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SKCMNMPECCUOHHbIE UCCJTIEQOBAHUA TEHOB
NPEAPACNOJIOXKEHHOCTU K TYBEPKYJIE3Y

H.II1. ba6ymkuna, E.JO. Bparuna

HHUHU meduyunckoit eenemuru, Tomckuil HayuoHarvrulil uccaedogamenvckuil meouyunckuii yeump PAH, e. Tomck, Poccus

Pestome. [ToBbIlIEHHBIN UCCIENOBATENbCKU MHTEPEC K MPOOJIeMe pa3BUTUS TyOepKyie3a 00yCI0BIEH POCTOM CIIy-
YyaeB JIEKapCTBEHHOM yCTOMYMBOCTU ero Bo3oyauTens, KonHbekuuu ¢ BUY u rematutamu, otcyrcTBueM addex-
TUBHOU BakIMHBL. OQHAKO B HACTOsIIee BpeMs IaToreHe3 TyOepKyie3a Mo MpexXHeMY OCTaeTCsl HeIOCTaTOYHO U3-
yueHHBIM. CyIlleCTBeHHas poJib OTBOIUTCS HACAEACTBEHHBIM (haKTOpaM, TaK KaK OOJBIIMHCTBO MHOUIIMPOBAHHBIX
Mpycobacterium tuberculosis ocTagTCsl yCTOMUMBBIM K TYOEPKYJIe3y, ¥ TOJbKO B 5—15% ciydyaeB MHGULMPOBAHKE ITPUBO-
IUT K pa3BUTHUIO 3a00J1eBaHMsA. HecMOTps Ha IIUTENBHYIO HCTOPHIO U3YUCHHU S TCHETUISCKIX (DAKTOPOB ITOIBEPKEH-
HOCTH TyOepKyJIe3HO! MHPEKIINY — OT IMOMCKAa MOHOTEHHBIX (hOpPM HApYIICHUSI MMMYHHUTETA, aCCOUMAIIMI OTICIb-
HBIX TEHOB TIOABEPKEHHOCTH TyOepKyJIe3y, 10 aHaIu3a IMOJHOTEeHOMHBIX aCCOLIMATUBHBIX UCCICAOBAHUM M OLIEHKHT
0COOEHHOCTE!N TPAaHKCPUITLIMOHHBIX MPoduieit 00JbHBIX HHAWBUI0B — 0COOEHHO OCTPOi ocTaeTcsl mpobJema Io-
JIy9eHUs KJIMHWYECKU 3HAYMMBIX PE3yJIBTaTOB IJISI BRISIBIICHUSI 1 MOHMTOPUHTA TpyI pucka. [Touck nuddepeH-
LIMaJTbHO SKCIPECCUPYIONINXCI TEHOB B TPYINaX, pa3IMuaomnXcs 0 CTaTyCy 3a0ojeBaHus (HeMH(PUILIMPOBaHHbIE,
JTaTEHTHas TyOepKyae3Has MHGEKI s, HadaJbHas JOCUMIITOMATHYeCcKas CTaausl, aKTUBHBIN TYOepKYyJe3, BEI3I0PO-
BeBLIME MOCje TyOepKyie3a, HeTyOepKyae3Hast MHGbEKIIMs), TPUBE K MOJyUYeHUIO OO0JIBIIOro KOJMYECTBa JaHHBIX,
He MepeKphIBAIOLIMXCS TPU U3YYEHU U PA3HBIX I'PYTII CPABHEHM S, B pa3IMYHBIX STHUYECKUX TPYIINaX, IPU U3YUYEHU U
LIEJBbHON KPOBU U KJIETOUHBIX Mofeseil. O0beaMHEHEe MaCCUBOB TaHHBIX U MOCIENYIONIMI UX peaHa U3 IIOMOTraloT
BepuMUIIUPOBATh U TOMOJIHSITH PE3YIbTaThl, OMHAKO OCTaeTCs OOJIbIIOE KOJIMIECTBO BOIIPOCOB, KACAIOIIMXCS T0-
HUMaHUs GYHKIMOHMPOBAHUS OpraHM3Ma JYeJoBeKa B YCIOBUSX Bo3ueiicTBus M. tuberculosis. B mociemHue TOmbI
MIPUMEHSTIOTCS] HOBBIC ITOIXOMBI B Pa3pa0d0TKE TECT-CUCTEM IJIs AMAaTHOCTUKHU Pa3IMUHBIX (popM 3a00seBaHms. B 00-
30pe paccMaTPUBAIOTCS HAKOIICHHBIE K HACTOSIIEMY BPEMEHHU Pe3yIbTaThl SKCIPECCUOHHBIX UCCICIOBaHUM, Ha-
MpaBJICHHBIX Ha M3yYeHME TTOABEPKEHHOCTH TYOepKyJie3y, a MMCHHO MEHSIOIINECS C TeUCHNEM BPeMEHU 00BEKTHI
U TIOAXOMBI MCCIICAOBAaHMIA, M3ydaeMble (POPMBI OTBETAa OpTaHM3Ma Ha WHPUIIMPOBaHNE MUKOOAKTEpHEil, BIUSHIE
Pa3IMYHBIX (PAKTOPOB Ha ITOJIyJaeMbIe pe3YIbTATHI.

Karouesuie caoea: mybepkynes, eeHemuueckas no08epuCceHHOCMb, IKCNPECCUS 2eHO8, UMMYHHbII 0MEem, NPOeHOCMUYeCKasl
3HAUUMOCMb, OUoMapkep.

EXPRESSION STUDIES OF TUBERCULOSIS SUSCEPTIBILITY GENES
Babushkina N.P., Bragina E.Yu.
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Abstract. The activating research interest in the problem of tuberculosis development is due to the increase in cases of drug
resistance, coinfection with HIV and hepatitis, and the lack of an effective vaccine. However, the pathogenesis of tubercu-
losis remains insufficiently studied at present. A significant role is assigned to hereditary factors, as the majority of those
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infected with Mycobacterium tuberculosis remain resistant to tuberculosis, and only in 5—15% of cases does infection lead
to the development of the disease. Despite a long history of research of genetic factors of susceptibility to tuberculosis
infection — from the search for monogenic forms of immune dysfunction, associations of individual tuberculosis suscep-
tibility genes, to the analysis of genome-wide associative studies and the assessment of the characteristics of the transcrip-
tional profiles of patients, — the problem of obtaining clinically significant results for the identification and monitoring
of risk groups remains particularly acute. The search of differentially expressed genes in groups with different status of the
disease (non-infected, latent tuberculosis infection, presymptomatic state, active tuberculosis, recovery from tuberculosis,
non-tuberculosis infection) led to identification of a large number of data which is not overlapped in different compared
groups, different ethnic groups, in the studies of the whole blood and cellular models. Merging this wealth of data fol-
lowed by its reanalysis helps to verify and update results. However, there still is a large number of questions concerning
our understanding of the functioning of the human organism under the influence of M. tuberculosis. In recent years, new
approaches have been used to develop test systems for the diagnosis of various forms of the disease. The review considers up
to date results of expression studies of susceptibility to tuberculosis, namely, objects and approaches of research changing
over time, forms of the host response to the mycobacteria infection studied, the influence of different factors on the results.

Key words: tuberculosis, genetic susceptibility, gene expression, immune response, prognostic significance, biomarker.

HecMoTpst Ha mOATYI0O HCTOPHWIO MCCIIEIOBa-
HU, KacaloIInuXcs IIPUINH pa3BUTHUS TyOepKye-
3a (Th), 1o cux Mop OTCYTCTBYET KOHIICIITyaJIbHOE
NOHMMaHNe M3MEeHEHUsI (YHKIIMOHUPOBAHUS Op-
raHu3Ma 4YeJIOBeKa B YCJIOBUSIX B3aMMOICHCTBUS
¢ M. tuberculosis (MTB). U3BecTHO, YTO reHeTHUEC-
Kue (akToOphl UeIoBeKa B CYIIECTBEHHOI CTere-
HM OIIPENeasifoT KaK YCTOMYMBOCTH K Pa3BUTUIO
WHGEKIINY TIPU BO3ACUCTBUU MUKOOAKTEpUH, TaK
M TSIKECTh, JIOKaJIu3alunio u ucxon o6one3nu. [ocme
KOHTaKTa ¢ MUKOOaKTepueit cpadaThIBAIOT Pa3INy-
HBIE YPOBHU 3aIllMTHI, KOTOPbIE B KOHIIE KOHIIOB
ONpenenasiioT TPOTPECCHI0 3a00JIEBaHUS U KJIU-
Huvyeckue ocobeHHoctu Th [1]. UHuuuanus nm-
MYHHOTO OTBETa 3aBUCHUT OT (PyHKIIMOHUPOBAHUS
OCHOBHBIX MEMOpPaHHBIX KJICTOUHBIX PEHEHTOPOB,
ocylecTBASOmMUX 3axBat M. tuberculosis. K HuM
oTHocaTcs: 1) MakpodaraaibHbIiT MAaHHO3HBIN pe-
uentop (CD206); 2) peuentop KoMIJIeMeHTa 3
(CD11b/CD18); 3) meHmpuTHasl KJIETOYHO-CITCIIH-
dudeckasi MOJIEKyJIa MEXKJIETOUHOW aare3nm-3-
3axBaTeiBafomasi HemHTerpuHoBast (DC-SIGN,
unu CD209); 4) nextun-1 u 5) Toll-mogo6HBIE pe-
uernTopsl (B 6osbiueit crerienu TLR1, TLR2, TLR6
n TLRY9). lanee ciaemyeT BocmajluTeIbHAS peak-
Ous, peryaupyemMasi ITPpOM3BOICTBOM IIPOBOCIIA-
sutenbHbix MTokuHOB (TNF, IL-13, 1L-6, 1L-12,
IL-10 m IL-18) M XeMOKWHOB, OTBETCTBEHHBIX
3a TIPUBJIEUCHUE BOCITAJIMTSILHBIX KJICTOK B odar
nHpexkoun (CXCLS, MCP-1, RANTES, CXCLI10).
Kpome Toro, MHOTHE OpyTrve MOJIEKYIBl WUTPAIOT
BaXXHYIO POJIb B PE3NUCTEHTHOCTH K ITaTOTeHY, BKJTIO-
gasgs NOS2 (iNOS), NRAMPI, VDR u 1. 1. (Ta6m.,
gacThb 1) [34]. O6 3TOM CBUIETEIILCTBYIOT TaHHBIE,
MOJyYCHHBIEC B pe3yJIbTaTe UCIIOIb30BaHUS pa3Iny-
HBIX METOIOJOTUISCKHUX TTOAXOM0B (BKITIOUAsT OJIM3-
HEIOBBIN aHAJM3, UCCICAOBAHUS B OIM3alfHE «CITy-
4ail—KOHTPOJIb», IOJTHOT€HOMHbII aHaIU3 CLEIIe-
HU S, TOTHOTCHOMHBIN aHAJINU3 aCCOIMAIIIA).

