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Pestome. Perynstopusie T-mumdonutsl (Treg) paccMarpuBaroTCs Kak MOTEHIMATBHBIC MULICHU IPU HMMYHOTEpaniu
paxa 1 Kak IpOrHOCTHYECKHEe OMOMapKepbl TedeHus 3a00sieBanusl. [Ipi HEKOTOPBIX THIIAX PaKa, B TOM YHCIIE KOJIOpPEK-
tajpHOTO (KPP), ponp Treg-kiieTok ueTko He orpe/iesiena U TpebyeT JalbHeHIINX ucclenoBanmii. B mocnennee Bpems
ocoboe BHMMaHHUeE yxemsercst criocoOHocTr Tregs skcnpeccupoBarh dKToHyKIeotnaasy CD39 B cBs3zu ¢ ee ydacTu-
€M B PaCIICIUICHUH aJeHO3UHTpH(OochaTa 10 BHEKICTOYHOTO aJeHO3MHA, KOTOPbI MHIMOUPYET NPOTUBOOITYXOJICBbIH
MMMYHHBIN oTBeT. [loBbiIeHHOE conepkanne CD39* Treg kiieTok oTMeYaeTcsl Kak B OIyXOJIEBOW TKaHM, TaK U B IIe-
pudepruecKoil KPOBU OHKOJIOTHYECKUX OONBHBIX. [109TOMY 0CHOBHOII Henblo HACTOSIIETO UCCe0BaHus ObUIO Olle-
HUTH MPOTHOCTUYECKYIO 3HAUMMOCTh YPOBHSI SKCTIpeCCrH (HU3Kas/BbIcoKas) Treg-KieTkamu SKToHykIeoTnaa3sl CD39
B miepudeprueckoit kpoBu y 60mpHBIX KPP. Mamepuan u memoowst. B pabore ananm3upoBaan TUMGOITUTEI KPOBH 32
6ompHbIX KPP, rpymmy cpaBuenus coctaBumu 30 3m0poBBIX JoHOPOB. OTHOCUTENBHOE cofiepikanue Treg-KIeTok ore-
HUBAJIM METOJOM MHOTOLBETHOM MpPOTOYHOH nuroMeTpuu Ha npudope Cytomics FC500 (Beckman Coulter, CILA)
C UCMoJb30BaHUEeM MOHOKJIOHaNbHBIX antuten CD4-FITC, CD25-PCS5, CD127-PC7, CD39-PE. Dkcnpeccuto MPHK
reHa CD39 onpezensin MeTOZ0M MOJIMMEpPa3HOW LEMHON peakiy B pealbHOM BpeMeHH. [locTpoeHue KpHUBBIX BbI-
JKMBAEMOCTH ITPOBOAMIIM IIpU noMouu npoueayps! Kamrana—Meiiepa ¢ npuMeHEHUEM JIOTpaHroBoro kpurepus. Pe-
3ynemamot. Panee HaMu OBUTO yCTaHOBIIEHO, uTO Y OonmbHBIX KPP moBeimeno comepskanne CD39" Treg-kireTok Kak
B nepu(eprIeCcKOil KPOBU M0 CPAaBHEHMIO CO 30POBBIMU JIOHOPAMHM, TaK U CPEIM OIyXOJb-MH(UWIBTPUPYIOLINX Kile-
Tok. [Ipruem gomns CD39-no3utuBHbIX Treg-KIeToK yBeqTuunBaiach 1o Mepe pa3BuTus 3adoieBanus. B nanHoi padore
ObLI1a MpoaHaIM3UPOBaHa TPEXJIETHsS 001Ias BehkuBaeMocTh 00mbHBIX KPP ¢ yuetom conepxanust CD39* Treg-kneTok
(CD4*CD25°CD127"") u B 3aBucumoctr ot ypoHsi MPHK rena CD39 B nepudepuueckoit kposu. He BbisiBeHO cTa-
TUCTUYECKH 3HAUMMBIX Pa3JIMYUil 110 BBDKUBAEMOCTH OOJIBHBIX B 3aBUCHUMOCTH OT conepkanus CD39" Treg-kiieTok u
ypoBHst MPHK rena CD39. 3akatouenue. JlanpHeiiniee n3ydenne aeHO3MHOBOTO MEXaHU3Ma MMMYHHOM Cylpeccuu ¢
Y4acTHEM PETYIATOPHBIX KJIETOK 1regs I03BOIUT OTKPHITh HOBBIE TEPANIEBTUYECKHUE U IPOrHOCTHUECKUE BO3MOXKHOCTH
nipu Befieanu 00bHBIX KPP, uTo mpencrapnser O0MbIIoi HayYHBIH U IPAKTHYECKUIA HHTEPEC.
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Knemounvie u MONEKYIAPHbLE MEXHONI0CUU, CEHHAS UHIHCEHEPUAL

B 001IIel CTPYKType OHKOJIOrH4Yeckoi 3aboneBaemoctu B Poccun u B mupe [1]. CBoeBpeMEHHOE BBISIBICHHE STOTO 3a-
OonieBaHMs, a TaK)Ke WACHTH(DUKAMS MOJICKYISIPHBIX MHUIIEHEH, TO3BOJISIOLIMX TPOTHO3UPOBATh TEUEHUE 3a00JICBaHUS
1 3 (HEeKTUBHOCTH TEPAIHH, SBISICTCS B HACTOSIIIEE BPEMsI OJTHOM U3 aKTyallbHBIX MEMKO-COIMAIBHBIX 3a]1a4.

