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bopsxk X.P. ®izionoriuna ponp OanaHcy siAepHUX (DAKTOPIB TPAHCKPHUIILIL
STAT1 Ta STAT6 B MI1/M2 nonspuzauii MakpodariB 3a ymMoB (QOpMyBaHHS
nijgBuIlieHoi Macu Tuta. — KBamidikaiiiiina HaykoBa mpartlsi Ha MpaBaxX PyKOIHUCY.

Huceptanis Ha 3700yTTS HAayKOBOTO CTymeHs JokTopa (itocodii 3a
cnemianbHicTio 222 - MeauuuHa. - [lontaBchkuii 1ep>kaBHUN MEAUYHUM YHIBEPCUTET
MO3 Vkpainu, [Tontasa, 2021.

VY nucepraiii HaBeIeHO TEOPETHYHE Yy3arajdbHEHHS 1 PO3B’SI3aHHS HAYKOBOTO
3aBJaHHA, SKE TOJsIrae y 3’sICyBaHHI MeXaHi3MIB (i310JI0T14HOT poJii OanaHcy
snepaux (dakropiB TpaHckpuniii STATI Ta STAT6 B MI/M2 mnonspusaii
Makpodaris 3a yMoB (OpMyBaHHS IM1IBUIIIEHOT MAaCH T1a Y 0c10 MOJIOOTO BIKY.

AKTyanbHICTh 00paHOT TEMHU JOCHIIPKEHHS 3yMOBJIEHA CBITOBOIO MAaHIEMIEIO
OiABUIIEHHS Mach TUla Ta OXHUPIHHA, SKa BU3HAYAETHCS  MOPYIICHHSIM
E€HepreTUYHoro OanaHcy, OOMIHY pEYOBHH, HAJAMIPHUM BIIKJIQJCHHSIM >XKUDPY B
TKaHWHAX, [0 TPU3BOAUTH O XPOHIYHUX 3aXBOPIOBaHb 1 cMepTHOCTI. HakonuyeHHs
METa0OIYHO AKTHUBHOI XKHUPOBOI TKAHWHU NPHU3BOJUTH JIO XPOHIYHOTO 3arajieHHS
HU3BKOI I1HTEHCHUBHOCTI Ta 1HGUIbTpalii >KUPOBOI TKAHMHU MakKpodaraMu.
30UTbIIIEHHST KUTBKOCTI MakpodariB Mmpu MiJBUIIEHHI MacH TiUIa CYNPOBOIKYETHCS
3MiHAaMH 1X (QYHKIIIOHATBHUX BJIACTUBOCTEH Ta JOMIHYBaHHSAM Makpodaris
cyomonyssanii M1. B mporeci monspu3saiiii MmakpodariB KIOYOBY POJb BiirparoTh
npencTaBHUKU poanHu (akTopiB TpaHckpunilii STATS (mepeTBoproBadi CUTHAIIIB Ta
aktuBatopu TpaHckpumiii). [lonspusanis makpodaris 3a M1 ¢enorunom nos's3aHa
31 STATI, Toni six STAT6 mos'si3ana 3 makpodaramu M2. OnHak iX poJib B MPOIIEC]
noJisipu3ailii Makpodaris y ocié 3 miaBUIIIEHOIO MACOI0 TiJIa TOCTEMEHHO HE BioMa.

VY nocnimpkeHHI B3sIM ydacTh 84 0coOHM 40JI0BIYOi Ta JKiHOYOi cTaTi BikoM 18-
25 pokiB. BiamoBimHO A0 u3aitHy IOCTIDKEHHS OyJIO TPOBEICHO BHU3HAYCHHS
AHTPOIIOMETPUUHMX TMOKA3HUKIB: Macu Tula, 3pocTy, okpyxHocti Tamii (OT) Ta
creron (OC), cniBeigHomenus (OT/OC), po3paxoBanuii iHaekc macu Tita (IMT),

BiIcOTOK »kupoBoi macu Tuia (%XKMT). BusznaueHi (yHKIIOHAJIBHI MOKa3HUKU



CEpIEBO-CYIMHHOT CUCTEMHU: yacTtoTa cepueBux ckopoudeHb (YUCC), cuctomigyHuit
(CAT) ta miactomiunuit aprepianbauii Tuck ([JJAT), BeretatuBHuil iHnexc Kepao B
CTaH1 CIIOKOIO 1 MicJig MPOoOH 3 1030BAHUM (PI3MUHUM HABAHTAKEHHSM.

[IpoBeneHo Bu3HAuUEHHsSI SKOCTI JKUTTSA (onmuTyBalbHUK SF-36), xapdoBoi
noBeiHkU (onuTyBasbHUK DEBQ), BU3HAUEHHS €HEepPreTUYHOI I[IHHOCTI XapuOBOIO
panioHy (Ha OCHOBI MeTOAY 24-TOJUHHOTO (JI000BOI0) BIATBOPEHHS XapyyBaHH:) Ta
il BIAMOBIIHOCTI OTpebam B €HEPrii.

B nocnigax in vitro mpoBeaeHO CTUMYJIAIIIF0O MOHOIMTIB NepuepuyHOi KPOBi
minonomicaxapuaom E. coli (LPS) 1 y-iateppeponom (YIFN) miast  imgykiii
nossipu3aitii 3a peHorunom M1 Ta intepneiikinoMm-4 (IL-4) ans inaykuii noaspusaiii
3a genoruniom M2. PiBens ekcrpecii reHiB statl ta stat6 B MoHoIuTax/makpodarax
BU3HAYalld METOJOM IIOJIMEpa3HO1 JAHIFOTOBOI peakilii B PEeKUMi «PealbHOTO
Jyacy», KOHIIEHTpallito iHtepietikina-6 (IL-6), Tpanchopmyrodoro dakropy pocty Bl
(TGFB1) Ta BucokouyrauBoro C-peaktuBHoro Oinka (BuCPb) y cymepnHaTanTi
KJIITHH Ta CHPOBATIII KPOB1 METOJIOM TBEp0(ha3HOTO IMYHO(DEPMEHTHOTO aHaTI3Yy.

