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Koninoko JIM. Poar NAD'-3anexnoi naeamermmasu SIRT1 B MI1/M2
noJisipu3allii MOHOIUTIB/MakpodariB y ocib 13 pisHOIO Macor Tina. — KBamidikaiiitna
HayKOBa MpaIlsl Ha MpaBax PYKOIHCY.

Huceptanis Ha 3100yTTS HAayKOBOTO CTymeHsi jgoktopa ¢inocodii 3a
cnemianbHicTio 03.00.13  «®i3ionoris moguau 1 TBapun» (091 bionoris). -
[lontaBchkuii nep:xxaBuuil Mmenuunuit yaisepcuter MO3 Ykpainu, [lonrtasa, 2021.

VY nucepTariii HaBEJICHO TCOPETUYHE y3araJIbHCHHS 1 PO3B’I3aHHS aKTyaJIbHOTO
HAyKOBOTO 3aBJIaHHs, SIKE TIOJIATae y BU3HAYCHHI perynsatopaoi poiai NAD'-3anexHo1
neanetmnasu SIRT1 8 M1/M2 nonsipu3zaiiii MoHOLMTIB/Makpodaris 3a (i310J10TYHIX
YyMOB Ta 3a YMOB IIiJIBUIICHOTO HAJXO/KCHHS TOXXUBHUX PEYOBUH y OCI0 3
1BUIIICHOIO MACOIO TiJIa Ta OKUPIHHAM | cTyTeHs.

Makpodarn € TEHTpaIbHUMU MeAiaTOpaMH 1HIYKOBAHOTO OKHPIHHSIM
3amajeHHs y )KUPOBIM TKaHWHI. 3aJIeKHO BiJ MIKpOCEpe 0BHIINa, Makpodaru MOXyTh
HaOyBaTH SIK KJIACUYHO aKTUBOBaHUM heHoTurt M1, Tak 1 aibTepHAaTUBHO aKTUBOBAHUM
M2. Ananiz HOBITHIX JaHUX CBIIYUTH MPO ICHYBAHHS OUTBIN CKJIQJHOTO CIIEHApilo,
KOJM CHEKTp CTaHiB MakpodariB IepeBHINye TMOISpHU3aAIi0 TUIbKH 3a MI1/M2
dbeHoTuamMu, 30KpeMa, IIpH OKHUPIHHI Ta IYKPOBOMY Jia0eTi 2 THITy, 10 MOTpedye
NOJAIBIINX JOCHiKeHb. [ligBuileHa Maca Tila Ta OXHPIHHA € HaCIiAKOM
€HEPreTUYHOro JMCOANlaHCy MK KaJopisiMH, SIKI CTIOKMBAa€ Ta BUTpAdya€e JIOJWHA.
Cepen dakTopiB, sAKI 37aTHI BIUIUBATH HAa EHEPreTUYHHHN auCcOAlaHC BHIUISIOTH
npenctaBaukiB ponuuu cipTyiniB SIRT1-7. 3okpema, SIRTI, BmiuBaroum Ha
MoJIsIpH3aIito  MakpodariB, MOXe 3IIMCHIOBATH KOHTPOJIb 3a MPUTHIYCHHIM
cyomonmyssimii M1, ctumynoroun akTtuBaiiro M2 makpodariB Ta BIUTMBaTH Ha
PETYISII0 3alaJICHHS )KUPOBO1 TKAHWUHH Y BIJIIOBIb HA IHAYKTOPH - )KHPHI KHCIIOTH,
TIMOKCit0, CTPEC €HA0IIIa3MaTUIHOTO PETUKYITYyMY.

Came TOMY MMOCTajI0 MUTAHHS, IKUM YMHOM 3MiHa akTuBHOCTI NAD™-3a1ekxH01

JealneTuinasu SIRTI ONOCEPENKOBYE 3MIHY HaIpsMKy noJisipu3arii



MOHOLIMTIB/MakpodariB B OIK mpo- ado NpoTU3amnajbHOrO (EHOTHUNY 3a YMOB
HOPMAJILHOTO Ta MiIBUIIIEHOT0 HAJIXOJKEHHS HYTPIEHTIB.

VY nocniikeHH1 B3suiM y4acTb 96 oci0 BikoM Bix 18 1o 25 poki. BinnosigHo 10
IU3aiiHy Ha MEpUIOMY eTami OyJau BUKOPUCTaHI aHTPONOMETPHUYHI, (yHKLI1OHAIbHI
JAOCTIKEHHS, METOIM OTIMTYBaHHSI.

Ha npyromy erani B qociigax in Vitro npoBeeHO BUIUICHHS Ta KYJIbTHBYBaHH:I
MOHOLUTIB  nepudepudHoi  KpoBi.  CTUMyJSALII0  MOHOLMTIB  MPOBOAMIU
ninonoicaxapuaom E. coli (LPS) i y-inrepdeponom (YIFN) mis iHxyKIii monspusaiii
3a ¢enorunoMm M1 Ta iHTepneiikinom-4 (IL-4) ans imgykoii momsipusaitii - 3a
¢deHorunom M2. BusnaueHns excrpecii rexis Sirtl, statl, staté npoBoawiu Ha 3 Ta 7
no0y 1HKyOamii KJIITHH METOJOM TOJIIMEepPa3HOi JIAaHIIOTOBOI peakilii B pexuMi
«peanbHOro 4yacy», Kouuenrtpamito IL-6, IL-10 y cynepHaTaHTi KIITHH,
BUcokouyTinBoro C-peaktuBHoro Ouika (B4CPB) ta tpancdopmyrodoro daktopy
pocty Bl (TGFB1) y cupoBariii KpoBi MeTOAOM TBepA0(]a3HOro iMyHO(DEPMEHTHOT O
aHayizy.

