour dav-night cycles with
provision of pelleted rodent diet and water ad libitum.
It the postoperative period, the rate of wound healing
was determined using the planimetric method. To
characterize wound vascularization postsurgery, the
number of dermal microvessels was counted using the
transillumination method.

On days 3, 7, 14, 30, 45, 60, and 90 after surgery, rats
were euthanized by a lethal intraperitoneal injection of
0.5% sodium thiopental solution. Full-thickness skin
samples, including subcutaneous tissue at the center
of the wound and surrounding connective tissues,
wiere obtained with surgical scissors.
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Seanning electron microscopy

For scanning electron microscopy analyses, the
collected wound tissues with and without BAWD
were dehydrated by processing them with an
ethanol solution before they were dried with a
Tousimis Samdri-780 Critical Point Dryer (Tousimis
Research Corporation, Rockville, MD, USA). After
completion of drying, all tissues were sputter coated
lightly with gold and imaged on a JEOL JSM-65 10
LW scanning electron microscopy (JEOL Ltd, Tokyo,
Japan).

Energy-dispersive spectroscopy

Energy-dispersive spectroscopy was used to deter-
mine what elements and chemical compounds were
present in BAWD before and after its application to
the wound. For energy-dispersive analysis of the
scanning electron microscopy results, we used
AtecEnergy analysis software (Oxford Instruments,
Owcford, UK) and the X-MaxM SDD detector {Oxdord
Instruments).

Histologic study

Each wound tissue was harvested in its entirety by
using sterile surgical scissors and placed in a tube.
The sample was fixed overnight in 109 buffered
formalin solution, after which the tissue was
trimmed and cut through on the widest margin,
embedded in paraffin, and sectioned in 3-pm
increments. Sections were made perpendicular to the
anteroposterior axis and perpendicular to the surface
of the wound. For each wound, sections were placed
ona slide and stained with hematoxylin and eosin and
Masson trichrome stain. Histologic slides were
analyzed with an upright microscope (E100; Nikon
Corporation, Tokyo, Japan) and with a stercoscopic
mictoscope (MBS-% Lomo, St. Petersburg, Russia).

Results

Cwir studies showed that irradiation of the animal
skin in the spinal area with a dose of 80 Gy caused
third-degree burns that covered the same surface
area without causing a lethal outcome,

On days 2 and 3 after excision of the burn wound
inanimals in group I, a hemorrhagic scab was formed.
Starting on day 7, the central part of the scab started to
soften; after pressure was applied, the serous-purulent
exudate was discharged. The rejection of the scab
started on days 22 and 23 in group Il animals.
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In group I, IV, and V animals, on day 3 after
excision of the burn wound, the amniotic membrane
was tightly attached to the wound, which was dry
and dark brown in color. After pressure was applied
on the membrane, there was no discharge from the
wound. The formed scab was noticeably thinner and
less infiltrated by the cellular elements than in
group Il animals. Scab rejection in these animals started
on days 7 and 8. Under the membrane, we observed
granulation tissue foci of pink color. The presence of
exudate under the amniotic membrane was not
observed. We suggest that this was caused by the good
sorption feature of the amniotic membrane.

On day 14 in group III, IV, and V animals, the
entire surface of the wound was lined with young
granulation tissue. This tissue consisted of a large
number of vascular vessel formations that were
oriented perpendicular to the wound surface and
numerous fibroblast bundles. Thin-walled vessels
were directed radially to the center of the wound and
were nearly of the same diameter. In group Il animals
on day 14, edema and neutrophilic tissue infiltration
persisted in the affected area, with necrotic changes
being spread to the hypodermis and adjacent muscles,
which we considered as signs of the still-continuing
exudative phase of inflammation. Microcirculatory
disorders in the wound were expressed in the form of
venous plethora, the presence of capillary stasis, and
hemolysis of the erythrocytes. In group | animals,
complete healing of the wound was observed on days
28 to 30. On day 30 in group Il animals, in the
histologic skin samples, the zone of the regenerate
was partially covered with an epithelial stratum of
uneven thickness. The healing of wounds was
finalized on days 55 to 60. Burn wounds took an
oblong form with subsequent epithelization and
formation of a coarse scar. In group Il animals,
complete healing of the wound was observed on
days 18 to 20. In group IV and V animals, healing
was observed on days 14 to 18 after start of treatment
with the formation of a thin, tender, mobile scar in
which the rudiments of the sebaceous glands and
hair follicles were detected (Figures 1 and 2).