BiamoBigHO 10 OTpUMaHMX JaHUX Ha TEPIIOMY €Talll JOCIIKEHHS y oci0
YyOJIOBIYOI CTaTl 3 IIJABHMIIEHOIO MAacolo TiIa MOKa3HUKU MacH Tiia Ha 26,85%, IMT
Ha 25,13%, OT na 17,52%, OC na 11,65%, cniBBignomenns OT/OC nHa 5,0%,
% XKMT na 93,73% Oynu IOCTOBIPHO BHIIMMH Yy TOPIBHSHHI 3 BIAMOBIIHUMH
MOKa3HUKAMHU O0Ci0 3 HOPMaJbHOIO MAacor. Y JKIHOK 3 ITJIBHUIIEHOIO MAacow Tijla
TaKOX CIIOCTEPIrajJoch JOCTOBIpHE MiABUINEHHS MOKA3HUKIB MacH Tina Ha 23,53%,
IMT na 25,66%, OT na 16,67%, OC na 11,60%, %XMT Ha 37,26% y nopiBHSHHI 3
JAHUMU KOHTPOJIBHOI TPYIIH.

VY oci6 000X crareil 3 MiJBHINEHOI0 MAcOI TiUTa BiAMIYaJIOCh JIOCTOBIpHE
MiIBUIICHHS TIOKa3HHUKIB CEPIIEBO-CYJIMHHOI CHUCTEMH B CTaHI CIIOKOIO Ta TiCIs
71030BaHOTO (hI3UYHOTO HABAHTAKEHHS, 30KPEMa, ITICJII HABAaHTAXEHHS Y YOJIOBIKIB 3
nigsumenor macoro Tina YCC Ha 23,23%, CAT na 15,18%, AT nHa 13,33% Oynu
JOCTOBIPHO OUIBIIMMH Yy TIOPIBHSHHI 3 BIANOBIIHUMU TIOKa3HUKaAMU OCI0 3

HOPMaJIbHOIO MAcOI0 Ti1a. Y KIHOK 3 MIJBUINEHOI0 Macoro Tita micisa npoou YCC Ha



19,01%, CAT na 10,23% Oynu 10CTOBIPHO OUIBIIMMH Y TOPIBHSHHI 3 BIAIOBIAHUMU
MOKa3HUKAMU KIHOK KOHTPOJIBHOT TPYTIH.

[Ticas mpoOu 3 A030BaHUM (HI3UYHUM HABAHTAXKEHHSIM y YOJIOBIKIB 1 XKIHOK 3
M1JBUILIEHOIO Macoro Tina iHaeke Kepno cranoBuB >+31, 110 CBIIYUTH PO BUPAKEHY
cumnatukoToHito. Inaexc Kepmo y 4ONOBIKIB 3 MiJBHUILEHOIO Macow Tiia OyB
outbM Ha 29,65%, y xiHok Ha 19,01% mopiBHSHO 3 BIAMOBITHUMH OCOOaMH 3
HOpMaJIbHOIO Macoro Tina (p<0,05).

BusiBiieHMIT HEeraTMBHUI BIUIMB ITiIBUIICHHS Macu Tija Ha SKICTh XKHUTTS 3a
naHuMu onutyBasibHUKAa SF-36. ¥V 0c¢i0 4010Bi4O1 cTaTi JOCTOBIPHO 3HUIKYBAIUCH
yc1 OKa3HHUKH, K1 00’ €/IHaHI Y KA (PI3MYHOTO KOMIIOHEHTY 3/I0POB’s, a ¥ KIHOK
— TICUXIYHOTO KOMIIOHEHTY Y TOpPIBHSHHI 3 JaHUMHU T[OKa3HUKaMHU Yy Oci0 3
HOpMasTbHOIO Macoro Tina (p<0,05). 3a manumu onuryBanbHMKa DEBQ BusiBieHi
3MIHHM Xap4oBOi MoBeaiHKu y 79,55% ocib 3 HopManbHOIO Macoro Tia 1y 90% ocib 3
1BUILIEHOIO Macoro. ¥ 0ci0 3 HOPMaJIbHOI MacoI0 Tija epeBakaB 0OMEKyBaTbHUM
THUII Xap4oBOi MOBEAIHKH, Y 0C10 3 MiJBUIIEHOIO - EKCTEPHAIBHUHN 1 EMOIIMHUIN THIIH.

VY ocid o06ox crareil 3 MIABUIICHOI MAacO Tila BIIMIUYEHO JOCTOBIpHE
iBUIICHHS CHEPTETHYHOI IIIHHOCTI XapuOBOI'0 PaIliOHy y poOOYHi 1 BUXITHUM JTHI Y
MOPIBHSAHHI 3 KOHTPOJBHOIO TPYyMNO. Y YOJOBIKIB 3 TIIBHIICHO Macokw Tila
E€HEepreTUYHa I[IHHICTh XapuyoOBOI'O PAIliOHY IEpPEeBHUINyBala PEKOMEHI0OBaHE J1000BE
CIIOKMBaHHS eHeprii y pobounii nens Ha 49,90%, y Buxiguuit Ha 75,15%, y KIHOK 3
IiBUIIICHOI MAcOI0 TiIa BiAMOBIAHO y poOouwmii neHb Ha 11,40%, y BuXimHUI Ha
49,32%. IlimBumieHHS €HEPreTMYHOi IIIHHOCTI  CYIPOBOJKYBAJIOCH  3MIHOIO
CTPYKTYpH HYTPIEHTIB 3a PaXyHOK ITIIBHUINEHOIO CIOXKHUBAHHS TEPEBAXHO KHUPIB
oco0amMu 4OJIOBIYOT CTaTi 3 MABUIIICHOO MACOI0 Tijla Ta KUPIB 1 BYIJIEBOIIB 0cOOaMuU
’KIHOYO1 CTaTi y MOPIBHAHHI 3 KOHTPOJIbHOO TpyIioro (p<0,05).