PacTy1mas omyxosb HCIIONIB3YET pa3InyHble MEXaHU3MBI JUIsl YKIOHEHHs OT MMMYHOJIOIMYECKOro Haa3opa. OnHuM u3
TaKUX CIIOCOOOB SIBIISICTCS MHAYKLUSI MIMMYHHOM CYIIPECCHH 15 II0/IaBJICHHSI IPOTHBOOITYX0JIEBOIO MMMYHHOTO OTBETA.
HenocpeacTBeHHBIMH y4aCTHHKAaMH 3TOTO Ipolecca sBisioTest perynsitopusle T-xinetku (Treg). T kieTku B HOpMe
MOJABIIAIOT UpE3MEPHBIH UIMMYHHBII OTBET B OpraHU3MeE, MOIEPKUBasi UMMYHOJIOTHYECKYIO TOJIEPAHTHOCTD U IIPETIAT-
CTBYS Pa3BUTHIO ayTOMMMYHHBIX peakiuii. B HEKOTOpBIX cityuasx cynpeccopHblie Treg-KIeTKu MOTYT ciocoOCTBOBATh
Pa3BUTHIO OITyXOJH. Treg-KIIETKH MPUCYTCTBYIOT B BBICOKOM KOJIMUECTBE B Mepu(epuyecKoil KPOBU U OITyXOJIEBOH TKa-
HU Pa3TUYHBIX THIIOB W JIOKanu3anuii paka. [loBeimennoe cogepkanne CD4" Treg-KIIeToK cpenu OmyXOoidb-HHPUITb-
TPUPYIOIMNX JIMM(OIIMTOB YacTO COMPOBOXKAAeTCs cHKeHneM cootHomenns CD8+ T-kiretok 1 CD4*CD25'FOXP3*
Treg-KkJI€TOK M acCOLMUPYETCsI ¢ HEOMArONPHUSITHBIM IPOrHO30M 7151 OOJIBIIMHCTBA OOBHBIX CO 3JI0KaU€CTBEHHBIMHU HO-
BooOpazoBaHusiMu [2]. OTMeuaeTcs, uTo Treg-KIeTKH MOTYT MPEMSTCTBOBATh YCIEITHON MPOTHBOOITYX0JIEBOH Teparu.
B cBs3u ¢ 3TUM jAeTanbHOE UCCe0BaHNE B3aMMOCBA3M MMMYHHBIX KJIeTOK M omyxosn nipu KPP mo3BonuT BBIIBUTH
MMMYHOJIOTUYECKHE MHIIIEHH, KOTOPBIE MOTYT OBITh MCITOE30BaHbI B KITMHUKE.

CD39 unm sxronykieo3un Tpudocdar audocdoruaponasa-1, MeMOpaHHBINA OEIIOK, KOTOPBIH CBSA3BIBAET BHEKIIETOY-
HBII afieHo3uH Tpudocdar u mpeodpasyer ero ¢ yuactuem CD73 Bo BHEKIETOUHBIN aIeHO3WH, 0018 1al0NHi HMMYHO-
cyrpeccopHbIM 3(h(eKToM U criocoOCTBYIONIMIA KaHeporeHesy [3, 4]. CD39 skcnpeccupyercst pa3indHbIMU HMMYH-
HBIMU M HE IMMYHHBIMH KJIETKaMU (9HIOTENUaNbHbIE, PUOpOOIACcThl), a TaKKe HEKOTOPBIMH OITYXOJIEBBIMH KICTKAMH.
OTMedaeTcs, 4To OIyX0Ib-HHPHIBTPUPYIOIINE UMMYHHBIEC KIIETKH IEMOHCTPHPYIOT yeriieHHYo skcnpeccrio CD39. B
HacTosllee BpeMs 0J0Ka1a aJeHO3MHOBOIO MEXaHU3Ma CYIIPECCUH PACCMATPUBACTCS KaK IOTCHIMAIBHOE HAIIPABJICHUE
HMMYHOTEpANnuu OHKOJIOTHUECKUX OONBHBIX.

YeraHoBieHo, 4To Treg-KIeTKu MOTYT y4acTBOBaTh B 00pa30BaHMU a/ICHO3MHA U3 BHEKJICTOUHBIX HYKJICOTHIOB, YTO
paccMaTpHuBaeTcsl Kak OIMH U3 OCHOBHBIX MEXaHM3MOB HX CYIPECCOPHOM akTHBHOCTH [5]. B ycioBusax pa3Butus paka
Treg-KkJIETKH OTIMYAIOTCS MOBBIIEHHOH dKcnpeccueit CD39 kak B MUKPOOKPY:KEHHH OMYXOJH, Tak U Ha nepudepun
[6]. Panee Hamu Obli1a IOKAa3aHa aKTHUBAIUS a/IeHO3WH-ONIOCPEIOBaHHOM cymnipeccun y 6ombHbIXx KPP [7], mpu xoTopoit
HEMaJIOBKHYIO POJTb MOXKET Urpath nomyisaius CD39* Treg-kieTok. B cBsA3H ¢ 3TUM 1ENbI0 JaHHOW pabOTHI OBLIO OTIe-
HUTH MPOTHOCTHYECKYIO 3HAUMMOCTh YPOBHSI SKCTIpeccru (HU3Kas/Beicokasi) Treg-KineTkaMu SKToHykIeoTraassl CD39
B niepudepuueckor Kpou y 6onbHbIx KPP.

MarepuaJjbl 1 MeTOAbI

B pabore oOcienoannl 32 naruenta ¢ KPP, cpennuii Bo3pact KoTopbix coctaBui 64+11,5 net. B uccnenoBanue
BKJTFOUAJTUCEH OOJBHBIC, COOTBETCTBYIONTHE KPUTEPHSIM: Bo3pacT 18—70 JreT, Haaudne MOATBEPKACHHOTO TUATHO3a «KO-
JopekTaibHbli pak». Iuarno3 KPP ycranasnnBasicss Ha OCHOBaHUM KIMHUYECKUX, J1a00PaTOPHBIX, SHIOCKOIINUECKUX
1 MOP(OIOrHUECKUX METOJOB HcciaeqoBaHus. KpuTepusiMu HCKITIOUEHHS SIBJSUTUCH: HAJIMUKeE Ipyrux (GopM HOBOOOpa-
30BaHMH B aHAMHE3e, a TAK)KE HMMYHOBOCTIAJIMTENbHBIX 3a00neBannil. [lanenTs! ObUIN pa3eneHbl Ha JBE TPYIIbL: B
nepByto rpymnmy Bxoauiau conbHbie Ha | u 11 cramusx KPP (n=17), Bo Bropyto — na Il u IV cramusax (n=15). J{nst mpo-
BEJICHHS MCCIIEIOBaHMs OBLIO MONydeHo paspemniearne Komurera Mo METUITMHCKOW 3THKE TIpU MUHUCTEPCTBE 3/IpaBo-
OXpaHEHUs U coluanbHoro passutus Pecryonuku Kapenus u [lerpo3zaBoackom rocynapcTBeHHOM YHUBEpCUTETE (IIPO-
Tokoa Ne25 ot 12.02.2013 ). Ot 00ciie10BaHHBIX OONBHBIX MOIYYEHO HHPOPMUPOBAHHOE COIVIACHE HA MCCIICAOBAHNUE.
B kauecTBe rpynmbl cpaBHEHUs aHAIM3UpoBaau JuM@oruTel 30 310pOBBIX TOHOPOB B Bo3pacte 54,4+20,6 jer.

