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Llens 0630pHOli cambu — NPOAHANU3UPOBAMb COBPEMEHHBIE NPEOCMABACHUS
0 PO U MEXAHUIMAX GNONMOMUYECKOI eubenu Kaemok y 601bHbIX NPU MUeno-
ducnaacmuyeckux cundpomax (MC). Muozowucaenuvie Oannbie ceudemens-
cmgyiom, umo anonmo3s (An) eoeneyer 6 ducnaacmudeckuii u HeaggpexmueHbill
2eMON033 U HEONAGCMUYECKYI0 MPAHCHOPMALUIO KAemOoK KOCmH020 mo3ea (KM)
npu MJIC. B mo epems kak yposerb An kaemox KM eozpacmaem npu pazeu-
muu MJIC, nodaeaernue An 'y 6oavroix MJIC noeviuiaem 6eposmtHocms pazeu-
mus ocmpozo MueaoudHozo Aeiiko3a. B cmamee npedcmaenensi nocaednue 0ax-
Hble 0 posu An 6 namoeenese MJIC, a makce ungopmayus o npocHOCMuU4ecKol
U npeOuUKmMueHol posu KAemo4HbX GHONMOMUYECKUX MAPKePos, YPO6HA pada
UUMOKUHO8, hakmopoe pocma u xemokuroe y nayuermos ¢ MJIC. Ocoboe 6Hu-
Manrue yoeaeHo maxum aghgpexmopam An, Kax «peyenmopoi cmepmu», 6eaxu ce-
meticme BCL-2 u IAP, adanmopnuie beaxu epynnui c-FLIP, 6eaok-cynpeccop

onyxoneeozo pocma p53.

Muenogucruactudaeckue cuHapoMel (MIC) 06b-
€OVHSIIOT TPYIIITY FeTePOreHHBIX, KJIOHAIBHO 00YCIIOB-
JICHHBIX, TPUOOPETEHHRIX 3a00JIeBaHUI KPOBETBOP-
HOM TKaHH OITyXOJIEBOM IIpMPOABI, XapaKTepU3YIO-
IIMXCS HApYLIeHneM GhYHKLMKM KOcTHOro Mmo3sra (KM)
M YTHETEHHEM 3PUTPOUTHOTO, MHEJIOUIHOTO H TPOM-
OOLIMTAPHOrO POCTKOB, YTO MPOSBJISETCS MPHU3HA-
KaMM IMTOIIEHUM (aHEMMSI, HEHTPOIEHHUA, TPOMOO-
IMTOIIEHUS WIH UX KOMOHHAIIMM) U MOBHILIEHHBIM
PHCKOM pa3BUTHS OCTPHX MHEIOMIHBIX JEeHKO-
308 (OMJI). CornacHo maHHBIM HalnoHalIpbHOTO MH-
cruryra paka CIITA, exeromHslii ypoBeHb 3a001¢Bae-
moctd MJIC cocrasnsier mpumepHo 4,6 Ha 100 000 Ha-
cenenus (6,3 — y MyxauH u 3,4 — y xeHimms). MJIC
SIBJIICTCS KpailHE PEAKMM Y OETCH, MTOAPOCTKOB H JIMI]
miamire 40 ner (0,1 Ha 100 000 Hacenenus). Yacrora
MJC pe3ko Bo3pactaeT — 1o 28,3 Ha 100 000 nacene-
HuA y moaeil B Bospacte 70—79 et 1 cocrasiseT 56,8
Ha 100 000 genoBek 80 siet ¥ crapiue (85,1 — y MykaIuH
u 39,9 — y xermmn) [1]. IlokasaTenu S-1eTHel BEDKY-
BaemocTH (3a 2008—2014 rr.) 6ompHBIX MJIC MOTOXE
65 net coctaBuwau 47,1 u 57,7% y My>KIMH U XKEHIITUH,
a'y GoJIBHEIX 65 s1eT ¥ cTapiue — 32,6 u 37,0% coorBert-
crBeHHO [1]. 3ab6oneBaemocts M C B cTpaHax EBpo-
MBI TIPAKTHYECKH COOTBETCTBYET TakoBoi B CIIIA —
3,8 na 100 000 B BenmukoOpuranuu [2], 4,1 xa 100 000
B I'epmanmu [3], 3,6 na 100 000 B IlIBeuuu [4] u 3,2
Ha 100 000 Bo ®panuuu [5]. Ilo cpaBHEHMIO ¢ €BpO-
nelickoii momynsaimeit, B crpanax Asuu MJIC 3a60-
JIeBaKOT B 0oJiee paHHEM Bo3pacTte. Hanpumep, cpen-
HU# BospacT 60abHEIX MJIC B Taunmanae cocraBisieT
56 jet [6]. [Ipu 5TOM 5-J1€THAS BELKMBAEMOCTD 60J1b-
Hux 13 Tawnanna gocturana 29% ¢ MeIMaHOM BEDKM -
BaeMocTU oKoJjo 24 Mec. K coxaneHu1o, 00bEKTHB-
HBbI€ CTAaTUCTHYECKHE JaHHBIE 0 3a0oneBacMocTd MJIC
M S-JIeTHeH BBDKHMBAEMOCTH TaKiX OOJBHBIX B YKpau-
HE OTCYTCTBYIOT.
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B cpenHeM MyX9WHBI O0JICIOT Yalie, 9eM KEeHIH-
HH. Hanmpumep, B uccaenoBanuu M. Maynadié u coaB-
TOpoB [5] rpyOEIii mokasarenp 3aboneBacMoct MJIC
cocrasui 3,8 Ha 100 000 HaceneHust y My>X4uH U 2,5
Ha 100 000 — y XeHIOTH, 3HAYCHUS aHAJIOTHYHOTO MO~
kazatenq y 6onbHEX MJC u3 SAnouuu 6pumi 3,8 u 2,4
Ha 100 000 HaceneHus coorBeTcTBeHHO [7]. BMecTe
C T€M B IpYTHX paboTax mogoOHOM TeHaepHOi 3aBICH -
MOCTH He ycTaHOoBIJIeHO [6, 8]. CienyeT OTMETHTD, YTO
noxkaszateau cMeprHocTH ot M C Takke MOTyT 3aBH-
ceTb OT nojna narueHToB. Hampumep, B CIIIA y Myx-
YHH CMEPTHOCTb Ha 25% BhIllle, YeM Y XKEeHIIMH [9].

CpelH OCHOBHBIX 3THOJIOTHIECKHX (PaKTOPOB, J0-
CTOBEPHO MOBHIMAIOIMX pUCK pa3BuTus M C, MoXHO
BBIIECTIUTH Ta0aKOKypPeHHE, HEYMEPEHHOE YIIoTpeOiie-
HHE aJIKOTOJIS1, KOHTAKT ¢ 06H30JI0M, OCH3HHOM H IpY-
TMMH OPTaHUYECKIMH PACTBOPHUTEISIMH FITH aTPOXUMU -
katamiu [10—12]. Pamuorensas mpupona MJIC nokaszaHa
B KOTOpTe JIHUI, TIEPESXMBIIMX aTOMHYI0 6oMOapau-
PoBKy B XupocuMe U Haracaku, a mo3xe MoIaTrBepX-
JieHa TTpH 00c/Ie1I0BAHIH IMKBUIATOPOB MOCIICACTBII
aBapuM Ha YepHOOBLUIBCKOH aTOMHOM 3JIEKTpPOCTaH-
iu [13]. BaXXHO OTMETUTB, YTO pUCK BO3HUKHOBEHUS
pamuaitMoHHo-accoruupoBaiHbeix MJC coxpansercst
crycts 40 net v 6onee mocie BO3AeHCTBUA MOHU3UPY-
IOIIETO UATYICHHUA U 0OCOOEHHO BBICOK YIIMII, TIOABEPT-
IMHUXCSI O0IYYEHHIO B MOJIONOM Bo3apacre [14].