HccnenoBaHus TeHETUYSCKUX (haKTOPOB pas3-
Butus Th BemyTcs B TeUueHME HECKOIBKMX ASCSITHU-
JNeTnit, yxe naydeHo 6oiiee 400 reHOB, OITyOJIMKO-

BaHO 0OoJiee ThICIYM padOoT, BHIMOJTHEHO 16 IMTOJIHO-
TeHOMHBIX acCOIMATUBHBIX aHanam3oB (Genome-
Wide Association Studies, GWAS) B orHo1IeHuu Th
M eTO KJIMHUYCCKNX OCOOCHHOCTE B pa3IMUHBIX
nonyngungx mupa (cm. 6as3sl tanHbeIx PHGKB [13];
EMBL-EBI [35]). OmHako acconaims reHeTuIec-
KNX BapuMaHTOB C 3aboJiecBaHMEM HE O0S3aTellb-
HO O3HayaeT nX (YHKIMOHAJIBLHYIO 3HAYMMOCTD:
IaJIeKo HE Bcermga ITOHSTHO, KaK acCOIMUPOBaH-
HBIC BapWaHTBl M3MEHSIOT (QYHKIIMOHWPOBAHUE
KJIETKA M B KOHEYHOM HMTOre paboTy OpTraHHU3Ma,
BBI3BIBAsI PUCK pa3BUTHS 3abojieBaHUSA. [loaTOMY
B HACTOSIIEee BpeMs BCce OOJIbIice BHUMaHUE yIIe-
JsseTcss QyHKIIMOHAIbHOM reHoMuke Th, akTuBHO
TIPOBOMSITCS aCCOIMAaTUBHBIC UCCISIOBAHUS 1 MC-
clienoBaHUsI, HallpaBJICHHBIC HA BHISIBJICHUE (DYHK-
OMOHAJBLHO 3HAYMMBIX TOJTMMOP(HBIX BApUAHTOB.
IMockonbky npu npoBeaeHnn GWAS Ob1JIO BbI-
SIBJICHO OOJIBIIIOE KOJIMYECTBO JIOKYCOB, CBSI3b KO-
TOPBIX C pa3BUTHEM IIPOTUBOTYOCPKYIC3HOTO OT-
BeTa HE OYEBHUIHA, TO CJICAYIOIIMM JOTMYECKUM
IIIaroM CTaJjio N3y4YeHNe TPAHCKPUITIIMOHHBIX IIPO-
duieit 3pheKTOPHBIX KJIIETOK B OTBET JIMOO Ha 3a-
paskenue M. tuberculosis, TM00 Ha CTUMYJISILIUIO X
cnenuduiIeckuMm aHTureHamu. K Hacrosgmemy
MOMEHTY IIPOBEICHO ITOCTATOYHO MHOIO I10/100-
HBIX MCCJICIOBAHWI, pe3yJabTaThl KOTOPBIX dYa-
CTUYHO MOATBEPXKIAIOT APYT Apyra, HO HEPEIKO
IPUBOIAT K HECKOJIBKO HEOXMIAHHBIM BBIBOIAM.
B HacTosieM 0630pe MBI TIPEAITPUHSIIN TOITBITKY
00006 TH HMOPMAIINIO, KACAIOIIYIOCS IKCITpeC-
CHUOHHBIX MCCJICIOBAaHUN TyOepKyIe3HOi MHDEeK-
O1H1, a UMECHHO ONMCAaTh MEHSIOIINECS C TEUCHUEM
BpeMeHU OOBEKTHI U TTOIXOIBI MCCIICTOBAHMIMA, N3-
yJaeMble (DOPMBI OTBETa OpraHM3Ma Ha WHOUIIM-
poBaHME MWMKOOAKTEpHEi, BIMSIHHUC pPa3IMIHBIX
¢dakTOpOB HA MMOTydaeMble Pe3yIbTaTHI.
TyOepkyJie3 Jierkux mnpeacrabiisieT co0oil Hau-
0oJjilee YaCTyl0O W OMNACHYIO C SIUICMHOJIOTHYEC-
Koit Toukm 3peHus1 popmy. [TosTomy yarmie Bcero
B TPAaHCKPUNTOMHBbIE MCCJIEIOBAHUS BKJIOUYAIOT-
¢S MTallMeHTHl UMEHHO C 3TOi (hOpMOI ITaTOJIOTUU.
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OnHakKO HENOCPEACTBEHHO IIOpa’KeHHbIE TKaHU
(rpaHyseMbl, ajdbBeOJSIpHbIE Makpodarm) uccrie-
IYIOTCS AOCTAaTOYHO PeaKo (Harmpumep, B pabdboTe
Subbian S. u coast., 2015) [43]. I[TomuMoO TOrO, 4TO
TaKoOU MaTepuaa SIBJSIETCS TPYAHOAOCTYITHBIM, €ro
U3Yy4YEeHUE COMPSIXKEHO C ONpPeeIeHHON OMacCHOCThIO
151 uccaeaoBartesieii. B 6ojiee paHHUX paboTax U3y-
Yajiu OTBET Ha MAaTOreH HEKOTOPbIX KJIETOUHBIX JIU-
HUI: HarpuMep, ucciienoBaHue Ragno S. u coasr.
OBLJIO MOCBSIIEHO PKCIPECCUU B KJIETOUYHOU JUHUU
MOHOLIMTapHOi Jjelikemuu dyeaoBeka THPIL [37].
B mocnegHue roabl CTajiu aKTWBHO MCCJIEA0BaTh
HUpKyasspHbie (Koablesbie) PHK [16, 36] ntu6o PHK
U3 DK30COM MOHOIIMTOB [2]. AKTMBHO H3y4yaeTcsi
posb MUukKpoPHK B perynsiniuu UMMYHHOToO OoTBeTa
Ha M. tuberculosis [2, 3, 20, 30, 42, 48, 50]. boabiias
YacTb MCCJIEMOBAaHUI MpoBeAcHa JU00 Ha 1ieIbHOMN
KpPOBHM, JIUOO HA MOJYYEHHBIX U3 MOHOLIMTOB MakK-
podarax (MaM) unu geHaApuTHBIX KiaeTKax (MIK).

Llespo GOJBIIMHCTBA TPAHCKPUIITOMHBIX MC-
cleqoBaHUI SBJIsSIETCS HauboJiee paHHee OOHapy-
KeHue akTuBHoro Th mis mombopa >dhdekTuB-
HO aHTUOMOTUKOTEpAINlMd U KOHTPOJSI pexuma
sgedyeHus. [loaTomMy B TpyIIibl CpaBHEHUS B MO-
JMOOHBIX MCCIeNOBAaHUS OOBIYHO BKJIIOUEHBI Mallv-
€HTBI C JIETOYHBIM TyOepKyae30M, JUIla C JIaTeHT-
Hoit ¢popmoit Tybepkyne3Hoit nunpekuuu (JITBN),
3JI0POBbIi KOHTPOJb, MOATrpynmnbl 00JibHbIX Th
C DPa3JIMYHOM CTENeHbIO TAXECTU U Ha Pa3HbIX
9Tamnax jedyeHus, 6oabHble ¢ MOHO- (TB) U MUKcT-
nHoexkuueir (Thb+BWUY), mauueHTsl ¢ APYrUMU
BOCIAJIUTEIbHBIMU 3a00JieBaHUSIMU (Hampumep,
C PEeBMATOUAHBIM apTPUTOM), KJETOUHBbIE KYJIb-
TYypbl, CTUMYJUPOBAHHbIE Pa3JIUYHBIMU IaTOTe-
Hamu. Pexe mpoBoasSITCS MCCIEAOBaHUS C LIEJIbIO
onpeaesieHus cTaTyca MOoABEPXKEHHOCTU Pa3BUTHUIO
aktuBHOro Th npu 3apaxenuu MTh [7, 47].

B paHHUX wucclienoBaHUSX TPAaHCKPUIITOMOB
MallMeHTOB C AaKTUBHBIM TyOepKyJe3oM U 310-
POBBIX MHIWBUAOB ObLIM BbISABICHBI auddepeH-
HMaJbHO 3Kcmpeccupytomuecs redsl (A3I), ko-
JUPYIOIIMEe XeMOKMHBbI U WHTEephEpOH-UHIYIIN-
pyemble BocnanuTeabHble 0enku [17, 29]. TMo3xke
OBbLJIO MOKa3aHO, YTO BbISIBJIEHUE TPAHCKPUIILIAU
UHTepdepoHa MOXKHO CUMTATh CleuuduIeCcKoOn
«TMOATUCHIO», BBISIBIASIEMON MpPU aKTUBHOI Oo0Jie3-
HU, HO OTCYTCTBYIOLIEH y OOJBIIMHCTBA 310pPO-
BBIX M JIJATEHTHO MHMUIIMPOBAHHBIX JUII, TTPUIYEM
YPOBEHb DKCIPECCUU KOPPEIUPYET CO CTEINEeHbIO
MOpaKeHUs JIETKUX U YMEHbIIIAeTCs Mocje MpoBe-
JIEHU S JIEKAPCTBEHHOU Tepanuu. DTU pe3yJbTaThl
ObLJIM MOATBEPKAECHBI B Pa3TUUYHBIX DTHUUYECKUX
rpynnax (FOxnHass Adpuka, BenukoOputTaHus,
CIIOA, Kurait, F'amo6us, I'epmanust u UngoHesus),
Ha pa3JuUYHbIX MUKPOUMUIIOBBIX IlJIaTdopMax
U C UCTIOJIb30BAHUEM Pa3IMUYHbBIX aHATUTUYECKUX
noaxomos [5, 22, 23, 24, 25, 26, 33].

