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Momusayusa u yenv: OeHOMEH AUCTPOINH, XapaKTEPUYIOIIMNICA PEAKUM COUETaHUEM
Ha (EHOTHIUYECKOM YPOBHE [BYX MATOJIOTHH Yy OJHOTO WHIWBHIA, CIOXCH IS
m3ydyeHus. Psg  uccnenoBaHuil  CBUAETENBCTBYET O BO3MOXKHOM  JTHCTPOIHHU
ajnmepruieckux Oose3Her W TyOepkynesa (cm., Hanpumep, [1]). Tak, mokazano, 9to
JUarHo3 M acTMbl, W TyOepKysie3a y OJHOTO WHAWBUAA BCTPEYACTCS B Ppa3HBIX
NOMyJSAIMAX ¢ 4acToTod He Oosmee uwem 1-5% [1, 2]. MMmyHOnoruueckue
XapaKTePUCTUKU aCTMBI U TyOepKyJie3a MOKa3bIBaoT, YTO B OCHOBE JUCTPOIHNHU «acTMa-
TyOepKyJie3» MOXKET JIe)KaTh pa3HOHANpaBJIeHHAas! MOJSPU3alisl IMMYHHOTO OTBETA C
nperMyiiecTBeHHO# aktuBHOCThIO Th2 mpu actme u Thl npu tyGepkynese [3, 4].
W3yyeHne W3MEHYMBOCTU pPETYJSIUMM T[EHOB MPH JTUX MAaTOJNOTHSIX  JaeT
JIOTIONTHUTENBHYI0O WH(QOPMAIMIO, BAXHYIO IJIs MOHUMaHHA (EHOMEHa IUCTPOITUH
«acTMa-TyOepKyJie3».

Memoowr u anrzopummer. IlpoBeneH peaHanu3 IByX HaOOPOB JaHHBIX METHIMPOBAHUS
JHK, npencraBieHHBIX B 001IEI0CTYITHOM PENO3UTOPUN (PYHKIIMOHATIBHBIX T€HOMHBIX
nanHblx  Gene Expression Omnibus (GEO, https://www.ncbi.nlm.nih.gov/geo/).
GSE118469 momyuen mpu u3ydeHuH TyOepKyne3a y kutened TaiiBaHS: MalueHTHl C
TyOepkynezom (N = 12) 6e3 comyTcTBYIONMX WHGEKIIMOHHBIX MATOJIOTHA (B TOM YHUCIIe
BHNY) u 3710KayecTBEHHBIX HOBOOpa3OBaHUil, KOHTPOJIbHAs TPyIa — 3/I0POBBIE
uHauBuAbl (N =6) [5]. M3 nabopa namHeix GSE104471 Obuta ucCmoNb30BaHa
uHpOpMaLusl O NPOPUISIX METWIMPOBAaHHS y 12 MAnMeHTOB C aJUIePrUYecKon
OpOHXHUAIBHOM acTMON U 12 310pOBBIX UHIAUBHUIOB 0e3 acTMbl. Bce ydacTHHKH 3TOrO
WCCIIE/IOBAHUS SIBIISTIOTCS B3POCIIBIMHA HEKYPSLIMMHU €BPOIIEONIAMH HEUCTIAHOS3BIYHOTO
MPOUCXOXKIEHHS [6]. AHAIN3 METHIIMPOBAaHUSA B 00OMX HCCIEIOBAaHUIX MPOBEIEH HA
gunax Infinium HumanMethylation450K BeadChip v1.2 [5, 6]. B peananus u3 o6oux
HaOoOpoB JaHHBIX B3sita wHGopMmanms o MerwimpoBanuu JJHK w3 MoHoHYyKIEeapoB
nepugepruvecKoi KPoBH.