Ha apyromy erami mpoBeneno mocmimxkeHHs ekcnpecii STAT1 ta STAT6 B
MOHOIIUTax/Makpodarax nepudepuaHoi KpoBi JOCTIHKYBAaHUX OCi0.

Ctumyisilis MOHOIUTIB mepudepuyHoi kposi in vitro LPS Ta yIFN, ta IL-4
Mpu3Beia 10 JOCTOBIPHOTO MIABUIIEHHS PIBHS eKcipecli reHiB statl ta statb y ocibd

000X Tpym.



Haii0inpmnii  mpupict piBHS  ekcropecii 000X  JOCHIIKYBaHUX TE€HIB
crnocrepiraBcss 3a yYMOB cTtuMyssuii MoHoumtiB IL-4. B nuuamini iHKyOarii
dbopMyBaIUCh BIAMIHHOCTI MK IpynaMu. ¥ 0ci0 3 HOPMaJIbHOIO Macow Ha 7 100y
1HKyOa1ii piBeHb excrpecii Statl OyB JOCTOBIpHO BUIIUI 32 YMOB CTUMYJIALIT KIIITUH
LPS Ta yIFN. V oci0 3 miiBHILEHOI Macor Tila HaWOUIbII BHUCOKHUHA PIBEHb
excrpecii Statl 36epiraBcs y kimiTmHax, ctumyiboBanux IL-4 (0,1291+0,031)24¢
npotu (0,2579+0,0523)22 p = 0,0498) Ha 7 100y inkybamuii. Excripecis rena stat6 B
OUHaAMILI 1HKyOalli Oyna JTIOCTOBIPHO BUIIE y Makpodarax, cTumyiboBanux IL-4 y
oci0 000X JOCHIKYBaHUX TPYyMN Yy MOPIBHAHHI 3 KIITUHAMH, CTUMYJIboBaHUMU LPS
ta YIFN.

[Ipu mopiBHAHHI MOKA3HUKIB €KCIpecii MK TpynaMu JTOCTOBIPHO BUIIUN Ha
99,77% piBenb excrpecii statl Bu3HaueHU# y makpodarax, ctumymnboBaHux IL-4 y
0ci0 3 MiIBUIIICHOIO MACOI0 TijIa Y IOPIBHAHHI 3 0cO0aMH 3 HOPMAJILHOIO MAacor Ha 7
noOy inkyOamii. JlocToBipHO BHINMI piBeHb eKkcrpecii stat6 Ha 56,25% B
HECTUMYJIbOBAaHUX KJIITHHAX, Ha 58,62% B makpodarax, ctumyinboBanux LPS Ta
YIFN 1 na 75% B wmakpodarax, ctumynboBanux IL-4 cmocrepiraBcs y ocid 3
iBUIIICHOO MACOI0 TiJIa y IOPIBHAHHI 3 0c00aMHU 3 HOPMAJIbHOIO Macor Ha 3 100y
1HKyOaIrii.

VY oci0 3 HOpMaJbHOIO MAacol0 Tija CIHIBBITHOIICHHS eKcrpecii statl/stat6
3MIHIOBaJIOCh B JuHaMmill iHKyOarii. IlokasHuk cmiBBigHOIICHHs Statl/stat6 OyB
noctoBipHo Hux4e Ha 23,91% y makpodarax, ctumynboBanux LPS ta yIFN y
MOPIBHSHHI 3 HECTUMYJIhOBAaHMMHU KJIITHHAMH Ha 3 100y iHKyOarlii, JOCTOBIPHO
Hwkdye ©Ha 43,34% y wmakpodarax, ctumynboBanux IL-4 y mopiBHAHHI 3
HECTUMYJbOBaHUMH KiiTnHaMu Ta Ha 30,45% y mopiBHSHHI 3 Makpodaramu,
ctumynboBanuMu LPS Tta yIFN Ha 7 nens iHkyOarrii.

V oci0 3 miOBHIIEHOK MAacOI0 TUIa CHIBBIAHOIIEHHsS statl/stat6 B auHamimil
1HKyOaIii TOCTOBIPHO HE 3MIHIOBAJIOCh. TaKoX HE OyJi0 BH3HAYEHO TOCTOBIPHHUX
BIJIMIHHOCTEH CITIBBIHOIIIEHHS MK TPyIaMHu.

[Mpomyxkmis IL-6 makpodaramu nepeBaxana 3a ymoB ctumydsiii LPS ta yIFN

y KJIITHHaX 0ci0 000X rpym, aie Oyna AOCTOBIPHO BHUIIOK y OCIO 3 MiIBUIIEHOIO



Macoro Tuia. PesynbTaT miaTBepIKeHUN (HOpMYBaHHSIM HEraTUBHUX KOPESALIMHHUX
3B’SI3KIB MK piBHEM ekcrpecii Statb ta piBaem IL-6 y knitunax, crumynpoBanux |L-
47 ni6 y 0ci0 3 HOpMAJIBHOIO MacOIoO.