3HaYUTENBHBINH MHTEPEC MPEICTABISIOT TaHHBIC
O MpepacmooXeHHOCTH K pa3BuTHio MJIC y KpOBHBIX
POICTBEHHUKOB. XOTS CIIy4yau CeMeHOTro 3ab0ieBaHMsI
BCTPEYAIOTCS JOCTATOYHO peako [15], B mocnemHee ne-
CATIIETHE CTAJI0 U3BECTHO O CYIMECTBOBAHWY CHHIPO-
MOB, CBSI3aHHBIX C CEMEIHOM MPeApacITONIOKEHHOCThIO
k MAC/OMII. ITocneaHme BKIIOYAIOT MOHOTCHHBIC Ha~
CJIeICTBEHHBIE CHHAPOMBI, ACCOIHUPOBAHHEIE C MyTa-
1usaMu TeHoB GATAZ2, CEBPA u RUNXI, a Takke 3a-
OoneBaHuA, oobemMHsAeMBIe B rpynmy TBD (telomere



biology disorders), B OCHOBE BO3HUKHOBEHMS KOTOPBIX
JexatT myTtauuu reHoB TERT wm TERC [16].

IpunsTo pazmumaats MJIC, Bo3HUKaIOIIHE de novo,
u Broprunbie MJIC, pa3BuBalonIHecs IOCIE IIPHME-
HEHUS IIUTOTOKCUYECKUX IIPOTHBOOIYXOJIEBBIX IIpe-
mapaToB (IIpeXIe BCEro ATKIWIMPYIONIUX areHTOB, HH-
ruOuTOpOB Tomom3oMepa3ssl 11, aHaJIOroB MypuHO-
BBIX HYKJICO3UIOB) W/WJIH JTy4eBoii Tepanuul. bonsHble
co BropuaHEIMH MJIC (t-M]JIC) cocTaBiIsIoOT IIpUMep-
Ho 10% Bcex manuenToB ¢ MJIC [9]. B ciyuae mpume-
HEHMSI XUMMOTEPANIMU PUCK BO3HUKHOBeHUs t-MJIC
3aBHMCUT OT 03Kl ITpemnapara [17].

CornacHo HoBoit (2016 T.) MepecMOTpeHHOI Kiac-
cudukay BceMupHOI OpraHu3aliiy 3paBoOXpaHe-
Hug (BO3) MUeTOMIHEIX HOBOOOPa30BaHMIT M OCTPHIX
JIeiiKo30B [18], BEIIEIAIOT IIeCTh OCHOBHEIX (POpM 3a-
oonesanusa: MJIC ¢ MyTbTHIIMHEWHOM TUCIUIA3UEIA;
MJIC ¢ omHonuHeiHo# auciuasueit, MJIC ¢ xosble-
BeIMU cunepobiaactamu (MJIC-KC), MJC ¢ u36BITKOM
6macrop (M C-UB), MAC c n301MpOoBaHHOI AEIEIH-
el 5-i1 xpomocomel — del(5q) 1 M C HeyTOUHEHHBIH.
B ocHOBY Takoi KilaccH(GHKAIMN TTOJIOKEHEI CTENIEHD
BBIPaXEHHOCTH JUCIUIACTHYECKUX U3MEHEHUI U IIPO-
neHTHoe comepxanue 61actoB B KM u nepudepuue-
ckoit xpoBu (I1K). IIporHos y 6onsubix MIC-UDB,
KaK IIpaBWIO, HeOJIaronpusATHEIN. MenuaHa BRIXH-
Ba€MOCTH COCTaBJISIET IPUMEPHO 5—12 Mec, Torma Kak
cpenusasa BexuBaeMocTh npu MIC-KC ¢ ogHonu-
HeitHo# mucrvrasueit wm MIC-KC xonebnercs or 3
1o 6 et [19]. B 1ieroM 3ab01eBaHUE XapaKTEPU3YETCS
BBICOKMM (110 JaHHBIM Pa3HBIX aBTOPOB, 10 30%) pu-
ckoM TpaHcopmaimi B OMIJL. OnpeneneHue pucka,
CBSI3aHHOTO C XapaKTepUCTHKOI BapuanTa MJIIC, 6a-
3UpPYeTCS HA MCIOIB30BAHUY Pa3IMYHBIX IIPOrHOCTH-
YECKHMX CHUCTEM OIIEHKM, TAKUX KaK: MexXIyHapoHast
nporHocTuyeckas 6awrbHasa cucreMa (International
Prognostic Scoring System — IPSS), IlepecMoTpeHHas

TMporHocTUIecKas O0autbHast cucteMa (Revised IPSS —
IPSS-R) u IIporHocTH4ecKas OayutbHas cucteMa BO3
(WHO Classification-Based Prognostic Scoring Sys-
tem — WPSS).

B ocHoBe quarHocTukH M/ C JIeXUT UCCIIeIOBaHME
Mopdonoruueckux ocooeHHocrei kiuetok 1K u KM.
IMockonpky Bemymumu cummnromamu MJIC sBisiiorT-
Cs aHEMMSI, HEHTPOIIEHHS, TPOMOOIIUTOIICHIS WM MX
KOMOMHALIMY, BCE THATHOCTHYECKUE IIPOLICAYPHI Ha-
IPABJICHEL HA MCKJIIOUEHUE PECAKTUBHBIX IIUTOIICHHIA
WIH IPYTHX KJIOHAIBHBIX 3a00JI€BaHMiT KpOBETBOPHOI
cucreMbl. JIuddepeHnanbHas gauaraoctuka MJC
NIPOBOAUTCS C MeTaobaacTHoi anemuei (B, ,/domue-
Bome(UIIMTHON aHEMMEIl); arUTIaCTUIECKOM aHEMME
(BpOXOEHHOM, TPHOOPETECHHOM VWITH WIAUOTIATHIECKOI),
aHEMMSIMHM IIPH BUPYCHBIX UH(EKITHSIX, C ayTOUMMYH-
HBIMH IIPOIIECCAMM, U3MEHEHUSIMH KOCTHOMO3TOBO-
rO KPOBETBOPEHUSI IIPH METACTa3UPOBAHUH OITyXOJIEH
M TIpH BO3MEWCTBUH PsIia IEKAPCTBEHHEIX IIPEIapATOB.

B coOTBETCTBHM ¢ OOLIETIPUHATON MHOTOCTYITEH-
yaToii Mogenkio nmaroreHe3a MJIC nepBoHaYaIbHBIM
SIBIISIETCS MIOBPEXICHHUE ITOTUITIOTCHTHBIX T€MOIIO3TH -
YeCKUX CTBOJIOBHIX KJIETOK M KPOBETBOPHBIX KJIETOK-
MPEAIIECTBEHHUKOB, YTO IIPUBOIUT K YCHJICHHIO IIPO-
nucepanuu u anonrrosa (An) B KM. B ciygasx mpo-
rpeccun 3aboneBanusa (MJIC-UB/OMJI) vaime Bcero
oTMevaeTcsl ociabiaeHue mpouecca Amn. B Hacrosmee
BpEMsI aKTHUBHO M3y4alOTCS IIEPCIEKTHUBEI MCIIOIB30-
BaHUS allONTOTUYECKUX MapKepoB sl IIPOTHO3UPO-
BaHHUS TeYeHUI 3a00JeBaHus. B oTmene oHKoreMaTo-
qJorud MTHCTHTYTA 9KCIIEPUMEHTAIBHOM ITAaTOJIOTHH,
OHKOJIOTUM U paguobuonoruv uMm. P.E. Kaseuxoro
HAH Yxpauns B iepuon ¢ 1996 mo 2016 r. yrouyHeH-
Hasi TMarHOCTHUKA pa3HbIX ¢opM M C Obli1a BRIITOHE -
Ha y 629 B3pocnbx 1 22 nereit. IIpuMepsl anonroru-
YecKMX u3MeHeHMit Kietok KM y mammenTos ¢ MJIC
TIpeCcTaBIeHEI Ha pucyHKe. Llen Hammeit 0630pHOIA pa-

t

Pucynok. KM 6omsHoro ¢ pedpakrepHoit aneMueit (M/IC-PA). CtpenkamMu yKa3aHBI KJIETKU ¢ GparMEHTHPOBAHHEIM SITPOM.