B pabore npoBoaunu uccienopanue nMmmyHodeHotuna mumdpouuToB O6ombHbEIX KPP MeTomom MHoromnserHol mpo-
ToyHOH 1ToMeTpuu Ha mpudope Cytomics FC500 (Beckman Coulter, CILA). Vcrnonp30Banuch MOHOKIOHATBHEIC
aatutena CD4-FITC, CD25-PC5, CD127-PC7 (Beckman Coulter, ®panrmus), CD39-PE (R&DSystems, CIIIA) u co-
OTBETCTBYIOLIME H30oTUNHYEcKUEe KOHTponu. Dkcnpeccuro MPHK rena CD39 onpenensiiu meronom I[P B peansHoM
BpeMeHH. Briienenne n ouucTKy HyKJIEHMHOBBIX KMCIOT MPOBOAMIN ¢ MOMOILbI0 Habopa «AxyPrep Blood Total RNA
Miniprep Kit» (Axygen, CIIIA). lnst cunte3a kK IHK ucnonp3oBanu ciydaiinsie rexcanpaiiMepsl 1 MMLV-o6parhyto
tpanckpuntasy (Cunekc, Poccust). Ammudukanuro k/JHK, a Takxke aHanmi3 TpoayKTOB aMIDTH(DUKAIINH B PEKHME pe-
AJFHOTO BPEMEHH BBITIOIHSUITH C UCITOJIb30BAHUEM PEAKITMOHHON CMECH C MHTepKaaupyronmM kpacurenem SYBR Green
I (EBporen, Poccust) Ha mpubope «iCycler Thermal Cycler» (Bio-Rad, CIIIA). AHanu3 mody9YeHHBIX JaHHBIX POBO-
i MeTomoM 2 24¢ rre Ct — moporoBslii muki, a ACt — pasHHUIa MKy 3HaUCHUSIMHU TOPOTOBBIX ITUKIIOB TS pede-
percuoro (GAPDH) u TapretHOTO reHOB. MITOTOBEIN YPOBEHB DKCTIPECCHH UCCIIEAYEMOTO TeHa PACCIUTHIBATIN OTHOCH-
TEJILHO KOHTPOJIS (340POBBIE JOHOPHI), IPUHUMAS 33 €AUHUILY BEJIMUMHY KCIIPECCUHU UCCIIEAYEMOTO TeHa B KOHTPOJIE.

Craructuieckyto o0paboTKy pe3ylbTaToB, IIOJyUYCHHBIX B XO/€ UCCIIEIOBAHMS, POBOAMIN C HCIIOIb30BAHUEM IPO-
rpamm GRAPH Pad Prism 6.0. [ToctpoeHne KpuBBIX BBDKHBAEMOCTH MPOBOIMIIM NP MOMOIIHK npoueaypsl Kamnana—
Meiiepa. IIpu cpaBHEHUU KPUBBIX BBIKUBAEMOCTH B IpyIIaxX MPUMEHSIIM JIOTPAHTOBbII KpuTepuid. L{eH3ypupoBaHHbIE
JTAaHHBIE BKIIIOYAJIM JaHHbIE OONBHBIX, KOTOPBIE ObLTN KUBBI HA MOMEHT OKOHYAHHS UccienoBanus. Hemensypruposan-

324 BECTHHK YPAJILCKOI MEJMLIMHCKOI AKAJIEMUYECKOI HAYKH, 2020, Tom 17, Nod online 1SSN 2500.0918

vestnikural.ru



Cellular and Molecular Technologies, Gene Engineering

HBIC TAHHBIC — JIAHHBIC YMEPIIUX OONBHBIX. YPOBEHb CTATHCTUUCCKON 3HAUMMOCTH ObUT MPUHAT paBHbIM 0,05. AHanu3
BBDKMBAEMOCTH M BU3YaJIM3AIIMIO BBITIOIHSIIN C TIoMoIbio iporpammbl IBM SPSS Statistics Subscription. Hccnenosa-
HHE BBITIOJIHEHO Ha HAy4YHOM 000pyaoBaHuu «L[eHTpa KOJIEKTUBHOTO MOJIb30BaHus DeepaibHOr0 UCCIIEI0BaTEIbCKO-
ro rieaTpa «Kapenpckuit HaydnbIil 11eHTp Poccniickoit akagemun Hayk» (LIKII KapHIL PAH).

Pe3yabTarthl u 00cyxaeHune

Panee Hamu ObLIO MOKa3aHO, uTo Y OonbHBIX KPP moBsimeno conepxanne CD39" Treg-knetok kak B nepudepuye-
CKOH KPOBH IO CPAaBHEHHUIO CO 30POBBIMH JJOHOPAMH, TaK U CPEAH OMYXOIb-HHPUIBTPUPYIONIMX KIeToK. [Ipuuem moss
CD39-no3utnBHBIX Treg-KiIeToK yBeInIuBaiach o Mepe pa3BUTHS 3a0oaeBanust [7].