B 0630pe Blankley S. u coaBt. 2014 1. 0600111eHbI
HauboJiee 3HaYMMbIe K TOMY MOMEHTY 3KCIpPEeCCH-

OHHBIE MCCIeAOBaHUs TyOepKynesa [6]. B 1ectn
u3 12 ucciienoBaHUil B KayeCTBE BEIYIErO ITyTU
pa3BuTHs akTuBHOro Th yKa3biBaeTcss CUTHAJIMHT
uHTepdepoHa [5, 8, 22, 24, 26, 33]. Kpome Toro,
ObIIM WACHTU(UIIMPOBAHBI TaKue XapaKTepHBIe
JUIST pa3BUTUSL TYOepKyJie3HOW WHGMEKIIUU ITpo-
Hecchl, Kak curHaauHr Toll-mogoOHBIX peulernTo-
POB, 3KCOpeccusl TeHOB, (GYHKIIMOHUPYOIIUX B T-
u B-knerkax [8, 10, 24]. OnHako B 4eThIpex UCCie-
JMIOBAaHUSX BaXKHEHIINE OMOXMMUYECKUE TTyTH, BO-
BJICUCHHBIC B pa3BUTHE OTBETAa Ha MaTOreH, aBTOpaM
UIeHTUhUIMPOBATh He yaaJocsk [17, 19, 25, 29].

WNHTepecHoO, YTO MeTaaHaJIM3bl, BHITIOJTHEHHBIE
MO JaHHBIM TeX e paboT C JOMOJHUTETbHBIM MPH-
BJIEUCHUEM PE3yJabTaToOB Oojiee TMO3MHUX HCCIIe-
JMIOBaHUWM, MPUBEIN K HECKOJBKO HEOXHMIaHHBIM
BbIBOaM. B pe3yibraTe MeTaaHajuM3a BOCbMHU 00-
MIETOCTYTTHBIX HA0OPOB MMKPOYUIIOBBIX JaHHBIX
no uccienoBanuio Th, npoBeaeHHoro Joosten S.
U coanT. [18], mocae uHTerpalMu OTAEJbHBIX UC-
cienoBaHui (B OTIMYME OT WX M30JMPOBAHHOTO
aHajau3a), ObLJIO YCTAHOBJIEHO, UTO Benyllasi pojb
OTBOJIUTCS He MHTeP(EepoHy, a CHTHAJIbHOMY ITYTH
TPUITEPHOTO pelenTopa, 3SKCIPECCUPOBAHHOIO
Ha muesouaHbix kjgetkax (TREMI) [18] (6oJee
pa3BepHyTas nHMopMalius 000 BCeX YITOMSHYTHIX
B 0030pe reHax npuBeaeHa B Ta0J1.).

Peananus gaHHbIX 14 MUKPOUMTIOBBIX UCCIIEAO-
BaHUU C MCMHOJb30BAHUEM CHEIMAJIbHBIX CTATHC-
TUYECKUX TIOAXOI0B ITO3BOJIMJ BBIICIUTH HabOpP
u3 Tpex reHoB (GBPS5, DUSP3 wu KLF2), xoTopsblie
00J1aa10T BBICOKUM IMarHOCTUYECKUM MTOTEHIIA-
JIOM JJIS1 BBISIBJIEHMSI aKTUBHOTO TyOepKyJe3a [46].
Jpyroii peaHaiu3 JaHHBIX Pa3JIMUYHBIX MUKPOUYH-
MOBBIX MCCJIEAOBAHUI BKCITPECCU U TTOKa3aj 3aMeT-
HO€ U3MEHeHUe YpPOoBHs aKcnpeccuu reHoB DOCKY,
EPHA4, NPC28B kpoBu 60JibHBIX Th. YcTaHOoBIEHO,
yTo noseiieHue ypoBHsI MPHK NPC2 moxeT ciy-
KUTh TOYHBIM OMOMapKepOM C OJHUM I'€HOM ISt
BbIsIBJIeHU ST akTUuBHOTO Th [11].

Elie 6osee MHTPUTYIOIIMM SIBJISIETCSI TOT (QaKT,
4YTO Jaxe B cllyyae COBHaJAeHUS HauboJiee 3HaUY -
MBIX OMOXMMMWYECKUX IMYTEll CHUCKH TOI-TCHOB,
MoJy4YeHHBbIE Pa3HBIMU MCCIIENOBATEISIMU, 3HAUM-
TeJbHO pasziauyaroTcs. Heb3s oXumaTh MOIHOTIO
COOTBETCTBMSI COBPEMEHHBIM JaHHBIM pe3yibTa-
TOB 0OoJiee paHHUX MCCJIENOBAaHUI, TaKUX KaK pa-
6oTta Ragno S. [37], MOCKOJBKY ¢ pa3BUTHEM TEXHO-
JIOTUM OYE€Hb CUJIBHO M3MEHMWJIMCH TJIOTHOCTU YU~
noB (375 reHoB B 2001 r. mpoTus 60see 50 000 npood
(cymmapHoO 6eJ10K-KOANPYIOIINEe U HEKOAUPY oI e
PHK) B HacTtos1iee BpeMsi). TeM He MeHee Jaxe Te
HCCJIEIOBAHMSI, B KOTOPBIX M3y4aoCh COTTOCTAaBU-
MO€ KOJIMYECTBO TPAaHCKPUIITOB, HE Bcerda IOA-
TBEPXKIAIOT pe3yJbTaThl ApYyT npyra. bojee Toro,
JIOCTaTOYHO PEIKO IOATBEPXKIAeTCs 3HAYMMOCTH
TOII-TEHOB PaHHUX MCCIAEAOBAaHMU TIPU TPULIEITh-
HOM aHajiM3e WX 9KCIPECCUM BO BHOBBb ITOJIydae-
MBIX MacCUBaX TaHHBIX.
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TaGnuua. leHbl NpeapacnoNoXeHHOCTU TYyOepKynesdy, BbisBlIeHHbIe NPU NPOBeAeHUN SKCNPEeCCUOHHbIX
uccnenoBaHuii
Table. Tuberculosis predisposition genes identified during expression studies

06o3HayeHue reHa* | MonHoe Ha3BaHMe reHa ®dyHKuus 6enkoBoro npoagykTa**
Gene symbol* Gene name Protein product function
1. leHbl 6€NKOBbIX NPOAYKTOB, A KOTOPbIX YETKO 0XapakTepM30BaHO UX y4acTue B NPOTUBOTYOepKy/ie3HOM OTBeTe
1. Genes whose protein products are clearly characterized by their involvement in the anti-tuberculosis response
a) reHbl 0enkoB, ocywecTeaglowWwmMx 3axeat M. tuberculosis
a) genes of proteins that capture M. tuberculosis

NPOTUBOMMUKPOOHBIA UMMYHHbII OTBET, NPOTUBOBUPYCHbII UMMYHHbI

Macrophage mannose

MRC1 (€D206) receptor 1 OTB.eT. - S
antimicrobial immune response, antiviralimmune response
. BocnaJjieHue, onocpenosaHHoe LUTOKUHAMU U XeMOKMHaMn
ITGAM (CD115) Integrin alpha M cytokine and chemokine-mediated inflammation
ITGB2 (CD18) Integrin beta 2 BOocnaJjieHue, onocpenoBaHHOe LUTOKUHAMU U XeMOKMHaMn

cytokine and chemokine-mediated inflammation

BPOX/EHHbI UMMYHHbI OTBET, BePOSATHbIV PeLenTop y3HaBaHUs
CD209 (BC-SIGN) CD209 antigen naToreHos
innate immune response, probable pathogen recognition receptor

NPOTUBOMUKPOOLIA UMMYHHbI OTBET, BPOXKAEHHbI UMMYHHbI OTBET,

C-type lectin domain akTuBaumsa T-KNneTok
LEC7A (CD. f o - . .