AHTpOTIOMETPUYH1 JOCITIDKEHHS Ha IEPIIOMY eTarll ToKa3ajiu JOCTOBIPHO BHIIII
MOKa3HUKH MacH Tina, inaekca macu tina (IMT), okpyxHocTi Tauii (OT), okpyKHOCTI
cteroH (OC) y oci6 000X cTaTeil 3 MABUILEHOIO MACOIO Tijla Ta OKUPIHHAM | cTynens,
HIK y oci0 koHTposibHOI rpymu (p<0,05). CoiBBiIHOIICHHS OKPYXKHOCT1 Tajii 10
okpyxHocTi cteron (OT/OC) 6yno na 10,13% BuMM y 4OJIOBIKIB 3 OXKUPIHHAM |
CTYIICHS B TOPIBHSAHHI 3 0cO0aMu KOHTposibHOI rpymu (p<0,05). Y ocib 4onoBivoi cTati
3 MJABUIICHOI0 MAacOl0 Tila BiACOTOK kupoBoi Macu Tina (YoKMT) na 76,85%, i3
oxupinaaM | crynens Ha 112,77% nocToBipHO OLIBINE, HDK y TPYIi KOHTPOIIO. Y
KIHOK 13 IIBUIIICHOIO MAacOl0 Tila JaHUW TOKa3HUK Ha 56,35%, 3 oxwupinasaMm |
ctyneHs Ha 74,57% Oinbie, HiX y rpymi KoHTpoiro (p<0,05).

3a JaHUMU ONMUTYBaJIbHKMKA OIIHKH sikocTi sxutTss Medical Outcomes Study 36
Item Short Form Health Status (SF-36) Bu3Ha4YeHO 3HMKCHHS SKOCTI JKHTTS 3
MIABUIIIEHHSIM Macu Tina. OcoOauMBO 3HAYHE 3HWKEHHS ITOKA3HUKIB POJILOBOTO
(G13UYHOTO Ta POJBLOBOIO EMOLIMHOTO (PYHKIIOHYBAHHS, ICUXIYHOTO 370pOB’S

CIOCTEPITaJioch y 0ci0 JKiHOYOi cTaTi, PoJIbOBOro (Hi3MYHOTO (PYHKIIOHYBAHHS,



KUTTE3AATHOCTI Ta POJILOBOIO EMOIITHOr0 (PyHKIIOHYBaHHS y 0C10 YOJOBIYOi CTaTI
(p<0,05). OrtpumaHi JgaHi OIATBEPIKYIOTbCA  (OPMYBAHHSIM  JTOCTOBIPHHUX
KOPEJLIMHUX 3B’SI3KIB CEPEeIHbOI CHJIM MDK IOKa3HUKAMHM SKOCT1 KHUTTS Ta
aHTPOTIOMETPUYHUMU TIOKa3HIUKAMHU.

[loka3HUKH cepleBO-CyIMHHOI CUCTEMHU: YacToTa cepueBux ckopodyeHs (HCC),
cucroniunuii aprepianbHuii Tuck (CAT), giactoniunuii aprepiansHuit Tuck (JJAT) Ta
cepenHiii remonuHamiuauii Tuck (CI'T) y oci0 3 oxupinnasam [ ctynens o6ox crateil B
CTaHl CMOKOI0 Oyl JOCTOBIPHO BHUIIMMHU Yy TMOPIBHSHHI 3 0CO0AMU KOHTPOJBHOI
rpynu. Ilicng npobu 3 HaBaHTa)XKEHHSM BHU3HAYEHO JOCTOBIpHE MIABUIICHHS PIBHS
YCC, CAT Ta CIT y oci0 4donosiuoi ctari Ta YCC y oci0 xiHOYOi cTati 13
MiBUIICHOI MAacow Tia. Y 0cCi0 3 OXHUPIHHAM 000X cTaTed CHoCTepirajoch
niaBunieHHs nokazHukiB YCC, CAT ta CI'T, JAT y ocib iHOYO1 cTaTi Ta MyIbCOBUMN
tuck (I1T) y oci6 wonogivoi crati (p<0,05).

Ianexc PoOincona OyB JOCTOBIpHO BHIIMM Yy 0ci®0 YonoBidoi cTaTi 3
nigBUIIeHO Macoro Tina Ha 13,88%, y ocid 3 oxupinasaMm I crymens Ha 19,17%,
KIHOYOT CTaTl 3 OKUPIHHAM BUIIUM Ha 16,90% y mopiBHSIHHI 3 0c0O0aMU KOHTPOJIBHOT
Ipyny, 1O CBITYUTH MPO HEAOCTATHICTh (DYHKIIIOHATBHUX MOKJIUBOCTEH CEpIEBO-
CYAWHHO1 CUCTEMHU.

Busznadeno, 1mo y oci® 3 MiIBUIEHOI MAcOl0 Tijla Ta OXUPIHHAM | cTymeHs
(akTUYHE CIIO)KMBAHHS €HEPrii MepeBHINYBAIO TOOORBI MOTPEOU BiMOBIIHO /10 PIBHS
OCHOBHOTO OOMiHY Ta KoedilieHTa (i3WIHOT aKTUBHOCTI. Y 0Ci0 40JIOBIYOi CTaTi 3
MiABUIIEHOI0 MACOI0 €HEPreTUYHA IIHHICTh XapuoBOTO PAIliOHY y poOoYHii IeHb Ha
16,02%, y BuxigHuii 1eHp Ha 26,47%, y 0ci0 3 0xKUpiHHAM y podouwnii nenp Ha 20,09%,
y BuxigHuét Ha 33,92% mOCTOBIpHO TMeEpeBHINYyBaja IMOKa3HUK PEKOMEHJIOBAHOTO
1000BOTO CTIOXXWUBAaHHS €HEprii. Y KIHOK 3 MiJIBUIICHOI MAacOI0 Tijla €HepreTHYHA
IIIHHICTh Xap4OBOT0O PalliOHy y BUXITHUHN J€Hb IOCTOBIPHO MEPEBUIIyBaIa MMOKA3ZHUK
n000BOTO criockuBaHHs eHeprii Ha 24,46%, y ocib 3 oxupinasM | cTynens y poOounii
nenb Ha 10,48%, y Buxiguuii Ha 37,28%.

