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AKTUBALIA NYPUHEPTIYHUX CUTHAJIbHUX LWWAXIB
MnAa4YAC PO3BUTKY 3ANAJIbHUX 3AXBOPIOBAHb KULLEYHUKA

3anopi3bkun gepxxaBHUN MeOAUYHUN YHiBepcUuTeT, YKpaiHa

3ananbHi 3aXBOPIOBaHHA KULLEYHUKA € XBOPO-
0O0l0 3 HeYiTKMM naTtoreHe3oM, MoB’si3aHi 3 OCHOBHMU-
MU gedektamum iMyHoperynsilii crm3oBoi 000MOHKM
KMLLEYHUKA SIKi PO3BMBAOTLCS Y FEHETUYHO CXMMbHUX
oci6. Lli aHomanii 4yacTo BUHMKaIOTb Y 3B’A3KY 3 MiKpO-
OHMM anchio3om i NpMBOAATbL OO HEOBMEXEHOro 3a-
naneHHs KULWeYHMKa Ta iHLINX TKaHWH.

Lle npusBoguTb 0O OOBrOTEPMIHOBOI 3aXBOpPHO-
BaHOCTi Ta, MOXNNBO, 40 CMEPTi AOPOCNMX Ta AiTen.
3MeHLEHHA 3ananeHHs Ta BiAHOBIEHHS iMYHHOI
TONMEPaHTHOCTI Mpu 3ananbHUX 3aXBOPHOBAHHAX KK-
LWEeYHUKa 3anuLIaiTbCs FONTIOBHOK TepaneBTUYHO
MeToto. MpoTe, icHyto4a Tepanisi 3ananbHUX 3aXBOPIO-
BaHHSAX KMLLEYHMKA BCE LLE 3HAYHOI MipOto 3anexuTb
Bif wWmpokomMacwTabHoi imyHocynpecii. Hanpuknag,
6rnM3bKo NONOBUHM NaUEHTIB, SKi OTPUMYIOTb aHTUTI-
na npotn TNF, 4eMOHCTpYIOTb CYTTEBY KMiHiYHY Bia-
noBigb. Lli moninweHHs 4acTo € caMOOOMEXEHUMM,
npoTe, Ha Xanb, 30iMNbWYETLCA PU3UK ONMOPTYHICTWY-
HUX iHdbekuin. EKToHykneoTnaasm 3okpema cimencraa
CD39, maloTb 3Ha4yHMI BMAMB Ha ANHAMIYHY piBHOBa-
ry nposanarnbHoro nosaknitTuHHoro AT®, Hykneotuais
AP Ta imyHOCYNpecmnBHOro noteHuiany ageHo3nHy-
kneosngis. CD39 Bigirpae gomiHytouy ponb y nypu-
HepriyHin perynsuii 3ananeHHs cyavH, Tpombosy Ta
iMyHHOT BiANOBIAi Y TaKMX ymMmoBaXx.

B ornsgi 6ynoe 3ocepemkeHo yBary Ha iMyHOMO-
aynauii CD39 Ha T-kniTMHax Ta iHWWX IMYHHUX KIi-
TMHaX 9K reHeTUYHMMUK hakTopamu, Tak i hakTopamm
HaBKOMNMMWLUHLOIO CepefoBULLIa NPK 3anarnbHMUX 3axBO-
PIOBaHHAX KULLEYHUKA Ta eKCnepuMeHTarbHOMY KO-
niTi, BKNOYaYM HOBI poni NpMpoAHMX MeTaboniTis,
Takux sk Oinipy6iH. Takox Byge KOPOTKO PO3IMSiHYTO
ponb ekcnpecii CD39 Ha ek3ocomax Ta Mikpo4YaCTUH-
Kax, Y KOHTpOMi 3ananeHHs B KULLIEYHUKY Ta poni Mi-
Kpobioma. byge po3rnsiHyTo 3pocTakudy BaXMBICTb
iHwnx HT®O-a3 cimenctesa CD39 y koHTponi 3ana-
NEHHS KNLLEYHMKa.

Omsag nitepatypu 3 BNaCHUMU AaHMMKW NPUCBS-
YeHUI ONUCY OCTaHHIX OOCArHEHb Y ranysi BUBYEHHSA
MYyPUHEPriYHUX CUrHaNbHUX LUNAXIB NOB’A3aHMX 3 NO-
PYLLEHHAM iIMYHHOT perynsdii B natoreHesi 3ananbHux
3axBOPIOBAHHAX KULIEYHMKA. YBara B LbOMY ornsagi
30cepempkeHa Ha HoBMx acnektax dyHkuin CD39 Ta
noB’si3aHuX HykneoanaTpudocdatandgocdorigponas
(HT®[O-a3) npu po3BUTKY 3ananbHUX 3aXBOPIOBAHHAX
KMLLEYHMKa.

a.zherebiatiev@gmail.com

KnwouoBi cnoBa: ageHosunH, AT®, E-HTP[J-a3a
(ekTo-HYKNeosuaTpudgochatandocdorigponasa),
3anarnbHi 3aXBOPHOBAHHSA KULLEYHMKA, NiMAOLMUTN.

3B’A30K pobOTU 3 HAayKOBMMM Nporpamamm,
nnaHamu, Temamu. PoboTa BMKOHaHa B paMkax Ha-
yKkoBOi poboTn kadenpu Mikpobionorii, Bipyconorii
Ta iMyHonorii 3anopi3bKoro gep)kaBHOro Meau4yHoro
YHiBepcuTeTy «Porb nopyLleHb B3aEMOBIAHOCKH fliM-
doigHoro Ta eniTenianbHOro KOMMapTMEHTIB iMYyH-
HOI cucTtemmn crnm3oBmx OBOMOHOK B PO3BUTKY €EKC-
nepumeHTanbHOi natonorii», Ne gepx. peecTpauil
0112U005642.

Betyn. 3ananbHi 3axBOplOBaHHSA  KULLEYHUKA
(33K) € xBOopo6OIO 3 HEYITKUM NATOreHe30M, MOB’A3aHi
3 OCHOBHUMMU AedbekTaMu iMyHOperynsauii cnusosoi
OBOMOHKN KULLEYHMKA SKi PO3BMBAIOTLCH Y FreHeTuy-
HO CxmnbHMX Ocib. Taki aHomanii 4acTo BMHWKaOTb
y 3B’A3KYy 3 MiKpOoOHUM gucGio3om, i npuBogsaTb A0
HeOOMEXEHOro 3ananeHHst KUWeYHNKa Ta iHWKX TKa-
HUH. Lle npmsBognTb 40 OOBroTEPMIHOBOI 3aXBOpPHO-
BaHOCTI Ta, MOXNNBO, O CMePTi AOPOCNUX Ta AiTen.
3MeHLUEHHA 3ananeHHsa Ta BiGHOBMEHHS iMYyHHOI To-
nepanTHocTi npu 33K 3anuwaTbCAa rofloBHOK Tepa-
neBTUYHOI MeToM. MpoTe, icHytoua Tepanis 33K Bce
LLle 3HAYHOK MIpPOI0 3aneXuTb Bif LWMpoKomMacLTab-
HOT iMyHocynpecii. Hanpuknag, y nonoBuMHM NauieH-
TiB, 9Ki oTpuMmytoTb aHTUTINa npotn TNF, cnocTepira-
€TbCA 3HaYyHe 3MEHLWIEHHS KMiHiYHuMX cumnTomiB. Lii
MOIMNWEHHS YacTo € caMOODMeXeHUMK, NpoTe, Ha
Xanb, 30inbLUYETLCA PU3MK OMOPTYHICTUYHUX IHGEK-
uin. EkToHykneotngasu, 3okpema cimencrtea CD39,
MaloTb 3HaYHWI BNAMB Ha AMHAMIYHY piBHOBary npo-
3ananbHoro nosaknitnHHoro AT®, HykneoTtuais A4
Ta iIMyHOCYNpPeCcMBHOIro MOTeHUjiany ageHO3UHYKNeo-
3uais. CD39 Bigirpae gomiHyto4y ponb y NypuHepriy-
Hil perynsuii 3ananeHHs cyauH, Tpombo3y Ta iMyHHOT
BiONOBIAl Yy Taknx ymoBax. YBara byge 3ocepemxeHa
Ha imyHomoaynsauii CD39 T-nimdouuTiB Ta iHLWKX KITi-
TUH IMYHHOT cMCTeMU 0BYMOBMEHOI SIK reHeTUYHUMU
dakTopamu, Tak i (pakTopamm HaBKOMULLHBOIO Cce-
pepoBuwa npu 33K Ta ekcnepMmeHTanbHOMY KORiTi,
BKITHOYAIOYM BMNAMB MPUPOAHUX MeTaboniTiB, Takux
AK Binipy6iH. Takox Oyae KOpPOTKO pO3rmnsiHyTa posb
ekcnpecii CD39 Ha ek3ocomax Ta MiKpodYacTUHKaXx,
Yy KOHTPOMi 3anarneHHs B KULLEYHWUKY Ta poni MiKpo-
Gioma, Ta Oyge posrmsHyTa 3pocTakya BaXMBICTb