CLEC7A (CD369) family 7 member A antimicrobial immune response, innate immune response,
T-cell activation

TLR1 Toll-like receptor 1 .BpO)KAIeHHI:II/I MMMYHHbI o-n.zer,. axmaau.ua MMMYHHOrO OTBETA
innate immune response, activation of the immune response

TLR2 Toll-like receptor 2 Fpoxgeuuam WMMYHHbIN on.aer,. axmsau'vm MMMYHHOrO OTBeTa
innate immune response, activation of the immune response

TLR6 Toll-like receptor 6 Fpoxgeuuam MMMYHHbIN o-n‘aer,. axmsauluq MMMYHHOTO OTBETa
innate immune response, activation of the immune response
BPOXAEHHbI UMMYHHbI OTBET, NPOTUBOBUPYCHbI UMMYHHbI OTBET,

TLR9 Toll-like receptor 9 aKTUBALUA UMMYHHOIO OTBETa

innate immune response, antiviral immune response, activation
of the immune response

6) reHbl NpoBoCcnasnTeNibHbIX ULUTOKMHOB U XEMOKUHOB, NPUBJIEKAOLWKNX BOCNaNUTE/IbHbI€ KJIETKU B o4ar MHd)eKLIMVI
b) genes of pro-inflammatory cytokines and chemokines that attract inflammatory cells to the focus of infection

rymMmopanbHblii UMMYHHbIV OTBET, PEerynauusa cekpeumm
MMMYHOFrNo0yNnuHOB, IL-12

TNF Tumor necrosis factor . . .
humoral immune response, regulation of the secretion
of immunoglobulins, IL-12
IL1B Interleukin-1 beta MUrpaima nevxouuTon
leukocytes migration
BOCMajieHne, onocpefoBaHHOE LUTOKMHAMM M XEMOKUHAMM,
IL6 Interleukin-6 IL-curHanbHbIA NyTh
cytokine and chemokine-mediated inflammation, IL signaling pathway
IL12A Interleukin-12 aktuBatop T-kneTok n NK-knetok, ctumynsarop Boipa6otkm IFNy
subunit alpha activator of T cells and NK cells, stimulator of IFNy production
a[,anTUBHbIV U BPOXAEHHbI UMMYHHbI OTBET, CTUMYNSATOP
IL12B Interleukin-12 aKkTMBHOCTHU T-kneTok n NK-knetok, ctumynatop BeipaboTku IFNy
subunit beta adaptive and innate immune response, stimulator of T-cell and NK-cell
activity, stimulator of IFNy production
. aktusatop T-kneTok u NK-knetok, ctumynarop Boipa6otkm IFNy
IL18 Interleukin-18 activator of both T and NK cells, stimulator of IFNy production
KOHTPOJIb BOCNANMTENbHOro 0TBETa Makpodaros, 0CHOBHOM
IL10 Interleukin-10 ummyuoperquopubm NPOTMBOBOCNANMUTENbHbIA LUTOKUH .
control of the inflammatory response of macrophages, the main
immunoregulatory anti-inflammatory cytokine
CXCL8 Interleukin-8 npgTqBomproﬁubm MMMYHHbI OTBET, Murpauug NenKouUTOB
antimicrobial immune response, leukocytes migration
CCL2 (MCP1) C-C motif chemokine 2 BPOX/AEHHbI UMMYHHbI OTBET, MUIpaLus NeNKoLUTOB

innate immune response, leukocytes migration
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0603HauYeHue reHa*
Gene symbol*

MonHoe Ha3BaHue reHa
Gene name

dyHKumsa 6enkoBoro npoaykta**
Protein product function

NPOTUBOMUKPOOHBI UMMYHHbIV OTBET, MUrpaLUs IEAKOLUTOB

inducible

CXCL5 (RANTES) C-X-C motif chemokine 5 . L L
antimicrobial immune response, leukocytes migration
CXCL10 C-X-C motif chemokine 10 I'Ip(?TV.IBOMyIKr.)OﬁHbIM WMMYHHbIN OTBET, Murpauug NenKounToB
antimicrobial immune response, leukocytes migration
B) reHbl HeKOTOPbIX PEerynsaTopoB pe3NCTeHTHOCTU K NaTOoreHy
¢) genes of some pathogen resistance regulators
NOS2 Nitric oxide synthase, NPOTUBOMUKPOGHBI appekT NO

antimicrobial effect NO

SLC11A1 (NRAMP1)

Natural resistance-
associated macrophage
protein 1

KOHTPOJIb €CTECTBEHHOW YCTOMYUBOCTHU K 3apaXKeHUI0
BHYTPUKNETOYHbIMU Napa3uTaMu, BOCNaNnTEbHbI/ OTBET,
akTusauus makpodaros, nponudepauusa T-KneTok

control of natural resistance to intracellular parasite infection,
inflammatory response, macrophage activation, T-cell proliferation

VDR

Vitamin D3 receptor

MMMYHHbI OTBET, KJIeTOYHas nponndepauus
immune response, cells proliferation

2. Genes for which change

2. F'eHbl, ANS KOTOPbIX ObIIN 3aPErMCTPUPOBaHbI U3BMEHEHUS B YPOBHSIX 3KCNpeccum npu uccnepoeanusx Tb

s in expression levels were recorded in TB studies

a) reHbl NPOAYKTOB, GYHKLUUN KOTOPbIX KAKUM-/IMG0 06pa3om CBi3aHbl C UMMYHHOW CUCTEMOIA

a) genes whose product functions are in any way related to the immune system

DNA dC-dU-editing

I'IpOTVIBOBVIDYCHbIﬁ MMMyHHbIﬁ oTBeT

protein

APOBEC3A enzyme APOBEC-3A antiviral immune response
afanTUBHBIA UMMYHHbBIA OTBET, BPOXXAEHHbIA UMMYHHbI OTBET,
HeraTuBHas perynsauusa nponudepauum T-KNeTok, NPoAYKLUN
ARG1 Arginase-1 umox.uugs, IFNy-onocpep,o.BaHHo'ro CUrHaNbHOrO NyTH . .
adaptive immune response, innate immune response, negative regulation
of T-cell proliferation, cytokine production, IFNy-mediated signaling
pathway
V-type proton ATPase WMMYHHbI OTBET
ATP6V0A2 116 kDa subunit aisoform 2 | immune response
Tyrosine-protein kinase | pa3eutne MMMGONAHbIX OPraHOB
AXL .
receptor UFO development of lymphoid organs
Basic leucine zipper .
BaTr2 transcriptional factor | A®@EPEHUMPORIE KNTOK MMHYHHOI ccTen
ATE-like 2 ifferentiation of immune system cells
. . passutue, auddepeHunpoBka u nepegaya CUrHanos
BLK .Il(-iyr:aoztlan;l-lf rotein B-numdouutos
development, differentiation and signal transmission of B-lymphocytes
c1QB Complement C1q BPOX/EHHbI UMMYHHbII OTBET, aKTUBALUS KOMMNJIEMEHTa
subcomponent subunitB |innate immune response, complement activation
ceLi C-C motif chemokine 1 BPOXAGHHDIA IMMYHHBIY OTBET, MUrpaLys neiikouuTos
innate immune response, leukocytes migration
cCL19 C-C motif chemokine 19 npg-rv,aorwynxpoﬁuuu MMMYHHbI OTBET, Murpauug nev'moumos
antimicrobial immune response, white blood cell migration
CcCL5 C-C motif chemokine 5 Fpoxgeuuam MMMYHHBbIVW OTBET, Murp?uuﬂ.neuxoumos
innate immune response, leukocytes migration
CcD177 CD177 antigen aKTUBAUMA HEATPOGUIIOB
neutrophil activation
cpic T-cell surface afanTUBHbIA UMMYHHbBIA OTBET
glycoprotein CD1c adaptive immune response
nepepjaya CUrHanoB UMMYHHOFO OTBETa, HEeraTUBHas perynauus
CD300A CMRF35-like molecule 8 |B- 1 NK-kneTok
immune response signaling, negative regulation of B and NK cells
CDC42EP1 Cdc42 effector protein 1 cospesahne rpauyn.ou,mos
granulocyte maturation
cLC Galectin-10 perynsuus MIMMyHHoro oTeeTa
regulation of the immune response
CXCL1 Growth-regulated alpha | NPOTUBOMMKPOOGHbI A UMMYHHBII OTBET, MUrpaLs NENKOLUTOB

antimicrobial immune response, leukocytes migration
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MpoponxeHne Tabnuubl. FeHbl npeapacnosiookeHHOCTu Ty6epKyne3y, BbisiBJIEHHbIE NPU NpOoBeAEeHUN
BKCNPEeCCUOHHbIX UCCeA0BaHUI

Table. Tuberculosis predisposition genes identified during expression studies (continued)

06Go3HayeHue reHa* | MonHoe Ha3BaHue reHa ®dyHKuus 6enkoBoro npoagykTa**
Gene symbol* Gene name Protein product function
CXCL11 C-X-C motif chemokine 11 NPOTUBOMUKPOGHBI UMMYHHbIW OTBET, MUrpaLUs JIEAKOLUTOB
antimicrobial immune response, leukocytes migration
DOCK9 Dedicator of cytokinesis |axkTuBaums T-kneTok
protein 9 T-cell activation
Dual ificit tei HeraTMBHas perynsuua akTUBHOCTN T-KNE€TOK U CUrHANbHbIX
DUSP3 ;:ssﬁ::;;:'sy protein peuentopoB T-kKneTok
phosp negative regulation of T-cell activity and T-cell signaling receptors
DUSP5 Dual specificity protein pa3BuTUE UMMYHHOW CUCTEMbI, CUTHaNUHr IL-2
phosphatase 5 immune system development, IL-2 signaling
DUSP14 Dual specificity protein perynsiuns CUrHannMira UMMYHHOro oTeeTa
phosphatase 14 regulation of immune response signaling
. pas3BuTHe aNUTENUd TUMYyca, pa3Butue T-KNneTok
EPHA4 Ephrin type-A receptor 4 thymus epithelium development, T cell development
EREG Proepiregulin .Bocnaneu.ue
inflammation
aKTUBauus 6eNKOB Nia3mbl, y4acTBYIOLMX B OCTPOM BOCNANUTESIbHOM
F3 Tissue factor oTBeTe
activation of plasma proteins involved in the acute inflammatory response
FCGRIA m%:]u:::inli;ybulin amma BPOXAEHHbI UMMYHHbIV OTBET, aAaNTUBHbIA UMMYHHbIA OTBET
Fe recepgtorl 9 innate immune response, adaptive immune response
roMeocTa3 UMMYHHOW CUCTEMbI, perynsuusa passutus T-KneTok,
. HeraTMBHas perynsuug CUHTe3a LUTOKUHOB
FOXP Forkh P . . . .
0XP3 orkhead box protein P3 immune system homeostasis, regulation of T-cell development, negative
regulation of cytokine synthesis
mMurpauus B-numpouutos, BupycHoe nHdbULMpoBaHue KNeTKu,
GAS6 Growth arrest-specific NPOAYKLUS LUTOKUHOB, KNIeTO4YHasa nponudepauus
protein 6 B-lymphocyte migration, viral infection of the cell, production
of cytokines, cell proliferation
GBP5 Guanylate-binding BPOX/EHHbI UMMYHHbI OTBET
protein 5 innate immune response
GBP6 Guanylate-binding NPOTMBOMUKPOGHDI UMMYHHBII OTBET, KJIETO4HbI OTBET Ha IFNy
protein 6 antimicrobial immune response, cellular response to IFNy
rmanypoH-cuHTa3sa, y4acTByeT B KJIETOYHOM OTBETE Ha NOBpPeXAeHue
HAS1 Hyaluronan synthase 1 u.BocnaneHue ) .
gialuron synthase, involved in cellular response to damage and
inflammation
. aHTUOaKTepuanbHas akTMBHOCTb
HP H | ) . .
aptoglobin antibacterial activity
MOJNEKYNSPHBIA LIAaNnepoH, y4acTve B BOCMAJIUTENIbHOM OTBETE Yepe3
HSP9O0AAT Heat shock protein HSP | TGFB-curnanuur
90-alpha molecular chaperone, participation in inflammatory response via TGFB
signaling
NPOTUBOBUPYCHbIV OTBET, NO3UTUBHAsA perynsauua npoaykuum IL-1B,
. perynsumus NFkB-curHanunra, aytodarum
HSPBT Heat shock protein beta-1 antiviral response, upregulation of IL-1B production, regulation of NF-xB
signaling, autophagy
HSPD1 60 kDa heat shock akTuBaumus nMM¢pOoLUTOB
protein, mitochondrial lymphocyte activation
BOCManeHne, onocpefoBaHHOE LUTOKMHAMM M XEMOKUHAMM,
IFNg Interferon gamma IFNy-curHanbHbIi NyTh
cytokine and chemokine-mediated inflammation, IFNy-signaling pathway
. BPOXAEHHbIN M afanTUBHbIA UMMYHHbI OTBET,
IGLL5 :ir::m;ogfbtlijg: 'Isambda- aKTUBaLUSA MIMMYHHOrO OTBETa
polypep innate and adaptive immune response, activation of the immune response
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O6o3HayeHue reHa*