B mannoii pabote ObuTa MpoaHamu3upoBaHa TPEXIETHsIA o0mas BepkuBaeMocTh (OB) 32 6ompHbIX KPP ¢ yaerom co-
nepkanusi CD39" Treg-knerok (CD4°CD25'CD127"") B nepudepudeckoit kpoBu. bosbHbIe ObUIH pa3aeicHbl Ha BE
IPYIIBL B 3aBUCUMOCTH OT 3HaueHuss M+2SD conepxkanust (0onee mnu Menee) CD39" Treg-kieTok y 310pOBBIX JIULI,
KoTopoe coctaBuio 65,36%. OtMedeno, uto OB B rpynne ¢ HuzkuMm copepkanueM CD39" Treg-knetok paBHa 64,3%
MpH cpeaHel BebKuBaemMoctu 26,3+3,5 mecsna (95% /AU 19,3-33,3 mecsna) 1 He oTaMYaiach OT TPYMIBI ¢ BBICOKUM
conepxkannem CD39" Treg-kieTok, rne coctaBuia 61,1% mpu cpenneit BepkuBaemoctu 25,9+3,7 mecsues (95% AU
18,5-33,3 mecsma, p=0,79) (pucyHOK). AHaIN3 BEDKABAEMOCTH OOJIBHBIX C YIETOM ATOTO (haKTopa HE MOKa3all CTaTH-
CTHYECKH 3HAYNMBIX Pa3IMIUi U MPU PACCMOTPEHNH JIaHHBIX B 3aBUCUIMOCTH OT CTaauM 3aboneBanus (Taodm. 1).

Tabmuua 1

TpexineTHsIst 001ast BBHKMBAEMOCTh OONBHBIX KOJIOPEKTAILHBIM PAKOM B TPYIIIAaX ¢ HU3KAM U BEICOKUM COZICPIKaHHEM
CD39* Treg-kneTok B mepuQepruvecKkoii KpoBU

Table 1

Three-year overall survival of patients with colorectal cancer in groups with low and high frequency CD39" Treg cells
in peripheral blood

OO0111ast BEDKMBA€MOCTD, BCE OO61ast BBDKHBaeMOCTh, I-11 OO6111ast BEKHBAeMOCTb, 111-
I'pymmst / Groups 6onpubie/ Overall survival, all cragun/ Overall survival, IV cragun/ Overall survival,
patients stages [-1I stages III-IV
Husxkoe conepsxanue CD39*
Treg-xnerox/ Low frequency 64,3% 88,9% 20%
of CD39" Treg cells
Bericokoe cogepxanune CD39*
Treg-xnerok / Hight frequency 61,1% 87,5% 44,4%
of CD39* Treg cells

[pumeuanue. Treg-kaetku onpeaensuu mno GeHorury CD4*CD25°CD127""
Note. Treg cells were determined as CD4"'CD25"CD127'~
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Pucynok. Kpussie Kannana-Meliepa. A. — BinsiHue Ha oOLIyl0 BEDKMBAEMOCTb M3MeHeHus copepkanust CD39*

Treg-knerok (CD4*CD25°CD127"°") B nepudepuueckoii kposu 6onbHbix KPP. b. — BunusiHue Ha 0011yt BbDKHBae-
MOCTh U3MeHeHus Menuanbl skcnpeccud MPHK CD39 B nepudepuueckoii kposu 6onbpabIx KPP

Figure. Kaplan-Meier curves. A — overall survival and frequency of CD39" Treg-cells (CD4"CD25"CD127"") in the
peripheral blood of patients with CRC. B — overall survival and level of mRNA CD39 in peripheral blood of CRC
patients
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Knemounvie u MONEKYIAPHbLE MEXHONI0CUU, CEHHAS UHIHCEHEPUAL

B npenbinyiem uccnenoBanuu [7] ObUIO TaKkKe YCTaHOBJICHO, uTO 0osbHbIe KPP oTiMuanuch moBbIIICHHBIM YPOB-
ueM skcripeccun MPHK rena CD39 B neiikorurax KpoBu. B cBsizu ¢ 3TuM B paboTe OblIa MpoaHaIM3upOBaHa TPEXJICT-
st OB 6ombHBIX KPP B 3aBucumoctn ot ypoBHs MPHK rena CD39. Bricokuit n HU3Kui ypoBeHb dkcnpeccnn MPHK
CD39 onpenensun 1o meauane. B rpymnmne 60npHbIX ¢ HU3KUM ypoBHeM 3kcnpeccur MPHK CD39 OB cocrasuia 69,2%
npu cpenHeit BekuBaemoctu 14,1+6,7 mecsues (95% AU 1,0-27,3) nporus OB B 54,5% npu cpeaHeil BBDKHBAEMOCTH
16,7+6,2 mecsiues (95% AU 4,4-30,0) B rpymre ¢ BIcOkuM ypoBHeM 3kcnpeccun MPHK 3Toit skToHyKIeoTHaa3sl. 3Ha-
YUMBIX Pa3IM4Yiidi MEX/Y dTUMH TPYyIIIaMH He BbIsiBIEeHO, p=0,47 (pucyHok, Tabi. 2), OB B rpynmax ¢ BEICOKOH U HU3-
koit skcripeccueit MPHK CD39 B 3aBUCHMOCTH OT cTanuy 3a00JICBAHMUS TAKXKE CTATUCTUICCKU HE OTINYaIach (Tabm. 2).