3a onuryBasbHukamMu Dutch Eating Behavior Questionnaire (DEBQ) Ta Three

factor eating questionnaire-R18 (TFEQ-R18) mopymieHHss XapuoBOi IMMOBEIIHKH



crocTepiraiock y ocid o0ox crareit ycix rpymn. 3a DEBQ nokasHuk oOMeKyBaJIbHOTO
TUIY IEpEeBakaB y 0C10 YOJIOBIYOi Ta )K1HOUOT cTaTI 3 0>kUpIHHAM | crynens. [lokasHuk
€MOIIIOT€HHOr0 TUIY Y 0C10 3 0kHUpiHHAM | cTyneHst yonosiuoi crati OyB Ha 26,03%
MEHIIUM BiJl JTaHUX KOHTPOJBHOI IpyNu. 3MIHM XapyOBOi MOBEIIHKH MOAIOHOIO
CIpsIMyBaHHsS OTpUMaH1 3a onuTyBaibHUKOM TFEQ-R18.

Ha  ngpyromy erami mpoBeaeHo  gociimxkeHHs — ekcropecii  SIRTI,
TPAHCKPUMIIHHUX (PAKTOPIB MEPETBOPIOBAYIB CUTHAIIB Ta aKTUBATOPIB TPAHCKPHUIILT
1 ta 6 (STATI1, STAT6) B MoHouuTax/makpodarax mnepudepuyHoi KpoBi
JOCJTIJPKYBaHUX OCi0.

PiBens excripecii rena Sirtl y kimituHax, crumyiaboBanux |L-4 OyB Buiumm y ocio
yciX IOCHIIKyBaHUX Tpyl. MakcuMaibHE 3HAYCHHS pPiBHSA ekchpecii rena Sirtl
BU3HAUEH1 y 0ci0 3 oxupiHHsAM | cTyneHs y kiituHax, ctumyiboBanux IL-4 1,084
(0,574 - 5,650) 2"2“'1a 0,877 (0,819 - 1,650) 22! pinnmosinHo npu inky6anii 3 Ta 7 1i0.
[IponemoHcTpoBaHO GOpMYBaHHS TO3UTHBHUX KOPENSIIHHUX 3B’S3KIB  PIBHA
ekcrpecii rena Sirtl mpu imkyOamii 3 Ta 7 110 y 0ci0 3 HOPMaJIBHOIO MAaco Tia y
KIIITHHAX, CTUMYJboBaHUX IL-4, y 0ci0 3 MigBHUINIEHOI MAacO Ta OXUPIHHAM I
CTyMeHs y KIITHHAX, ctuMyiaboBanux LPS 1 yIFN ta IL-4.

PiBenb excmpecii rena staté 0yB MakcuManbHO BUPaXEHUU y KIIITHHAX OCI0 3
HOpMaJbHOIO Macoro mpu ctumyssinii LPS ta yIFN, y oci6 3 migBuineHoo mMacow Ta
OXKHUPIHHAM — IpH cTUMYJIsAT IL-4. TTpu mopiBHAHHI M1 I'pyIIaM# JJOCTOBIPHO BUILIUM
piBeHb eKkcrpecii Statb Bu3HaueHuii y 0ci0 3 0)KUPIHHIM Y HECTUMYIIHOBAHUX KITITHHAX
1 B Makpodarax, cTuMynboBaHuX 3a mpodizem M1 ta M2 3 mobu Ta M2 7 ni0.
Haiibinpmmii piBeHb 3pocTaHHS ekcrpecii Statb, sk i Sirtl BimOyBaBcs 3a ymoB
cramysisiii 1L-4. Mix ekcrpeciero Sirtl Ta staté Bu3HaueHi MO3WTHBHI BHCOKOI Ta
CEepeAHBOT CHUIW 3B S3KH JUIA KJIITHH, CTUMYJIbOBaHMX IL-4, mo miaTBepIKye
perymsitopuuii BruuB SIRT1 ta cipusiHEsg nonsipu3aitii B HanpssMKy ¢hopmyBanas M2
denoTrmy MoHOIMTaMHU TepupEepUIHOi KpOBi 0Ci0 3 MIABUIICHOI MAacOI0 Tila Ta
OXUpiHHAM | CTyTeHs, 1Mo OmocepeIKOBaHO MiACHICHHSIM eKcrpecii rena stat6.

Haiinmkui 3Ha4yeHHS CIIBBIIHOIICHHS MOKa3HUKIB Statl/staté Bu3HaueHi y

KIIiTHHAX 0ci0 3 oxkupinusaM I crynens, crumynboBanux LPS 1 yIFN ta IL-4 mpotsrom



3 ni6. Bennuuna statl/staté y wiritmHax ocid 3 OXUpPIHHAM, CTHMyIboBaHux |L-4
npotsarom 7 116 Oyiia JOCTOBIPHO HMXKYE, HIXK Y 0C10 3 HOPMaJbHOIO Macolo.

3a HAIMMHU JAHUMU Yy CyNEpHAaTaHTaX KIITHH, cTUMyJboBaHux LPS Tta yIFN
oci0 3 oxupiHHsAM piBeHb [L-6 OyB NOCTOBIPHO BHIIMM 3a TMOKA3HUKH OCIO 3
HOpMaJIbHOIO Macoro. KopemsiiiHuM aHali3oM [OKa3aHWM HEraTUBHUN 3B 30K
cekpeuii IL-6 ta ekcnpecii SIRT1 y knitunax, crumynsoBanux LPS ta yIFN (r = -
0,838, p=0,013).

BusiBneno  mocroBipHe — 30umbmieHHs — npoaykmii  IL-10  kmiTuHamuy,
ctumynboBanuMu LPS ta yIFN y oci6 3 oxupinasaM | cTyneHs y mopiBHSIHHI 3 TPYIIOIO
3 HOPMAaJbHOIO MAacoOI0 Ta 3HIKEHHS KIITHHAMU, CTUMYJboBaHuMHU |L-4 y ocib 3
MiIBUIIEHOI0 MAco0 Y MOPIBHSAHHI 3 0C00aMH 3 HOPMAJILHOIO MAacoI0 Tijia.