MonHoe Ha3BaHue reHa

dyHKumsa 6enkoBoro npoaykta**

Gene symbol* Gene name Protein product function
a[,anTUBHbIA UIMMYHHbIV OTBET, perynsuusa BOCNaauTesibHOro oTBeTa,
IL2 Interleukin-2 nponugepaums T- n B-numpouutos .
adaptive immune response, regulation of the inflammatory response,
proliferation of T and B lymphocytes
INHBA Inhibin beta A chain HeraT.VIBHa'il perynﬂuun B-knetok, makpodaros, cmn'es'a IFNy
negative regulation of B cells, macrophages, IFNy synthesis
JCHAIN (IGJ) Immunoglobulin J chain Fpoxgeuuum VMMYHHBbI OTBeT, aganmsuuu VMMMYHHbIV OTBET
innate immune response, adaptive immune response
KLF2 Krueppel-like factor 2 .Bocnaneu.ue, )Kuauef:nqgo6uocrb T-kneTok
inflammation, T cell viability
Lymphocyte antigen 6 NeKOLMUTaPHBIA CUTHANWHT
LY6G6D - X .
complex locus protein G6D | leukocyte signaling
MT2A Metallothionein-2 IFNy—onogpep,oslsaHHPm CUTHaNbHbIA NYTb
IFNy-mediated signaling pathway
TPAHCMOPT X0NecTepona, NojaBsieHUe BocnaneHns 4epes HeraTuBHyIo
NPC intracellular perynauuio ERK1/2 MAPK docdopunupoBaHus
NPC2 . ; Lo . .
cholesterol transporter 2 | cholesterol transport, inflammation suppression via negative regulation
ERK1/2 MAPK phosphorylation
BOCManeHne, onocpefoBaHHOE LUTOKMHAMM M XEMOKUHAMM,
NFKB1 Nuclear factor NF- akTusaums T- u B-knetok, Toll-curHanbHbiii NyTh
kappa-B p105 subunit cytokine and chemokine-mediated inflammation, T and B cell activation,
Toll-signaling
afanTUBHbIA UMMYHHbBIA OTBET, BPOXXAEHHbIA UMMYHHbI OTBET,
PRDM1 PR domain zinc finger perynauuns audPpepeHLUPOBKM Pa3fNUYHbIX TUNOB T-KNeToK
protein 1 adaptive immune response, innate immune response, regulation
of differentiation of various types of T cells
Receptor-interacting
RIPK2 serine/threonine protein Monynq!.lun Bpoxgeuuoro 7 a.qan'.msluoro MMMYHHOTO OTBETA
kinase 2 modulation of the innate and adaptive immune response
. MHrMOUTOpP NpoTeas, No3UTUBHag perynsaumus npoaykuum TGFB1
ERPINB7 B7 NS " . .
S Serpin protease inhibitor, positive regulation of TGFB1 production
SLC39A8 Zinc transporter ZIP8 perynauns I.FNA.Y B T knetkax
IFNyregulationin T cells
SOCS3 S_uppr_essor of cytokine |FN’Y-C.VIFHa.J1beIVI nyTb
signaling 3 IFNy-signaling
BOCNaNUTENbHbIM OTBET, MUrPaLUus nemkoumTos, auddepeHunpoBka
NeHUCTbIX KNeTokK, perynauus nponudepaunn, anddepeHLmpoBKu
M pocTa KNneToK, MOAYNALMS 3KCNPECCUMN U aKTUBaLMKN APYTUX
Transforming growth ¢akTopos pocTa, Bkatovas IFNyu pakTop Hekpo3a onyxonu
TGFB1 ) R : -
factor beta 1 inflammatory response, leukocyte migration, foam cell differentiation,
regulation of proliferation, differentiation and cell growth, modulation
of the expression and activation of other growth factors, including IFNy
and tumor necrosis factor
TNIP3 TNFAIP3-interacting BOCNaNUTeNbHbIA OTBET, CUrHanbHbIi NnyTb TLR4, NF-xB
protein 3 inflammatory response, TLR4 and NF-xB signaling pathways
Triggering receptor :l:;?_maomuxpvoﬁubm MMMYHHbIV OTBET, Perynsiuus UMMYHHOr0 OTBeTA,
. pauums nenKouuToB
TREM1 expressed on myeloid o . . .
cells 1 antimicrobial immune response, regulation of the immune response,
leukocytes migration
6) reHbl NPOAYKTOB, AN KOTOPbIX K HACTOSLLLEMY BPEMEHU
He BbISIBJIEHO y4acTue B MMMYHHOM OTBeTe
b) genes whose products have not yet been detected to participate in the immune response
Actin filament-associated | ysacTve B GopMMpoBaHuM LMTOCKENETa
AFAP1 h A .
protein 1 participation in cytoskeletal formation
MeTabonu3M NMNUA0B 1 XPSLLEBOI TKaHU, perynauus
L aHruoreHesa, MOAYNALUS KaHLeporeHe3a, HeraTuBHas
ANGPTL4 Angiopoietin-related perynsums anontosa

protein 4

metabolism of lipids and cartilage, regulation of angiogenesis,
modulation of carcinogenesis, negative regulation of apoptosis
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OkoH4aHue Tabnuubl. FeHbl npeapacnosiookeHHOCTu Ty6epKyne3y, BbisiBJIEHHbIE NPU NpoBeAEeHUN
BKCNPEeCCUOHHbIX UCCeA0BaHUI

Table. Tuberculosis predisposition genes identified during expression studies (continued)

06o3HayeHue reHa* | MonHoe Ha3BaHuWe reHa ®dyHKuus 6enkoBoro npoagykTa**
Gene symbol* Gene name Protein product function
TpaHcnopT 6eJiKOB B 3HA0MIa3MaTUYECKMNIl PEeTUKYNYM, LMTO30JIbHas
ASNA1 ATPase ASNA1 ATdaza
transport of proteins to the endoplasmic reticulum, cytosolic ATPase
ATP10A Probable phospholipid- [ amuHodochonunupHasa TpaHcnokasa
transporting ATPase VA | aminophospholipid translocase
ATP synthase F(0) -
ATP5MC1 complex subunit C1, Ml.'ITOXOHJJ,p'VIaanaﬂ MemOpaHHas AT®-cuHTasa
mitochondrial mitochondrial membrane ATP synthase
6.8 kDa mitochondrial MUTOXOHApPUaNbHag MeMOpaHHasa AT®-cuHTasa
C1dorf2 (ATPSMPL) proteolipid mitochondrial membrane ATP synthase
Heparan s_ulfate cynbpoTpaHcdepasa, pa3BuTUE HEPBHON CUCTEMbI
HS3ST2 glucosamine
3.0-sulfotransferase 2 sulfotransferase, development of the nervous system
Heat shock 70 kDa MOJIEKY/ISIPHbIN LIanepoH
HSPA4 -
protein 4 molecular chaperone
KanueBblil KaHa; KOHTPONUpPyeT MeMOpaHHble NOTEHunanbl
G protein-activated M perynupyeT akTUBHOCTb KJIETOK, BKJIIOYas 9HepreTuyeckuii 06meH,
KCNJ5 inward rectifier anonTo3 1 3KCMNpPecCcuio reHoB
potassium channel 4 potassium channel; controls membrane potentials and regulates cell
activities including energy metabolism, apoptosis and gene expression
KIAA2013 Uncharacterized protein | pusanonornyeckve GyHKUUM HEN3BECTHbI
KIAA2013 physiological functions are unknown
LGALS2 Galectin-2 perynq.u,un KJIETOYHOIA ap.r‘eauu
regulation of cellular adhesion
6enok annapata lonbaXu, yyactue B CBS3bIBaHMU TOKCUYHbBIX
MeTaIOB, yAaJieHUn CBOGOAHBIX paauKanoB, MUrpaLmn pakoBbiX
MT1E Metallothionein-1E KJ1IeTOK
Golgi apparatus protein, involvement in toxic metal binding, free radical
scavenging, cancer cell migration
MT1G Metallothionein-1G Genok annapara foneaxy
Golgi apparatus protein
HeTpaAULIMOHHbIA MUO3UH, BOBJIeYEH B ¢parouutos, popMmmupoBaHume
MYO10 Unconventional myosin X ¢vu10non.v.m " BepeT?H? p,eneHv!n . . . .
unconventional myosin, involved in phagocytosis, formation of filopodia
and cell fission spindle
NOP10 (NOLA3) H/ACA ribonucleoprotein §uoreHe3 p.vn6ocow.|, noARepxakye Tenomep
complex subunit 3 ribosome biogenesis, telomer maintenance
PAXS Paired box protein Pax-8 cneu,.uqmqug.l.u ans mv!rqsunuou xenesbl GaKTop TPaHCKPUNLUK
thyroid specific transcription factor
RIN3 Ras and Rab interactor 3 °6Me.H FYannuua, SHaouMTos, nepeaaia curHana
guanine exchange, endocytosis, signal transmission
perynupyet nornoweHne XuMmyeckn moauduLmupoBaHHbIX
s t JIMNONPOTEUHOB HU3KOW NJIOTHOCTU, MOXET Yy4aCTBOBaTb
SCARF1 clcaas‘;e:?nirnﬁ(;?ﬂ or B aTeporeHese
regulates the absorption of low density chemically modified lipoproteins,
may be involved in atherogenesis
SEPT4 Septin-4 perynn'u,wa opraHusauum LI,VITOCKeJ'19T.a
regulation of the cytoskeletal organization
SPTBN1 Spectrin be_;ta chain, non- |6enok uuTocKeneTa
erythrocytic 1 cytoskeleton protein
Testis-expressed protein | 0CHOBHOI1 peL,enTop peTuKynodparnu
TEX264 . .
264 major reticulophagy receptor
Transmembrane and o
TMcCt coiled-coil domains MeM6paHHPIVI ngox aHAONNa3mMaTH4ecKoro peTukynyma
protein 1 endoplasmic reticulum membrane protein
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Protein product function