Discussion

In our development of composite wound dressings
for nonhealing wounds, we focused on both the
structure of the amnion and freeze-dried BMSCs.
Stem cell therapy for the treatment of nonhealing

Figure 1. Healing Process of a Cutaneous Radiation Wound Treated With and
Without Decellularized Human Amniotic Membrane

day 14 day I8

Figure 2. Radiation Wound Model and Bicactive Wound Dressing Application
Over 14 Days

(A) Stercomicroscopy. (B) Wound tissue transillumination. (C) Histologee
examination of wound tbssue Hematoxylineosin  staning (=200
magnification) was used.

chronic wounds has shown potentially positive
therapeutic effects in several preclinical and clinical
studies.””* It is known that cells are potential sources
of paracrine factors, and, as previously suggested,
the therapeutic effects of stem cells in the treatment
of chronic wounds is associated with these paracrine
bioactive factors.* The group’s™ MSC-conditioned
media contained epidermal growth factor, keratinocyte
growth factor, insulin-like growth factor 1, VEGF-q,
erythropoietin, stromal cell-derived factor 1, and
macrophage inflammatory proteins la and 1b.
It has been suggested that MSCs may work via a
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paracrine mechanism to accelerate the wound-
healing process. 4! Mesenchymal stem cells can also
secrete  such  paracrine  angiogenesis-enhancing
factors as VEGF, granulocyte colony-stimulating
factor, hepatocyte growth factor, monocyte chemotactic
protein-1, interleukin 6, and transforming growth
factor (TGF) p1.4** However, the mechanism by
which MS5Cs may exert beneficial effects is debated,
with no definitive answers ™

We found that frecze-dried BMSCs retained their
unique paractine factors and, in combination with
decellularized and Iyophilized human amniotic
membrane, improved clinical wound healing and
reepithelialization of the wound. We found that
decellularized and lyophilized human amniotic
membrane to be a promising potential candidate as a
3-dimensional scaffold for cell adhesion, migration,
and proliferation. In addition, decellularized and
Iyophilized human amniotic membrane was shown to
possess immunomodulative and immune privilege,
anti-microbial, anti-scarring, and anti-inflammatory
features. It has also been reported that amniotic
membrane reduces pain, enhances fibrogenesis and
angiogenesis, and increases ECM deposition. $54+

The human amniotic membrane contains a large
number of cytokines and growth factors, including
epidermal growth factor, basic fibroblast growth
factor, keratinocyte growth factor, VEGFE, TGF-u,
TGFE-p, platelet-derived growth factor, hepatocyte
growth factor, and nerve growth factor™** Human
amniotic membrane loaded with MSCs has been
shown to play an effective role during the healing of
skin defects, with no significant differences observed
in wound healing between autologous and allogeneic
MSC transplant.™

There is currently growing interest in the process
of preservation of stem cells by lyvophilization 35
Bone marrow stem cell paracrine factors and their
role in the process of damaged tissue and organ
restoration are increasingly being studied ™™ Here,
we found that BAWD containing decellularized and
Iyophilized human amniotic membrane and freeze-
dried BMSC paracrine factors could be used for the
treatment of nonhealing wounds.

To analyze wound-healing speed, the so-called
semiempirical method of mathematical modeling was
used, which is based on the selection of a mathematical
function that describes the dynamics of the reduction
of the wound area with sufficient accuracy. This
method allowed use not only to assess the advantages
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of a particular treatment method but also how one
method was more effective than the other.

In all animal groups, the wound area decreased
according to a certain regularity, which can be
described with the following mathematical formula:
St = S0 expl-t/ T}, where So is the wound area at the
time of its formation, St is the wound area at time t,
and the T parameter characterizes the speed of the
wound healing. The T parameter is different for all
of the groups. The smaller the T parameter, the faster
the wound-healing process occurs. We entered that
T,;,= T, , =069 T value, which represented the
time during which the wound area was reduced by
2 times. The T and T ;5 values are shown in Table 1.