Pisenr BUCPb B cupoBatii 0ci0 3 OXupiHHSAM | CTymeHss JOCTOBIpHO
NIePEBHUIIYBaB TaHWH TTOKa3HUK y OCi0 3 HOPMAJIBHOIO Ta IMiIBUIIICHOI0 Macoro Tia. Y
oci0 3 oxupinasam piBeHb TGFB1 6yB noctoBipHo BuiiuM Ha 82,19% y nopiBHSHHI 13
ocobamMu 3 HOPMaJIbHOIO Macow Tia Ta Ha 46,36% y MopiBHSHHI 3 ocobamu 3
MiBUILEHOO Macoro Tina. KopensamiitHuii aHami3 noka3aB popMyBaHHS TO3UTUBHOTO
3B’ 513Ky ekcnpecii statl y kimitunax, ctumynsoBanux LPS 1 YIFN ta BaCPB y cuposartiii
(r = 0,673, p = 0,039) y oci0 3_miABHMIIEHOI MacOI0 Tijla; MO3UTUBHOIO 3B’SI3KY
excrpecii staté y kimitunax, crumymnboBanux LPS 1 yYIFN 7 116 ta TGFB1 y cuposariti
(r=0,685, p=0,035) y ocib 3 o’)kxUpIHHSAM Ha IPOTUBAT'Y HEraTUBHOMY 3B’ 53Ky Statl y
kiitnHax, crumynboBanux LPS 1 yIFN 7 116 Ta TGFB1 y cupoatii (r = -0,640, p =
0,026) y oci6 3 HOpMaJIBLHOIO MACOIO TiIa.

OTtpumaHi pe3ynbTaTH CBiYaTh, [0 B MOHOIIUTAX NMEpUPEPUIHOI KPOBi OCib 3
MIABUIIEHOI0 Macoro Tima Ta oxupinHsaMm | crynmenss SIRT1 peanizye perymsitopHy
pOJIb, OTIOCEPEKOBAaHY CHUTHAJIBHUM KackagoMm ¢akropa Tpanckpumiii STAT6 3i
cupsiMmyBaHHSM (OpPMYBaHHsS mToJsipu3amii y OiK mpoTH3anaibHOro (eHoTHUIry.
JlocTOBIpHO BWIIUH piBeHb eKcrpecii reHa Sirtl y HeCTHMYIbOBaHUX KIIITHHAX, 32
YMOB CTUMYJSIII Ta ii OpUpPICT 3a TEpMIH 1HKYOAalli CBIIYUTH PO MOXKIIUBE
MIPEKOH/IUIIIIOBAHHS MOHOIMTIB Mepu(pepudyHoi KpoBi, sike 3abe3rneuye MPOTUIIO

dbopMyBaHHIO MpO3anaibHOTO (PEHOTHNY 10 PEKPYTYBAaHHS MOHOLHUTIB y KHUPOBY



TKaHUHY. JIaHWil BIUTUB BiOYBA€THCS Y OCIO 3 MIABUIIEHOIO MAacOIO Tifia Ta JETKUM
OKHPIHHAM, 0€3 03HAK METa0O0IIYHOT MATOJIOT1i 32 HABHOCTI HE3HAYHUX JIOCTOBIPHHUX
3MiH MapKepiB CUCTEMHOTO 3anajeHHs. Bu3HaueHHs eleMeHTIB, sKi OepyTh y4acTb 1
BIUTMBAIOTh HA PE3YJIbTATH CUTHAIBHOI TPAHCAYKIIi{, Ma€ BaXKJIMBE 3HAUYCHHS HE TUTHKU
JUTSL pO3YMIHHSI OCHOBHUX NMPUHIHUITIB AISNIBHOCTI Makpodaris, a TaKOX JIJIs1 pO3poOKU
3aco0iB Tepamii, OMOCEPEAKOBAHOI MOJCIIOBAHHIM TMOJISPU3AIIIHOTO cTaryca
Makpodaris.

HaykoBa HOBH3HA OTPUMAaHHUX pe3yJIbTaTiB.

Briepiiie Busnauena perysstopaa poiab NAD -3anexnoi nearnerniasu SIRT1 y
noJisipuzanii M1/M2 monouutiB/mMakpodaris y oci0 3 HOPMaIbHOO, MIABUIIECHOIO
MAacoIo TiJia Ta 0KUpIHHAM | cTynens. Brnepiie nocmimxenuit pisers ekcnpecii SIRTI,
STATI ta STAT6 B moHOLMTaX/Makpogarax nepudepudHoi KpoBi Ha PI3HUX eTanax
aKTUBALl B 3aJIE)KHOCTI BIJI MacH TUIA.

Briepiiie  Bu3HAueHWH OCTOBIPHO BHUINMK piBeHb eKkcrpecii reHa Sirtl y
KJIIITHHAX, CTUMYITboBaHUX |L-4, HIX y KiTUHAX, cTUuMyinboBaHux LPS ta YIFN oci6
yCixX TOCTIKYBaHUX TpyI. Briepiiie BU3Ha4eHO 3pOCTaHHS PiBHS eKcrpecii rena Sirtl
BIZITIOBIIHO IO IIJBHIICHHS MacH Tiga. HaitOiaeini 3HaueHHs ekcrpecii rena Sirtl
BHU3HAYCHI y 0¢i0 3 okupiHHAM | cTyneHs y KIITUHAX, CTUMYJIboBaHUX |L-4.

OTpuMaHi HOBITHI JaHI CTOCOBHO 3pOCTaHHs piBHS eKkcmpecii rexa Sirtl B
auHaMimi 1HKyOamii KITHH 3 (OpPMYBaHHSIM TO3UTUBHUX KOPEIAIIMHUX 3B’SI3KiB
piBHS eKkcripecii npu iHkyoOartii 3 Ta 7 110 y 0ci0 3 HOpMaJIBHOIO MAacOI0 Tijia y KIITHHAX,
ctumMyiboBaHuXx |L-4, y 0ci0 3 MiBUIIIEHOIO0 MACOIO Ta OKUPIHHAM | CTymeHs, TakoxX 1
y KIiTHHaX, ctuMynboBaHux LPS ta yIFN.

Brepiie mokazaHno, 1o piBeHb ekcrpecii reHa Staté MakcumManbHO BUPaKCHHH Y
KIITHHAX OCi0 3 HOpManbHOIO Macorw mnpu crumymsanii LPS ta yIFN, y oci6 3
MIABUIIICHOI0 MAacOI0 Ta OXHUPIHHAM — Tpu ctumyisiii |L-4. [Ipu mopiBHSAHHI MiX
rpynamMu J0CTOBIpHO BUIIHMI piBeHB eKcrpecii statb BusHaueHuid y ocid 3 0KUPIHHAM
Yy HECTUMYJILOBAaHUX KJIITHHAX 1 B Makpodarax, ctumynboBanux LPS i yIFN ta IL-4 3

nmobu, ta IL-4 7 mi0.