UrpaeT BaXKHYI0 POJib B BbICBOGOXAEHUUN HEPOTPaHCMUTTEPOB

UNC13A Protein unc-13 homolog A | B cuHancax

plays an important role in neurotransmitter release at synapses
ZNF296 Zinc finger protein 296 TpchK.pM.nLIMOHHbIﬁ ¢aKT(.)p,. Perynsuus TpaHckpunLmm

transcription factor, transcription regulation

TPaHCKPUNLMOHHbIV pakToOp, penpeccop TpaHCKpUNuumn Bupyca
ZNF395 Zinc finger protein 395 nanunaoMbl Yenoeeka

transcription factor, repressor of human papillomavirus transcription

hsa_circRNA_001937

Chromodomain-helicase-
DNA-binding protein 9
part of intron1

¢uanonornyeckme GyHKLUN HEN3BECTHbI
physiological functions are unknown

hsa-miR-27b-3p

asnaetcs perynitopoMm 1497 reHoB-MULLEHUIA, B TOM Yucne
anddepeHumanbHo akcnpeccupylowmxea npu Tb (TMCC1, AFAP1,
HSPD1, DUSP5, EPHA4, KLF2, F3, MT1G)

regulator of 1,497 target genes, including differential expression at TB
(TMCC1, AFAP1, HSPD1, DUSP5, EPHA4, KLF2, F3, MT1G)

hsa-miR-3680-5p

asnsetcs perynatopom 210 reHOB-MuULLIEHEN
regulator of 210 target genes

hsa-miR-377-5p

aBnsieTcs perynatopom 354 reHoOB-MuULLIEHEN, B TOM YMCne
anddepeHumanbHo akcnpeccupytowmxcs npu T (BATF2, ANGPTL4,
FOXP3)

regulator of 354 target genes, including differential expression at TB
(BATF2, ANGPTL4, FOXP3)

hsa-miR-424-5p

apnsetcs perynaropom 1349 reHOB-MULLEHEI, B TOM Yucne
anddepeHumanbHo akcnpeccupytowmxcs npu Tb (TMCC1, UNC13A,
TLR1, TREM1)

regulator of 1,349 target genes, including differential expression at TB
(TMCC1, UNC13A, TLR1, TREM1)

hsa-miRNA-31

hsa-miRNA-31-3p aBnseTtcs perynsitopom 242 reHoB-MULLEHEN, B TOM
yucne pudpdepeHumnanbHo akcnpeccupyowmxcsa npu Tb (PRDM1)
regulator of 242 target genes, including differential expression at TB

(PRDM]1)

Mpumeyanus. * — ans HEKOTOPbIX FEHOB NPUBEAEHO 2 Ha3BaHWS — OBLLENPUHSTOE U UCNOb30BAHHOE B LIUTUPYEMOIA CTaTbe; ** — NpUBEAEHDI
TONbKO T€ QYHKLMK, KOTOPLIE UMEIOT OTHOLLEHWNE K UMMYHHOMY OTBETY (KOrZia 9T0 BO3MOXHO, LN FTEHOB, MPOAYKTbI KOTOPbIX HE MPUHUMAIOT

y4yacTue B IMMYHHOM OTBETE [HACKOJIbKO 3TO U3BECTHO B HACTOSILLEe BPEMS], NPVBELEHbI X OCHOBHbIE BYHKLM [y GENKOBBIX MPOAYKTOB MOYTH

BCEX F€HOB bYHKLMIA 3HAUNTENBHO G0bLLIE, YeM NPUBEAEHO B TaBNNLLE, CM. COOTBETCTBYIOWME 6a3bl JaHHbIX]); NOAYEPKHYTHI FeHbl-MuLeH MiRNA,
anddepeHumanbHo akenpeccupytowmecs npy Tb 1 nMeloLLme OTHOLLEHVE K GYHKLMOHMPOBAHUIO MMMYHHOM cucTeMbl. COCTaBNEHO C NpUBIEYEHNEM
online-pecypcos NCBI [https://www.ncbi.nim.nih.gov/gene], UniProt [https://www.uniprot.org], PANTHER [http://pantherdb.org/webservices/go/
overrep.jsp], Genatlas [http://genatlas.medecine.univ-paris5.fr], GeneCards [https://www.genecards.org], miRDB [http://mirdb.org/index.html],
circAtlas [http://159.226.67.237:8080/new/disease.php].
Notes. * — for some genes 2 names are given — common and used in the cited article; ** — only those functions related to the immune response are
shown (where possible, for genes whose products do not participate in the immune response [as far as is known to date], their main functions are shown
[protein products of almost all genes have significantly more functions than the table, see corresponding databases]); underlined letters, the target
genes of miRNA, differentially expressed in TB, and related to the functioning of the immune system, are highlighted. Compiled with the involvement

of online resources NCBI [https://www.ncbi.nlm.nih.gov/gene], UniProt [https://www.uniprot.org], PANTHER [http://pantherdb.org/webservices/
go/overrep.jsp], Genatlas [http://genatlas.medecine.univ-paris5.fr], GeneCards [https://www.genecards.org], miRDB [http://mirdb.org/index.html],

circAtlas [http://159.226.67.237:8080/new/disease.php].

Tak, Hanpumep, Mistry R. u coaBT. BbISIBUJIU
9 reHoB, auddepeHIUPYIOMUX 4 KIMHUYECKUX
rpynnsl ¢ Th [c akTUBHBIM, TaTEHTHBIM, U3JI€YEH-
HbIM (rTocie 1 anu3ona 3abojeBaHUS) U PELIUIU-
pupytomiuM Th (rmocyie 2—3 3mu3010B)]. DTO reHbI
RIN3, LY6G6D, TEX264, SOCS3, ASNAI, ATP5G1,
NOLA3, KIAA2013, Cl4orf2 [29]. Thuong N. u co-
aBT. [47] nmpu aHalu3e COOCTBEHHBIX pe3yjbTa-
TOB OLIEHUJIUM U3MEHEHUE IKCIPECCUU ITUX 9 re-
HOB W HE TOJIYYUJU Pa3jinuduil Mo UX dKCIPECCUuu
B u3yueHHbIX rpynnax (JITBW vs BeizmopoBeBIIne
nociae jgerouHoro Th uau mMeHuHreanbHoro Th).
BMmecTte ¢ TeM B cBOoeM MCCIeIOBAaHUUW aBTOPHI BbI-
auiiv 16 renoB (CXCLS5, EREG, TNIP3, INHBA,

HASI, MGC10744, CCLI, KCNJ5, SERPINB?7,
HS3ST2, APOBEC3A, MYOI10, SLC3948, CXCLI11,
F3 u DUSPS), paznnuusi B dKCIIPECCUU KOTOPBIX
MO3BOJISIIOT YBepeHHO nuddepeHupoBaTh 3 UC-
ciaenoBaHHbIX rpynnbl. [To MHeHUIO aBTOpPOB [47],
pa3auuus pe3yabTaToOB IKCIIEPUMEHTOB 3TUX Hay -
HBIX KoJ1JIeKTUBOB (Mistry R. ¢ coaBT. u Thuong N.
C COaBT.) ObLJIM O0YCJOBJEHBI pa3IvuyreM psiaa Ta-
paMeTpoB, a UMEHHO: 1) 00bEKTOM MCCIIEAOBAHU ST
(uesbHas KpOoBb U MAM COOTBETCTBEHHO); 2) CTU-
MyJsiien (OTCYTCTBOBaja U BBIMOJHSJIACH 1IEb-
HBIM KJeTouHbiM MTDb-nu3zarom); 3) uzyyaBiiu-
MMUCS OTHOCAMU (0K HOoa(pUKaHIbl U BbETHAMIIbI)
U 4) cpaBHEHUEM Pa3JIUYHBIX KIMHUYECKUX (heHO-
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TumoB. TeM He MeHee 00a MccaeaoBaHM s TTOKa3bI-
BaIOT, YTO DKCIPECCUOHHBIN IMTPOMDUIb ITPU OTBETE
Ha MHGUIIMPOBAHUE OTIANYAETCS ITPU PA3HBIX KITU-
HU4YecKHnX peHoTUMAX [29, 47].