VY o0ci0 3 HOpMaJIbHOIO Macol0 Tida BHU3HAYEHO JOCTOBIPHE 3HMXKEHHS PIBHS
nponykiii TGFB1 3a ymoB crumynsamii kiaituH LPS ta yIFN Ta HeraTtuBH1 3B’A3KH
MDK piBHeM ekcnopecii stat6 Ta piBaem TGFB1 y cynepHatanti KIITHH,
ctumynboBanux IL-4. ¥V oci6 3 minBuIeHO0 Macor A0cToBipHUX 3MiH piBHS TGFB1
npu 1HKyOalii He BU3HAUEHO, aJie BUSBIICHI MO3UTUBHI 3B A3KH MIXK eKcrpecito Statl
y KiithHax, ctumynboBanux LPS Tta yIFN Ta IL-4 7 ni6 Ta piBenp TGFBl y
CymnepHaTaHT! KJIITHH, CTUMYJIbOBAaHUX 32 BIIMOBITHUM (PEHOTHIIOM.

Busznauenuii noctoBipHo Buimii Ha 79,62% pisens BuCPb y cupoBaTiii kpoBi
0ci0 3 TABHUINEHOI0 MACcO0 Tijia y IOPIBHAHHI 3 MOKa3HUKAMH TPYIH 3 HOPMAIBHOIO
Macoro, TO3UTUBHUM 3B’S30k MDK piBHeM IL-6 y cymepHaTaHTi KIITHH,
ctumynboBanux LPS Ta yIFN ta BuCPb B cupoBartiii 0cid 3 HOpMaJIBHOO Macolo.

Takum umHOM, 3a pe3yiabTaTaMU JOCHIPKEHb I[OKa3aHOo, IO 3a YMOB
HAJUTUIIIKOBOTO HAJXO/KEHHS HYTPIEHTIB Ta (POpMyBaHHI MIiABHUIINEHOI Macu Tijia
Bi/I0yBa€ThCs IOCTOBIPHE MiABUIIIEHHS PiBHA eKcrpecii reHiB statl 1 stat6 y kimituHax,
CTUMYJIBOBAaHUX 3a M2 (¢deHoTHIIOM. AKTHBaIlisl CUTHAIBHUX MEPEX, SKi
OTIOCEPEIKOBYIOTH (DOPMYBaHHS MPO- Ta MPOTHU3ANAIBLHUX (DEHOTHUITIB € MOKIUBHUM
BIIOOpKCHHSAM CTaHy IPEKOHIUIIIFOBAHHS MOHOIUTIB neprudeprdHoi KpoBi Ha GoH1
MiIBUIIICHHOTO HAAXO/KeHHS HYTpieHTIB. [logampme GopmyBaHHS HampsMy
MOJISIpU3aIlil 3aJ€KUTh BiJI PO3BUTKY HHU3bKOIHTEHCHBHOTO 3allajicHHS B JKUPOBIH
TKaHWHI, O3HAKH SIKOTO 3a JIaHWMH pPiBHA IUTOKIHIB Ta BYCPB mpucyTtHi y oci6 3
MIBUIIICHOIO0 MAcCOI0 Tila. 3a 3MIHEHUX YMOB €HEPreTHYHOTO aucOanancy (heHOTUn
M2 wmakpodariB peasizye TMpOIECH B3a€EMOil CUTHAIBHHX MEpeX, SKi €
BIIMOBIAATHPHIMHE 32 (DOPMYBaAHHS MPO- Ta MPOTU3AMAIBHOTO (GeHOTUITY. MOXITUBUMA
piBeHb B3aemoii 3HaxoauThest Mk PPARY ta akTtopom Tpanckpumiii NF-kB.

HaykoBa HOBH3HA OTPMMAHMX Pe3yJIbTATIB.

Bnepuie BuszHauenHa (di3ionoriuHa poiib  OanmaHcy sAnepHUX  (pakTopiB

tparckpunilii STAT1 ta STAT6 B MI1/M2 mnonspuzanii makpodariB 3a ymoB



(opMyBaHHS MiIBUILIEHOI Macu Tiia. Briepiie BU3BHaU€HUN piBEHb €KCIIpECii sSAEpPHUX
¢dakropiB Tpanckpunuii STAT1 ta STAT6 B MoHOLIMTaX/Makpodarax nepudpepudHoi
KpOBI, SIK1 3HAXOJAThCA Ha PI3HUX €Tanax aKTHBALli B 3aJIEXKHOCTI B1J MacH Tiia.

Brnepiiie BU3HaueHo, 110 CTUMYJISILIST MOHOUMTIB niepudepuydnoi kposi LPS 1
YIFN, ta IL-4 npu3BoAUTH 10 JOCTOBIPHOIO MIABUILEHHS PiBHS €KcIpecii TeHiB statl
Ta stat6b y ocid o6ox rpyn. Bmepiie BuU3HA4Y€HO, [0 HAWOUIBIIMI MPUPICT PIBHS
ekcrpecii 000X JOCHIIKYBaHUX I'€HIB B1IOYBA€THCSA 32 YMOB CTUMYJISIII MOHOIIUTIB
IL-4.

Brnepiie nokazano, mo y ocid 3 HOpMaJIbHOK Macorw Ha 7 Ao0y iHKyOarii
JIOCTOBIPHO BHUIIMI piBeHb ekcmpecii Statl crocTepiraeTbCsi 3a YMOB CTUMYJISIT
kritiH LPS ta yIFN. ¥V oci6 3 migBumieHoro macoro Tila Ha 7 a00y 1HKyOarii
HAWOWIBII BHUCOKMM piBeHb ekcmpecii Statl cmocTepiraeTbcsi y  KIIITHHAX,
crumynboBanux |L-4 (0,1291 + 0,031)22' mporm (0,2579 + 0,0523)2% p =
0,0498). Briepie BusiBiieHO, 10 y 0ci0 000X MOCHIKYBAaHUX T'PYIl €KCIpecis TeHa
stat6 na 3 Ta 7 100y iHKyOaIlil JOCTOBIPHO BHUIlle Y Makpodarax, crumyiboBaHux IL-
4 y OpiBHSIHHI 3 KJIITUHAMH, cCTUMYJIboBaHUMH LPS Ta yIFN.