Tab6muma 2

TpexneTHsast o01ast BEbKUBAEMOCTb OOJIbHBIX KOJIOPEKTAJIbHBIM PAKOM B TPYIIIAX C BHICOKUM U HU3KHM YPOBHEM JKC-
npeccurt MPHK CD39 B nefikonurax nepugepnieckoir KpoBU

Table 2

Three-year overall survival of patients with colorectal cancer in groups with high and low CD39 mRNA levels in
peripheral blood leukocytes

OO011as BEIKUBAEMOCTh, BCC OO011as BEIKUBAEMOCTh, [-11 OO01ast BEDKUBAEMOCTS, 111-
I'pynmer/ Groups 6ompabIe/ Overall survival, all craauun/ Overall survival, IV cramguw/ Overall survival,
patients stages [-1I stages [11I-IV
Huskuii ypoBeHb 3kcripeccuu
MPHK CD39/ Low CD39 69,2% 90,0% 25,0%
mRNA level
Bricokuil ypoBeHb
skcrpeccun MPHK CD39/ 54,5% 75,0% 33,3%
High CD39 mRNA level

B Hacrosimee Bpemst IOKa3aHO, YTO IIPYU MHOTHX 3JI0Ka4€CTBEHHBIX 3a00J€BaHUsIX HaKoIUIeHHE Treg-KIeToK B OITy-
XOJICBOM TKaHU U TMOCIEAyIolIee CHIxKeHue cootHomeHnst CD8+-kietok k Treg-kieTkaM KOppeaupyeT ¢ Hebaaronpu-
STHBIM TPOTHO30M JUTsL OONIBHBIX [2]. OfHAKO B OTHOLICHUHW TAaKWX THIOB paka, kak KPP u omyxonu ronoBsl u miewu,
CYLIECTBYIOT MTPOTHUBOPEYUBBIE CBEJICHHUS O MPOTHOCTHUECKOH ponn Treg-kieTok. Pe3ynbTarbl HEKOTOPHIX HCCIen0Ba-
HUH IEMOHCTPHUPYIOT, YTO YBEIHMUEHHUE conep:kaHus Treg-KIeTOK acCOIMUPOBAHO C MOJIOKHUTEIHHON NUHAMHUKON 3a-
OoneBanus. Ilpennonaraercs, 4To Ha JUINTEIBLHOCTh BBDKUBAEMOCTH CKA3bIBAETCSI OIPAaHNUYEHUE UH(WIBTPUPYIOLIMMHU
FOXP3* Treg-kneTkaMu BOCHIAIIMTEIIEHOTO OTBETA, BRI3BAHHOTO KUIIEYHON MUKpOONOTOH Ha paHHHX cTamusx KPP [8].

HccnenoBanusiMu MOCIEIHUX JIET OBIJIO YCTAHOBJICHO, YTO B MHUKPOOKPY>KCHHHU OITyXOJIM aKTUBHO HAKAIUIMBAETCS
BHEKJIETOUHBIN a/ICHO3MH, OKa3bIBAIOLIMI HIMMYHOCYIIPECCOPHOE JCHCTBIE U CLIOCOOCTBYIOIIMI KaHIeporeHesy. O0pa-
30BaHUE aJICHO3MHA ITPOUCXOAMT Olarojaps ciakeHHoU padore sxkTonykieorunaz CD39 u CD73, kotopsie pacuieris-
IOT BBICBOOOK/Ia€MBIH B YCIIOBHUSIX BHYTPHOIYXOJEBOM THITOKCHU ajieHO3uHTpUdocdat. Bricokas skcrpeccus TeHOB
CD39/CD73 n ux mpoayKTOB TTOKa3aHa MHOTUMH OTYXOJICBBIMH KJIETKAMH M KJIIETKAMH, HaXOASAIIAMUCS B MEKPOOKPY-
KECHUH OIYXOJIM, 1 UMEET MOTCHIUAIbHYIO 3HAUUMOCTh B KaueCTBe NMPOrHocTudeckoro daxropa. [Ipumeuarensro, 4ro
MIPOTHOCTUYECKAs! POJIb 3Kcnpeccuu B onyxonu CD73 uccnenoBana jiydiiie U paccMaTpUBAETCs KaK HeOIaronpus THBIHA
(bakTOp IpH MHOTMX OHKOJIOTMYECKUX 3a0oseBanusix [9]. 3nadenue sxcripeccuu CD39 B onyxolieBoit TKaHH UCCIIEI0Ba-
HO MeHbIe. Tak, MpH 3710KaueCTBEHHBIX HOBOOOPA30BAHMUSX TOJIOBHI U IIIEH BHYTPHOIYXOJIEBAst DKCIIPECCHUST MOJICKYIIbI
CD39 6p11a HEOMArONPHSITHRIM (PAaKTOPOM BBDKHBaeMOCTH 0ONBHEIX [10], a mpu pake MOMKEITyI0IHON JKeIe3bl OKa3a-
J1ach OJIaronpusATHBIM (AaKTOPOM TIOCIIeOTNepanoHHO BekuBaeMocTH [11]. CymiecTByeT psii MCCIeIOBaHMA, TTOCBS-
LIeHHBIX onpenesieHuo ponn CD39* Treg-muM$onuToB B KauecTBE MOTCHIUAIBHOTO MapKepa TeueHHs O0JIC3HN H/UIIH
JeCTBUSI TPOTUBOOIYXOJICBOM TEPAINH, Yalle C IPUMEHEHUEM OJIOKaTOPOB MMMYHHBIX KOHTPOJIbHBIX ToueK. Tak, Cai
C COaBTOpaMH IMOKa3aliy, YTO MPH TeMaTOLEIUTIONIIPHON KapIiimHoMe moBbIieHHoe coaepxkanue CD39*FOXP3*-kierok
OBLIO HE3aBUCHMBIM HeOnmaronpusaTHeM (pakropom OB GonbHBIX TIOCHE pajrKaibHOTO ynaneHus omyxonu [12]. Ipu
MenanoMme HakoruieHne CD397Treg-kiteTok B miepudeprueckoil KPOBH TAKXKE SBIIICTCS HEOIArONPHUATHBIM (PaKTOPOM
OB u 6e3pennanBHON BeDKMBaeMOCTH [ 13, 14]. OTMeueHO, 94TO MPH 3JI0KA4ECTBEHHBIX HOBOOOPA30BaHUSIX TOJIOBHI H
mien yenuueHue konndectBa CD39*Treg-kiIeTok B KPOBH acCOLMUPOBAHO ¢ KOPOTKOM OB 0ONBbHBIX, MOTydYaromux
HUBOIYyMao [15].