B pa6ote Blischak J. u coast. (2017 1.) [7] Ha MAK
BoIsIBJIeHO 645 JIDI Mexay pe3aucteHTHbIMU (19 ye-
noBek ¢ JITBM) m BOCOpMMMYMBBIMHM JIUIIAMU
(6 MHAUBUOOB, paHee MepeHeclInX akTuBHbINA TH),
MHTEPECHO, YTO MOocJje 3apakeHusi kJjetok MTDb
pa3auurii MexX 1y STUMU ABYMS TpynnaMu He ObIIo
BoIsiBJIeHO. Cricok n3 645 JIOI' Bkiroyan B cebst
TeHBI, OOYCIOBIMWBAIOIINE BPOXICHHYIO WMMYH-
HYI0 aKTUBHOCTb (Uepe3 ayTtodaruto, ¢aroamso-
COMHOE TIOAKUCJIEHUE, TIPOLECCUHT AHTUTECHOB).
CHOuCcOK reHOB B 3HAUUTEJBHOI CTEIEHU KOPPEIu-
poBasi ¢ HanbojJIee HU3KUMU 3HAYCHUSIMU TOCTUT-
HYTOTO YPOBHS 3HAUUMOCTU B pa3auuHbiXx GWAS,
YTO KOCBEHHO MOATBEPAUIIO MOJTyYEHHBIE aBTOPAMU
naHHble. Cpeny BBISIBJICHHBIX HanOosee 3HAaYMMBbI
17 renoB: AFAPI, ANGPTL4, AXL, CCL1, CD300A,
CDC42EPI, CXCLI, IGLLS, JCHAIN, LGALS?2,
MTIE, MTIG, MT2A, PAXS, SPTBNI, UNCI3A,
ZNF395(7].

JlmarHoCTHUKA JIATEHTHO# TyOEepKYJIE3HOM WH-
dexkuun (JITBHU) saBnasierca Haubosiee CIOXHOU
npobsemoit. JlocTymHble TeCThl — TYOEpPKYJIUHO-
Bblii KOXHBIN TecT (TST) u tect Quantiferon-TB
Gold (QFT-G) — He TTI03BONSIOT Pa3IUIUTh AKTHUB-
HbIl Ty6epkyne3 u JITBU [12]. [ToaToMy akTUBHO
BEIETCSI IIOMCK OMOMapKepOB, KOTOPbIE MOTYT TU (-
depeHLIMPOoBaTh 3TU ABa COCTOSIHUSI.

Shekhawat S. u coaBT. (2016 1.) [41] ¢ ucnoab30-
BaHueM ELISA noka3zanu, 4TO ypoOBHU OEJTKOB TeTl-
JIOBOTO IIIoOKa opraHu3ma-xo3simHa (Hsp25, Hsp60,
Hsp70 u Hsp90) u M. tuberculosis (Hsp16) ctatuctu-
yecKM 3HaYnuMo a1uddepeHInpyoT akTuBHbIN Th
Kak OT 3J0pOBOTO KOHTpPOJIs, Tak U oT aull ¢ JITBH
C BBICOKMM M HU3KHMM PUCKOM pa3BUTHS 3a00sieBa-
Hus. TakuM oOpa3oM, NuUarHOoCTUYECKas MaHelb
Hsp(s) moxet paznuuats JITBU u aktuBHbIN TB,
a TaKXKe MO3BOJSICT UACHTU(MDUINPOBATH WHIWNBU-
JIOB, KOTOPBIE TTOIBEPTAIOTCSI HAMOOJIBIIEMY PUCKY
pa3BUTHUSI aKTUBHOro TyoOepkyiesa. Ilockonbky
NaHHbIE 0€JIKU MOTYT OBITh OBICTPO OOHApPY>KEHHI,
IUATHOCTUYEeCKasl TMaHeJb M3 O0EJIKOB TEIJIOBOTO
II0Ka MMeeT MPEeUuMYIIeCTBO HaJl CylIeCTBYOIIM-
MU AUAaTHOCTUYECKUMU UHCTPYMEHTaMU JJIs1 BbI-
anenus JITBU [41]. [Toka3zaHo, 4TO 3KCIIpeccus
OTIEIBHBIX TCHOB OpTaHM3Ma-X03sIMHa, a TAKKe UX
KOMOWHAIINI TMO3BOJISIET YeTKO ONPENeJIUTh CTa-
TyC MH(MEKIIMU: TIPUYEeM HE TOJbKO OTIUYUTH JIUIL
¢ aktuBHBIM Th ot nuin ¢ ITBU 1 3m0poBbIX MH-
IWBUIOB, HO 1 TTOKa3aTh 3HAYMTEIbHYIO pa3HUILY
mexay auuamu ¢ JITBY v HenHpUUIUpPOBaAaHHBI-
mu. BoigBiaensl 4 MukpoPHK (miR-424-5p, miR-
27b-3p, miR-377-5p, miR-3680-5p), nuddepeH-
IIUAJIBHO BKCIIPECCUPYIONINXCSI B MOHOHYKJIeapax
KPOBHU y 310pOBBIX JOHOPOB U aull ¢ JITBU [27].
IMosiBnsitoTCa maHHBIE 00 3KCIPECCUOHHBIX MaHe-

JITX TEHOB, ITO3BOJISIONINX YBEPEHHO pa3indarhb
uHAUBUAOB ¢ JITBM u aKTUBHBIM TyOEpKYyJIE30M:
HaIIpuMep, B KadecTBe OMOMapKepoB IIpemsara-
IOTCSI TaKWe maHeau reHoB, Kak CCLI19, TGFBI
n FOXP3 [31], FCGRIA, ZNF296, CIQB [15],
CXCL10, ATP10A w TLR6 [23]; IL-8, FOXP3 u IL-
123 [49]. AHaJIOTMYHON TMaTrHOCTUYECKO 3HAYU-
MOCTBIO 00JIaZacT TaKXKe TaKOM IToKa3aTesb, Kak
COOTHolIeHue ypoBHeW [L-2/IFNy mocne nian-
TEJbHOM WHKYOAIMM ¢ MUKOOaKTepuaJbHBIMU
antureHamu [50]. O6pamiaer Ha ce®0s1 BHUMaHUE
TO, YTO M3MEHEHUNE 3KCIIPECCUU TOJBKO OITHOIO
U3 reHoB — FOXP3 (IpoayKT KOTOPOro NpuHUMa-
eT yyacTue B Peryjsiiuu TPaHCKPUNIMU) — MpU-
3HAaHO NUArHOCTUYECKHM 3HAaUYMMBIM Cpa3y B IBYX
ucciaemoBaHugx [28, 49].

B nocyienHue Toabl aKTUBHO UCCIIEIYIOTCS OCO-
OEHHOCTU peaklMy OpraHu3Ma Ha HeJaBHee 3a-
paxenue M. tuberculosis, MTOCKONIbKY HauOOJIbIIIEE
KOJIMYECTBO CJIy4aeB 3a00JIeBaHUSI TIPOUCXOIUT
BCKOpe mocjie uHpuuupoBaHus. Tak, B HECKOJb-
KWUX WCCJeIOBaHUSIX IIOCIACAHUX JIET OITMCaHBbI
IVMarHOCTUYECKUE TTaHEeIU, TTO3BOJISIOIINE OLCHU-
BaTh CTETICHb PUCKa PAa3BUTUS aKTHUBHOU (POPMBI
Tb B nepBble HECKOJIBKO MECSLEB MOCTE 3apaxe-
HUs. [Ipy n3ydeHUM MYJTBTUKOTOPTHBIX BHIOOPOK
u3 KOxHoit Adppuku, N'amoun n Ddpuonuu OblIa
OpeajoXeHa TeCT-CUCTeMa, YUYWTHIBAIOIIas W3-
MEHEHUS YPOBHEN 3KCIIPECCUU YEThIPEX T'e€HOB —
GAS6, SEPT4, CDIC, BLK [45]. Ha ocHOBe 00B-
eIMHeHHbIX JaHHBbIX 13 FOAP u Benukooputanuu
IOJIYYE€HbI JAHHBIE O BBICOKOM MPOTrHOCTUYECKOM
3HAUUMOCTHU TP depeHIINaIbHON SKCIIPECCUH Te-
HOB BATF2, GBP5u SCARFI [39]. Cnenyet oTMme-
TUTh, YTO paHee 3TO XKe rpynnoit aBTopoB BATF2
ObLJI OTMEUYEH KaK OMoMapKep, MOBBIILIEHHbIN YyPO-
BEHBb 3KCITPECCUU KOTOPOTO MO3BOJISICT YBEPEHHO
pa3nnyaTh NAallUEHTOB ¢ aKTUBHBLIM Th m 3m0po-
BbIX MHAMBUAOB, 1ull ¢ JITBU u naBHO BBI3AOpPO-
BeBux ot Th [38].

Ilo pesymbraTaM OmHOII M3 padOT, OCHOBAH-
HO Ha MHUKpPOYHUIIOBOM ITPOGUINPOBAHUU ITUP-
KyasapHbiX (KoableBblx) PHK B MoHOHyKIeapax
nepudepuueckoit kposu (PBMC) GonbHBIX ak-
TUBHBIM JIETOYHBIM 1B M 300pOBBEIX MHIWBUIOB,
NpeaaoXeHO MCIojab30oBaHue KoJjbleBoii PHK
hsa_circRNA_ 001937 B kauecTBe MOTEHIIMAaIbHOTO
IVMarHOCTUYECKOr0 MaJJOMHBAa3UMBHOI'O OMOMapKe-
pa Ty6epkynesa [16].