Oxpacka 1o ITarmenreiMy, X 1000

OHKOJIOTUA o T. 20 e N2 2 » 2018



00THl — MPOAHAIM3UPOBATHL COBPEMEHHEIE IPEICTaB-
JICHUS O POJTH M MEXAHM3MAX allIOITOTUYECKOM ruGesH
Ki1eroK y 6onsHEX M C.

OCHOBHBIE HAPYLLEHWNSA AN Y BOJIBHbBIX

Mac

CorjiacHO COBpPEMEHHBIM IIPEACTABIEHUAM, Al
paccMaTpuBaeTCs KakK ¢opMa peryIupyeMoit rubenu
OTIEAbHBIX KJIETOK HOPMaJIbHBIX M IIATOJIOTMYECKY M3-
MCHEHHBIX OPTaHOB M TKaHEH B OTBET HA Pa3IMIHbIC
BHE- JIM0O BHYTPUKJIETOYHKIE H3MEHEHHS, HECOBME-
CTHMBIE C XU3HEAESITEIFHOCTHIO KIIeTOK. K mpumepam
aIoNTOTHYECKHUX CTUMYJIOB M3 MHKPOOKPYXEHH KJIC-
TOK CJICAYET OTHECTH JIMTAHIIBI «PEIICIITOPOB CMEPTH»
(death receptors) 1u60 TeGHITUT JTUTAHAOB «peller-
TopoB 3aBHcUMOCTH» (dependence receptors). Hau-
0oJiee M3yYEHHBIMH BHYTPHKIICTOMHBIMUA H3MCHEHU -
SIMHM, HHULIHHUPYIOLUMMH AIl, SIBJISTIOTCS IIOBPEXICHUST
AHK, cTpecc sHIOIIa3MaTUIeCKOTO PETUKYJTyMa, Ha-
PYIIIeHHS IOJIMMEPH3AIIMH MHKPOTPYOOUYEK JIHOO0 Ie-
¢exTol MutoTHaeckoro anmaparta [20]. Ha moneky-
JIIPHOM YpOBHE IIpoliecc A1 6a3HpyeTCs Ha CIIOXKHOM
KacKajJe peakiiuil ¢ y4acTHEM IpoTeas, IPOTEUHKU-
Ha3 M SHIOHYKJIea3, B KOHEYHOM MTOIC IIPHBOISIITAX
K Ie3HHTeTpaIlMH Torubaoei KieTku. CymecTBYIOT
MHOTOYHCIICHHBIC JOKA3aTEILCTBA B ITOJIB3Y TOTO, YTO
peaTu3alys alloIITOTHYECKOM IIPOrpaMMBbl HAXOIHTCSI
104 KOHTPOJIEM SHIOT€HHBIX pETYJIATOPOB, B TOM YHUC-
ne 6enkoB cemeiictea BCL-2, TAP, FLIP u p53 [20].
M30BITOMHBIN HWIH HEOOCTATOYHBIA AIl, CBSI3aHHBIA
B TOM 9HCJIE C U3MEHEHUSMH COIEPXAHHS FJIH AKTHB-
HOCTH YKa3aHHBIX BEITIIE GEIKOB, MOXET JIEXATh B OC-
HOBE TIATOTeHE3a pa3IMuHbIX 3a00JIEBaHMI, BKITIOYAs
OITyXOJM KpOBETBOPHOM M TMMGOMIHOM TKaHu [21—
29]. HapymeHust B peaJin3allii Al XapaKTepHBI TaK-
xe g MIC, aro 6ymer 6ojiee JeTaJbHO NpOoaHaTH-
3HPOBAHO HILKE.

HackonpKO HaM HM3BECTHO, NMEPBOE COOOICHME
006 00HapyX€eHHH MOBHIIIIEHHOTO CONEPXAHUS MeTa-
KAPHOLIMTOB C TUIIOAOIBYATHIMH siipaMi B KM 60116~
Heix MIAC nosisunocs B 1992 r. [30]. ITo3xe Gruia
BRIIBHHYTA FMIIOTE3a, COIMIACHO KOTOPO HHCILIA3US
MErakapHMoLIMTOB, oTMedaeMasi B 6uorrrarax KM 60b-
Heix MJIC, cBsizaHa ¢ BBICOKOM 4aCTOTOM alonTOTH-
yeckKoit rubenu xietok [31]. Y 6oapubix MIC ¢ ped-
pakrtepuoit anemueit (MIAC-PA) u MIC-KC BbisiB-
JIEHO MOCTOBEepHOe MOBHILIeHHe YacToThl An CD34*
KJIeTOK (TeMOMO3THYECKUX KIETOK-TPEeAIIeCTBEH-
HHKOB M CTBOJIOBBIX KJIETOK) IO CpaBHEHHIO C aHa-
JIOTHYHOM NMONYJSIIMUEH KJIETOK Yy 300POBBIX HJOHO-
poB (56,9 u 51,2% B cpaBHeHuu ¢ 16,7%) [32]. Bax-
HO OTMETHUTH, 9T0 ¥ 60ompHEIX MC-PA u MJC-KC
KOJIMYECTBO ANONTOTHYECKHUX KJIETOK 3HAYHTEIBHO
MpeBilIaeT KonuaecTBo Ki-67* KeTok (COOTHOIIEHHE
An/mponudepamms coctaBisuio 2,08). OmHako y 6016~
HeIx MJIC-UB cootHomeHMe An/mponnudeparus Bhi-
paBHUBaJIOCH (cocTaBmsino 1,14) 3a cuer yBemMmIeHUs
myJ1a mponu¢eprUpYIOLIMX KJIeTOK. B ciryyasix rmporpec-
cuu 3a60JeBaHu (pedpakTepHas aHEMHS C H30RITKOM
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6nactoB B ctamuu TpaHchopmanuu — PAUB-T) otMme-
YaJI0Ch TOCTOBEPHOE CHIDKEHHUE YacTOTHI AIl (10 22%)
M uHIexca npoaudepanuu (16,8% 1o cpaBHEHUIO
¢ 40,4%) [32]. OTH pe3ynbTaThI COTIACYIOTCS C TAHHBI-
MU ApYyTHUX aBTOPOB [33], KOTOPHIC BLISIBIIIH YBEJIHYIE-
Hue mosm anonrrotiaeckux CD34* kirerox B KM 6onb-
HbXx MJ1C-PA 110 cpaBHEHHIO CO 300POBEIMH TIOHOPpA-
M win GonsHeIME OMJI (9,1% no cpaBHeHMIO € 2,1
" 1,2% coorBercTBeHHO). IToKa3aHO TaKXe, YTO IS
MJC ¢ BBICOKHM YpOBHEM AIl XapaKTepHHI YBEJIHYE-
Hue KietouHocTd KM, yinydiieHue nmokasareisi ooiieit
BBDKHMBACMOCTH H YBEJIIMUCHHUE CPOKOB, IIPEALICCTBY-
Iomux TpaHcdhopMaiuu 3aboneBaHuss B OMJI [34].
HMHTepecHO OTMETHTE, 9YTO ANMONTOTHYECKUI HHIEKC
mpu MJIC ¢ HapymeHUsIMH KapHOTHIIA CYIIECTBEH-
HO He npeBbilian TakoBoit npu MJIC ¢ HopMaJIbLHBIM
KapHOTHIIOM [35], 9TO yKa3sIBaeT HA HAIMIHE U30RI-
TOYHOI'O AIl IaXe CPeIH KJIOHA KJIETOK, HE MMEIOIIHX
XPOMOCOMHAIX AHOMAJIHH.