Peananu3 mnpoBoAMIM C HCHOJIB30BAaHMEM s3bIKa HporpammupoBanHusi R-4.3.3
(R Foundation, ABctpusi) B cpene paspaborku RStudio-2021.09.1-372 (Rstudio PBC,
CIIIA). U3 nabopor manubix GSE118469 u GSE104471 Obln co3maH oOIIMii MacCUB
MaHHBIX ¢ uHpopMarmert o merunupoBanmu JIHK kak y OONBHBIX C acTMOW U C
TyOepKyJie30M, TaK U B KOHTPOJBHBIX 00pa3uax. Jlajgee ¢ npuMeHeHHeM IPOrpaMMHOTO
nakera minfi [7] HOJy4eHHBIH MacCHB IOJBEPrajid KBAaHTHJILHOM HOpPMalIM3allvy,
yaans ciaabo cpaboTaBiIve 30HABI U MPOOBI MOIMMOPGHBIX BAPUAHTOB C YaCTOTOM
BCTPEYaEMOCTH MHUHOPHOTO ajuiens Oosbiie 5 %, MCKIIOYAIM AaHHBIE C TOJIOBBIX
xpomocoM. [louck auddepeHnaibHO METHIUPOBAHHBIX Y OOJBHBIX acTMON U
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TyOepkyne3oM CpG-caliTOB OCYIIECTBIISLIN Tpy oMot limma [8]. J{ist uckiroueHust
MEXITHUYECKHX PAa3UUMil 3THOC HCIIOJIB30BAJICS B KauyeCTBE JOMOJHHUTEILHOU
CPYNIUPYIOLIEH NEPEMEHHOM, MTOCIIE MOAYyYEHHUS B3BCIICHHON OLEHKH IO KaXXAOMY U3
MPU3HAKOB OOBACHAEMAas WMH JUCHEepCHs BhUUTaNach. CXONHBIA  IMOIXOJ
WCTIONB30BAIM W TpPU ACKOHBOJIOIMU IO KIETOYHOMY COCTaBy, NPOBEICHHOW ¢
HCITOJIh30BaHHEM TIporpaMMHoro makera EpiDISH [9].

Pesynomamesr: B pesymnprate Obin momydeH cimcok CpG-caiitoB, nuddepeHnmamsHo
MeTuarpoBaHHbIX (IMC) y O0NBHBIX € IBYMS MAaTOJIOTUAMH — aCTMOHU U TYOEpKYIE30M.
[TompaBky Ha MHOKecTBeHHBIE cpaBHeHus (adj P < 0.05) npouutn 6653 caiita; n3 HUX
| AB | >20 % BoeIsiBNsieTcs A 62 caiitos. [Ipomenmme o6a huapTpa calThl OTHOCATCS K
53 renam (AMI).

Ananu3 cBepxmpejactaBieHHocTH (over-representation analysis, ORA)) ¢ momoIipo
Web Gestalt (https://www.webgestalt.org/) mokazan BOBIEYEHHOCTh ITHX T€HOB B
ononormueckue mporecchl (B kareropun GO Biological Processes), cBszanHbIE C
WMMYHHBIM OTBETOM (CHTHAJbHBIM IIyTh PEHENTOPOB KIETOYHOH IOBEPXHOCTH;
CUTHAIBHBIA IyTh, OIOCPEAOBAHHBIH AHTUTEHHBIM PELENTOPOM; MO3UTHBHAS
perymanuss CD8+; oTBeT Ha IUTOKHWHBI, NPOMYKIMS ITMTOKWHOB; aJaNTHBHBIN
WMMYHHBIH OTBeT; IuddepeHIrnpoBka anb(a-0era-T-KIeTOK, HWMMYHHBIA OTBET,
akTuBanus anbga-oera-T-KIeTOK), TpU U3 HUX MpoxoasaT nonpaBky FDR: akruBamms
anbda-oera-T-xierokx (GO:0046631, p = 0.010031), ummynnsIi orBeT (GO:0006955,
p = 0.010298), muddepennmpoka anbha-6era-T-kinerok (GO:0046632, p = 0.010298).
B sTu Tpu myTr BoBieueHsl B o01el cioxxunoctu 17 reno (CX3CR1, CD247, CYFIPL,
ETS1, FASLG, IGSF6, IL19, LY9, HLA-E, PRDM1, PVRIG, RFTN1, RORA, RUNX1,
SYK, SURF4, ZC3HAV1), npuuem 5 u3 mux (LY9, PRDM1, RORA, RUNX1, SYK)
YYacTBYIOT BO BCEX TPEX OMOJIOTHYECKUX Mpolleccax.