YKkpaiHCbKUM XXypHan MeauuuHu, 6ionorii Ta cnopty — 2020 — Tom 5, Ne 6 (28) 17



MeAaunyHi Hayku

iHwnx HT®[-a3 cimenctea CD39 y koHTponi 3ana-
NEHHSA KULLIEYHUKA.

Ornsg nypuHepriYyHUX CUrHanbHUX LWNAXIB.
Mo3akniTuHHI Hykneotuau (Hanpuknag, AT®, YTO,
A0®, HAQL), i noxigHi HykneosugiB (Hanpuknag,
afgeHo3nH 3 AT®), ki perynboBaHO BUBITIbHSATLCA
i3 BiNblIOCTi KMNiTUH, WO6 3abe3ne4ynT NEepPBUHHI Ta
OCHOBHi KOMMOHEHTU NS NypUHepridyHuX Bignosigewn
[1]. 3a TakmMx yMOB Liei NpoLec BKNOYAE NAHEKCUHM,
SKi € KOHCepBaTMBHUMM TPaHCMEMOPaAHHUMU KaHa-
namu, Wo NponyckaroTb iIOHK Ta Mani monekynu. Ha-
npuvknag, naHekcuH-1 kaHan onocepenKoBye BUBINb-
HeHH AT® 3 akTMBOBaHUX T-KMITUH Ta AEHOPUTHUX
KniTnH, abo perynioe po3BUTOK anontosy. B ymosax
3ananbHOro CTpecy, BUCOKi piBHI AT® Ta iHWKUX Hy-
kneotuaie abo HykneosngiB BUBINbHATLCA Yy MO-
3aKNiTUHWIA NPOCTIP 3a 4OMOMOro NaHEKCUHIB (Ha-
npuKnazg KOHeEKCiH 43) nicnga ek3ouMTo3y, SK 3 rpaHyn
TpoMOouuMTIB, TaK i NPy aKTUBHIN KMiTUHHIA 3arnbeni.
Lli nmo3akniTMHHI HYKNeoTUAHI/HYKNeo3ngHi megiato-
pu 3B’A3yl0TbCA i3 cneunud@ivyHuMn nNypuHepriyHuMm
peLenTopamu, siki € OCHOBOK AN LMX CUrHanNbHUX
wnaxis. MpakTUYHO BCi iIMYHHI KMNITUHU eKCrpecyloTb
MHOXMWHHI MypUHepriYHi/nipumignHepridHi peuentopu
Tiny 2 (P2) po HykneotuaiB Ta ageHo3uHoBux abo
nypuHepriyHnx peuentopis Tuny 1 (P1) [2]. Byno
i1eHTUIKOBAHO NPUHANMHI CiM ioHOTponHux (P2X1-
7), Bicim meTabotponHux (P2Y1,2,4,6,11-14), a Takox
4YOTUPW adeHO3MHOBMX NigTVNIB peuenTopis (A1, A2A,
A2B, A3) [3]. Peuentopun P2X i P2Y11 nepeBaxHo
aKTUBYIOTLCSA NO3akniTUHHUM AT®; P2Y2 — ATO i
YT®; P2Y1, P2Y12 i P2Y13 — AO®P; P2Y4 — YTO.
EkcTtpauentonspHun AT® Ta nos’da3aHi 3 HUM NOXigHi
HyKneoTnam BiQirpaloTb BaXIMBY PONnb AK CUrHanbHi
mornekynu. Lli npo3ananbHi Mmegiatopm 6epyTh y4acTb
SIK B @aBTOKPUHHIN, Tak i NapakpuUHHIN perynauii KnituH-
Horo meTaboniamy, Mirpauii, nponigepadii Ta anonTo-
3y Yepes CUrHanbHi WNSXu, iHiLinoBaHi peuentopamm
P2Y i P2X. To3akniTUHHI HyKNeoTnam TakoX MO-
XyTb CRyryBatu sik cybcTpaTt Ansi eKTOHyKneoTmaas,
AKi reHepyloTb iIMyHOCYMNpPEeCUBHUIA afeHO3WH, nicng
docdorigponizy yepes EKTOEH3VMW Ha KMiTUHHIN
mMembpaHi 3 KaTaniTMYHVMK JOMeHaMK, SKi po3TaLlo-
BaHi ekcTpauentonsipHo. CD39 — npotoTtun cimen-
CTBa eKTO-HyKrneosnaTpudocdatandgocdorigponas
(E-HT®O-a3un) (EC 3.6.1.5). i Ginku mictatb rpyny
ekTobepMeHTIB, AKi raponi3yloTb eKcTpauentonsapHi
Hykneo3ugHi Tpu- 1a gudocdatn. OguH BaKNUBMN
€KTOHYKNeoTMaasHun naHutor abo kackapg iHiLitoeTb-
Cca uummn HykneosuatpudocdaTngazamm, a MoTiM
3akiHuyeTbCca ekTo-5-Hykneotnpgasoto (CD73, EC
3.1.3.5) [4]. Ak npuknag, AM® moxe byTn docdo-
punbLoBaHWA 3a AOMOMOroK eKToaaeHunartkiHaau [5].
Lli Ta iHWi ekTodbepMeHT rigponi3ytoTb NO3aKMNiTUHHI
HyKneoTuam, Ana reHepadii HyKneoTuais Ta Hykneo-
31AiB, AKi B CBOIO Yepry akTUBYIOTb iHLWKIK P2, a noTiM