ITpu sicHocTH OOMmEi KOHUEMIIMN 3HAYCHUS U3-
O6pITouHOro An s naroreue3a MJIC MHOToOYHCIICH-
HBIC JETATH OCTaBAIUCh HEM3BECTHRIMU. Hanpumep,
Kaxue uMeHHo KieTku KM gamie Bcero noasepraoT-
cs1 An. CortacHo maHHEIM A. Raza u coasTropos [36],
KOTOpEIE MpH u3ydyeHNH 06pa3noB KM ucnons3oBa-
JIM BEICOKOYYBCTBUTEILHBIA METOI BRISIBIICHUS (par-
meHTupoBaHHoil JIHK, okono 75% KieTOK Beex Tpex
POCTKOB KPOBETBODEHHS HAXOIWIHMCHh B COCTOSIHHH
An. BaXHO OTMETUTB, 9T0, TOMUMO T€MOMO3THIEC-
CKHX KJIETOK, AMONTOTUIECKUEC U3MECHEHMS BhISIBIISI -
JIMCH B KJIeTKax ctpoMbl KM 6onpubx MJIC, B yacr-
HOCTH B KJICTKaX SHOOTETHs , GUOpobIacTax M aquIo-
uTax [36]. TIocKONBKY GHU3NOIOTHIECKOE 3HAYEHNE
AIl CBOIMTCH K TIOAEPXKAHUIO TKAHEBOTO TOMEOCTa3a
TIyTeM yIaJCHNS H3OBITOYHAIX, e (PEKTHRIX H/WIH I10-
TEHIIHAJIHHO OMACHBIX KJIETOK, TO BAXHKIM ITIPEICTaB-
JISUICS BOIIPOC O 3HAY€HHH N30BITOYHOTO AIl HA pAHHHX
cranusix MJIC. Pe3ynbTaTH psAla HIUTUPYEMEBIX BBIIIE
pa6or [32, 34, 36] CBHIOETEIBCTBYIOT B MOJB3Y TOTO,
YTO M30BITOYHBII ATl KJ1eTOK KM MOXHO paccMaTpu-
BaTh KaK NATODHU3NOIIOTHIECKIHA MEXAHHU3M Pa3BUTHS
MJC, a He TIpollecc KOMIIEHCALIHH YCHIEHHOM Mpo-
nudepaiy KJIETOK.

«Peuyenmopvi cmepmu». MHOTOUMCIICHHBIE UC-
ClICHOBAHUS OBLUIM IIOCBAIICHB M3y4EHHUIO MOJICKY-
JIIPHBIX MEXaHHM3MOB MHUITHAIIMK H peaTu3aliy A1l
mpu MJIC. Ocoboe BHUMaHHE YIEJIEHO «pelenTopaM
CMepTH» KaK HauboJiee BAXKHOMY 3BEHY B MHUITAAITAHA
anonTOTUYECKOM rubenu kiuerok. Y3 mecru u3BecT-
HBIX B HACTOSIIIEE BpeMs «pelICIITOPOB cMepTH» [37]
npu MJ1C HanGosbInee BHUMaHKE MPHUBJICKITH CTIELH-
duueckue perenTopsl TAKUX JIUTAHAOB, KaK Fas, pak-
TOP HEKPO3a OIYXOJIH ainbda (tumor necrosis factor —
TNF-a) 1 nuToKuH ceMeiicTBa (PakTOpOB HEKpo3a
omyxonu TRAIL (TNF-related apoptosis-inducing li-
gand). B yactHoctn, G.M. Gersuk u coaBropsl [38]
n3yvyaru sKkcrnpeccuio Fas u FasL B reMonoaTHYe KX
xietkax KM. IToka3aHo CyIieCTBEHHOE TTOBBINICHME
ypoBHst MPHK Fas u FasL B CD34* xieTKax 60JbHBIX



M/IC o cpaBHeHMIO ¢ KJIETKaMH HOpMaJibHOro KM,
ITpumeuarenbsHo, uTo B KM conepxanmne TNF-a, ko-
TOPHIH, KAK U3BECTHO, CIOCOOCH CTUMYJIMPOBATD 3KC-
nipeccuio peuentopa Fas nHa CD34* xierkax KM [39],
y 6onsHBIX MJIC Takke yBenuaeHo [40]. ITpu aTOM OT-
MedaeTcs IpsaMas 3aBUCUMOCTh comepxannsa TNF-a
OT TOTO, K KaKOii I'pyIIIie pMCKa OTHOCUTCS OOJIBHOIA:
HauOOoJbIINE 3HAYCHUS YPOBHS 3TOT0 LUMTOKHHA Xa-
pakrepHH nist camydaeB MJIC Huskoro pucka. Ta-
KWE Pe3YIbTATh COTMIACYIOTCS C JAHHBIMHM O TOM, 9TO
B kietkax KM HauGosbiIne 3Ha4eHHUSA alonTOTHIC-
CKOI'0 MHEKCA 3apeTMCTPHPOBaHH Y 601bHEIX MJIC
HU3KOTO pucKa [41]. Boyiee Toro, MHKyGaIius reMo-
no3T4ecKux KiaetoK KM ¢ anTurenamu mpotuB Fas,
TNFR wiu TNF-a mpuBOIUT K 3aMETHOMY YBEJIMIE-
HMIO YUCJIA KOTOHUN 3THX KJICTOK B YCIIOBUSIX in Vitro
[38].

H3BecTtHO, 9TO Fas-onocpenoBaHHBIN ATl HHULIU-
upyetrcs auraHgoM FasL, 1mosToMy ero skcmpeccus
B xieTkax KM nipn MJIC Takke aKTMBHO M3y9aeTCs.
P. Gupta u coaBTopni [42] moka3zaiau, 9To 111 O0JIBHEIX
M C xapakTepHO CYLIECTBEHHOE ITOBRIIIICHHUE YPOB-
Ha FasL 1o cpaBHeHHI0 ¢ TakoBEIM B KM 310p0oBBIX
moneit. ITpu stom skcipeccust FasL BoissBieHa B MU-
enobiacrax, 3puTpodIacTaxX, CO3PEBAIOTINX MUCTIOU]T -
HBIX KJIETKAX, METaKapHOLIMTaX U KJIETKaX C IpU3Ha-
KaAMM JYCIUIA3HH. Y CTaHOBJICHA IIpSAMAas KOPPEJIALUs
MeXy sKcrpeccueil FasL B kiieTkax U3 o6pasios KM
6onbHBEIX M/JIC ¢ BhIpaXeHHEIMU MTPU3HAKAMU aHE-
MHH M HEOOXOMMOCTBIO IIPOBENCHUSI TEMOTPaHChY-
3uii [42]. KpomMe Toro, ypoBeHb FasL MoxeT ORITh HC-
IOJIb30BaH B KadecTBe (paKTopa IMpOrHO3a BEDKIBAe-
MocTtu 6onpHBIX MJIC [42].

Poms muroxuna TNF-a B MHIyKIIUM Aml KJIETOK
KM He orpaHMYMBACTCS €ro CITOCOOHOCTHIO CTHUMYITH -
pOBaTh 3KCIIpeccHIo perientopa Fas (0 KoTopoii 6110
CKA3aHO BHIIIIE), HO TAKX€ BKJIIOYAET IIPSIMOE IIMTOTOK-
cmaeckoe gaeiicrBue 4yepe3 TNFR1-peuentopsl. IToka-
3aHo, 9yTo ypoBeHb MPHK TNFR1 B xsterkax KM 6011b-
HbIX M/IC-PA 3HaYHUTEIBHO ITOBRINICH 110 CPABHEHHIO
C TAKOBHIM Y 310pOBBIX MoAei [43]. Bonee Toro, y Ta-
KMX GOJBHBIX BBISBISIOCH MOBHIIIEHHE 3KCIIPECCHH
reHOB TRADD v FADD, KoTOphIe KOOUPYIOT adaITep-
HBIe 6K, HeoOxomuMele g peaau3auu TNFRI1 -
onocpeayeMoro Am. BMecre ¢ TeM CyllieCTBEHHBIX pa3-
JIMAKi MeXny skcnpeccueilt TNFRI B ob6pa3siax, mo-
JiydeHHBIX oT 60mbHEIX MJIC cpegHero ¥ BEICOKOTO
pucka (MJIC-UB u PAUB-T) u KOHTpOIBHOI Ipym-
b1 (300POBRIC IOHOPHKI), HE 0OHapyxeHo [43].