Brnepiie 3’scoBaHo, 1m0 y oci0 3 MiJBUINEHOI Macol0 Tijla y TOPIBHSHHI 3
ocobamu 3 HOPMaAJIBHOIO MacOI0 BU3HAYAETHCS JOCTOBIpHO BUlUK Ha 99,77% piBeHb
excrpecii rena statl y makpodarax, ctumynboBanux IL-4 wa 7 goOy iHkyOamii. Y
0ci0 3 MIBUIIIEHOI0 MacOI0 TUIa y MOPIBHSAHHI 3 0c00aMU 3 HOPMaJILHOIO Macolo
CIIOCTEPIra€eThCsl JIOCTOBIPHO BWINUKA PiBEHb €Kcmpecii reHa stat6 Ha 56,25% B
HECTUMYJIbOBAaHUX KJIITHHAX, Ha 58,62% B makpodarax, ctumynboBanux LPS Ta
YIFN i Ha 75% B makpodarax, ctumynboBanux IL-4 Ha 3 100y iHKYyOaITii.

Brepiie BusIBI€HO 3HWIKEHHS TOKAa3HWKA CITIBBITHOIIEHHS EKCIpecii TeHiB
stat]/stat6 B muHamini iHKyOarlii y ocid 3 HopManbHOIO Macoro Tina. [lokazano, mo Ha
3 noOy iHkyOamii cmiBBigHOIICHHS statl/stat6 mocToBipHO HIkuye Ha 23,91% vy
makpodarax, crumymnboBaHux LPS Tta yIFN y mopiBHAHHI 3 HECTUMYJIHLOBAaHUMU
KIIiTUHaMU, Ha 7 100y iHKyOarii moctoBipHO Hux4e Ha 43,34% y makpodarax,
cTuMynboBaHuX |L-4 y mopiBHSIHHI 3 HECTUMYJIbOBaHUMHU KJIiTHHaMH Ta Ha 30,45% y

MOpiBHIHHI 3 Makpodaramu, ctumynboBanumMu LPS ta yIFN.



Bnepuie nokazano, o mpoxaykiis I1L-6 makpodaramu mepeBakae 3a yMOB
ctumysnii LPS ta yIFN y kmitunax oci®é 060x rpym, ane € JOCTOBIPHO BHUIIOKO Y
oci0 3 MiIBUIICHOIO MAacOol Tiga. Y 0cCi0 3 HOPMAaJbHOK MacOl BU3HAYECHO
(opMyBaHHS HETaTUBHHMX KOPEJSILINHUX 3B’S3KIB MK pIBHEM ekcmpecii Stat6é rta
piBHeM IL-6 y xniTunax, crumynbsoBanux IL-4 7 ni0.

Brnepiie BusiBieHo goctoBipHe 3HMkeHHs piBHA mpoaykiii TGFB1 3a ymos
ctumysisanii kiTtuH LPS ta yIFN Ta HeratuBH1 3B’s13kM MIXK piBHEM ekcrpecii staté ta
piBaeM TGFB1 y cynepnaranti kinitus, ctumynboBanux IL-4 y oci® 3 HOpMallbHOIO
Macow Tima. Y oci0 3 MIABUIIEHOK MAacOK BHUSBJICHI IMO3UTUBHI 3B SI3KH MIX
ekcrpecito statl y xmitunax, ctumynboBanux LPS ta yIFN Ta IL-4 7 ni6 ta piBHA
TGFB1 y cynepHaTaHTi KJIITHH, CTUMYJIOBAHKX 32 BIAMOBITHUM (DEHOTHUIIOM.

JlomoBHEH1 J1aHi CTOCOBHO JA0CTOBipHO Bumioro piBHs BYCPb y cuposarii
KpOB1 OCI0 3 MIABUIIEHOI MAacOK0 TUIa y MOPIBHSAHHI 3 TMOKa3HUKAMU TPYIH 3
HOPMaJIbHOIO Macor Ta (opMyBaHHS TO3UTHBHOTO 3B’sI3Ky MK piBHem IL-6 y
cynepHaTaHTl KIiTHH, ctuMyinboBanux LPS ta yIFN Ta BuCPb B cuposatii oci6 3
HOPMAJILHOIO MacoIo.

OTpumaHi 10JaTKOBI JaH1 B3a€MO3B’SI3KY PEaKIlii cepleBO-CYAMHHOT CHCTEMH
Ta BEreTaTUBHOI peryJisiii Ha ¢i3uYHe HABAaHTAXKECHHS y OCI0 3 MIJBHUIICHOK MAacCOI0
Tila, 30KpeMa, JIOMIHYBaHHS CHUMIIATUHYHUX BIUIMBIB BEreTaTMBHOI HEPBOBOI
CUCTEMU.

[TornuGneno po3ymiHHS HETaTMBHOTO BIUIMBY IIiJIBUICHHS Macu TuLTa Ha
SKICTh JKUTTS, IO OIOCEPEAKOBAHO JAOCTOBIPHMM 3HIIKEHHSIM YCIX ITOKa3HHKIB
mKamu (PI3UYHOTO KOMIIOHEHTY 370pPOB’S Y OCi0 HYOJIOBIUOi CTaTi, Ta MCHXIYHOTO
KOMITOHEHTY y 0Ci0 KIHOYO1 CTaTi 3 MiJBUIIIEHOIO0 MACOIO Tila.

JlomoBHEHI JIaHi CTOCOBHO 3MIiH Xap4oBoi moBeAiHKH y 79,55% oci0o 3
HOPMaJIbHOIO Macoro Tima 1y 90% ocid 3 MigBHIIEHOI Macoi 3 TepeBaKaHHIM
0OMEXyBaJIBHOTO THITY XapuyoBOi TMOBEMIHKM y OCi0 3 HOPMaJIBHOIO MAacow Tina,
€KCTEPHAJIBHOTO 1 €eMOIIMHOTO THUITY Y OCI0 3 TMIJBUIIIEHOIO MacCOI0.