aAeHO3NHOBI peLenTopu. Y Tor Yac siK N03akNiTUHHUIA
AT®, sk npaBuno, 3abesneyye nposanarnbHi curHanu,
NO3akNiTMHHUA ageHO3UH AKUA BUPOBMASETLCA MpK
po3nagi ATO/AAD/AM®, mae cunbHY iMyHOCynpe-
CVBHY fit0, OnocepenkoBaHy afeHO3MHEPrivyHO Big-
nosigal Ta onocepegkoBaHMMn ULAM® edbektamu.
OTxe, nogii, BUKNMKaHi ageHO3MHOM, YacTO MOXYTb
MaTu MNPOTUMEXHI Hacnigku Ana Tux, WO cnocrtepi-
raloTbCa nNpu nepsBuHHOMY P2-onocepeakoBaHMMM
edektamm [6]. OnmcaHi iHWi eKToepMeHTU Hykre-
oTMAaiB 3 rigponasHo abo ecTepasHOK aKTMBHICTIO,
LLIO PO3MiLLEeHi Ha NOBEPXHi KNITWH. [10 HMX Bi4HOCATb-
ca  eKTo-Hykneotugnipodoctatdocgoaiectepasu
(E-HIMM-a3m; EC 3.1.4.1, K® 3.6.1.9, i rpyna ayTtoTak-
cuHiB), CD38, HA[-rnikorigponasu, nyxHa i kucna
docdarasu, giageHosnHnonidocdarrigponasu, age-
HinaTkiHasn, HykneosnaaidocdaTkMHasa, i NoTeHLin-
Hi ekTo-F1-Fo AT®-cuHTasu [7]. HepgasHi pobotu Ta-
KOX nokasanu, wo E-HIMIM-1 katanisye nepetBopeH-
Ha HAL i AD®-pnbos3n ans reHepadii AM® [8]. Kpim
TOro, TakoX O4YEeBMOHO, WO eKTo-5-Hykneotuaasa/
CD73 pasom 3 ageHosuHgesamiHasow-1 i 2 (ADA1
i 2 (opyrvn Tinbkn y moguHmn); EC 3.5.4.4 i 3.5.4.2)
reHepye i NOTiIM NepeTBOPKOE afeHO3MH B iHO3MH. Lli
LWASXW TICHO PEerynioTb MICUEBY, MNEPUKNITUHHY Ta
NO3aKMNITUHHY KOHLUEHTpaLilo afeHO3MHYy, a TaKoX
HeoOXigHi ANs BHYTPILIHLOKITITUHHOIO CUHTE3Y Hy-
KreoTuaiB, OTPUMaHMX 3 MPOMDKHUX NPOAYKTIB, MMM
Ta iHWKUMK KaTaboniyHumu wnsxamu [7]. Y KopoTko-
CTPOKOBIN nepcnekTusi, onocepenkosaHi P2R AT®-
onocepenkoBaHHi edekTn Ta NOoB’A3aHi CUrHasnbHi
LUMSXW peuenTopiB BUKMNUKaKOTL panToBi naTtodisio-
NOriYHi 3MiHW, LLO BNSMBaKOTb HA FOCTPI 3anasbHi Npo-
uecun. lMocTtitHa aktuBauia P2R-curHanbHux Wnsixis
BMNMBAaE Ha Mi3Hi iMyHHI peakuii, Wo NpuBOAWTL A0
XPOHIYHMX 3ananbHUX 3axBOPKOBaHb Ta 3arOCTPEHHS
dibposy [9]. IMyHOCYnpecis B KOPOTKi TEPMiHM OMO-
cepedkoBYETbCA reHepauielo ageHo3vHy, B TOM 4ac
AK idpo3, AKWMIA CnocTepiraeTbCsl NP XPOHIYHOMY
3ananeHHi, Moxe BGyTn NoB’A3aHMIN 3 HEOOMEXEHHUM
BUBINbHEHHAM afeHO3uHy. HeBianoBiaHWIA KOHTPOIb
L€l NypUHEpPrivYHOI AisnbHOCTI MOXe BIMMHYTU Ha 3a-
naneHHsl, a TakoXx pibporeHHi peakuii, NPy XpPOHIYHUX
npouecax, Takux sik 33K.

KnituHHa imyHomopaynsuia ta CD39. € pani
npo Te, WO BPOMKEHUN i afanTUBHUNA iIMYHITET MOXe
OyTM MOAOYNbOBaHUM MO3aKNITUHHUM adeHO3MHOM,
AKUA BUAOINSAETBCS Y BiANOBIAb HA CUrHaNu, Wo yTBo-
pHOIOTECA NPWU MOPYLUEHHI UiNICTHOCTI TKaHWHKW, Ta
no3akniTMHHUX Hykneotuais, Takux sk AT® abo Hi-
KOTMHaMigageHiHHykneotng. [llicna  3B’s3yBaHHS
3 Oaratbma nNypUHEPTriYHUMU/MIPUMIOUHEPTIYHUMMN
(P2Y i P2X) peuentopamu tuny 2, ATO moxe BNn-
BaTW Ha KIiITMHHMI MeTaboniam, Mirpauito, nponidge-
pauito Ta anonTo3. TpaHCcKpunuiiHa perynsuis ekTo-
HykneoTngas CD39 ta CD73, nopsa 3 nigBuLLEHO
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iHgINbTPaUieto IMYHHOI KNITUHWM Ha MOLLKOKEHNX
JinNsiHKax npu3BoanTb 0O NEepPeTBOPEHHS LOMiHYHO-
4YOro B HaBKOMULLHLOMY cepefoBulli P2 no ogHo-
ro, NOB’SA3AHOTO i3 3HMXEHHSM PiBHSA HYKNeoTuais Ta
nepexogomMm [0 OGinblu nepeBaXarunx ageHOo3nHep-
rivHnx peakuin. CD39 ekcnpecyeTbcsl Ha eHOoTenNi-
oumTax Ta T-perynatopHux KniTMHax, Ae uen ekTo-
depMEeHT NpUrHidye X akTUBHICTb Yepes reHepaduito
ageHosuHy [10]. CD39 Takox ekcnpecyeTbca cybno-
NynaUiaMy KNiTUH naMm’ati 3 epekTopHO yHKLIED
[11] i npoTusananbHUMnM MoHoumTamm M2 [12]. Kpim
Toro, iHaykuia CD39 Ha Th17 pusie perynsitopHiv ak-
TBHOCTI UMX KMiTuH. Taki Th17 kniTnHu ekcnpecyoTb
CD39 i HapatloTb (byHKUiOHanbHI ocobnmBocTi Treg,
BKMovatoum ekcnpecito FOXP3 Ha BMCOKMX piBHAX
i NPUrHiMeHHa nponidepalii KNiTUH BigNOBIAI Ta BU-
BUITbHEHHSA npo3ananbHux unTokuHie [13]. Hessaxa-
IouUM Ha HabyTTs perynsTopHUX BNacTUBOCTEW, Taki
B-cynpecop-nogi6Hi Th17 (supTh17) kniTuHn Takox
30epiratoTb MeBHi edeKTopHi BnactmeocTi Th17,
BKMoYatoun npoaykuito IL-17 Ta HU3bKMA piBeHb pe-
uentopa ageHo3nHy A2A [13]. Yepes niaBuLieHy ekc-
npecito ageHosnHgesamiHasu, Ui cynpecuBHi Th17
KNiTMHW ePEKTUBHO riapOoni3yoTb HYKNeo3naHun age-
HO3MH y Aewo GinbLu npo3ananbHi NOXigHi iHO3UHY, a
oTXXe, NPOSBNATL AyanicTuiHun dpeHotmn. Cnig 3a-
3Ha4uTHK, LLO IHO3MH MOXe akTuByBaTu A3-peLientopu
i BUKNUKAaTK AerpaHynauio Ty4HUX KNiTuH, Wo goaat-
KOBO peryntoe xemoTakcuc HenTpodinis i Makpodparis
[14]. MonepeaHi gocnigpxkeHHs Esplugues Ta cniBasT.
nokasanw, wo Th17 B Tor Yac Konu BOHU BCe LLEe eKC-
npecytotb IL-17A i IL-17F, Takox cTaloTb 3A4aTHUMMU
BuBInNbHATK IL-10 Ta nposasnaTn B-cynpecopHy Bigno-
Bigb. Li kniTmHn MatoTb knacuyHi yHkuii Th17 npu
HagbaHHi TMMOBMX BnacTMBoCTen Treg, BKYaKO4M
ekcnpecito CD39, Bkasytoun Ha Te, WO usA nigrpyna
nimgoumnTiB MOXe MaTy NOABIMHY (PYHKLIiIO 3anexHo
Bif oToueHHs. OgHaK NO3akmMiTUHHI HYKNeoTuan Mo-
XyTb OyTW | HEraTUBHUMU MOAYNATOPaMU IMYHITETY.
LincHO, XpOHiIYHE NMOBTOPEHHS BMAMBY HUXYUX PiBHIB
NO3aKNiTMHHUX HYKMEOTUAIB, SIK NPaBuUmo, MpUrHidye
iMyHIiTET | 3ananeHHs [15].