Boaneitcreue uuroxiiHa TRAIL Ha knetku KM
6opHEIX MJIC, HO He Ha Ki1etkd KM 300poBRIX AO-
HOPOB, B YCJIOBHSIX i Vitro IIPUBOMIUTO K HX THOEITH ITy-
TeM An [44], 9T0 MOXeT OBITH CBSI3aHO ¢ 00JIEe BHICO-
KMMH YPOBHSMH 3Kcnpeccun penentopoB TRAIL-R1
1 TRAIL-R2 B KM 6oimsHeix M/IC. Baxio oTMETHTS,
gro mHAyKumsa An B KM 6ompaex MJIC 6bU1a HAHG0-
Jiee 3aMETHOM B MOMYJISNH OJIACTHBIX KJIIETOK, M TIpe-
umytniectBeHHOe BosaeiicTeue TRAIL Ha KJI0H TpaHc-
(bOpMHPOBAHHBIX KJIETOK IIOATBEPXKICHO PE3yIbTaTa-

MM IIiToreHeTHIecKoro aHami3a 1 FISH-MeTonoMm [44].
B 11e;10M TIOSTY4EHHBIE JaHHKBIE YKA3KIBAIOT HA BAXXKHYIO
POJIb, KOTOPYIO HIPAIOT MPOAITOIITOTUYECKHE IINTOKH~
oI Fas, TNF-a u TRAIL B peryssaim reMorios3a B KM
y 6ompHBIX MJIC.

Cemeiicmeo BCL-2-nodobnbix 6eaxoe. Kak otMeda-
JIOCh BHILIIE, PEAIM3ALIMS ATIOITTOTUYECKOI IIPOrpaMMBbI
KOHTPOJINPYETCS PAIOM BHYTPHKIICTOUHBIX PETYJIATO-
poB, B ToM gucie Genkamn cemeifctBa BCL-2, IAP,
FLIP u p53. U3ydeHue 0COOEHHOCTE M UX SKCITPECCUMN
M QYHKITMOHAIBHON aKTUBHOCTH B TeMOIIO3THICCKHUX
kieTkax y 6ompHEX M C nmo3BoIiio ycTaHOBHUTh X
poJib B atoreHese 3aboneBanus. Cemeiictso BCL-2-
Nox0O6HBIX 6eKOB BKIIIo4aeT 6osee 20 nmpeacraBUTe-
Jiell, KOTOpEIC OKA3KIBAIOT KaK MPo-, TaK M AHTHAIIOII-
TOTHYECKOE ICHICTBUE, CBSI3aHHOE C TAK HA3KIBAGMbIM
MUTOXOHIPHAIBHBIM ITyTeM Ar [45]. TIpo- u aHTH-
anonToTHdeckue 6exxu ceMeiictsa BCL-2 MoryT cBsi-
3BIBATHECA IPYT C APYTOM, 06pa3ys CIOXHYIO CHCTEMY
TOMO- ¥ TETEPOIUMEPHBIX KOMIUIEKCOB. COOTHOIIE-
HUE ITPO- ¥ aHTUATIOTITOTHIECKUX GEJIKOB ITpH HOpMU-
POBaHHMH TaKUX KOMILIEKCOB M OIIPEICISAET IOCICTY-
IOIIYIO PeIM3AIMI0 MIIH MHTUOMpPOBaHNE ATl B KJIET-
xax. Harmpumep, 6erxu BCL-2 u BCL-X , BcTpanBasch
BO BHENTHIOI0O MeMOpaHy MHUTOXOHADHIA, ITOAABIISA-
10T Al 32 c4eT 0Opa30BaHUS TETEPONUMEPHBIX KOMII-
JeKcoB ¢ 6enkoM BAX, 9To mpensaTcrByeT opMHpO-
Baumio numepoB BAX/BAX. Komiuiekce: BAX/BAX
win BAK/BAK ¢opMmupyior MeMOpaHHEIE TIODEI, Y€~
pe3 koTophie IMTOXpoM C U IPYTHE ATIOITTOTEHHBIE MO-
JIEKYTBI TOKUAAIOT MUTOXOHAPUH M TIONANAIOT B ITH-
TOIUIa3My C ITOCJenylolieil akTuBaLueii acddexrop-
Ho¥t (hasm A1l

B CD34* xnetkax 6ompHbeix MAC-PA u MAC-
KC BHISIBIIEHO TOCTOBEPHOE YBEIHIEHHE COOTHOIIE-
Hus npoanontoTudeckux (BAX, BAD) u antuanomn-
Totuyeckux (BCL-2, BCL-X| ) 6e1KOB 110 CPaBHEHHIO
C AaHATOTUYHOM MOMYJIALIMEH KIICTOK Y 3H0POBBIX JTI0-
neif (2,57 u 1,89 coorBeTcTBeHHO) [32]. BaxXHO oTMe-
TUTh, YTO IIPHU NIPOTpeCcCHH 3a00JIcBaHUS 3TOT IIOKA-
3aTeNIb CHIDKAJICA 10 3HadeHuA 1,16, B mepByIo ode-
penb 3a cueT noBeImeHus ypoBHst BCL-2. IToxazana
o0paTHas KOppeISLNA MEXIY COOTHOIIEHHNEM YPOB-
Hel nmpo- ¥ antuanonrorudeckux BCL-2-momo6HbIX
6esikoB B nomysauuu CD34* kinetok 6ompHEX MC
U OLIeHKaM¥ MTpOTrHo3a 3a0osieBaHus no mkaie IPSS
WJIM COTVIACHO aHATU3Y IUTOTEHETUIECKUX MapKe-
poB [32]. DTH pe3yabTaThl MOATBEPXKAAIOTCS JAHHbBI-
MM ApPYTHX aBTOpOB [46]. HU3KOMONEKyIsApHEIE UH-
ruouTopsl aHTUanonToTudecKux BCL-2-mmogo6HBIX
0eJIKOB OKa3bIBAIOT LIUTOTOKCHUYECKOE NEHCTBUE
Ha CD34* xiierku KM GonbHbeix MJIC BEICOKOTO pU-
cKa WwiM 60JbHEIX BTOpHIHEIM OMJI, HO He GOIBHBIX
M/ C au3koro pucka [47]. 3TH pe3yIbTATH He TOJh-
KO IOATBEPXKAAIOT poib HapymeHuit An mpu MJC,
HO Y YKa3BIBAIOT Ha BO3MOXHOCTh MCIIONb30BaHUS
UHTUOUTOPOB OTAEIBHBIX 3BEHBEB PETYJISITOPHOM CH -
creMHI An y 6onbHBEIX MJIC BEICOKOTO pHCKa € Tepa-
IIEBTUYECKOM LIETBIO.
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IAP-nodo6usie 6eaxu. Enie 0OnHO ceMEMCTBO 9HO-
TEHHBIX peryaaTopoB An o6semuHseT 1AP-nomoGHEIe
OeJIKi, KOTOpHBIE, B omnmaue oT BCL-2-niono6HbIX Oe1-
KOB, BCEIJa HHTHOMPYIOT allONITOTHIECKHE PETYIISTOD-
Hble curHAITH [48]. Haubosee BBIpaXXeHHOM aHTHATION -
TOTHYECKOMH aKTUBHOCTBIO CPEOH WICHOB YKA3aHHOI'O
ceMmeiicTa obnamaeT 610K XIAP, KOTOpHIii CITocobeH
CBS3BIBATHCS ¢ aKTHBUPOBAHHKIMM KACIIa3aMu-3 M -7,
a TaKKe MpeJoTBpaIrnaTh aKTHBAIIMIO Kacmassl-9. Kak
nokasam K. Yamamoto 1 coaBTopsl [49], ypoBeHE 3Kc-
npeccun MPHK X7AP u cypBuBHHA (IpYyIroro npencra-
puresd ceMeiicta IAP) B knetkax KM 6omsaex MAC
OBbUT 3HAYHUTEJIHFHO IMOBHIITIEH 10 CPABHEHHIO C KOH-
TPOJLHBIMHM 00pa3iiaMu, HO CHIDKAJICS TI0CTe TpaHC-
dopmanmu 3a6oneBanusi B OMIL. 3tu nanHbIe CBUIE-
TEJABCTBYIOT O BOSMOXXHOM YYaCTHH YKA3aHHBIX AHTH-
aIONTOTHYECKHUX PETYJATOPOB Ha PaHHHMX 3Tamax
tpancdopmar MJIC 8 OMIL.