CornacHo pe3yibTaraM OOOTalleHus, MOJY4YeHHBIM C TIOMOLIBIO pecypca Metascape
(metascape.org), Haubojee MPEACTABICHHBIMUA MPOLECCAMH  SIBISIFOTCS  TaKKe
akTuBanus anbda-oera-T-knerok (GO:0046631) u perynsaius akTuBaluu anbda-oera-
T-knetok (GO:0046634), IMTOKMHOBBIN CUTHAIMHT B UIMMYHHOU cucteMe (Reactome
Gene Sets: R-HSA-1280215), nutokcuanoctb, onocpenoBanuas NK-kinerkamu (KEGG
Pathway: hsa04650), myts nuddepennmponku kiretok Th17 (WikiPathways: WP5130).
AHanm3 accouuanyii ¢ TATOJNOTHSIMA M (PU3HOJIOTUYESCKAMH COCTOSHUSIMU  (TIO
Metascape) mokaszan cBsi3b BbIIBICHHBIX JIMI' ¢ komndecTBoM 503MHO(HUIOB U
JTUMQOIUTOB, CPEAHUM YPOBHEM I'eMOriio0nHa, 3a001€BaHUSIMIA UIMMYHHOUM CUCTEMEI (B
TOM YHCIIE — CHHJIPOM bexuera, BacKyJuT, nepBU4HbIN cuHApoM lllerpena, uMMmyHHast
TpOMOOIIMTOIIEHNYECKast IMypIypa, OOBIKHOBEHHAs BOJYAHKA, KpacHas BOJYAHKA,
JIMCKOMTHAS KpacHas BordaHka, 0omne3ns Jlnbmana—Cakca, acTMa y B3pOCIIBIX, PEAKITUS
«TpaHCIUIAHTAT TMPOTUB XO3iWHA») W CBSA3aHHBIMA C HUMH 3a00JIeBaHUSMU
(mamdaneHonaTus, MOHOKIIOHAILHBIE FAMMAIIATHH ), & TAKXKE C KAPIIMHOMOM SIMYHHUKOB,
TUMQPOUTHBIM JIEMKO30M, BEHO3HOH TpomOoaMOonmeli, oTekoMm cycTtaBoB. [lommmo
aToro, BeiABIeHHbIE JMI" acconmupoBans! B nepByro ouepens ¢ CD56+ NK-kierkamuy,
CeJIe3eHKOU U TUMYCOM (TI0 pe3ylibTaTaM aHanu3a B Metascape).

Pecypc FUMA GWAS (https:/fuma.ctglab.nl/) yka3piBaeT Ha HaJM4ue acCOMAIUI C
Pa3TMYHBIMA TATOJIOTHSIMH/ (PU3HOTOTHUECKUMHE ITOKA3ATENSMHU TS 19 U3 BEISBICHHBIX
JIMI (AFF3, ANKH, APBA2, CX3CR1, ETS1, FASLG, GIMAP4, HLA-E, IKZF1, IL19,
MPHOSPH9, RORA, SLA, SPATA13, SYK, TG, UBAC2, ZC3HAV1, CD247). Tax,
BBISIBJICHBI aCCOLMALIMH C 303MHO(HIaMHU (KOJIMYECTBO/IPOLIEHTHOE COAepKaHUe Cpean
OeNbIX KJIETOK), TPOMOOKDHUT, COOTHOIIEHHE aahbOyMHUH-TIIOOYJIMH; TEMIIEpaMEHT;
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paccesHHbBIM CKIepo3, Spo3usl KOCTeH MpH PEeBMATOWAHOM apTpPHUTE, ayTOMMMYHHBIC
3a00J1eBaHUsl MIMTOBUIHOM jKeJe3bl, NPUMEHEHHE MEIUKAaMEHTOB (TpemapaTrhl IS
NIUTOBUJHON JKeNle3bl, aJpeHepruueckue cpeictsa). Kpome Toro, TOKa3aHbI
accouualuu ¢ acTMoii: kak B riesiom (CD247, FASLG, AFF3, ANKH, IKZF1, TG, ETS1,
UBAC2, RORA), Tak u ¢ aimneprudeckoii popmoii (FASLG, IKZF1, ETS1, RORA).
Cnenyer otmeTnth, uTo pacupeznenenue JMC He cummeTpudHOo — Bce 62 caiiTa c
|AB[>20 % umeroT oTpunatenpHOe 3HadeHue. [Ipu pacuere AP mpoBOMIIOCH BEIYUTAHKE
CPEIHEr0 YpOBHS METHJIMPOBAHUS y OONBHBIX C TyOEpKyJe30M M3 CPEIHETrO YpPOBHS
METHIIMPOBaHUs ¥ OONBHBIX ¢ acTMOH. [109TOMY MOXHO yTBEpKIaTh, UTO y MALMEHTOB
C aCTMOH MPOWCXOTUT OTHOCUTENFHOE CHIDKeHHE YpoBHA MeTmiupoBanus JMC, uro
MOJKET CBHJIETEILCTBOBATh 00 ycmineHun akTuBHOCTH IMI'. TTocKOIBKY CBSI3b MEXKIY
YPOBHEM 3KCIPECCUU U YPOBHEM METHIUPOBAHUS HEIMHEWHA U K TOMY K€ Pa3indacTcs
B 3aBUCUMOCTH OT pacrionoxenuss CpG-caiiToB B Ipesienax reHa, HanpsiMmyro TOBOPHUTh
00 yBenmmuennu 3xcnpeccun JJMI” Oyaetr ompoMeTduBBIM.