IoBsIteHHas sxcnpeccus skTonykineotniazsl CD39 nmponemonctpuponana u npu KPP kak omyxoneBbIMH KIeTKaMH,
TaK W KJIeTKaMu KpoBH Ha nepudepun [16, 17]. Ha MprimmabIX Monmensx mokazano, uro CD39 crumynupyer pocT u
MeTacTa3bl paka TOJICTON KHIIKU. Kpome Toro, pe3ynbTarsl in vitro ucciaeqoBaHUs IOKa3ald, YTO IPUMEHEHUE UHIHU-
outopoB aktuBHOCTH CD39 MM GIOKUPYIOMIUX aHTHUTEN 0CIa0IsIIO OMyX0Ib-UHAYIIUPOBaHHYIO cynpeccuto CD4'- u
CD8+ T-knerounoii nponudepanuy U yCcuianBaio nutoTokcudeckyto aktuBHOCTh LITJI m NK-knerok [16]. Ilpume-
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4aresbHO, YTO HapsLy ¢ AaHHBIMH CBeleHHsIMU Zhang ¢ coaBT. mokasan, uto skcnpeccust CD39 B snuTenuanbHbIX
KJIETKaX aJCHOKAPIIMHOMBI IPSIMOW KUILKH YEIOBEKa KOPPEIUPYET C OIaronpusiTHHIM KITMHUYSCKHM UCX0/I0M OOJIe3HH
[17]. HecMOTpst Ha 3HAYMMYIO YCHICHHYIO SKCIIPECCHIO dKTOHYKIeoTunasbl CD39 nepudeprnieckuMu TuMQpouTamu,
HaM# He OBLTO BBISABICHO JOCTOBEPHOU CBS3M BBHICOKOTO/HM3KOTO YpoBHSI CD39" Treg-kiIeTok ¢ BEDKUBAEMOCTBIO 00-
CJICZIOBaHHBIX 00JbHBIX. Takke MasloMH(OPMATUBHBIM B 3TOM OTHOILLEHHMHU OKa3ajcs ypoBeHb skcnpeccun MPHK rena
CD39. Ilo-BunumMoMy HE0OXOIUMO JasibHEHIIee H3yYeHUE aleHO3NH-0I0CPE0BAaHHON IMMYHHOM CYIPECCHH, aKTUBA-
LUs KOTOPOH mpoucxoaut y 6onsHbIX KPP, ¢ nenbio onpenenenns ocobeHHOCTEH (PyHKIMOHUPOBAHHUS KIETOK KaK BHY-
TPH OITYXOJIH, TAaK ¥ CPEAN [UPKYIUPYIONINX JTUMPOIHUTOB IJisl pa3padOTKH U MOBBIIICHUS 3PPEKTUBHOCTH MOXO/I0B B
MIPOTHBOOITYX0JIEBOM MMMYHOTEPAITHH.

3akiarouenue

B Hacrositiee BpeMst OATBEPkK/ICHA JBOSKAs POJb OMYXOJIb-UHPWIBTPUPYIOUINX JIUM(OIIUTOB B MUKPOOKPYKESHHUN
ormyxoiu. OJIHU KJIETKU CITIOCOOHBI PaCIIO3HABATh U DIIMMUHUPOBATH HEOTLIACTHYECKUE KIIETKU B XOJIC TPOTHBOOITYXOJIe-
BOI'0O MMMYHHOI'O OTBETA, JPyrue, HalPOTUB, CIIOCOOCTBYIOT POCTY U METACTa3MPOBAHUIO OIYXOJIH, CO3/1aBasi YCIOBUS
JUTS YKIIOHEHHS TPaHC(OPMHUPOBAHHBIX KJIETOK OT UMMYHHOTO HaJ30pa. MEHSIONUICS PH 3TOM MOJIEKYIISIPHBINA TTPO-
(bMITh UMMYHOITUTOB SBJISIETCS IIEPCIIEKTUBHBIM B MCIIOJIB30BAHUH KJIETOYHOH TEpanuy 1 IIOUCKE OMOMapKepOB MIPOTHO-
3a TeueHus OOJIe3HHU W/WIH ee JiedeHHs. B HacTosIee BpeMs MPOTHOCTHYECKOe 3HaueHue Treg-KIeToK Mpu pa3BUTHU
paka ocTaercsi CHOPHBIM JJIs HEKOTOPBIX THUIIOB 3JI0KAUECTBEHHBIX HOBOOOPA30BaHMIA, B YACTHOCTH, MTPH KOJIOPEKTAIb-
HOM paKe. HOBTOMy HGO6XOILI/IMI)I naaneﬁmHe HUcciaea10BaHus AJIs1 BBISABIICHUS HpGILPIKTHBHOfI 3HAYUMOCTH I/IMMYHO-
KOMIIETEHTHBIX KJIETOK IIPU Pa3BUTHHU paka u pa3paboTku 3pHEeKTUBHBIX CIIOCOO0B UX MCIIOIB30BAHMSL.
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ANALYSIS OF THE PREDICTIVE VALUE OF EXPRESSION
ECTONUCLEOTIDASE CD39 PERIPHERAL TREGS IN PATIENTS
WITH COLORECTAL CANCER
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Petrozavodsk, Republic of Karelia, Russian Federation;
2Republic Oncology Dispensary, Petrozavodsk, Republic of Karelia, Russian Federation