CD39 i perynsuis apunrigpokap6oHoBUMU
peuentopamn (AhR) Ta HIF-1a. Apunrigpokap6o-
HoBui peuenTtop (AhR) LUMPOKO eKcnpecoBaHui Ha
Pi3HMX KNiTMHaXxX Ta cneumdivHnx natepHax akTmeaLii,
wo peryntotoTe E-HT®-a3m Ha imyHouMTax, mienoia-
HUX KMNiTUHaX, eHaoTenianbHUX Ta NapeHXiMaTo3HUX
KniTnHax in vivo Ta in vitro [16]. JlirysaHHa AhR giokcu-
Hamu B npucyTHocTi TGFB ctumynioe Foxp3* iHgyko-
BaHi Treg, WO MOXe MpUrHivyBatun yHKUii T-KmiTnH
peuunieHTa Yepe3 CD39 [17]. AkTuauia AhR moxe
crnpuatn yteopeHHio CD39* kniTuH perynaTtopHoro
Tuny Th17, a Takox perynatopHux T-knituH Tuny 1
abo Tr1-kniTuH, AKi eKcnpecyTb BUCOKUIA piBeHb |L-
10. Perynsuis CD39 3anexuTb Big niryBaHHA AhR Ha
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iIMYHHUMX KniTMHax. AhR gogaTkoBO KOHTPOSOETLCA Ti-
nokcieto Ta HIF-1a, 9k y Bunagky 3 knituHamu Tr1 [18].
Kpim TOro, rinokcn4Hi BnacTMBocTi camMi no cobi mo-
XYTb aKTMBI3yBaTW MNYpPUHEPTiYHY CUrHamNbHY CUCTEMY
wnaxom perynsuii ekcnpecii CD39, gk ue nokasaHo
B Mogeni iwemii cepus, npu sikin TpaHckpunuis CD39
KoHTponteTbea Sp-1 [19], i yepes iHaykuito HIF-1a
CD73, dka B ocTaTO4HOMY MiACYMKY, MepeTBoploe
AM® B ageHo3uH [20]. lNMokasaHo Takox, L0 aaeHo3u-
HepriyHi A2BR-onocepeakoBaHi Bignosigi, siki € npo-
TU3ananbHUMK Ta LMTONPOTEKTOPHUMM, BKIHOYAKOTb
noganbui Bzaemogii HIF-1a Ta umpkagHuin puTMoBuia
npoteiH PER2 [21]. AgXe iCHYIOTb BaXNUBi CE30HHI
naTtepHu, WO noB’a3ytoTb 3arocTtpeHHsa 33K 3 ocBiT-
JNIEHHAM Ta UMpKagHUMKM putMamu. Takox i BigMiH-
HOCTi eKCnpecii reHiB umMpkagHoro Tuny B HoOpMarbHii
Ta YLIKOMKEHIN NnaTonoriyHumM MpoLecoMm CrmM3oBOK
o6onoHkoto kuwweyHunka npu 33K. Taki geperynboBaHi
reHu, Hanpuknag PER1 ta PERS, moxyTb maTtn na-
TodpisionorivyHy BigNOBIAHICTb | MOXYTb 3anponoHyBa-
TW HOBI TepaneBTUYHI MigXoau, Taki K 3aCTOCYBaHHSA
MenaToHiHY Npu Taknx yMOBax 3axBoptoBaHHS [22]. B
OCTaHHi Kifnbka gecatuniTe 3’acyBanocs wwo 6inipy6iH,
AK NOBIYHMIA NPOAYKT remMOoBOro Katanisdy Ta nirMeHT,
Ma€ BNacTUBOCTI CUITbHOMO aHTMoKcuAaaHTa. binipy-
GiH, SK BUSBUIIOCS, Ma€e iMyHOMOAYMOKYi BNacTUBOC-
Ti, SIKi KOHKYPYIOTb 3 MO0 OKUCIIOBANbLHOK 3AaTHICTHO.
Lle nosicHioe 3gaTtHicTb 6inipybiHy npurHivtoBaTy 3ana-
neHHst npu 33K, sk 6yno nokasaHo, L0 pO3BUTOK XKOB-
TAHWUL| NPUrHivYye 3ananeHHs TOBCTOI Kuwkn. OTxe,
obmexeHHs piBHA CD39 Tta/abo ancdyHkuii AhR cka-
COBYIOTb 3aXMCHi e(pekT! HEKOH'toripoBaHHOro Binipy-
GiHy NpuK ekcnepuMMeHTanbHOMY KOMiTi Ta Y nauieHTiB
i3 33K. lNpwn iHgyKoBaHOMY AEKCTpPaHOM CynbdaTom
HaTpito koniTi (DSS-iHayKoBaHOMY KOriTi), BBEAEHHS
HeKOH’loripoBaHHOro GinipybiHy CUCTEMHO MpPU3BENO
00 MNOM’SIKLLIEHHSA aKTUBHOCTI 3axBOPIOBaHHS, OCO-
6nvBo nig Yac BiOHOBMNEHHS, MOKPALLEHUX MOKa3HU-
KiB FiCTONOriYHOro AOCHigKeHHA Ta 30inblUeHHSA BuU-
pobHuuTBa IL-10 32 gonomoroto iHTpaeniTeniansHUX
CD4-knitvH TOBCTOI KMUWKK. Lli nNo3uTtmBHI edekTn
Oynu ckacoaHi y Entpd1”~ Ta AhRd muwax, B sikmx
cnoctepiraetbes ancdyHkuia AhR [23]. MpuMmiTHO, Wo
HeKOH’loripoBaHHUIM BinipyGiH He CNpUsiE NOCUNEHHIO
CD39, FOXP3 Ta iMyHOCynpecuBHOI Aii y KniTuHax
Th17, BugineHnx npun 33K, aki [4OOaTKOBO OEMOH-
cTpytoTb aedekT GionoriyHoi aktneHocTi AhR. MoHAT-
TS Npo Te, WO no3nTuBHuin Bnnme nirauii AhR ono-
cepeakoByeTbCS 3a gornoMoroto iHaykuii CD39, Takox
nigTBepAXYyeTbCH HegaBHbO poboTtoto Goettel et al.
B KOHTEKCTi eKcnepumeHTanbHoro konity [24]. Bee-
AeHHs1 meTunosoro edipy 2- (1'H-iHgon-3'-kapboHin)
-Tia3on-4-kapOOHOBOI KUCMOTK, iHLIOr0 eHOOreHHOro
niraHga AhR, 3anobirae T-kniTMHHO-ONOCepeaKoBaHe
MOLUKOMKEHHS TKAHWH Y rymaHizoBaHuX muwax. Lien
edeKkT MNoB’si3aHun i3 36inbleHHAM 4YacTkm CD39*
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CD4 nimgouuTiB, CEKBECTPOBAHMX Y CTiHLi KLLEYHU-
ka. MoXHa npunycTuTK, WO NOCUINEHHSA CUrHaniB Bif
AhR nig BnnvMBomM npupogHux/eHOoreHHuX niraHgis
MOXe NPeACTaBnATU HOBI CTpaTeril Ansa Kopekuii anc-
dyHkuii Th17 npu 33K.

HocnipxeHi ocobnueocTi ekcnpecii AhR B i30-
neoBaHunx nimdoigHmMx Bysnukax (IJ1B) i BnacHin
nnacTuHUi cnm3oBoi 06onoHkn BopcuHok (BMCOB)
kny6oBoI kuWwkm Wwypis NiHii Wistar y Hopmi Ta B ymo-
Bax PO3BMWTKY €KCMEPUMEHTANbHOIo rocTporo ineiTy.
AHani3 cepiriHuX 3pi3iB kIMyOOBOI KMLLIKU KOHTPOSTbHUX
WwypiB niHii Wistar, nonepegHb0o iHKyboBaHUX 3 MOHO-
KnoHanbHuMn aHtuTinamm o AhR, nokasas, LU0 Cy-
MapHa winbHicTe AhR*-nimgouutie y BIN1ICOB ctaHo-
Buna 32+1 Ha 1 mm?, wo Ha 38% meHwe, Hix B IJ1B.
Byno BcTaHOBNEHO, IO PO3BUTOK eKCrepuMeHTanb-
HOro rOCTpPOro ineiTy cynpoBOAXYBaBCS BiporigHUM
306iMbLEHHSAM CymMapHOI LWinbHocTi nonynsauii AhR*-
nimdpoumTis B IJ1B Ha 25% (p<0,05).