Buigoowi: TlomyueHHble HaMH JTaHHBIC CBHJCTEIBCTBYIOT O TOM, YTO TPU Pa3BUTHH
TAaKUX JAWUCTPOITHBIX MATOJOTHH, KaKk acTMa M TyOepKyne3, MPOUCXOIUT W3MEHEHHUE
AKTUBHOCTH TMPEXKIE BCErO0 UMEHHO TEX T'€HOB, KOTOPHIC BOBJICYCHBI KaK B Pa3BUTHE
WMMYHHOTO OTBETa B ILIEJIOM, TaK M B akTuBanuio U auddepennuanuio anpda-oera-T-
KJICTOK. HOHy‘-ICHHbIC JAaHHBIC MTOJIHOCTBIO YKIIAABIBAIOTCA B THIIOTE3Y MMOJIApHU3alINU T-
KJICTOYHOT'O IMMYHHOTO OTBETA MPHU JUCTPOIUH «acTMA-TyOepKyIe3».
Qunancuposanue. PaboTa BBHINONHEHA B paMKax TOCYIapCTBEHHOTO —3aJaHUs
MuHucTepcTBa HayKu | Bbiciiero oopasoBanus (Ne 122020300041-7).
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Motivation and Aim: The phenomenon of dystropyis characterized by a rare combination
at the phenotypic level of two pathologies in one individual and is difficult to study. A
number of studies indicate a possible dystropy of allergic diseases and tuberculosis (see,
for example, [1]). Thus, it has been shown that a combination of both asthma and
tuberculosis in one individual occurs in different populations with a frequency no more
than 1-5 % [1, 2]. The immunological characteristics of both diseases show that the basis
of the dystropy “asthma-tuberculosis” may be multidirectional polarization of the
immune response with predominant activity of Th2 in asthma and Thl in tuberculosis
[3, 4]. Studying the variability of gene regulation in these pathologies provides important
information for understanding the phenomenon of “asthma-tuberculosis” dystropy.

Methods and Algorithms: Two DNA methylation datasets were re-analyzed from the
Gene Expression Omnibus public functional genomic data repository (GEO,
https://www.ncbi.nlm.nih.gov/geo/). Microarray dataset GSE118469 was obtained in a
study of tuberculosis in residents of Taiwan: patients with tuberculosis (n = 12) without
concomitant infectious (including HIV) and malignant neoplasms, the control group —
healthy individuals (n = 6) [5]. We analized information on methylation profiles of
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12 patients with allergic bronchial asthma and 12 healthy individuals without asthma
from GSE104471 dataset. All participants are non-Hispanic white non-smoking adults
[6]. Infinium HumanMethylation450K BeadChip v1.2 was used for methylation analysis
in both studies [5, 6]. In the re-analysis, DNA methylation data from PBMCs are taken
from both datasets.

Re-analysis was carried out using the R-4.3.3 programming language (R Foundation,
Austria) in the RStudio-2021.09.1-372 development environment (Rstudio PBC, USA).
Data from datasets GSE118469 and GSE104471 were integrated in common dataset
with information on DNA methylation in both patients with asthma and tuberculosis,
and in control samples. Next, using the minfi software package [7], the obtained dataset
was subjected to quantile normalization. Weakly working probes and samples of
polymorphic variants with a minor allele frequency of more than 5 % were removed and
data from sex chromosomes were excluded. The differentially methylated CpG sites in
patients with asthma and tuberculosis were searched using limma [8]. To exclude
interethnic differences, ethnicity was used as an additional grouping variable; after
obtaining a weighted estimate for each of the attributes, the variance explained by them
was subtracted. A similar approach was used for deconvolution by cellular composition,
carried out using the EpiDISH software package [9].