Figure 3 illustrates the dynamics of the wound-
healing process in the various groups. As shown, it is
evident that the calculated curves within the limits of
statistical variation matched the experimental data.

After comparison of the values of the T parameter
for different groups of animals, the following
conclusions can be drawn: (1) wound healing in
group Il animals was about 2.7 times slower than in
group | animals; (2) the use of a decellularized
amniotic membrane for closing the burn wound
increased the rate of healing by 2.5 times; (3) the use
of a decellularized amniotic membrane seeded with
BMSCs increased the rate of wound healing by 4
times; (4) BAWD increased the wound-healing rate
by approximately 4 times, similarly to that shown in
group IV animals.

As shown in our study, when the decellularized
human amniotic membrane was used, inflammation
did not develop, which obviously was associated
with its expressive anti-inflammatory and barrier
features. It has to be also mentioned that, when the
decellularized human amniotic membrane was used,
there were no exudations present. We believe that
this was associated with the good sorption feature of
the decellularized and lvophilized human amniotic
membrane. Radiation wounds in rats that were not
treated showed incomplete reparative regeneration
and thick, rough scar tissue formation.

Table 1 Speed of Wound-Healing Paramegers

Speed of Waund Healing, days
Group | Graupll Groug Il Groug ¥ Group ¥
T 43 115 46 2B iD
Tia 30 ED iz 19 Xl

Abbreviatious: T, parameter for speed of wound hn:lin\q Majz =T In
2w 0083, whese T 5 is time during which the wound area is reduced by 2
Firmess |
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Figure 3. Dynamics of Healing of Radiation Burn Wounds
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Conclusions

Administration of freeze-dried BMSC paracrine
factors may represent a novel therapeutic approach
in the treatment of nonhealing wounds and other
conditions. We observed no evidence of local or
systemic complications related to the procedure.
However, further efforts into the design of better
protocols for future studies are needed.
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Red blood cells for the treatment of Ehrlich carcinoma in mice

Teona Paresishvili, Mariam Kakabadze, Ketevan Ediberidze, David Chakhunashvili, Tamar Rukhadze, Manana Kakabadze
Abstract

Introduction. Over the last years, due to their unigue biclogical and biophysical properties, erythrocytes have been used as the carriers of various drug
delivery systems. Materials and methods. In this study, a hypotonic method was used for leading platinum nanoparticles into erythrocytes in a combination
of SDS solution of various concentrations and Triton 100 solution for washing erythrocytes. After loading the erythrocytes with platinum nanoparticles, their
effectiveness was evaluated in a subcutaneous model of Ehrlich’s carcinoma in 60 white laboratory mice. On 16 day, after the size of the carcinema reached
2x2 cm, the animals were divided into 3 equivalent groups. The animals of the first group received no treatment and were only observed. The animals of the
second group received intravenous cisplatin. In animals of the third group, the platinum nanoparticle loaded erythrocytes were injected directly into the
carcinoma tissue. Results. all animals of the first group have died due to the progression of Ehrlich carcinoma and invasion into the tissues surrounding the
carcinoma and abdominal cavity, 40-50 days after the inoculation. In the second group, 50% of animals died in 40-50 days, and the rest of the 40% died in
60-80 days. The main reason of death was the progression of the carcinoma. In the animals of the third group, necrosis with purulent liquefying of the
carcinoma tissue and the release of pus was noted on days 5-7. In this group, 40% of animals have died on days 40-50. The wound was closed with
secondary intention in the rest of the surviving animals. The maximum period of observation of animals was 3 months during which no recurrence was noted.
Conclusion. Erythrocytes loaded with platinum nanoparticles are safe because they are biocompatible, and may be effective for sustained drug delivery for
cancer treatment. Direct injection of erythrocytes loaded with platinum nanoparticles into the tumor parenchyma provides efficient delivery of anti-cancer
drugs to all tumor cells and promotes their prolonged release.
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