Abstract. Regulatory T-lymphocytes (Treg) are considered as potential targets in cancer immunotherapy and as
prognostic biomarkers of the course of the disease. In some types of cancer, including colorectal cancer (CRC) the role
of Treg cells is not clearly defined and requires further research. Recently, special attention has been paid to the ability of
Tregs to express CD39 ectonucleotidase due to its participation in the cleavage of adenosine triphosphate to extracellular
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adenosine, which inhibits the antitumor immune response. An increased number of CD39* Treg cells is observed both in
the tumor tissue and in the peripheral blood of cancer patients. Therefore, the main goal of this research was to assess the
prognostic significance of the level of expression (low / high) by Treg cells of CD39 ectonucleotidase in the peripheral
blood of CRC patients. Material and methods. We analyzed blood lymphocytes of 32 patients with CRC, the comparison
group consisted of 30 healthy donors. The relative content of Treg cells was assessed by multicolor flow cytometry on
a Cytomics FC500 (Beckman Coulter, USA) using monoclonal antibodies CD4-FITC, CD25-PC5, CD127-PC7, CD39-
PE. The expression of mRNA of the CD39 gene was determined by real-time polymerase chain reaction. Survival curves
were constructed using the Kaplan-Meier procedure using application log rank criterion. Results. Previously, we found
that in patients with CRC, the content of CD39" Treg-cells is increased both in the peripheral blood in comparison with
healthy donors and among tumor-infiltrating cells. Moreover, the share of CD39-positive Treg cells increased with the
development of the disease. In this research, the three-year overall survival of patients with CRC was analyzed taking
into account the content of CD39* Treg-cells (CD4*CD25*CD127"") and depending on the level mRNA gene CD39 in
the peripheral blood. There were no statistically significant differences in patient survival depending on CD39* Treg cell
content and level mRNA gene CD39. Conclusion. Further learning adenosine mechanism of immune suppression with
the participation of regulatory T cells, will allow to new therapeutic and prognostic opportunities in the management of
patients with CRC, which are represent of great scientific and practical interest.
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Introduction

Colorectal cancer (CRC) is one of the leading localizations among malignant neoplasms in the overall structure of
cancer incidence in Russia and in the world [1]. Timely detection of this disease, as well as identification of molecular
targets, allowing to predict the course of the disease and the effectiveness of therapy, is currently one of the urgent
medical and social problems.

A growing tumor uses various mechanisms to evade immunological surveillance. One of these methods is the induction
of immune suppression for suppression antitumor immune response. The direct participants in this process are regulatory
T cells (Treg). These cells normally suppress an excessive immune response, maintaining immunological tolerance and
inhibiting the development of autoimmune responses. In some cases, suppressor Tregs can promote tumor development.
Treg cells are present in high numbers in peripheral blood and tumor tissue of various types and sites of cancer. Increased
CD4* count Treg cells among tumor-infiltrating lymphocytes are often accompanied by a decrease in the ratio CD8+
T-cells to CD4*CD25"FOXP3* Treg cells and is associated with a poor prognosis for most patients with malignant
neoplasms [2]. It is noted that Tregs can interfere with successful anticancer therapy. A detailed study of the relationship
between immune cells and tumors in colorectal cancer will reveal immunological targets that can be used in the clinic.

CD39 (ectonucleoside triphosphate diphosphohydrolase 1, E-NTPDasel) is a membrane protein that binds and converts
extracellular adenosine triphosphate with CD73 in extracellular adenosine possessing immunosuppressive effect and
promoting carcinogenesis [3, 4]. CD39 is expressed various immune and non-immune cells (endothelial, fibroblasts), as
well as some tumor cells. It is noted that tumor-infiltrating immune cells show enhanced expression of CD39. Currently
the blockade of adenosine mediated suppressor mechanism is considered as a potential direction of immunotherapy for
cancer patients.

It has been established that Treg cells can participate in the formation of adenosine from extracellular nucleotides,
which is considered as one of the main mechanisms of their suppressor activity [5]. Under the conditions of cancer
development, Treg cells are characterized by increased expression of CD39 both in the tumor microenvironment and in
the periphery [6]. We have previously shown activation adenosine-mediated suppression in patients with CRC [7], in
which the population of CD39" Treg cells can play an important role. In this regard, the aim of this work was to assess
the prognostic significance of the expression level (low/high) by Treg cells ectonucleotidase CD39 in peripheral blood
in CRC patients.
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Materials and methods

In the study 32 patients with CRC were examined, the average age of which was 64=11.5 years. The study included
patients who met the criteria: age 18—70 years, the presence of a confirmed diagnosis “colorectal cancer». The diagnosis
of colorectal cancer was established on the basis of clinical, laboratory, endoscopic and morphological research methods.
The exclusion criteria were: the presence of other forms of neoplasms in the anamnesis, as well as immunoinflammatory
diseases. The patients were divided into two groups: the first group consisted of patients at stages I and II of CRC, the
second — at stages III and I'V. To conduct the study, permission was obtained from the Medical Ethics Committee under
the Ministry of Health and Social Development of the Republic of Karelia and Petrozavodsk State University (protocol
No. 25 0f 12.02.2013). Informed consent was obtained from the examined patients for the study. Lymphocytes from 30
healthy donors aged 54.4+20.6 years were analyzed as a comparison group.

In the study the immunophenotype lymphocytes of patients with CRC was researched by the method of multicolor
flow cytometry on the device Cytomics FC500 (Beckman Coulter, USA). Monoclonal antibodies CD4-FITC, CD25-
PC5, CD127-PC7 (Beckman Coulter, France), CD39-PE (R&D Systems, USA) and corresponding isotypic controls
were used. Expression mRNA gene CD39 was determined by real-time PCR. Isolation and purification of nucleic
acids was carried out using the kit «AxyPrep Blood Total RNA Miniprep Kit» (Axygen, USA). For synthesis cDNA
random hexaprimers and MMLYV reverse transcriptase (Sileks, Russia) were used. Amplification cDNA and analysis
of amplification products in real time was performed using a reaction mixture with intercalating dye SYBR Green |
(Evrogen, Russia) on the device «iCycler Thermal Cycler» (Bio-Rad, USA). The analysis of the obtained data was
carried out by the method 2-24¢ where Ct is the threshold cycle, and ACt — the difference between the values of the
reference (GAPDH) and targeted threshold cycles. The final expression level of the studied gene was calculated relative
to the control (healthy donors), taking the value of the expression of the studied gene in the control as a unit.

Statistical processing of the results obtained during the study was carried out using the GRAPH Pad Prism 6.0
software. Survival curves were constructed using the Kaplan — Meier procedure. When comparing survival curves in
groups log rank criterion was applied. The censored data included data from patients who were alive at the end of the
study. Uncensored data refere to the data of deceased patients. The level of statistical significance was taken equal to
0.05. Survival analysis and imaging were performed using IBM SPSS software Statistics Subscription. The study was
carried out on the equipment of the Shared Facility of the Federal Research Center Karelian Research Center of the
Russian Academy of Sciences.