Results: As a result, a list of differentially methylated CpG sites (DMS was obtained in
patients with two pathologies — asthma and tuberculosis. Adjustment for multiple
comparisons (adj P < 0.05) passed 6653 sites; of these, | AR | > 20 % are identified for
62 sites. The sites that passed both filters belong to 53 genes (DMG).
Over-Representation analysis (ORA) using Web Gestalt (https://www.webgestalt.org/)
showed the involvement of these genes in biological processes (in the GO Biological
Processes category) associated with the immune response; activating cell surface
receptor signaling pathway; antigen receptor-mediated signaling pathway; positive
regulation of CD8-positive; alpha-beta T cell activation; response to cytokine; cytokine
production; adaptive immune response; alpha-beta T cell differentiation; immune
response), three of them undergo FDR correction: alpha-beta T cell activation
(G0:0046631, p = 0.010031), immune response (GO:0006955, p = 0.010298), alpha-
beta T cell differentiation (GO :0046632, p = 0.010298). A total of 17 genes are involved
in these three pathways (CX3CR1, CD247, CYFIPL, ETS1, FASLG, IGSF6, IL19, LY9,
HLA-E, PRDM1, PVRIG, RFTN1, RORA, RUNX1, SYK, SURF4, ZC3HAV1), and 5 of
them (LY9, PRDM1, RORA, RUNXZ1, SYK) are involved in all three biological processes.
According to the enrichment results obtained using the Metascape resource
(metascape.org), the most represented processes are also alpha-beta T cell activation
(G0:0046631), as well as regulation of alpha-beta T cell activation (GO:0046634),
Cytokine Signaling in Immune system (Reactome Gene Sets: R-HSA-1280215), Natural
killer cell mediated cytotoxicity (KEGG Pathway: hsa04650), Th17 cell differentiation
pathway (WikiPathways: WP5130). Analysis of associations with pathologies and
physiological conditions (according to Metascape) showed the connection of identified
DMGs with Eosinophil and Lymphocyte count, Mean Hemoglobin, Immune System
Diseases (including Behcet Syndrome, Vasculitis, Primary Sjogren's syndrome, Immune
thrombocytopenic purpura, Lupus Vulgaris, Lupus Erythematosus, Discoid, Lupus
Erythematosus, Libman-Sacks Disease, Adult onset asthma, Graft-vs-Host Disease) and
related diseases (Lymphadenopathy, Monoclonal Gammapathies), as well as Ovarian
Carcinoma, Lymphoid leukemia, Venous Thromboembolism, Joint swelling. In
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addition, the identified DMGs are associated primarily with Cell-specific: CD56+
NKCells, spleen and thymus (based on Metascape analysis).

The FUMA GWAS resource (https://fuma.ctglab.nl/) indicates associations with various
pathologies/physiological indicators for 19 of the revealed DMGs (AFF3, ANKH,
APBA2, CX3CR1, ETS1, FASLG, GIMAP4, HLA-E, IKZF1, IL19, MPHOSPH9, RORA,
SLA, SPATA13, SYK, TG, UBAC2, ZC3HAV1, CD247). Thus, associations were
identified with Eosinophil (counts/percentage of white cells), plateletcrit, Albumin-
globulin ratio; Temperament; Multiple sclerosis, Bone erosion in rheumatoid arthritis,
Autoimmune thyroid disease, Medication use (thyroid preparations, adrenergics). In
addition, associations with asthma are shown: both in general (CD247, FASLG, AFF3,
ANKH, IKZF1, TG, ETS1, UBAC2, RORA) and with the allergic form (FASLG, IKZF1,
ETS1, RORA).

Of note that the DMS distribution is not symmetric — all 62 sites with |AB[>20 % have a
minus value. When calculating AP, the average methylation level in patients with
tuberculosis was subtracted from the average methylation level in patients with asthma.
Therefore, it can be argued that in patients with asthma there is a relative decrease in the
level of DMS methylation, which may indicate increased DMG activity. Since the
relationship between the level of expression and the level of methylation is not linear,
moreover, it differs depending on the location of CpG sites within the gene, it would be
rash to directly talk about an increase in DMG expression.

Conclusion: Our data directly indicate that in development of dystropic pathologies such
as asthma and tuberculosis, there is a change in the activity primarily of those genes that
are involved both in the development of the immune response in general and in alpha-
beta T cell activation and differentiation. The data obtained are fully fit into the
hypothesis of polarization of the T-cell immune response in “asthma-tuberculosis”
dystropy.

Funding: This work was supported by the Ministry of Science and Higher Education
(project No. 122020300041-7).
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