c-FLIP 6eaxu. ToBOpS 00 9HAOTCHHBIX PEryasaTOpax
A1, HeJIb35 HE YIIOMSIHYTh O O€JIKOBBIX IIPOMYKTAaX IeHa
¢-FLIP. V3BecTHE 13 BapuaHToB - FLIP, KOTOpBIE 00-
pa3’yloTcs B PE3YNIHTaTe AITEPHATUBHOIO CILIAHCHH-
ra, HO TOJBKO TPHM M3 HHX SKCIPECCHUPYIOTCSA B Kade-
ctBe 6enkoB [50]. brarogaps Hammauio DED-noMeHOB
Bce TpH opmnl ¢c-FLIP, c-FLIP, u c-FLIP, cmoco6-
HBI 00pa30BHIBaTh 6eTKoBRINH KoMIuieke DISC (death-
inducing signaling complex), omocpenyioniuii repena-
4y aloNTOTHYE€CKOIC CHTHAJIA OT «PELCIITOPOB CMEP-
Ti». OIHAKO, HECMOTPA Ha 310, 6enok c-FLIP, Moxer
KaK HHTHOMpPOBATh, TaK ¥ CTUMYITMpoBaTh ATl [50]. Ypo-
BeHb aKkcnpeccun MPHK FLIP, 8 CD34" knerkax KM
6ospHBIX M C OBLI TOCTOBEPHO HIDKE TAKOBOTO Y 3/10-
POBBIX AOHOPOB [51]. BrisiBAeHA 06paTHAS KOPPEJIIIIUS
MEXIY YPOBHEM 9KCTIpecchu FLIP, ¥ CTETIEHBIO arol-
ToTyecKoii Tnoean CD34" KieToK KaK y 3H0pOBBIX
Jnonei, Tak M 'y 60spHEIX MJIC. BaxXHO OTMETHTD, UTO
IpH1 3TOM YpoBeHb 3kcripeccru MPHK npyroit nzogop-
MBI — FLIP;— oka3saics Benue B kietkax KM y 6ob-
HeIX MJIC 110 CpaBHEHHIO C TAKOBBIM Y 3IMOPOBHIX J0-
HOPOB, 9TO HAIIPSIMYIO COOTBETCTBOBAIO BHIPAXXKEHHO-
cti At CD34" xJieTok.

Beaok p53. Kak u3BecTHO, 6€710K p53 BRIMOJHACT
B KJIE€TKaX MHOXECTBO QYHKIMMA, I1aBHAsA U3 KOTO-
PHIX — CHIDKEHHE BEPOSITHOCTH HAKOILUIEHHS B OpTa-
HH3Me KJIETOK C aHOMAJIbHBIMH M3MEHEHUSIMH T€HO-
Ma, BKJTIOYasl Te, KOTOpble 06YCIOBIMBAIOT HEeoILUIa-
CTHYECKYIO TpaHchopMaluio Kiretok [52]. benok p53
IOCTOSSHHO CHHTE3HPYETCA KIETKAaMH, HO OYEHB OBbI-
CTpO pacuieIuisieTcs (IeproL ero nojaypacrana 0KoJo
20 MHMH), ¥ TIO3TOMY KOHLEHTpAIs p53 B 60JIBLIMH-
CTBe HOPMAJBHBIX KJIETOK M TKaHeil o4eHb HHU3Kasl.
AxTuBanysa p53 (3a cgeT cTabMIBHOTO ITOBHILICHHSA
€ro KOHIIEHTpaluu Win GocdopiimpoBaHus) CIIO-
COGCTBYET MMOIABJIEHHIO ITPOIIECCOB, CBA3AHHHKIX C JIe-
JIEHHEM KJIETOK, JTUO0 HHUITHALMY An. BEISIBICH psix
p53-3aBUCHMBIX T€HOB, KOTOphIE YJACTBYIOT B pery-
sty An. IIpu 3TtoM gamie Bcero 6e10K p53 akTH-
BHpPYET MUTOXOHIPHATLHEIM ITyTh, B YACTHOCTH CTH-
MYJIMPYET SKCIIPECCHIO AITOIITOTHIECKUX reHOB BAX,
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BID, p53AIP1, NOXA n PUMA, a Takxe IOOaBIsi-
€T SKCIIPECCHIO aHTHAIIONITOTHYSCKMX TeHOB BCL-2
n MCL-1. KpoMe Toro, 6e10K p53 cIroco0eH CTHMY-
JIMPOBATh 3KCIPECCHIO TEHOB «PEIENITOPOB CMEPTH»
FAS, TRAIL-R1 v TRAIL-R2, 9T0 TIpUBOIMT K aK-
THBaIlMH PeleNTOp-0I0CPEeAOBaHHOTO A, Y 60Jb-
HeIX PAUB-T xonudgecTBo p53* KIETOK B oOpasiax
KM 65010 BEIIIE, 9eM y 00abHBIX MJIC 6e3 mpu3Ha-
KoB TpancopManyu [53]. UHTEpecHO, 9TO B OT/IMYME
ot 6oeHBIX OMJI ¢ MBMEHEHMSAMH, CBA3aHHBIMHU C MH-
eIonMcIUIa3ueil, p53* KiIeTKU BhIABICHBI JIMINb B Ya-
ctH crygaeB OMII de novo. UIMMyHOTHCTOXMMHYECKOE
omnpeneacHue pS3 B KIIeTKax-TnpeaiiecrBeHHMKax KM
oopaBIX MIIC ¢ nenenmeit del(5q) mokasano, 4To co-
Iepxanue p53* kiaeTok 6omnee 1% accolMMpyeTcs C BhI-
COKMM pHCKOM TpaHcopMarmu B OMJI u coxpaiie-
HHEM CPOKOB 00I1Iei i BBLKMBACMOCTH OOJIBHBIX [54].
CienyeT OTMETUTD, YTO MyTaluu reHa TP53 BcTpe-
YAIOTCA B KJIETKAX IIPHMEPHO IOJOBHHEBI BCEX 3JI0Ka-
YeCTBEHHBIX HOBOOOpa3oBaHMIl 4eJoBeKa, IIpHIeM
95% W3 HUX MPUXOAUTCA Ha YIACTOK, KOTUPYIOIIUK
IO HK-cBsi3piBatonuii noMeH p33 [55]. Myraiuu reHa
TP53 yBemMUIMBAIOT IIEpHOI IIOTypaciana 6eaka p53
u yMenslialot ero JJHK-cnemududeckoe cBsa3bIBa-
HHE M TPaHCKPHIIIIMOHHYIO aKTUBHOCTb. B pe3yib-
TaTe TOI0 Y MyTaHTHOU (popMel Oenka p53 3Ha4M-
TEJIBHO OCIabIsgeTCsl CIIOCOOHOCTh HHUITHUPOBATH
An. Myrauuu reHoB, Hau0oJee 4acTO BHISBISE-
Mbie y 00pHBIX M C, ipeacTapieHH B Tabi. 1. Kak
MOXHO BHIETh, MyTallMH AIl-aCCOLMMPOBAHHBIX Te-
HOB Y 3TO# KaTeropuH OO0JIBHBIX O0OHAPYXUBAIOT IO~
cratouyHo peako. ClemyeT OTMETHTD, YTO MYTaI[HH
TP53 conpsokeHBI ¢ BEICOKMM PUCKOM TpaHcdopMa-
1 MJIC B OMIJI u ¢ 60j1ee HU3KUMH 3HAYEHUSIMHA
obureit BeixuBaeMocTu 6ombHBEIX MJIC [57]. BMecTe
C TEM MYTalli{ T€HOB, YbH OEJIKOBBIE MMPOAYKTHI yda-
crBywoT B ciuiaiicuare PHK (SF3B1, SRSF2), meTu-
muposanuu JHK (TET2, DNMT3A), MomuduKaImu
xpoMatusa (ASXL 1, EZH?2) vinu tpanckpumimu JHK
(RUNX1, ETV6), BasasisioT y 60apHBEIX MIC ¢ 6onee

BBICOKOM 4aCTOTOM.
Tabnuua 1
MyTauuu resoe, HanGonee 4acro Bnisensemsie y 6onsHnix MAC
(amanmipoBano no [56])

Fen XpomocomHas | BctpeuaemocTs, YuacTwe 8 An

NOKanMaauma %

SF3B1 2q33.1 20-28*

SRSF2 17925.1 12-15

TET2 4024 20

ASXL1 20q11.2 11-15

DNMT3A 2p23.3 10 +

RUNX1 21q22 0

TP53 17p13 5-10 +

JAK2 9p24.1 ik +

EZH2 7q36.1 5

ETV6 12p13.2 2-5

EVI1 3q26 1-2 +

NRAS 1p13.2 5

CSNK1AT 5q32 T

BCOR Xp11.4 4 +

*> 70% y 6onbhex MAC-KC.
**50% y 60nbHbix MAC-KC, aCCOLMMPOBAHHEIM C BLIPAXEHHBIM TPOMOOLMTO30M.