MypuHeprivyHi/apeHocMHepriyHi Bignosiai
npu 33K Ta ekcnepumeHTanbHoMy KoniTti. Bpaxo-
BYIOUYM iMYHOCYNpPECUBHI BNacTUBOCTI afeHO3UHy, B
koHTekcTi 33K Ta ekcnepmMmeHTanbHNX Moaenen Koni-
Ty Byna ouiHeHa Mogynsauist MypUHEPriYHUX CUrHanie,
AKi CTPMMYIOTb 3ananeHHs. Te, WO ageHO3uH MoXe
OyTU KMOYOBUM IMYHHUM MeLiaTOPOM, SIKUA KOHTP-
ontoe 3ananeHHs npu 33K, 6yno nigTBepaxeHo Oo-
CNifp)KEHHAMM i3 3aCTOCyBaHHAM CyrnbgacanasuHy Ta
meToTpekcaty. Obmasa npenapartu, npauoTb, Npu-
HaliMHi YacTKOBO, 3a AONOMOIOI aiE€HO3MH3aNeXHNX
MexaHiamiB. KpiM TOro, BBeEHHSI MpsMUX aroHicTiB
peuenTopy ageHo3nHy A2A moxe nom’siklyBaTu ne-
pebir koniTy y Muwen npy agonTMBHOMY NepeHeceH-
Hi CD45RB Meh kniTuH, a TakoX NPUrHiYye NPOAYKLit0
nposanansHux umTokiHiB (IL-2, IFNy i TNFa), ane He
npoTtmnsananeHux umTokiHie (IL-10 Ta TGFB) [25]. Ta-
KOX, MpsiMa akTuBauis peuenTopa ageHo3nHy A2B
TaKOX MOXe CTMMynoBaTu BUBINIbHEHHSA IL-10 kuw-
KOBMMW eniTenianbHUMKU KMiTMHaMu, WO NOB’A3aHo
3 nom’sikweHam nepebiry DSS-iHaykoBaHOro Komity
[26]. 3MmiHM B BUpOGNEHHI afeHOo3uHY, Ti, SIKi MOB’si3aHi
3 reHeTMYHUMK geneuismm CD39 abo CD73, npusso-
OATb oo Ginbl cepirio3Horo nepebiry ekcnepuMeH-
TanbHOrO KOMiTy Yy MyTaHTHUX Mulen. BuganeHHa
CD39 y muwen npu3BoauTb A0 3arocTpeHHs DSS-
iHOYKOBaHOIO Ta iHLIOro eKcrnepuMeHTanbHOro KoniTy,
TOAI 9K TpaHCreHHa 3BepXeKCrnpecisi, K BUSBNAETLCS,
nokpawye nepedbir 3axsoptoBaHHs [27]. Ekcnpecis
CD39 Ha eHpoTenianbHux abo iMyHHUX KNiTUHaX Npu-
BOAWTb A0 KOHTPOIO reMOoCTaTUYHMX Ta iMyHobiono-
riYHMX peakLUin, sKi, K BUAAETbCH, NOPYLUYHOTLCSA NpU
33K. OguHOKi HyKneoTuaHi noniMopdiaMu, L0 3HaX0-
O9TbCA nopsig 3 MPOMOTOPHOLO AinsiHkoto CD39, 6ynu
noB’sa3aHi 3 HM3bknm pieBHem MPHK CD39, ski npnsso-
OUTb 0O cxunbHOCTI XxBopobu KpoHa [28]. [Nos’a3aHe
3MeHLUEHHs piBHA ekcnpecii CD39 i, Ak Hacnigok,

3HWXKEHHSA PIBHSA adeHOo3VHy, NMOBIPHO, NOB’s3aHe 3
nopyweHHam CD4* CD25"s" perynatopHux T-KniTuH
B MnpoLieci 3axBoptoBaHHA. Ha BiaMiHy Bif LbOro, ekc-
npecia CD73 Ha Treg y nogen, 3gaetbes, nepebusae
NPUHaMMHI 4aCcTKOBO HacnigoK BNNUBY HaBKOMMLL-
HBOrO CepefoBULLA, Hanpuknag, naToreHHWX MiKpo-
opraHi3amiB, gieTM4HNX abo MikpoObionoriyHMx enemeH-
TiB [29]. e cBigunTb Npo Te, Wo aganTauinHi iMyHHI
O3HaKu OinbLue OEeTEepPMiHYTbCA reHEUMYHO, Toai SK
NPOTUMEXHI BPOOKEHi iMyHHI 03HaKu 3anexartb binb-
We Big hakTopiB HaBKONULLHBLOIO cepeosuila. He-
3anexHo, BPOMKeHi UM HabyTi gedbekTn npuBoasaTb
00 3HWXKeHHs1 piBHa CD39, BOHM MOXyTb NpU3BECTU
00 ayTOpeakTUBHOCTI T-KNiTUH Yepes BiACYTHICTb iMy-
HOMOAYMIOKYOro afeHO3MHY.

CD39 Ta eksocomm npm 33K. MikpoyacTUHKM
(ex3ocomm abo noszakniTuHHI Be3ankynu, MY) BuBInb-
HSATLCA 3 KNITUH Y KpoB abo B MICTi 3ananeHHs B KULL-
koBomy TpakTi. Lli MY moxyTb ByTn BugineHi 3 kposi,
TKaHUHHUX pignH abo 3paskiB doekanin. 3anexHo Big
KNITUHHOIO MOXOMXEHHS, Kuwkosi MY ekcnpecytoTb
MapKepu NOBEPXHi KMiTWH i MicTaTb 6inok/PHK 3 npo-
abo npoTtmsananbHMMmn BnactMBoctsiMu. Kpim Toro, Ui
MY aBnsoTb coboto cnocib 38’A3Ky, Yepes sk Knitu-
HU KMLWEYHUKa MOXYTb BMMBATU Ha Mikpobiom. He-
LLoAaBHO Oynu MOBIOOMITEHHS, IO MO3aKMiTUHHI Be-
3MKYInu, OTPMMaHIi 3 TOBCTOI KMLLIKK Y nauieHTiB i3 33K,
OEMOHCTPYHOTb Npo3ananbHi BNacTUBOCTI, OCKINbKK L
MY mictaTte Bucoki pieHi MPHK Ta 6inkis IL-6, IL-8,
IL-10 Ta TNF-q, i cnpusoTe Mirpadis makpodaris [30].
Takox Byno nokasaHo, wo CD39 acouitoeTbes 3 ump-
Kyntorounmm MY i moxxe npsimo abo onocepeakoBaHO
BMMMBATN Ha aKTMBHICTb KMiTMH. OTOYylOYi KNiTUHK
MOXYTb nornvHatu MY, wo BMBINHMAMUCA 3 Micus 3a-
naneHHs i 6yna susBneHa akTueHicTb E-HT®-a3 y
uupkynotounx MY, suaineHnx 3 nnasmu niogunHm [31].
HawronosHiwe, wo MPHK BcepeauHi MY moxe 6ytu
3ajisHa uMMmM KniTmHamu Ta B nogarnblUoMy nepemi-
wysaTtucs. Bnactusocti MY, oTpumaHux Big nauieHTiB
3 33K, € MexaHiaMom A5t 4esiKNX perioHanbHuX Bapi-
auin 3ananeHHsl. Takox Oyna nokasaHa ponb CD39
y cknagi MY ak mogynatopa npu obmiHi perynsartop-
HUMM CUTHaNaMn Mix NenkoumtTamm Ta CyAUHHUMM
knitnHamu [32]. OcobnuBe 3auikaBneHHs CTAHOBUTb
nporpamyBaHHs NiHin KNiITUH AN BUBINbHeHHA MY 3
EHOTUNIYHMMIN XapaKTepPUCTUKaAMK, TakuMmn K IL-
10-iHaykoBaHi npoTtusananeHi CD39-ekcnpecytodi MY
3 AEHOPUTHUX KITITWH.