Results and discussion

We have previously shown that in colorectal cancer patients, the frequency of CD39" Treg cells is increased as in the
peripheral blood compared with healthy donors and among tumor-infiltrating cells. Moreover, the proportion of CD39*
Treg cells increased with the development of the disease [7].

In this research, the three-year overall survival (OS) of 32 patients with CRC was analyzed taking into account the
content of CD39" Treg cells (CD4*CD25*CD127"") in the peripheral blood. The patients were divided into two groups:
depending on the value of M+2SD frequency (more or less) CD39" Treg cells in healthy individuals, which accounted
for 65.36%. It was noted that OS in the group with low CD39" Treg cells is equal to 64.3% with an average survival of
26.3£3.5 months (95% CI 19.3-33.3 months) and did not differ from the group with a high frequency of CD39* Treg
cells, where it was 61.1% at average survival 25.9+3.7 months (95% CI 18.5-33.3 months, p=0.79) (figure). The analysis
of patient survival, taking this factor into account, did not show statistically significant differences and when considering
data depending on the stage of the disease (table 1).

In a previous study [7], it was found that the patients with CRC had an increased level of expression CD39 mRNA
in blood leukocytes. In this regard, the work analyzed the three-year OS of patients with CRC, depending on the level
of mRNA geneCD39. High and low CD39 mRNA expression was determined by the median. In the group of patients
with a low level of CD39 expression mRNA OS was 69.2% with an average survival rate of 14.1+6.7 months (95% CI
1.0-27.3) versus an OS of 54.5% with an average survival rate of 16.7+6.2 months (95% CI 4.4-30.0) in the group with
a high level of CD39 expression mRNA. No significant differences were found between these groups, p=0.47 (Figure).
OS in groups with high and low CD39 expression mRNA depending on the stage of the disease also did not differ
statistically (Table 2).

It has now been shown that in many malignant diseases, the accumulation of Treg cells in tumor tissue, and a subsequent
decrease in the ratio of CD8+ cells to Treg cells correlates with a poor prognosis for patients [2]. However, for cancer
types such as colorectal cancer and head and neck cancer, there is conflicting information about the prognostic role of
Treg cells. Some studies show that increasing frequency Treg cells associated with positive dynamics of the disease. It
is assumed that the duration of survival is influenced restriction by infiltrating FOXP3* Treg cells of the inflammatory
response caused by intestinal microbiota in the early stages of CRC [8].

Recent studies have found that extracellular adenosine actively accumulates in the tumor microenvironment, which
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provides immunosuppressive action and promoting carcinogenesis. The formation of adenosine is due to well-coordinated
action ectonucleotidase CD39 and CD73, which degrade adenosine triphosphate released in condition of intratumoral
hypoxia. High CD39/CD73 expression genes and their products are shown by many tumor cells and cells in the tumor
microenvironment and has potential value as a prognostic factor. It is noteworthy that the prognostic role of expression in
tumor CD73 is better studied and considered as an unfavorable factor in many oncological diseases [9]. The significance
of CD39 expression in tumor tissue has been less studied. So, with head and neck cancer intratumoral expression of
the CD39 molecule was an unfavorable factor in patient survival [10], and in pancreatic cancer it turned out to be a
favorable factor of postoperative survival [11]. There are a number of studies devoted to determining the role of CD39*
Treg lymphocytes as a potential marker of the course of the disease and/or the effect of anticancer therapy, most often
with the use of blockers immune checkpoints. So, Cai et al. showed that at hepatocellular carcinoma increased content
of CD39"FOXP3* cells were independent an unfavorable factor of OS in patients after radical tumor resection [12]. In
melanoma, accumulation CD39* Treg cells in peripheral blood are also an unfavorable factor in OS and relapse-free
survival [13, 14]. It was noted that with head and neck cancer, an increase in the number of CD39" Treg cells in the blood
are associated with a short OS in patients receiving nivolumab [15].

Increased expression ectonucleotidase CD39 has also been demonstrated in CRC, both by tumor cells and blood cells
in the periphery [16, 17]. In mouse models, CD39 has been shown to stimulate the growth and metastasis of colon cancer.
In addition, the results in vitro studies have shown that the use of inhibitors activity of CD39 or blocking antibodies
weakened tumor-induced suppression CD4* and CD8+ T cell proliferation and increased the cytotoxic activity of CTL
and NK cells [16]. It is noteworthy that along with this information Zhang et al. showed that the expression of CD39
in epithelial cells of human rectal carcinoma correlates with a favorable clinical outcome of the disease [17]. Despite
the significant increased expression CD39 ectonucleotidase by peripheral lymphocytes, we did not reveal a significant
relationship between high/low levels of CD39" Treg cells and the survival of the examined patients. The level of CD39
mRNA was also not very informative in this regard. Apparently, further study is needed of adenosine-mediated immune
suppression, activation of which occurs in colorectal cancer patients, in order to determine the characteristics of the
functioning of cells both inside the tumor and among circulating lymphocytes to develop and improve the effectiveness
of approaches in antitumor immunotherapy.

Conclusion

A dual role is currently confirmed for tumor-infiltrating lymphocytes in the tumor microenvironment. Some cells are
capable of recognizing and eliminating neoplastic cells in the course of an antitumor immune response, while others,
on the contrary, promote tumor growth and metastasis, creating conditions for evading transformed cells from immune
surveillance. The changing molecular profile immunocytes is promising in the use of cell therapy and the search of
biomarkers for prognosis of the course of the disease and/or its treatment. Currently, the prognostic value of Treg cells
in the development of cancer remains controversial for many types of malignant neoplasms, in particular in colorectal
cancer. Therefore, further research is needed to identify predictive significance of immune cells in the development of
cancer and the development of effective ways to use them.

The research was financed from the federal budget for the fulfillment of the state assignment of the KarRC RAS, budget
theme No. 0218-2019-0083
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