OTpumaHi JOIAaTKOBI J1aH1 CTOCOBHO ()OPMYBAHHS €HEPreTUYHOTO UcOaNaHcy

3 JOCTOBIPHUM MiABUIIEHHSIM €HEPreTUYHOi I[IHHOCTI XapyOBOTO pAaIllOHY Yy



MOPIBHSHHI 3 PEKOMEHJOBaHMM JOOOBUM CIOKMBAaHHSIM €Heprii y ocio 3
MiABUIIEHOI0 MAacoOI0 Tija, KU XapaKTEPU3YETHCS TMEPEBAKHUM CIIOKHUBAHHIM
KUPIB 0cOOaAMU YOJOBIYOi CTaTi Ta XHUPIB 1 BYIVIEBOJIB 0COOAMM >KIHOYOI CTaTi 3
HiIBUIIEHOIO MAacoIo TiJa.

IIpakTHYHe 3HAYEHHSI OTPUMAHHUX Pe3YJIbTATIB.

Otpumani B poOOTI pe3yabTaTH MNOMNIUOIIOIOTh 3HAHHA Ta PO3UIUPIOIOTH
po3yMiHHS (1310J10T14HOT poidi OanaHcy saepHux ¢akropiB Tpanckpuniii STATI1 Ta
STAT6 B M1/M2 nonspu3zanii makpodariB 3a yMoB OpMyBaHHs MiJBUILEHOT Macu
Ti1a. HOBITHI JaHl CTOCOBHO 3ajieKHOCTI pIBHS eKcrpecii sigepHuX (HaKTopiB
tpanckpunilii STAT1 ta STAT6 B MoHoumTax/mMakpodarax nepudepudHoi KpoBi,
K1 3HAXOJATHhCS HA PI3HUX €Tarmax akTUBAIlli BiJ Macu Tila JOTOBHIOIOTH 3HAHHSI
CTOCOBHO TIaTOTE€HE3Y PO3BUTKY HU3BKOIHTEHCHBHOTO CHCTEMHOIO 3alaJICHHS TpH
MJBUIIICHH] MacH TiJla Ta OXKUPIHHI.

BusnaueHHsT JaHUX TMOKAa3HUKIB € MOXJIMBUM paHHIM JIIarHOCTUYHHUM
KpUTEpIEM BHUSBIICHHS NPOLECIB MPEKOHAUIIIFOBAHHSI MOHOIUTIB 3 (OPMYBaHHSIM
npo3anaiasHoro ¢enoruny. [lomanpine HOCTIKEHHS eKcrpecii 1 6anmancy (akTopiB
tpanckpunilii STAT1 ta STAT6 B MI1/M2 mnonspuzaiii MakpodariB HaaacTh
MOXJIMBICTh  JIJII  PO3pPOOKM  TPO(UIAKTHUYHMX  3aXOJiB, COPSIMOBAaHUX Ha
pod1IaKTHKY 3aXBOPIOBaHb, MTOB’A3aHUX 3 MIIBUIIICHHIM MACH TiJ1a 1 OXKUPIHHSIM.

Karw4oBi cjoBa: iHIeKC Macw Tima, MiABUINEHA Maca Tila, MHOJSpU3aIlis
makpodaris, saepHi daktopu Tpanckpunilii STAT1 ta STAT6, sKicTh XHUTTA,

XapyoBa MOBEIIHKA, CHEPreTUYHA IIHHICTh Xap4OBOTO PAIliOHY.

Summary
Boriak Kh.R. Physiological role of the balance of STAT1 and STAT6 nuclear
transcription factors in M1/M2 macrophage polarization under conditions of
overweight. — Qualification research work on the manuscript basis.
The dissertation for the academic degree of Doctor of Philosophy in the
specialty 222 - Medicine. Poltava State Medical University of the Ministry of
Healthcare of Ukraine, Poltava, 2021.



The dissertation presents a theoretical integration and solution of the scientific
problem, which is to elucidate the mechanisms of the physiological role of the
balance of STAT1 and STAT6 nuclear transcription factors in M1/M2 macrophage
polarization under conditions of overweight in young people.

The relevance of the chosen topic of the research is associated with the global
epidemic of overweight and obesity, which is determined by the energy imbalance,
metabolic disorders, excessive fat deposition in tissues, which leads to chronic
diseases, and mortality. Accumulation of metabolically active adipose tissue in
overweight and obesity leads to chronic systemic inflammation of low intensity and
infiltration of adipose tissue by macrophages. The increase in the number of
macrophages in overweight is accompanied by changes in their functional properties
and the dominance of macrophages of the M1 subpopulation. Representatives of
STATS transcription factors (signal converters and transcription activators) play a key
role in the process of macrophage polarization. Polarization of macrophages by M1
phenotype is associated with STAT1, whereas STAT6 is associated with M2
macrophages. However, their role in the process of polarization of macrophages in
overweight individuals is not definitely known.

The study enrolled 84 males and females aged from 18 to 25 years. According
to the study design, anthropometric indicators were determined: body weight, height,
waist circumference (WC) and hip circumference (HC), their ratio (WC/HC),
calculated body mass index (BMI), body fat percentage (BFP). Functional indicators
of the cardiovascular system were determined: heart rate (HR), systolic blood
pressure (SBP) and diastolic blood pressure (DBP), the Kerdo vegetative index at rest
and after a test with dosed exercise.

The study determined the quality of life (SF-36 questionnaire), eating behavior
(DEBQ questionnaire), the energy value of food intake (based on the method of 24-
hour (daily) reproduction of food consumption), and its compliance with energy
needs.