Briepiiie moka3anuii HalOLTBINNE piBeHB 3pOCTaHHS eKcnpecii stat6, sk i sirtl y
Makpodarax, crumynboBanux IL-4. Mix ekcmpecieto Sirtl Ta staté BusHadeHi
MO3UTUBHI BUCOKOI Ta CEPEAHBOI CUJIU 3B’ SI3KM JIJISl KIIITUH, CTUMYJIbOBaHUX 1L-4.

Brniepiie Bu3HaueH1 JOCTOBIPHO HUX41 3HAYEHHSI CIIBBIIHOLLIEHHS MMOKAa3HUKIB
statl/stat6 y kiitunHax ocid 3 oxwupinasam | crynens, crumynboBanux LPS Ta yIFN Ta
IL-4 npotsirom 3 1116 Ta ctumynboBanux |L-4 mpotsrom 7 n16 nmopiBHSAHO 3 oco0aMu 3
HOPMAaJIEHOIO Maco}o.

Brnepiiie mokasano, 1110 y oci6 3 MiIBUIIEHOI0 MAcOIO TijIa Ta OKUPIHHIM 3MiHA
piBHsa ekcnpecii SIRT1 onocepeakoBye 3MiHy OanaHcy ekcrpecii saepHuX (akTopiB
tpanckpuniii STAT1 1 STAT6 y monHouurtax Ta Makpodarax 13 (opmyBaHHSIM
poTH3anabHOTO M2 deHoTHIy.

OtpumaHi HOBITHI JlaHI CTOCOBHO JOCTOBIpHO BHIIOI mpoaykuii IL-6
Makpodaramu, ctuMmynboBaHuMu LPS ta yIFN o0ci0 3 OXupiHHSM TOpPIBHSHO 3
ocobamu 3 HOPMAJIBHOIO Macolo Ta (hopMyBaHHS HETaTUBHOTO 3B’ 3Ky cekpenii I1L-6
ta excrpecii SIRT1 y kmitunax, crumynsoBanux LPS ta yIFN (r = -0,838, p = 0,013).

Bnepmie mokazano moctoBipHe 30umbmieHHs piBHSA |L-10 y cymepHaTtanTax
KJTiTHH, cTuMynboBaHuX LPS Tta YIFN y oci6 3 oxupidasaM | cTyneHs y IOpiBHSHHI 3
IPyHor 3 HOPMAJbHOIO Macol Ta 3HHKEHHS B CylNEepHAaTaHTax KIITHH,
ctuMynboBaHuX IL-4 y oci0 3 MiIBUINEHOI MAacoW y TOPIBHAHHI 3 ocobamu 3
HOPMAaJIBHOKO Macolo Tija.

Brnepire nmpoaeMoncTpoBano popMyBaHHS 3B’ sI3KiB Mk ekcripeciero statl i statb
y KiituHax, ctumynboBanux LPS ta yIFN ta piBaem BuCPb ta TGFB1y cuposatmi y
0ci0 13 pi3HOIO MacoIo Tija.

JloTioBHEH1 JaHl CTOCOBHO PO3BUTKY HEIOCTAaTHOCTI (YHKIIOHATBHUX
MOXJTMBOCTEH CEpIIEBO-CYJAMHHOI CHCTEMH 13 30UIBIICHHSAM MacH TilJa Ha OCHOBI
JIOCTOBIPHOTO TIABUIIICHHS MOKa3HUKA 1HAEKCY PoOiHCcOHa y 0ci® 4oioBiuoi cTaTi 3
ITIIBHIIICHOIO MAcOI0 TijIa Ta y 0ci0 3 oxkupiHHAM | cTyneHst 000X crareil.

OtpumaHi JOAATKOBI JaHI CTOCOBHO 3HM)KEHHS SIKOCT1 KUTTSA 31 301LIBIIICHHSIM
Macl Tula 3 OCOOJIMBO 3HAYHUM 3HUKEHHSAM MOKA3HUKIB POJIHOBOTrO (Pi3MUHOTO

(GyHKIIIOHYBaHHS, POJILOBOTO €MOIIHHOI0 (DYHKI[IOHYBAaHHS Ta MCUXIYHOTO 3/10POB’s



y oci0 >KIHOYOi CTaTl, IOKA3HUKIB POJIBOBOrO (PI3UYHOTO (YHKLIOHYBAHHS,
KUTTE3IATHOCTI Ta POJILOBOTO €MOIIMHOTO (DYHKIIIOHYBaHHS Y 0C10 4OIOBIYOT CTATI.

OTpuMany MOJANbIIOTO PO3BUTKY JAaHI MPO HASBHICTH MOPYIIEHb XapuoBOi
MOBEAIHKU Y 0Ci0 3 HOPMAJIbHOIO, IMIJBUIIEHOI0 MACOIO TiJIa Ta OKUPIHHAM | cTyneHs
000x crareil Ta ¢GopMyBaHHS B3aEMO3B’SI3KIB MK IMOKa3HUKAMU THIIIB TMOPYIICHb
XapyoBOi MOBEAIHKMA Ta aHTPOIMOMETPUYHUMH IMOKAa3HUKAMU y 0ci0 3 HOPMalbHOIO,
MiIBUILEHOIO MAacOI0 Ta OXHUPiHHAM | cTyneHst 000X cTare.

OTtpumani 10AATKOBI JIaHi, K1 CBIIYaTh 110 €HEPreTUyHa IIHHICTh XapyOBOIro
palioHy oci0 13 MiJBHIICHOK MAcOI0 Tia Ta OXHUPIHHAM | crymeHs 060x crareit
JIOCTOBIPHO MEPEBUIIYE EHEPreTUUHY LIHHICTh PaIlloHy OCi0 KOHTPOJILHOI IpyIU Ta
crpusie (OpMyBaHHIO TIO3UTUBHOTO €HEPTETHYHOrO OamaHCy MK PEKOMEHIOBAaHUM
1000BUM CITO>KMBAHHSIM €HEPTii Ta EHEPreTUYHOIO I[IHHICTIO XapuOBOT'0 PaIlioHy.