EnemMeHTM MikpobGiomy — TpaHcnnaHTauis
cdekanin ana kopekuii gucbakrtepioly Ta abep-
paHTHUX nNypuHepriyHuMx wnaxis. BusHaHo, WO
KOoMeHcanbHa MikpobioTa Bigirpae Baxnusy ponb Y
KOHTpoOMi iMyHHOI Bignosigi y koHTekcTi 33K Ta ekc-
nepuMeHTanbHoro Konity. PisHi Monekynu onocepeg-
KOBYHOTb edekTu Mikpobioma Ha iMyHHY BignoBigp,
y TOMY 4uUCri [OBroNaHUIOroBi XWPHI KUCNOTW Ta
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noxigHi TpunTodaHy, SKi TaKoX BUKMAMKAKOTb aKkTuBa-
uito AhR. lNokasaHo, Wwo ekcTpauentonapHun ATO,
BUBINbHEHUIN KOMMEHCanbHUMK GakTepisiMu, akTu-
Bi3ye MypUHEpPrivHi 3ananbHi LWAsxXu, Crpusiiodn am-
depeHuipoBui knwkoBux knituH Th17 [33]. NLRP3
iHbnamacoma Katanisye BUBIfIbHEHHS akTUBHUX IL-1
Ta IL-18 y BignoBigb Ha pi3HOMaHITHI eHOoreHHi abo
€K30reHHi curHanu Hebesnekn. OQHUM i3 TakMx cur-
HaniB € AT®, akun aktueidye NLRP3 iHconamacomy
B AEHOPUTHUX KNiTUHAX Yepe3 MexaHi3Mm, onocepen-
koBaHun P2X7R [34]. LlikaBo, L0 noxigHi ageHo3nHy
caMi no cobi MOXyTb TakoX akTmByBaTh LWNax A2AR
/ CREB / HIF-10a, skuin Takox HeobxigHWin ansa cTin-
kol nmpogykuii IL-1 nicna noyaTkoBOi akTuBaLii 3a-
naneHHst [35]. Baxnueicte NLRP3 iHdnamacomun y
BignoBiai T-kNiTMH MoXe OyTW nigkpecneHa 3MmeH-
weHHam peakuin Th1 ta Th17, wo cnocrtepiratoTbeA
y NLPR3-gediuntHnx muwen. CD39 Takox, BNnueae
Ha NLRP3-acouiioBaHuin KOHTpPOMnb T-KNiTUHHOMO
imyHiTeTy [18]. | HaBnakn, geski natoreHHi H6akTepii
€KCMpecyTb eKTOHYKNeoTnaasu, siki MoXyTb Moay-
noBaTy iMyHHY BigNoOBiAb Yepes Aito Ha nypuHepriy-
HUW CUrHanNbHUN WNAX. PisHoMaHITHI 6akTepii Takox
BMBIMbHAIOTL (pakTopu, SAKi BUKMMKaKOTb EKCMPECito
CD39 Ha iMmyHHUMX KniTnHax [36]. Baarani, Wi BUCHOBKM
[03BONSATb MPUNYCTUTU, LWLO NO3aKNITUHHUA ATO Ta
Noro noxigHi, NpoaykoBaHi MikpoopraHiamamu Ta Kni-
TMHaMW rocnogaps y BignoBigb Ha MIKPOGHi Moneky-
nn, Taki gk aroHictm TLR, MOXyTb BigirpaBatn Bax-
NBY POIb Y KOHTPOJi B3AEMO3B’sI3KY MiXK OpraHiaMom
rocriogapsi Ta KOMeHcarnbHow MikpobioToto. Lis Tema,
NpucBsiYEHa PO EeKTOHYKNeoTnaasiB y B3aemopii 3
natoreHamn, Byna poarngHyTa paHiwe Samson Ta
cnigaBT. [37]. 3aranbHOBM3HaHO, WO MIKpPOGIOM npu
33K, 3okpema xBopobi KpoHa, xapakTepusyeTbcs
3MEHLLEHHSIM Pi3HOMaHITHOCTi, 0COBNUBO PipMiKyTIB
Ta GakTepoigis. HewonasHo 6yno nposegeHo gocni-
DKeHHs nepegadi MikpobioTu KuLeYHUKa Big 300po-
Bux ntogen go xsopux i3 33K, wob Bu3HauUnTH, um Le
MOXe YCYHYTU OUcOakTepio3 Ta 3MEHLUNTU 3ananeH-
HA cnmn3oBoi 06onoHkKW. Ti nauieHTn, aki Manu Knidiv-
Hy Bi4NOBIOb, NPOAEMOHCTPYBANN CYTTEBI 3pYLUEHHS
y MikpobHOMY cknagi dpekanin no BigHOLWEHHI [0
BiNOBIQHOMO NPOinto fOoHOpa, | Takox 36inblmnach
kinbkictb Treg [38]. MNoganbwa poboTta BegeTbcs Ans
BMBYEHHS MeTaboniamy HyKkneoTuaiB Ta MypuHIB Yy
LMX NauieHTiB nicna TpaHcnnanTauii doekanin tTa ne-
peHocy mikpobGiomy. OcTaHHi AOCMigKEHHs1 Nokasanu
NOTEHUiHY akTyarnbHiCTb Miko6ioMa npu konitax [39].
HewopaBHo 6yno nokasaHo, wo Saccharomyces
cerevisiae nocunoe nepebir ekcnepyMeHTanbHoOro
KoniTy Ta 36inbLUye NPOHMKHICTb K1LeYHoro 6ap’epa y
MuLwen. BcTtaHoBREHO, WO KOMOHI3aUia apixkaxis no-
Kpallye metaboniam nypuHy B OpraHiaMi CTepuibHUX
TBapWH, WO NPU3BOAMTbL A0 30iMblUEHHSI BUBINbHEH-
HA CevyoBOi KMCNOTU. BaxnuBo Big3HauUTH, LLO MiKy-

ornaau nitepatypu

BaHHSA TiMNbKM CEYOBOK KUCIOTOK Nocunmno nepeoir
3aXBOPIOBaAHHA Ta NiABULLMMO NPOHMUKHICTb KULLEYHU-
ka. Ls uikaBa obnactb AocnigKeHHs € gewo cynep-
€4IMBOI0 BpaxoBLlouM Wo Saccharomyces cerevisiae
TaKOX MOXe po3rnggatuca sk nNpobioTWK, OCKINbKu
BiH 30aTeH oOMeXxyBaTu afrepeHTHi iHBa3WBHI KuL-
koBi nanuukn y CEACAMG6-ekcnpecyroumx muLlen
[40].