In vitro experiments stimulated peripheral blood monocytes with

lipopolysaccharide of E. coli (LPS) and y-interferon (YIFN) to induce polarization by



the M1 phenotype and interleukin-4 (IL-4) to induce polarization by the M2
phenotype. The level of expression of statl and stat6 genes in
monocytes/macrophages was determined by real-time polymerase chain reaction, the
concentration of interleukin-6 (IL-6), transforming growth factor B1 (TGFB1) and
high-sensitivity C-reactive protein (hs-CRP) in supernatant cells and blood serum by
solid-phase enzyme-linked immunosorbent assay.

According to the data obtained at the first stage of the study in overweight
males there was a significant increase in body weight by 26.85%, BMI by 25.13%,
WC by 17.52%, HC by 11.65%, the ratio of WC/HC by 5.0%, BFP by 93.73% as
compared to the corresponding indicators of people with normal body weight.
Likewise, in overweight women, there was a significant increase in body weight by
23.53%, BMI by 25.66%, WC by 16.67%, HC by 11.60%, BFP by 37.26% as
compared to data from the control group.

In overweight subjects of both sexes, there was a significant increase in the
parameters of the cardiovascular system at rest and after dosed exercise, in particular,
after exercise in overweight men there was a significant increase in heart rate by
23.23%, SBP by 15.18%, DBP by 13.33% as compared to the corresponding
indicators of people with normal body weight. In overweight women there was a
significant increase in heart rate by 19.01% and SBP by 10.23% as compared to the
corresponding indicators of women in the control group.

After the test with dosed exercise in overweight men and women, the Kerdo
index was > + 31, indicating severe sympathicotonia. The Kerdo index in overweight
men was 29.65% higher, and in women 19.01% higher compared to those with
normal body weight (p <0.05).

The negative impact of being overweight on the quality of life was revealed
according to the SF-36 questionnaire. In males, all indicators combined in the scales
of the physical component of health were significantly reduced, whereas in women,
the mental component was reduced as compared to those with normal body weight (p
<0.05).



According to the DEBQ questionnaire, changes in eating behavior were found
in 79.55% of people with normal body weight and in 90% of overweight subjects. In
people with normal body weight, the restrictive type of eating behavior prevailed,
whereas in overweight subjects — the external and emotional types dominated.

In overweight subjects of both sexes, there was a significant increase in the
energy value of food intake on weekdays and weekends as compared to the control
group. In overweight men, the energy value of food intake exceeded the
recommended daily energy intake on a working day by 49.90%, on weekends by
75.15%, in overweight women — on a working day by 11.40%, and on weekends by
49.32%, respectively. The increase in energy value was accompanied by a change in
the structure of nutrients due to increased consumption of mainly fats by overweight
males and fats and carbohydrates by females as compared to the control group (p
<0.05).

At the second stage, the expression of STAT1 and STAT6 in
monocytes/macrophages in the peripheral blood of subjects was studied.

Stimulation of peripheral blood monocytes by LPS, yIFN, and IL-4 led to a
significant increase in the expression level of statl and stat6 genes in both groups.

The largest increase in the expression level of both studied genes was observed
under conditions of stimulation of monocytes by IL-4. Differences between groups
were formed in the dynamics of incubation. In subjects with normal body weight on
the 7th day of incubation, the level of statl expression was significantly higher under
conditions of stimulation of cells by LPS and yIFN. In overweight individuals, the
highest level of statl expression was maintained in cells stimulated by IL-4 - (0.1291
+0.031)2% against (0.2579 + 0.0523)22%, p = 0.0498) on the 7th day of incubation.
The expression of the stat6 gene in the dynamics of incubation was significantly
higher in macrophages stimulated by IL-4 in individuals of both study groups as
compared to cells stimulated by LPS and yIFN.

When comparing the expression rates between groups, the statl expression
level was significantly higher by 99.77% in IL-4-stimulated macrophages in

overweight subjects as compared to people with normal body weight on the 7th day



of incubation. Significantly higher levels of stat6 expression by 56.25% in
unstimulated cells, by 58.62% in macrophages stimulated by LPS and yIFN, and by
75% in macrophages stimulated by IL-4 were observed in overweight subjects body
as compared to people with normal body weight on the 3rd day of incubation.

In individuals with normal body weight, the expression ratio of statl/stat6 in
the dynamics of incubation varied. The statl/stat6 ratio was significantly lower by
23.91% in macrophages stimulated by LPS and yIFN as compared to unstimulated
cells on the 3rd day of incubation, significantly lower by 43.34% in macrophages
stimulated by IL-4 as compared to unstimulated cells and by 30.45% as compared to
macrophages stimulated by LPS and yIFN on the 7th day of incubation.

In overweight subjects, the statl/stat6 ratio in the incubation dynamics did not
change significantly. There were also no reliable differences in the ratio between the
groups.

IL-6 production by macrophages was predominant under LPS and yIFN
stimulation in cells of both groups, but it was significantly higher in overweight
individuals. The result was confirmed by the formation of negative correlations
between the level of stat6 expression and the level of IL-6 in cells stimulated by IL-4
for 7 days in individuals with normal weight.

In subjects with normal body weight, there was a significant decrease in
TGFB1 production under LPS and yIFN cell stimulation and negative relationships
between stat6 expression and TGFB1 levels in the supernatant of IL-4-stimulated
cells. No significant changes in TGFB1 levels were found during incubation in
overweight subjects, but positive relationships were found between statl expression
in cells stimulated by LPS, yIFN, and IL-4 for 7 days, and TGFB1 levels in the cell
supernatant stimulated by the corresponding phenotype.

The study found a significantly higher (by 79.62%) level of hs-CRP in the
serum of overweight subjects as compared to people with normal weight, a positive
relationship between the level of IL-6 in the supernatant of cells stimulated by LPS

and yIFN, and hs-CRP in the serum of people with normal body weight.