IIpakTH4He 3HAYEHHSI OTPUMAHHUX Pe3YJIbTATIB.

Pesynpraté poOOTH TOTIMOMIOIOTE 3HAHHS Ta OOTPYHTOBYIOTH PO3YMIHHS
perymsatopuoi poiai NAD'-3amexuoi nmeanermnasu SIRT1 y momspusarii M1/M2
MOHOIUTIB/Makpodarie y oci0 3 HOPMaJIbHOIO, IiABUIIEHOI MAacoKw TuUIa Ta
oxxupiHHsaM | cTynens.

OTpumaHi HOBITHI J1aH1 CTOCOBHO 3ajie’KHOCTI piBHA ekcmpecii SIRT1, STAT1
ta STAT6 B MoHOmMTax/mMakpodarax mepudepudHoi KpoBi, SKI 3HAXOIATHCS Ha
PI3HUX eTamax aKTHBallil BiJl MacH Tija JOTIOBHIOIOTH 3HAHHS CTOCOBHO MEXaHI3MIB
MoJIApU3aIii Ta PO3BUTKY HU3BKOIHTEHCHBHOTO CHCTEMHOTO 3alajieHHS TpH
MIJBHUINCHH] Macy TiTa Ta OXUpPiHHI. BU3HAYeHHS MaHUX MOKA3HHUKIB € MOMJIMBUM
paHHIM JIarHOCTUYHUM KPUTEPIEM BUSBICHHS TMPOIECIB MPEKOHIHUIIIOBAHHS
MOHOIIUTIB 3 (POPMYBAHHIM IPO- 200 MPOTH3AMATHHOTO (PEHOTHITY.

Busnauenns piBus excrpecii NAD -3amexnoi geanernnasu SIRT1 mo3Bonuth
BU3HAYUTH TPYIU PU3UKY PO3BUTKY MiJBUINEHOT MACH TiIa Ta OXKUPIHHS Y MOJIOJNX
oci0 Ta TPOTHO3YBATH CXWIBHICTH 70 (OpPMYBaHHS TMiJBUIIEHOT Macu Tila Ta
OKHMPIHHS, Ta MOXE OYTH OCHOBOIO PO3pOOKM 3ac00iB Tepamii, OmocepeaKOBaHOi

MOJIETIOBAHHAM MOJISPU3ALINHOTO CTaTyCcy Makpodaris.



Kniouosi cnoea: mounouwtu, makpodaru, nossipusaiis makpodaris, NAD*-
3anmexHa neauerunasza SIRTI, sanepHi ¢akropu tpanckpunmii STAT1, STATG,

MIJBUIIIEHA Maca Tiia, OKUpiHHA | cTymeHs.

SUMMARY

Kolinko L. M. The role of NAD"-dependent deacetylase SIRT1 in M1/M2
monocyte/macrophage polarization in individuals with different body mass. —
Qualification research work (manuscript).

Dissertation for a Doctor of Philosophy Degree, Specialty 091 “Biology”
(03.00.13 — Human and Animal Physiology). — Poltava State Medical University, the
Ministry of Health of Ukraine, Poltava, 2021.

This dissertation presents a theoretical generalization and contributes to solving
one of pressing scientific issues that consists in determining the regulatory role of
NAD*-dependent deacetylase SIRT1 in M1/M2 monocyte/macrophage polarization
under physiological conditions and under the increased nutrient intake in overweight
individuals and individuals having class | obesity.

Macrophages are known as central mediators of obesity-induced inflammation
in adipose tissue. Depending on the microenvironment, macrophages can acquire both
the classical M1 phenotype activation and alternative M2 activation. Analysis of the
recent data suggests a more complex scenario where the spectrum of macrophage states
exceeds the polarization only by M1/M2 phenotypes, and, in particular, in obesity and
type 2 diabetes that requires further in-depth research. Increased body weight and
obesity result from an energy imbalance between the calories a person consumes and
expends. Among the factors that can affect the energy imbalance there are SIRT1-7
sirtuin family members. For instance, SIRT1, by impacting the macrophage
polarization, can control the suppression of the M1 subpopulation, thus, stimulating the
M2 macrophage activation, and influence the regulation of adipose tissue inflammation

in response to inducers including fatty acids, hypoxia, and endoplasmic reticulum
stress. Therefore, the question has been raised about how the change in the activity of

NAD™-dependent deacetylase SIRT1 mediates the change in the direction of



monocyte/macrophage polarization towards the pro- or anti-inflammatory phenotype
under the conditions of normal and increased nutrient intake.

The study involved 96 people aged from 18 to 25 years. According to the study
design, at the first stage, anthropometric measurements, functional investigation, and
surveys were carried out.

At the second stage, in vitro experiments, peripheral blood monocytes were
isolated and cultured. Monocyte stimulation was performed with E. coli
lipopolysaccharide (LPS) and vy-interferon (yIFN) to induce M1 phenotype
polarization, and by interleukin-4 (IL-4) to induce M2 phenotype polarization.
Determination of sirtl, statl, staté gene expression was performed on the 3rd and 7th
days of cell incubation by polymerase chain reaction in real time; the IL-6, IL-10
concentrations was detected from cell supernatant, serum highly sensitive c-reactive
protein (hsCRP) and transforming growth factor B1 (TGFB1) concentrations were
measured by enzyme-linked immunosorbent assay.

Anthropometric measurements at the first stage of the study demonstrated
significantly higher rates of body weight, BMI (body mass index), waist circumference
(WC), hip circumference (HC) in both male and female participants with overweight
and class | obesity compared with the control group (p<0,05). The waist/hip
circumference ratio was by 10.13% higher in men with class | obesity compared with
the controls (p<0.05). In overweight males, the body fat percentage was by 76.85%
higher compared with the control; the body fat percentage in the males with class |
obesity was by 112.77% significantly higher than in the control group. In overweight
women and those with class | obesity, these values were by 56.35% and 74.57% higher
respectively, compared to the control group (p<0.05).