PONb ULUTOKUHOB, ®AKTOPOB POCTA
U XEMOKMHOB

B nocneHee BpeMst cTajo 0YEBUITHO, YTO BO3MOXK-
HOM IPUYMHONA HAapyIIIeHWHA KOCTHOMO3TOBOIO KpOBe-
TBOopeHus Ipy M/1C MoryT OBITh H3MEHEHHSI, BRI3BAHHEIE
HM30BITOYHOIM ITPOMYKIIUCH pa3IMUHBIX IIMTOKMHOB, (hak-
TOPOB POCTa M XeMOKHHOB. B MHOTOIHCIICHHBIX MCCIICIO-
BAHUSIX YCTAHORBJICHO YBEJIMICHUE COICPXXKAHMSI 3TUX PETY-
ssrropoB B ITK 1 KM 6ompHbIX MIIC. Pe3ybTaTsl TaKux
HCCIeI0BaHMIT 00001mIeHE! B Ta0. 2. IToMHMO 06CyXnaB-
merocs Boime TNF-a, y 6ombHbx MIC oTMe4eHO yBem-
9eHVE IIPONYKLIMK KOJIOHHMECTUMY/IMPYIOLHMX (GaKTOPOB
(colony stimulating factor — M-CSF, G-CSF), raMmmMa-uH-
tepbepona (IFN-y), tpaHchopMupyromiero akropa po-
cra 6era (transforming growth factor beta — TGF-B), psana
uHTepIcHKUHOB (1L) 1 aHTHOreHHBIX hakTopoB. Hekoro-
PHIC M3 YKA3AHHBIX IIHTOKWHOB, ICHCTBYS I1aPa- WJIH ayTO-
KPHHHBIM TIyTeM, CTIOCOOHBI MHIYITHPOBATE ATl (HAITPH-
mep TNF-a, TGF-B wm IFN-y). ®akrop pocra 9HIOTe-
1A cocynoB (vascular endothelial growth factor — VEGF),
¢dakTtop pocta renarormToB (hepatocyte growth factor —
HGF), TNF-a 1 aHTHOITIO3THHEI OTBETCTBCHHEI 33 YBE-
JIMYEHHE TUTOTHOCTH MUKpococynoB KM, xapakTepHoro
s 6omeHbIx MIC [59]. B xiietkax KM 6omprbx MIC
TIOBBIIAETCS SKCITPECCHS TIPOBOCIIAIMTEIEHOIO LIMTO-
xuHa IL-1B [41]. B du3HOMOrHIecKrX KOHIICHTPALIMIX
IL-1B criMympyeT reMoroa3 HoCcpeICTBOM HHIYKIINH
KOJIOHHECTHMYJTMPYIONMX (hakTopoB [60], a TIpH TIOBEI-

LIICHUM KOHLEHTPALIMH ITOIAB/ISIET TEMOIIO33 Y€PE3 CTH-
Mysipao npoaykimu TNF-a u npocraranauna E, —
HM3BECTHOTO MHTHOMTOpa Nponmudepaliid MUCIOMTHBIX
CTBOJIOBHIX KiTeTOK [61]. Xemoxun CXCL10, ypoBeHb KO-
TOPOTO B IUTa3Me KpoBH 60bHBIX M/IC cyImecTBeHHO IT0-
BHIIIEH [62], meicTBYeT KaK MOIIHBIH XeMOATTPAaKTaHT,
PETYISTOp aHTHOTEHE3a M reMoTI0334a [63].

TTpu MIC NOBBIIIEHHBIN YPOBEHb HEKOTOPBIX M3 YKA-
3aHHBIX BHIIE (haKTOPOB MOXeET OBITh CBSI3aH ¢ HebIaro-
TPUSITHBIM KJIMHMMECKHM TEUEHHEM M IIPOTHO30M 3200116~
BaHwMsl. Tak, BeICOKMIT ypoBeHb TINF-Ql B CHIBOPOTKE KPOBH
SIBJISIETCS] HEOMATOITPUSTHEIM IIPOTHOCTHYCCKHM (DaKTO-
poM 17151 60mbHBIX M1 C TpyIITsl BRICOKOTO PUCKA M CBSI3aH
¢ GOJTBITMM KOJTMYECTBOM JIEHKOLIMTOB U 60JTee BEICOKHMH
YPOBHAMM [3,-MHUKpOIJIOOY/IMHA, KPEaTUHMHA, MOYEBOM
KHMCJIOTHI H 1IeJ104HOM ocdarasnl [64]. Kak ycraHoBie-
HOo C.A. Meyers u coaBropamu [40], BEICOKKE YPOBHH 1THD-
Ky/mpyronmx B KpoBd TNF-a, IL-1 u IL-6 xoppesipyioT
C TIOBBINIEHHO# yToMIsIeMocThIO 60MbHBIX M/IC. BrIsB-
JISTIOT OOPATHYIO KOPPEJSIIHIO MEXY ITOBRIIEHHBIM CO-
nmepxanreM CXCL10 B cbIBOpPOTKE KPOBH M TTOKA3aTeNS-
MM BbDKMBaeMocTH 6ombHbx MIIC [62].

CnenmyeT OTMETUTD, YTO BAOKHBIM HCTOYHMKOM BHI-
paboTKM ITMTOKWHOB U dakTopoB pocta mipd M C sB-
JI10Tcsa cTpoMaiibHEIe KieTKn KM, dopmupyome
TeMOIIO3THYECKUE HMILM. [IoKa3aHO, HAIIPUMEP, YTO
ME3EHXMMAJIBHEIC CTBOJIOBHIE KIIETKH CIIOCOOHEI IIPO-
myiuposatsk M-CSF, TGF-B, 1L-1, 1L-6, 1L-7, IL-8,

Tabnuuya 2

LiuToxuHbl, paKTOpPLI POCTA M XEMOKUHBI, YPOREHE KOTOPRIX NOBLILIEH Y GonnHbix MAC (apanTuporano no [58])

LuToxmn/ Mpumeyanus (CBA3b C KIMHMYECKUMM,
¢daxrop pocra/ KM MK (Tn xnetok) Mnasma kpoBH KIMHUKO-NabopaTOPHLIMM JaHHBIMK,
XEMOKHH TeyeHmem 3abonesanns)
M-CSF + + (MOHOHYK/eaphl)
G-CSF + + Koppenupyer ¢ KneToyHOCThIO KOSTHOMO MO3ra
TNF-a + + Koppenwpyet ¢ CopepXaHuem Maxpodaros,
ypoBHeM An knetok KM; o6paTHas 3aBUCHMOCTb
C YPOBHEM reMorno6uHa U BHXHBa@MOCTbIO
60nbHbIX
IFN-y + + (MUENOKIHLIE KNETKM)
TGF-p +
IL-1a + + (MOHOHYKNeADH) + Koppenupyert ¢ GLICTPOIE YTOMAAEMOCTEIO 60NIbHLIX
IL-6 + + Koppenupyer ¢ 6bICTPOR YTOMASEMOCTLIO HONbHLIX;
o6paTHasi 3aBUCUMOCTb C MX BRXXKMBAEMOCTbIO
IL-7 + + Q6patHas 3aBUCMMOCTb G BbIXHBAEMOCTbIO BONb-
HbiX
IL-8 + + + Crpatndukaums 601bHbIX COrNAacHO Knaccuduka-
uuu BO3; onpenenenne rpynnsl pucka cornacHo
wane PSS
IL-17 + +
HGF + +
VEGF + + + (CbIBOPOTKA KPOBHK)
AHTOreHUH + +
CXCL9/MIG + +
CXCL10AP-10 + + Koppenupyert ¢ cofepXaHueM LUPKYIUPYIOLMX
B kpoBH GnacToB, ypoBHeM TpoMGouuToneHu; 06-
paTHan 3aBUCMMOCTh G BRIXWBAEMOCTLID GONbHLIX
CCL2/MCP-1 + +
CCL3/MIP-1a + +
CCL4/MIP-1P + S