IHWi HT®[O-a3u, Wo eKcnpecyrTbCA B LUSYH-
KOBO-KULLKOBOMY TpPaKTi Ta BifirpatoTb ponb npu
33K. [is ekto-AT®a3n B K/LLEYHUKY MepeBaxHo
CNOCTEpPIraeTbCsl B KPOBOHOCHWUX CyAMHAX, IMYHHMX
KNiTMHAaX, BicLepanbHUX IMagkux M’'sidax Ta HepBO-
Bit cuctemi knweyHuka[41]. Xoya CD39 € ocHOBHOMO
E-HT®[O-a3ot0, dka ekcrnpecyeTbcs eHaoTeniem Ta
iIMYHHUMM KniTUHaMK, Bia3HadeHo, wo HTd-a3a2 ta
HT®[-a3a3 B 3Ha4Hi Mipi BiANOBIAaTbL 3a aKTUB-
HicTb AT®a3un B M'si3ax i HepBoBIl cuctemi. Kpim Toro,
Kusu Ta cniBaBT. noBigomunu npo ekcnpecito HT®[-
asn7 enitenianbHUMKM KNiTUHAMN TOHKOMO KULLEYHUKA
muwen [42]. HT®O-a3a2 i HT®-a3a3 € aBoma ek-
TodhepmeHTamn poguHn E-HTP[-a3 wo 3HaxoaaTb-
CS Ha KIITMHHMX MembpaHax, i sKi MalTb 3Ha4Hy
CTPYKTYPHY FOMOJIOrit0 Ta OyHKLiOHanNbHy NogibHicTb
po CD39 [43]. EH3umaTnyHa aktuBHicTb HT®-a3n3
aHanoriyHa depmeHTy CD39; Toagi gk HT®O-asa2
Mae 3Ha4vHo cnabky AJdasHy akTuBHICTb [44]. HT®-
asa’7 Takox Bigoma gk LALP1 i TpaguuinHo BBaxa-
€TbCA eHOo-anipasol. YM ekcrnpecyeTbcs BOHa Ha
nnasMaTuyHin membpaHi y niogen, Noku Lwe NoBHICTHO
He niaTBepaxeHo [45]. Ak HT®O-a3a2, tak i HTO-
asa3, ekcnpecylTbCA B HEPBOBMX TKaHWHax [46]. Y
KnevHuky ekcnpecis HT®[-a3n2 Hanbinble Big3Ha-
YaeTbCA Ha rnianbHUX KniTuHax, Toai sk HT®O-a3a3
nokanisyetbcs Ha rmii, Tak i Ha HerlpoHax. [eHeTnYHe
BuaaneHHsa E-HT®[1-a3n2 npmssoanTb 4O 3arocTpeH-
HA DSS-iHAyKkOBaHOro ekcnepnMeHTanbHoOro Komity, y
UMX MYyTaHTHUX MULLEN, sKi He ekcnpecytoTb HTP[-
asy2. Llen pesynbrat noB’sA3aHui i3 36iMbLUEHHSIM
KiNbKOCTI Npo3anarnbHuX Makpodaris y BNacHin nnac-
TUHKM KNLWLeYHUKa. [NogibHUM YMHOM, HYMNbOBI MULLI NO
E-HT®[-a3i3, y skux He Buctadae ekcnpecii HTO[-
asun3, matoTb BinblU BUpaXXeHy aHeMmilo MOPIBHSIHO 3
OVKMM TUNoMm Y Uin camin DSS-ingykoBaHin moaeni
koniTty. BuHukatodi poni HT®-a3n2 i HT®-a3un3 npu
33K Hapgani niaTpMmyloTh iHHOBAUiHY KOHLIENLi0
HenpoiMyHHOI B3aemogpii [46]. Lia B3aemogia moxe
YHKLOHYBaTN Ha Aekinbkox piBHAX. OTxe, AT® ne-
pefae curHanu sik cepefy HEMpPOHIB Y eHTepanbHUX i
niacnmn3oBux raHrniax yepes P2X2 i P2Y1 peuentopwy,
Tak i MK HEPBOBUMU Ta rMagKoM’aI30BMMU KNiTUHAMM
yepes P2Y1 peuentopu, WO iHriOyOTb MyCcKynaTypy
[47]. AT® Takox MOXe akTMBYBaTW iOHOTPONMHI peuen-
Topu P2X7 B mMakpodharax, AeHOAPUTHUX KNiTUHaAxX Ta
HeuTpodinax, Wo, y CBOK 4epry, iHayKye 36upaHHs
NLRP3 iHdnamacomu i BMBINbHEHHS iHTEPNENKiHiB
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IL-1B i IL-18 [48]. Kpim Toro, 6yno nokasaHo, Lo Mno-
3akniTMHHMN AT® onocepedkoBye 3B’A30K MK He-
MpoHamu, rrieto Ta cnpusie NigTPUMaHHIO KULLKOBOrO
romeocTasy Ta romMeocTtasy Crnu3oBoi 060noHkM [49].
Y HepmaBHboMy pocnigpkeHHi Gabanyi Ta cniBasT.
Oyno nokasaHo, L0 KULIKOBi HEMPOHN B M'A30BOMY
wapi MOXe onocepedkoByBaTU Mondpusauio TKa-
HUHHUX PEe3NZEHTHUX MakpodariB 0 TKaHe3axuc-
Horo dpeHoTuny [50]. MypuHepriyHi curHanbHi WAsaxm
MOXYTb OYyTV BaXNMBMM MEXaHi3MOM, LU0 MOAYIOE
uto B3aemogito. Kusu Ta cnisaBT. 3anporoHyBarnu,
WO iCHYE LWe oAWH MeXaHi3M, KOMW MypUHEpPriyHi
CUTHamnbHi LWNAXM B KULLEYHUKY MOXE MOAynioBaTu
iMyHiTET opraHiamy rocnogaps [51]. KomaHga 3 YHi-
Bepcutety Ocaka 3asHauvna, wo HTP[-aza7, aka
€KCMPEeCYETbCS Ha KULKOBUX eniTenianbHUX KNiTuHax,
mMoayntoe BMicT AT® B NpocBiTi knwievHuka. Mui, Hy-
nbosi no E-HT®-a3i7 i HT®-aza7-aediunTHi MuLi,
He MOXYTb M030yTUCS NPOCBiTHEOro AT®, skuiA npo-
OYKYETbCS KOMMEHCANbHOK MiKpobioToto. Ak Hacni-
[OK, Lie Nocunioe po3BMTOK npo3ananbHux Th17 kni-
TWH, WO Npu3BOaUTb A0 Ginbll BaXXKOro oeHOTUNY B
MOZENAX eKCNepMMEHTANbHOIO ayTOiIMyHHOIO eHue-
danomienity. NpoTte HeEOBXiQHO BM3HAYUTK, YN Taka
iIMyHHa AM3perynsuis Mae 3HavyeHHs y po3suTtky 33K
NOONHN.

3aknroueHHs. Lis ornsgosa nyonikauia nigcymy-
Bana ponb abeppaTHUX NypPUHEPTiYHUX CUTHANbHUX
wnaxis npy 33K Ta nokasana, ik MOXHa 3acToCo-
BYyBaTM (papMakonoriyHy Mogynsuito NypUHepriyHuX
CUTHaNbHUX LUMIAXIB, BUBINIbHEHHS aAeHO3MHY, Moay-
nauito AhR Tta HIF-1a gna nikyBaHHA LMX 3axBopto-
BaHb. BnnnB Ha nypuHeprivHi curHanbHi WASXU MOXe
OyTn BUkopucTaHe y nikyBaHHi 33K wnsaxom Bukopuc-
TaHHSA PO3YMHHUX EKTOHYKNeoTMAasiB, aroHicTiB age-
HO3MHOBUX peLenTopiB abo aktuBaTtopie HIF-1a. Y
OaHoMy ornsdi nigkpecneHo, sk TapretnHr CD39 (Ta
BiONOBIOHUX EKTOHYKNeoTnaas) Ans moaynauii nypm-
HEepriYHUX Ta ageHO3UHEePriYHMX CUrHanbHUX LWNAXIB
MOXe MaTW Cepro3Hi Hacnigku Woao BNNUBY Ha 3a-
nanbHWi iHdinsTpat npn 33K (4epes aroHicTn age-
HO3MHOBOrO peLenTopa Ta/abo CD39 abo noB’si3aHnX
eKkToHykneotuaas). Li nypuHepriyHi mexaHiamu, Lo
6epyTb y4acTb SK y reHepauii afeHO3uHy, TaK i y BU-
NIYYEHHi MO3aKNITUHHUX HYKNEeOoTUAIB, € KPUTUYHO
BaXNUBMMU AN PErynoBaHHA TPOMOOYTBOPEHHS,
i, HAMronoBHiWwe, Ana NPorpecyBaHHsA 3ananeHHs, a
OTXe, MalTb 3HAYHUI TepaneBTUYHUI iHTEepec.