The SF-36 (Outcomes Study 36 Item Short Form Health Status) survey findings
pointed out a decrease in the quality of life with the increase in body weight. A
particularly considerable fall in role physical and role emotional wellbeing,
deterioration of mental health was observed in the female individuals; the male

participants showed the similar patterns, including fading viability (p<0.05). The data



obtained are confirmed by the reliable correlations of medium strength between quality
of life indicators and anthropometric measurements.

Cardiovascular parameters including heart rate (HR), systolic arterial pressure
(SAP), diastolic arterial pressure (DAP), and mean arterial pressure (MAP) in the
individuals with class | obesity of both sexes at rest were significantly higher compared
to the control group. After the exercise test, there was a significant increase in the HR,
SAP and MAP in overweight men, while overweigh women were found as having
increased heart rate only. The subjects of both sexes with obesity had increased HR,
SAP and MAP; nevertheless, elevated DAP was registered in the women only, and
increased pulse pressure (PP) was registered in the men (p<0.05).

The Robinson index was significantly higher in the overweight men by 13.88%,
and by 19.17% in the men with class | obesity; this index in the female individuals with
obesity was higher by 16.90% compared with controls that suggests the lack of
cardiovascular functionality.

The results obtained have shown that the actual energy consumption of
overweight individuals or those having class | obesity exceeds the daily based on the
ratio between the level of basal metabolism and the coefficient of physical activity. The
energy value of the diet for the overweigh men on workdays was by 16.02% higher,
and by 26.47% higher over weekends compared to the recommended daily energy
intake. The energy value of the diet for the men with obesity significantly exceeds the
recommended daily energy intake by 20.09% on workdays, and by 33.92% over
weekend. In the overweight women, the energy value of the diet over weekend
significantly exceeded the daily energy consumption and was by 24.46% higher; the
energy intake in the women with class | obesity was by 10.48% higher on workdays,
and by 37.28% higher over weekend compared to the recommended energy values.

According to the DEBQ and TFEQ-R18 questionnaires, eating disorders were
observed in both sexes of all groups. According to DEBQ, the restrictive type was
predominant in the males and females with class | obesity. The rate of emotional type

in the males with class | obesity was by 26.03% lower than in the control group. The



similar findings demonstrating the changes in eating behaviour were obtained from the
TFEQ-R18 questionnaire.

At the second stage, the expression of SIRT1, transcription factors of signal
transducers and activators of transcription 1 and 6 (STAT1, STAT6) in
monocytes/macrophages of peripheral blood of the subjects were studied.

The level of sirtl gene expression in IL-4-stimulated cells was higher in all study
groups. The maximum value of the sirtl gene expression was found out in the
individuals with class | obesity under the cell stimulation with IL-4 1.084 (0.574 —
5.650) 24 and 0.877 (0.819 — 1.650) 2% respectively after 3 and 7 days of
incubation. There has been revealed the positive correlations between the level of the
sirtl gene expression after the 3 and 7 day incubation in the individuals with normal
body weight in IL-4-ctimulated cells, as well as in the overweight individuals and those
with obesity in the cells stimulated with LPS, and with yIFN and IL- 4.

The stat6 gene was maximally expressed in the LPS- and yIFN-stimulated cells
of the individuals with normal body weight, and in the IL-4-stimulated cells of the
overweight individuals and those having obesity. When compared between the groups,
a significantly higher stat6 expression was detected in the individuals with obesity in
unstimulated cells and in macrophages stimulated by M1 and M2 after 3 days and by
M2 after 7 days. The highest growth in stat6 expression, as well as in sirtl expression,
occurred under the IL-4 stimulation. Positive high- and medium-strength correlation
for IL-4-stimulated cells was found between sirtl and stat6 expression that confirming
the regulatory effect of SIRT1 and promoting polarization toward M2 phenotype
formation in peripheral blood monocytes of overweight and obese individuals that is
determined by enhancing the stat6 gene expression.

The lowest values of the ratio between statl/stat6 were determined in the
individuals with class I obesity in the cells stimulated with LPS, and with yIFN and IL-
4 after 3 days. The value of statl/stat6 in the in IL-4-stimulated cells of obese
individuals after 7 days was significantly lower than in the individuals with normal

body weight.



According to our findings, in the supernatants of LPS- and yIFN-stimulated cells
of the obese individuals there were significantly higher IL-6 levels compared with the
individuals with normal body weight. Correlation analysis showed a negative
association between IL-6 secretion and SIRT1 expression in LPS- and yIFN-stimulated
cells (r=—0.838, p=0.013).

There has been found a significant increase in IL-10 production by LPS- and
yIFN-stimulated cells in the obese individuals compared to the normal weight group
and a decrease in IL-4-stimulated cells in overweight individuals compared to the
normal weight individuals.

The level of blood serum HSCRP in the individuals with class | obesity
significantly exceeded this values of the normal body weight and overweight
individuals. In the individuals with obesity, the TGFB1 level was significantly higher
by 82.19% compared to the normal body weight individuals, and by 46.36% higher
compared to the overweight individuals. Correlation analysis demonstrated a positive
relationship between statl expression in LPS- and yIFN-stimulated cells and serum
HSCRP (r = 0.673, p = 0.039) in the overweight individuals; positive correlation
between stat6 expression in LPS- and yIFN-stimulated cells after 7 days and serum
TGFB1 (r =0.685, p=0.035) in the obese individuals as opposed to the negative statl
correlation between LPS- and yIFN-stimulated cells after 7 days and serum TGFp1 (r
=-0,640, p = 0,026) in the subjects with normal body weight.

The results obtained suggest that in peripheral blood monocytes of the
overweight individuals and those having obesity, SIRT1 implements a regulatory role
mediated by the signalling cascade of STATG6 transcription factor with directing the
polarization towards the anti-inflammatory phenotype. Significantly higher levels of
sirtl gene expression in unstimulated cells, under stimulation conditions, and its
increase during the incubation period indicate a possible preconditioning of peripheral
blood monocytes that counteracts the formation of pro-inflammatory phenotype before
monocyte recruiting into adipose tissue. This effect occurs in the overweight people
and those with mild obesity, who have no signs of metabolic pathology in the presence

of minor significant changes in systemic inflammation markers. Identifying the



elements involved and impacting the results of signal transduction is of great
importance not only for better understanding the basic principles of macrophage
functioning, but also for developing therapies mediated by modelling the polarization
macrophage status.