CCL2/MCP-1 — CC-xemokuH 2; CCL3/MIP-1a — CC-xemokun 3; CCL4/MIP-1B — CC-xemokuH 4; CXCLI/MIG — CXC-xemokuH 9; CXCL10/IP-10 — CXC-
xeMoknH 10; G-CSF — rpaHynouuTapHblit KonoHuecTUMynupylowwmin paktop; HGF — daktop pocta renatounto; IL — uHtepneiikun; IPSS — International
Prognostic Scoring System (MexayHapoaHas wkana ouenkv nporHo3a); M-CSF — makpogaranbHblit KonoHuecTUMynupylowmii paxtop; VEGF — paktop po-

CTa 3HAOTENNS COCYLL0B.

OHKOJIOTUA o T. 20 @ N2 2 » 2018




xemokuHnl CXCL10, CCL2, CCL3, CCLA u psin apy-
rux o6uoperyssiropoB [65]. MHTEpecHO, 4TO B ME3eH-
XHMMaJIBHBIX CTBOJIOBBIX KiIeTKax ypoBeHb HGF nosei-
IIEH TOJIBKO Y 60mbHBIX MJIC BBICOKOIO pHUCKa, TOI-
na Kak ypoBeHb TGF-f noHMXeH TOIBKO ¥ OOIBHBIX
MJ1C sm3Koro pucka [66], 4To CBHAETEIBLCTBYET O pa3-
JIMYHBIX (PYHKIMSIX STHX KIIETOK Yy nanuesTos ¢ M C
TPYNIIH HU3KOTO H BBICOKOTO pHCKA. IToTeHIIMATEHBI-
MH TIPOAYIIEHTaMH ITUTOKHMHOB M XeMOKHHOB CITyXaT
TaKKe aIUTIOLIMTEL, KOTOPEIE 00pa3yIOTCs H3 ME3CHXH-
MAJTBHEIX CTBOJIOBBIX KJIETOK M SIBJISTIOTCSI ITOCTOSTHHBIM
CTpoMaJIbHBIM 3jieMeHTOM KM. B yactHocTH, anumno-
LIMTHI CIOCOOHE! BhipabaTriBath TNF-a, IL-6, CXCLI10
u CCL2 [67]. IToHaTHO, 4TO AeHCTBYE YKA3AHHBIX LY -
TOKHHOB M (DaKTOPOB POCTa, HAIPABJICHHOE Ha IT01aB-
JIGHHE TEMOII033a, IIPOABJIAETCS HE TOIBKO HHIAYKIHEH
AIl, HO ¥ HX ITPOBOCIIATUTEIbHEIMH H AHTHOITCHHEIMHU
addexTaMu, BIUSHHUEM Ha mpoiMdepaliio, audde-
PEHLMPOBKY M PN APYTHX IpolleccoB [68], yaacTue
KOTOpBIX B natoreHese MJIC HHTEHCMBHO H3yJaeTcsl.

Taxum 06pa3oM, JaHHbIE MHOTOYHCIIEHHBIX KJIH-
HHUYECKHX HCCICHOBAaHMI CBHIETEIBLCTBYIOT, UTO AIl
BOBJICYCH B THCIUIACTUICCKUI U HeadhheKTUBHBIHN re-
MOI1033 M HEOITaCTHYECKYIO TpaHChHOpMaIIHIO KIETOK
KM npu MIAC. HakanmninBawTcsi U 00CYyXIal0TCsl pe-
3yJIbTATHI H3YICHUA y narueHToB ¢ MJIC nmporHocTu-
YE€CKOM M NPESAMKTUBHON POJIM KJICTOYHBIX AIIONTOTH-
YECKHMX MapKEpOB, 4 TAKXKE YPOBHS HEKOTODBIX IIHTO-
KMHOB, (haKTOPOB POCTa M XEMOKHMHOB.
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NOPYLUEHHA ANONTO3Y
APU MIENOAUCNNACTUMHMUX
CUHAPOMAX

0.0. Dirvuenxos, I.C. Ieaniscora
Incmumym excnepumenmansvHoi namonoeii,
onKonoeii i padiobionozii im. P.€. Kageybkozo
HAH Yxpainu, Kuie, Yxpaina

Pesiome. Mema oeandy — npoananizyeamu cyvacHi
YABACHHS BPO PONb | MEXAHIZMU ANONMOMUYKOT 3a2Ube-
Al KAiMUR Y X80pux npu Mieno0UCRAGCMUMHUX CUHOPO-
max (MIC). Yucnenni dani céiduams, ugo anonmos (An)
3anyvenuii y Oucnaacmu4Huii ma HeeghekmueHuii 2emo-
noe3 i HeONAACMUYHY MPARCHOPMAUIIO KATMUH KiCMKO-
6020 mo3ky (KM) npu MIC. Y moii uac sx pieenv An
Knimun KM 3pocmae npu pozeumxy MJ[C, npuzniuen-
Ha An y xeopux na MJIC nidsuuye gipoeidnicms po3eu-
mKy 20cmpozo mienoidHoeo aeiiko3y. ¥ cmammi npeo-
cmaenero ocmarni dari npo poas An 6 namozenesi MJIC,
a maxoxc ingopmayiro w00 NPOZHOCMUUKO20 i nPeCuUK-
MUBHO20 3HAYEHHS KAIMUKKUX ANONMOMUMHUX MApKe-
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Di8, pieHs HU3KU yUmMoKinie, gpaxmopie pocmy i xemo-
Kinie y nayieumie 3 MJIC. Ocobaugy yeazy npudinero
maxum eghexmopam An, sk «peyenmopu cmepmi», 6in-
Ku poour BCL-2i IAP, adanmopwi 6inxu epynu c-FLIP,
obinox-cynpecop nyxauxnoeo pocmy p53.

Kmo90Bi ¢Ji0Ba: Mi€TOOUCIUIaCTHIHIIA CHHIPOM,
pedpaxTepHa aHeMis, roCcTpUit MieTOiMHWH
JIeKO03, TeMOITOSTHIHI CTOBOYPOBi KITiTHHH,
anonTo3, LIMTOKiHN, aKTOpy pOCTY, XEMOKIHH,
TIPOrHOCTHYHI YMHHHUKH.

APOPTOSIS DEREGULATIONS
IN MYELODYSPLASTIC SYNDROMES

A.A. Philchenkov, 1.S. Ivanovskaya
R.E. Kavetsky Institute of Experimental Pathology,
Oncology and Radiobiology, NAS of Ukraine,
Kyiv, Ukraine

Summary. The purpose of the review is to analyze mo-
dern ideas about the role and mechanisms of apopto-
tic cell death in patients with myelodysplastic syn-
dromes (MDS). Numerous data suggest that apop-
tosis (Ap) is involved in dysplastic and ineffective
hemopoiesis and neoplastic bone marrow (BM) trans-
Sformationin MDS. While the level of Ap cells of BM in-
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creases with the development of MDS, the suppression

of Ap in MDS patients increases the likelihood of deve-

loping acute myeloid leukemia. This article summariz-

es the latest data on the role of Ap in the pathogenesis of
MDS, as well as information on the prognostic and pre-

dictive role of cellular apoptotic markers, the levels of
a number of cytokines, growth factors and chemokines

in MDS patients. Particular attention is paid to such ef-

Sectors of apoptosis as the death receptors, proteins of the

BCL-2 family and the IAP family, the c-FLIP adapter
profteins, tumor protein p53.

Key Words: myelodysplastic syndrome, refractory
anemia, acute myeloid leukemia, hemopoietic
stem cells, apoptosis, cytokines, growth factors,
chemokines, prognostic factors.
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