MepcnekTuBM noganbluMx AocnigXeHb. [lo-
cnigutn ocobnmeocTi ekcnpecii AhR B kuwwe4yHnky
wypie niHii Wistar y Hopmi Ta B ymoBax po3BUTKY €KC-
NepUMEHTarbHOrO KOMITY.
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AKTUBALUUA NYPUHEPTUHECKOIO CUTHANBbHOIO NYTU BO BPEMA

PA3BUTUA BOCNANUTENbHbIX 3ABONNIEBAHUU KULLEYHUKA

Pe3tome. BocnanutenbHble 3aboneBaHns KALWEYHUKa ABNATCA 3abonesBaHUAMN C HEYeTKUM naToreHe-

30M, CBA3a@HHbIMMN C OCHOBHbIMW D,e('*)eKTaMI/I MMMYyHoOperynaunum CNU3NCTON ODOMOYKN KULLIEYHUKA, passuBa-
IOWNXCA Y reHeTU4eCKn npegpacnorioXXeHHbIX JInL. 3OTn aHOManuM 4acTo BO3HMKAIOT B CBSA3N C MVIKpO6HbIM
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ancbrnosom, U NpMBOOAT K HEOrpPaHWMYEHHOMY BOCMASIEHMIO KMLIEYHMKA U ApYrMx TKaHew. OTO MpuBOOUT K
JOMrocpoyHor 3ab0oneBaemMocT 1M, BO3MOXHO, K CMEpPTU B3pOCHbiX U AeTel. YMEHbLUEHNE BOCManeHus u
BOCCTAHOBJIEHME MMMYHHOW TONEPaHTHOCTU MpU BOCMANUTENbHbLIX 3a00NMeBaHUSAX KULLIEYHMKA OCTaKTCS
rmaBHOW TepaneBTUYECKOM LienbIo.

OpHako, cywiecTBytoLasa Tepanusa BoCnanuTenbHbIX 3aboneBaHni KMLWEYHUKA BCe elle B 3HaduTenb-
HOW CTeneHu 3aBUCUT OT LUMpOKOMAacLLITabHON MMMYyHOCynpeccun. Hanpumep, Okono NornoBUHbI NaLMEHTOB,
nonyyarowux aHtutena npotuB TNF, 4eMOHCTPUPYIOT CYLLECTBEHHbIA KITMHUYECKUIA OTBET. OTU YIyuyLLEHUs
4YacTo SABNSATCA CaMOOrPaHUYEeHHbIMU, OQHAKO, K COXaneHWio, YBENUYNBAETCA PUCK ONMOPTYHUCTUYECKMX
NHdekumin. EKToHykneoTnaasbl B YacTHOCTH cemericTBa CD39, okasbiBaloT 3Ha4YMTENbHOE BNUSHNE Ha OUHa-
MMWYECKOE paBHOBECKE MPOBOCMNANUTENBHOIO BHEKNEToYHoro AT®, Hykneotngos AAD 1 nmmMyHocynpeccumB-
HOro noTeHuuana ageHo3mHykneo3ngos. CD39 nrpaeT JOMUHMPYIOLLYIO POSb B MYPUHEPTUYECKOWN perynaumm
BOCMasneHus cocygos, TPomMb03a M MIMMYHHOIO OTBETa B TAKMX YCIOBUSIX.

Bynet cocpeqotodeHo BHUMaHMe Ha umyHomodynsaumm CD39 Ha T-kneTkax u Apyrnx UMMYHHbIX KreTkax
KaK reHeTu4eckumm dpaktopamm, Tak n hakTopamm oKpyxatoLlen cpedbl Npu BocnanutenbHbIX 3abonesaHmsax
KMLIEeYHMKA U 3KCMEepUMEHTANbHOM KOMWTe, BKMOYasi HOBblE PONM €CTECTBEHHbIX METabonuMToB, TakMX Kak
ounupybuH. Takke Oyger KpaTko paccmoTpeHa ponb akcnpeccun CD39 Ha ak3ocoMax M MuKpodacTuuax,
B KOHTpOIE BOCMNarneHusl B KULLIEYHUKE U ponu mukpobrnoma. HakoHel, OyaeT paccmoTpeHa Bo3pacTtatoLlas
ponb apyrux HT®-a3 cemenctea CD39 B KOHTpOMe BOCNanNeHUs KULWEeYHUKa.

O630p nuTepaTypbl C COBCTBEHHLIMW AAaHHBIMW MOCBSILLEH ONMCAHWUI0 NOCHEAHUX JOCTUXKEHUI B obnac-
TU U3YYEHUS MYyPUHEPrnYEeCKUX CUrHamnbHbIX NyTeNn, CBA3aHHbIX C HapyLleHNeM UMMYHHOW perynsuum B na-
TOoreHese BOCManNUTENbHbIX 3aboneBaHnii KnweyHrka. BHMMaHue B aTom 00630pe cocpeoTO4EHO Ha HOBbIX
acnektax gyHkunn CD39 n cBsa3aHHbIX HykneosuaTpudocdataudocdorngponas (HTOO-a3) B passutum
BOCNanuTenbHbIX 3aboneBaHni KUWeYHrKa.

KnioueBble cnoBa: ageHo3uH, AT®, O-HTP[l-aza (akTo-HykneosunaTpudocdatandgocdormaponasa),
BOCnanutenbHble 3aboneBaHns KULWEYHUKE, TMMAOLMUTDI.
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Activation of Purinergic Signaling Pathways during

the Development of Inflammatory Bowel Disease

Zherebyatiev O. S., Voitovich O. V., Motilonok T. Yu.,

Egorov A. A., Burega I. Yu.

Abstract. Inflammatory bowel disease is an important iliness of unclear pathogenesis associated with
major defects in mucosal immunoregulation and develops in genetically susceptible individuals. These
abnormalities often occur in association with microbial dysbiosis and result in unfettered inflammation of the
intestine and extraintestinal tissues. Such events result in long-term morbidity and possibly even death, in
otherwise healthy adults and children. Dampening inflammation and re-establishing immune tolerance in in-
flammatory bowel disease remain the major therapeutic goal.

However, existing inflammatory bowel disease therapies albeit providing recent advances, still largely
rely on broad-based immunosuppression. For example, only around half of the patients treated with anti-TNF
agents show substantive clinical responses. These improvements are often self-limited, while unfortunately
increasing the risk of opportunistic infections.

The purpose of the study was to investigate the control of mucosal immune responses, which are based
on fundamental signaling pathways. Long-term interests in the regulation of purinergic signaling are now being
leveraged to develop innovative and hopefully non-toxic therapies for inflammatory bowel disease. This review
and the accompanying articles in this special issue address new therapeutic concepts in inflammatory bowel
disease, as based on recent, linked work in hypoxia and purinergic signaling, mucosal barrier functions and
microRNA biology.

In several recent, comprehensive reviews, have already addressed the biological functions of ectoenzymes,
such as CD39, CD73, and CD38, in the regulation of purinergic signaling and control of extracellular adenosine
levels. Others, have noted the importance of these mechanisms in immunomodulation, as in cancer and
inflammation. The ectonucleotidases of the CD39 family, in particular, have major impacts on the dynamic
equilibrium of proinflammatory extracellular ATP, ADP nucleotides vs. the immunosuppressive potential of
adenosine nucleosides. CD39 plays a dominant role in purinergic regulation of vascular inflammation,
thrombosis, and the immune response in such settings.

The relevance and importance of these purinergic signaling pathways in selected neoplastic states
(lymphoma and chronic leukemia) and inflammatory diseases (sepsis and autoimmunity) have been already
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alluded to in recent work. A brief synopsis of the major components of purinergic signaling; chiefly for those
not familiar to this field, will focus on very recent work detailing the immunomodulation of CD39 on T cells and
other immune cells by both genetic and environmental factors in the setting of inflammatory bowel disease
and experimental colitis, inclusive of the new roles for natural metabolites such as bilirubin, and will also briefly
cover the role of CD39 expression on exosomes and microparticles, in control of inflammation in the gut and
touch on the relevance of the microbiome. Lastly, it will cover the emerging importance of other NTPDases of
the CD39 family and speculate on their role in controlling gut inflammation.

Conclusion. Review of the literature with own data is devoted to description of the recent advances in the
study purinergic signaling pathways implicated in immune dysregulation, in the pathogenesis of inflammatory
bowel disease. Our focus in this review is on novel aspects of the functions of CD39 and related nucleoside
triphosphate diphosphohydrolases in inflammatory bowel disease.

Keywords: adenosine, ATP, E-NTPDase (ecto-nucleoside triphosphate diphosphohydrolase family, in-
flammatory bowel disease, lymphocytes.
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