Takasg dopma, kak nepBuuHblil Th, B akcnpec-
CHMOHHBIX MCCJIEIOBAHUSX M3ydyaeTcsl peako. Tem
He MeHee OblIO Toka3aHo [48], 4TOo 3KcIpeccus
miRNA-31 y neteii ¢ Th OblJ1a 3HAUUTEIBHO HUXKE,
YeM Yy 300POBBIX AeTeil; HAIIPOTUB, CBIBOPOTOYHBIC
YPOBHU LIUTOKWHOB BPOKJIEHHOTO MMMYHHOTO OT-
BeTa, a Takxke IL-6, TNFa, NF-xB u IFNy 6b111
3HauMUTeNabHO BhILe y neteii ¢ Th. Kpome Toro, akc-
npeccuss miRNA-31 orpunareabHO KOppeaupoBa-
Jla ¢ YPOBHSIMU CHIBOPOTOUYHBIX MapKepoB. Takum
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obpazom, miR-31 MOXeT ObITH TUArHOCTUYECKUM
MapKepoM JJis AeTeit, 00JbHBIX TYOepKyJie3oMm [48].

WccrnenoBaHusl KJAETOYHBIX KYJBTYP MOKAa3bl-
BAalOT, UTO pa3JIMuUsl B YPOBHE DKCIPECCUU 3aBU-
CAT OT MHOXecTBa pakTopoB. B padore Thuong N.
1 coaBrT. [47] 6bL10 BhIsiBIIeHO 1608 DT nmpu cpaBHe -
HUUW CTUMYJIMPOBAHHBIX U HE CTUMYJIMPOBAHHBIX
KaeTok (144 13 HUX OTHOCUJIMCh K TeHaM UMMYH-
HOTO OTBETa, MpUYeM y 36 B OTBET Ha CTUMYJI YPO-
BEHb DKCIpeccUuU yBeauuuiacs oosee yeM 10 pa3z);
npu 3ToM HeKoTopwie u3 IO paHee BBISIBASIUCH
B APYTUX UCCIEAOBAHUSIX, TAKXKE U3yUaBIIUX OTBET
opraHusMa-xo3siuHa Ha uHpuiuposanue MTDh [9,
31, 37]. Tak, Hanpumep, 3apaxkeHue MTD kietou-
HOW JIMHUU MOHOLIMTAPHOMN JIEWKEMUU YEJIOBEKA
(THP1) BpIsIBUIIO, UTO Haubosiee CUIBHO MEHSIJICS
ypoBeHb 3kcnpeccuu IL-8 u pssaa xemokuHoB [37].
B npyroii pabote onucaHo 198 10KycOB ¢ yHUKaIb-
HOI BKCIIpeccueil m0/Tocie 3apaxkeHusl IepBUY-
HbIX JIK. D10 Takue reHbl, kak DUSPI4 (rs712039,
CBSI3aHHBIN C YPOBHEM TPAHCKPUIILIUU ITOTO TeHa,
BJIMSET TakxXe Ha akcnpeccuto TNFo un IFNy),
ATP6V0OA2n RIPK?2 [4].

MN3yyeHue wuU3MEHEHHUs VYPOBHS SKCIPECCUU
B OTBET Ha 3apakeHue/MUKPOOHYIO CTUMYJISIINAIO
B cpaBHeHUU 1y MTDB u apyrux matoreHoB Mo-
Ka3ajo, YTO U3MEHEHUE YPOBHS 3KcIpeccuu MaM
pa3auyaeTcs B OTBET Ha BO3/IeHCTBUE pa3IUYHbIMU
WHpeKIMOHHbIMU areHTamMu [31]. AHaJlorMuyHOE
uccaeaoBaHue ¢ BKJIoUYeHueM Kak MaM, tak u MK
MOKa3aJio pa3jIMuYHbIe dKCIIPECCUOHHbIE MPOodUIn
BOTBET Ha MaTOreH bl J1s1 000U X TUMOB KJIEeTOK. B He-
UHOMUIIMPOBAHHOM COCTOSSHUU CIeU(UUHBIMU
ObL1M TOABKO 130 reHoB mra MaM u 286 — mra M K.
B orBeT Ha maroreH ToJibKo 40% TeHOB OBLLIV OIM-
HaKOBbI B 000OMX THUIIaX KJIETOK, YHUKAJbHBI JJISI
MIAK — 799 renoB u ajigs MaM — 340 reHos [9]. C uc-
MOJb30BAaHUEM PA3JUYHBIX MOAXOIO0B (TMCTOJOTH-
YeCKOro, UMMYHOITaTOJOrMYECKOTO U TPaHCKPUII-
TOMHOT0) ObLJIO MOKa3aHO, YTO, HECMOTPSI Ha CXOJI-
CTBO WMMYHOJOTMYECKUX/BOCITAJUTEIbHBIX Xa-
PaKTEPUCTUK, OTAETbHBIC T'PAHYJIEeMbl 3HAYUTEJIbHO
pasnuyarorcs 1o mioTHoctu CD3* T-knetok B 60-
ratelx Makpodaramu obygacTsIX U IO CTeNeHu u-
0po3a. COOTBETCTBEHHO, CYIIECTBEHHO AuddepeH-
LMaabHO aKcrnpeccupyolmuecs redbl (CAD) B HUX
pa3auyalTcsl KayeCTBEHHO U KOJIMYECTBEHHO.
JanbHelmuit aHaau3 reHHbix ceteit nast CADI mo-
Kazan auddepeHInaabHy0 peryasiuio BocIalu-
TEJbHOIO OTBETa, HAapyILIEHUsI UMMYHHOIO OTBeTa

Cnucok nutepatypbl/References

U KJIETOYHOTO MMMYHHOTO OTBETa B Pa3HBIX Ipa-
HyJeMax. DTO MOAYEepPKUBAET HAJIU4YUE OTPOMHOU
npo6JyieMbl BbISIBJIEeHUSI OMOMapKepoB B nepudepu-
YeCKOU KpOBM M3-3a pa3HOOOpa3Us TUIIOB MOBPEXK-
JNIEHUI U CJIOXHOCTU MECTHBIX UMMYHHBIX OTBETOB
B JIETKUX, C KOTOPOU MOCTOSIHHO CTaJKUBAKTCS UC-
ciaepoBareaun [43]. B cxomHOM MYJIBTUIIOAXOJHOM
uccaenoBaHuu (usydenol JHK-meTuaom, TpaHc-
KPUIITOM Y ITPOTEOM B MOHOLIMTAaX U TPaHYJIOILMTaX)
ObLIa BbIsiBIeHA nuddepeHInanus 00JbHbBIX C aK-
TuBHbIM Th u 1un ¢ JITBU. INokazaHo, 4yTo nipu Ta-
KUX UCCJIEAOBAHUSIX HEOOXONUMO YYUTHIBATH I10JI,
BO3PACT U TUIT KJIETOK (ITOCKOJbKY pa3IUYKs BbISIB-
JS10TCA 1M Ha 3ToM ypoBHe) [14]. TTokazaHo, uto JIK
CITOCOOHBI BBI3BIBATh IITaMM-COEHUMUUHBIA WUM-
MYHHBII oTBeT [40]. BoisgBICHBI TAaHEIU I'€HOB, U3-
MEHEHUS B YPOBHE IKCIPECCUU KOTOPBIX MTO3BOJISI-
IOT OTJIMYaTh BOCHAJIMUTENbHbBINA OTBET, BbI3BAHHBINU
M. tuberculosis, OT OTBeTa, BbI3BAHHOI'O IPYTUMMU
natoreHamu: 31o rensl IGJ, CLC, CDI77wn HP [44],
aTakxe GBP6, TMCCI, PRDMI1, ARGI [15].

ITomumo storo, maHHble Blischak J. u coaBr.
(6ousibiioe konuyecTBo DI MexXay pe3uCTEHTHBI-
MU U UYYBCTBUTEJbHBIMU K M. tuberculosis nHau-
BUJAMU U UCUYE3HOBEHHUE PA3IUUYUIl B IKCIPECCUU
MEXIy 9TUMMU Tpynnamu mnocie peuHdexkuu MIAK
MMKOOAKTEepHeil) yKa3blBalOT Ha TO, YTO KJIETOUHBINA
OTBET Ha 3apa*k€HWe MOXKET 3aBUCETh OT HAJIUYUS
B HUX OOyUYeHHOTro UMMYyHUTETA [7]. DTOT heHOMEH
SIBJISIETCS KPAaTKOBPEMEHHBIM U IepecTaeT (hUKCU-
poBaTbCsl MpPU MOMaJaHUM KJIETOK B HOBOE MUKPO-
okpyxeHue. Ho Henb3s1 UCKIIOUNUTH, YTO OOYyYEH-
HbIA UMMYHUTET MOXKET BJIMSTh Ha TO, KAKMM 00pa-
30M MOHOLIUTHI nuddepeHuupytorcs B MK B oTBeT
Ha CTUMYJISILUIO HMTOKWHaMu [7, 21, 32].

Takum oOpazom, HECMOTPSI MHOTOJIETHEE U aK-
TUBHOE U3yYyeHUE OCOOEHHOCTEed UMMYHHOTIO OT-
BeTa Ha 3apaxeHue MTDB, octaeTcs 6ojblioe KO-
JIMYECTBO BOINPOCOB, KacalolIUXCSI MOHUMAaHMUS
(YHKIIMOHUPOBaHMW S OpraHu3Ma 4yejJoBeKa B YCJIO-
BUSIX BozaelicTBust M. tuberculosis. AHanu3 pyHK-
ILIMOHUPOBAHUSI T€HOB MPU KOHTAKTE C MaTOr€HOM
B Pa3HbIX TUMAX KJIETOK SIBJISIETCS Ba>KHBIM U aKTY-
aJIbHBIM JIJ151 UCCJIENOBAH U I 3aKOHOMEPHOCTEN UM-
MyHoOMaToreHe3a MHGEKIIMOHHOTIO 3a00JieBaHUSI.
TTosToMy M3yyeHUE OCOOEHHOCTEN OpraHu3Ma 4e-
JloBeKa, OMpPEeAessIoInX UCXOA WHOUIIMPOBAHMU S
M. tuberculosis, mo-nIpexXHEeMY SIBJISIETCS Ba*KHBIM
U TePCNEeKTUBHBIM HalpaBJIeHUEM T'€HEeTUKU WH-
(eKIMOHHbIX 3a00JIeBaHUMA.
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