Thus, the research demonstrated that under conditions of excess nutrient intake
and the development of overweight, there is a significant increase in the expression of
statl and stat6 genes in cells stimulated by the M2 phenotype. Activation of signaling
networks that mediate the formation of pro- and anti-inflammatory phenotypes is a
possible reflection of the state of preconditioning of peripheral blood monocytes
against the background of increased nutrient intake. Further formation of the
direction of polarization depends on the development of low-intensity inflammation
in adipose tissue, the signs of which, according to the level of cytokines and hs-CRP,
are present in overweight people. Under changed conditions of energy imbalance, the
M2 macrophage phenotype implements the processes of interaction of signal
networks, which are responsible for the formation of pro- and anti-inflammatory
phenotypes. A possible level of interaction is found between PPARy and NF-xB
transcription factor.

The scientific novelty of the obtained results.

For the first time, the physiological role of balance of nuclear transcription
factors STATL1 and STAT6 in M1/M2 macrophage polarization under conditions of
overweight was determined. For the first time, the expression level of nuclear
transcription  factors STAT1 and STAT6 in the peripheral blood
monocytes/macrophages on different stages of activation dependent on body weight
was determined.

For the first time, it was found that stimulation of peripheral blood monocytes
by LPS, yIFN, and IL-4 led to a significant increase in the level of expression of statl
and staté genes in both groups. For the first time, it was determined that the largest
increase in the level of expression of both studied genes is observed under conditions
of IL-4-stimulation of monocytes.

Determined for the first time that in subjects with normal body weight on the
7th day of incubation, the level of statl expression was significantly higher under
conditions of stimulation of cells by LPS and yIFN. In overweight individuals on the
7th day of incubation the highest level of statl expression was maintained in cells
stimulated by IL-4 - (0.1291 + 0.031)2°2¢ against (0.2579 + 0.0523)2, p = 0.0498).



It was found for the first time that in subjects of both study groups the stat6 gene
expression on a 3 and 7 day of incubation was significantly higher in macrophages
stimulated by IL-4 as compared to cells stimulated by LPS and yIFN.

For the first time a significantly higher (by 99.77%) level of statl expression
was found in IL-4-stimulated macrophages in overweight individuals as compared to
individuals with normal body weight on the 7th day of incubation. The study found
significantly higher levels of stat6é expression in unstimulated cells (by 56.25%), in
macrophages stimulated by LPS and yIFN (by 58.62%), and in macrophages
stimulated by IL-4 (by 75%) in overweight subjects as compared to individuals with
normal body weight on the 3rd day of incubation.

For the first time, the changes in the expression ratio of statl/stat6 in the
dynamics of incubation in individuals with normal body weight were detected. The
statl/stat6 ratio was significantly lower (by 23.91%) in macrophages stimulated by
LPS and yIFN as compared to unstimulated cells on the 3rd day of incubation,
significantly lower (by 43.34%) in macrophages stimulated by IL-4 as compared to
unstimulated cells and by 30.45% as compared to macrophages stimulated by LPS
and yIFN on the 7th day of incubation.

For the first time, it was determined that IL-6 production by macrophages was
predominant under the conditions of LPS and yIFN stimulation in cells of subjects of
both groups, but it was significantly higher in overweight individuals. The formation
of negative correlations between the level of stat6 expression and the level of IL-6 in
cells stimulated by IL-4 for 7 days in people with normal body weight was found.

For the first time, the study found a significant decrease in the TGFB1
production under stimulation of cells by LPS and yIFN, and negative relationships
between stat6 expression and TGFB1 levels in the supernatant of IL-4-stimulated
cells in individuals with normal body weight. Positive relationships were found
between the statl expression in cells stimulated by LPS, yIFN- and IL-4 for 7 days
and TGFp1 levels in the cell supernatant stimulated by the corresponding phenotype.

Updated data on a significantly higher level of hs-CRP in the serum of

overweight subjects as compared to people with normal body weight and a positive



relationship between the level of IL-6 in the supernatant of cells stimulated by LPS
and yIFN, and hs-CRP in the serum of people with normal body weight.

Additional data were obtained on the relationship between the response of the
cardiovascular system and autonomic regulation to exercise in overweight people was
determined, in particular a predominance of sympathetic effects of the autonomic
nervous system.

Additional understanding of the negative effects of weight gain on quality of
life, which is mediated by significant decrease of all indicators on physical
component scale in overweight men and mental component in overweight women.

Additional data gained about changes in eating behavior in 79.55% of people
with normal body weight and in 90% of overweight people with a predominance of
restrictive type of eating behavior in people with normal body weight, the external
and emotional types in overweight people.

Additional data gained about formation of energy imbalance in overweight
subjects, a significant increase in the energy value of the food intake as compared to
the recommended daily energy consumption. Overweight men present with a
predominant fat intake, whereas overweight women demonstrate a predominant fat
and carbohydrate intake.

The practical significance of the research findings.

The obtained results deepen knowledge and expand understanding of the
physiological role of STAT1 and STAT6 nuclear transcription factors balance in
M1/M2 macrophage polarization under condition of increased body weight. Recent
data regarding dependence of the expression level of STAT1 and STATG6 nuclear
transcription factors in peripheral blood monocytes/macrophages, which are at
different stages of activation from body weight complement knowledge concerning
the pathogenesis of the development of low-intensity systemic inflammation during
weight gain and obesity.

Determination of these indicators may be an early diagnostic criterion for
identifying monocyte preconditioning processes with formation of proinflammatory

phenotype. Further study of the expression and balance of STAT1 and STAT6



transcription factors in M1/M2 macrophage polarization is a target for the prevention
of diseases associated with overweight and obesity.

Key words: body mass index, overweight, polarization of macrophages,
nuclear transcription factors STAT1 and STAT®6, quality of life, eating behavior,
energy value of food intake.
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