Scientific novelty of the results obtained.

This study has yielded the number of important new findings. The study is the
first to have determined the regulatory role of NAD*-dependent deacetylase SIRT1 in
the polarization of M1/M2 monocytes/macrophages in the individuals with normal
body weight, overweight and those having class | obesity. It has been the first attempt
to investigate the expression level of SIRT1, STAT1 and STATG6 in peripheral blood
monocytes/macrophages at different stages of activation depending on body weight.

The dissertation has revealed a significantly higher level of sirtl gene expression
in IL-4-stimulated cells compared to LPS- and yIFN-stimulated cells in all study groups
as well as demonstrated an increase in the sirtl gene expression level depending on the
body weight gaining. The highest values of sirtl gene expression are found in the IL-
4-stimulated cells of the individuals with class | obesity.

Recent data on the increase in the expression level of the sirtl gene in the
dynamics of cell incubation with the formation of positive correlations between the
expression level during incubation 3 and 7 days in individuals with normal body weight
in IL-4-stimulated cells, in individuals with increased weight and obesity | degree, also
in LPS- and yIFN-stimulated cells.

This research is the first to have demonstrated the stat6 gene is expressed at the
highest level in the LPS- and yIFN-stimulated cells of the people with normal body
weight, and in the IL-4-stimulated cells of the overweight people and those with
obesity. When compared between the groups, a significantly higher level of stat6
expression has been found in the unstimulated cells and in LPS- and yIFN-, and IL-4-
stimulated macrophages after 3 days and in IL-4-stimulated macrophages after 7 days

in the individuals with obesity.



For the first time, the highest stat6 and sirtl expression has been revealed in the
IL-4-stimulated macrophages. There has been found out a positive high- and medium-
strength correlation for IL-4-stimulated cells between sirtl and stat6 expression.

Significantly lower statl/stat6 ratios have been first discovered in the LPS- and
yIFN-stimulated cells and IL-4-stimulated cells after for 3 days and in the IL-4-
stimulated cells after 7 days in the individuals with class | obesity compared to the
normal weight subjects.

This research has clearly shown that in overweight people and those with
obesity, the changes in the SIRT1 expression mediate the changes in the balance
between the expression of nuclear transcription factors STAT1 and STATG6 in
monocytes and macrophages towards the formation of anti-inflammatory M2
phenotype.

This study represents new data on significantly higher IL-6 production by LPS-
and yIFN-stimulated macrophages in the obese individuals compared to normal-weight
individuals, and on the formation of a negative correlation between IL-6 secretion and
SIRTL1 expression in LPS- and yIFN-stimulated cells (r = -0.838, p = 0.013).

The research has been the first demonstrated a significant increase in IL-10 level
in supernatants of the LPS- and yIFN-stimulated cells in the people with class I obesity
compared to the normal weight group, and a decrease in supernatants of the IL-4-
stimulated cell in the overweight subjects compared to normal weight individuals.

The results obtained demonstrate the correlation between statl and stat6
expression in LPS- and yIFN-stimulated cells and HSCRP and TGFfB1 levels in
individuals of different body weights.

This study provides the additional data on the development of cardiovascular
functional capacity deterioration parallel to weight gaining that is supported by the
significant increase in the Robinson's index values in the overweight male individuals
and in the people of both sexes with class | obesity. This dissertation also provides
some data on declining the quality of life with increasing body weight with particularly

significant reductions in role physical functioning, role emotional functioning and



mental health in the female individuals, and indicators of role physical functioning,
viability, and role emotional functioning in the male subjects.

The dissertation has broadened the knowledge about the presence of eating
disorders in normal body weight people, overweight people and those with class |
obesity of both sexes and the formation of relationships between indicators of types of
eating disorders and anthropometric parameters in people of both sexes with normal
weight, overweight, and class | obesity.

This study provides the additional data showing the energy value of the diet for
overweight people and those with class | obesity of both sexes significantly exceeds
the energy value of the diet for control groups, and thus, contributes to the formation
of a positive energy balance between recommended daily energy intake and energy
value of the diet.

The practical significance of the results obtained.

The results obtained add substantially providing strong evidence, to better
understanding of the regulatory role of NAD"-dependent deacetylase SIRT1 in the
M1/M2 monocytes/macrophages polarization in the individuals with normal body
weight, overweight and class | obesity.

New data obtained on the dependence of the expression of SIRT1, STAT1 and
STATG in peripheral blood monocytes/macrophages, which are at different stages of
activation on body weight, contribute to the knowledge of the mechanisms of
polarization and the development of low-grade systemic inflammation associated with
weight gaining and obesity. Determination of these indicators can be used early
diagnostic criterion for detecting the processes of monocyte preconditioning with the
further formation of pro- or anti-inflammatory phenotype.

Determining the expression of NAD*-dependent deacetylase SIRT1 enables to
identify risk groups for overweight and obesity in young people and to predict the
predisposition to overweight and obesity, moreover, it can serve as a basis for the

elaboration of therapies mediated by modelling the polarization status of macrophages.
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XapkiB. XapkiB: H®aV; 2021, c. 95. (3006ysauem nposedeni euxonanms
EeKCNepUMEHMAIbHOI 4ACMUHY, aHANI3 OAHUX J1aO0OPpaAmoOpPHUX OO0CTIONHCEHD,
cmamucmu4na 06pooxa, oghopmienns mexcmy nyouikayii).

16.Komninsko JIM, Becnina JIE. Excnipecis Statl ta staté B Monotnurax/mMakpodarax
MOJIOAMX OCI0 13 PI3HOI Macow Tiula. Marepianu HayKOBO-TIPAKTHYHOL
KOH(epeHIli 3 MIDKHApOAHOIO YyuacTio, mpucBsueHid 140-piyuto 3 1aHA
HapopkeHHs akajgemika O. O. boromonsiis; 2021 tpas. 21; Kuis. Kuis: HMY
imeHi O.0. boromomnsiyt; 2021, c. 110. (3006ysauem npogedeni euxoHawHs
EeKCNepUMEHMANIbHOI 4ACMUHY, AHANI3 OAHUX J1a00PAMOPHUX OO0CTIONHCEHD,

cmamucmu4na 06pooKa, oghopmienns mexkcmy nyouikayii).



