buonomku gaxkyarer YHUBEP3UTET ¥ BEOI'PALY
Bbpoj 3axreBa: 33/12-1 BERY HAYUYHUX OBJIACTHU NTPUPOJHUX HAYKA
Harym: 29.01.2016.

3AXTEB

3a JaBam-e CArIaCHOCTH Ha pedepar o ypalheHoj 1OKTOPCKOj JUCEpPTALU)U
3a KAHIMIATa HA JOKTOPCKUM CTyIujama

Monumo na, cxoqHo wiany 47. cr. 5. Tad. 4. Craryra Yuusep3utera y beorpany ("ImacHux
VYuusep3ureta", 6poj 162/11-npeunirhenu tekcr, 167/12, 172/13 u 178/14), nare carnacHocTt Ha
pedepar o ypalheHOj JOKTOPCKOj TUCEPTALIUjU:

KAHAWJIAT: Mapuna M. Hukonuh

CTYIEHT JIOKTOPCKUX CTY/AM]a Ha CTYIUjCKOM IIporpaMmy MoitekynapHa 6uosoruja, MosnekynapHa
Ouooruja eyKkapuora.

MIPUJaBUO j€ JOKTOPCKY JIUCEPTALH]y MOl HA3UBOM:

»MeTadoIn4Ke KapaKTepUCTHKEe CHHAPOMA MOJIUIMCTHYHHX jajHUKA Y BUCLHEPAJTHOM
MACHOM TKHMBY M JIENTHMHCKA pe3UCTeHUMja Yy XUIOTAJaMycy NaloBa TpeTHPaHOr Sa-
AUXHAPOTECTOCTEPOHOM: YJI0Tra NIYKOKOPTHKONAA®,

N3 HAYYHC obmactu: bromomike HayKe.

Vuusepsurer je nana 03.07.2014. rogune. cBojuM aktoMm moxa Op. 02 bpoj: 61206-3053/2-14 nao
carjacHOCT Ha MPEJYIOT TeMe TIOKTOPCKE JAUCepTallrje Koja je Tacuia:

»VieTadoInYKe KAapaKTepUCTHKEe CHHAPOMA MOJUIUCTUYHMUX JajHUKA Y BUCIEPAJTHOM
MACHOM TKHBY H JIENTHHCKA PEe3UCTEHLHja Yy XHUIOTAJIAMYCY MNAL0BAa TPETHPAHOr Sa-
AMXUAPOTECTOCTEPOHOM: YJIOra INIYKOKOPTHKOMIA®,

Kommucuja 3a onieHy u onOpaHy JAOKTOPCKE JHMCEpTalnje 0O0pa3oBaHa je Ha CEIHUIIM OAPXKAHO]
09.10.2015. rox, omrykom dakynrera nox 6p. 33/233-09.10.2015. rox. y cacrasy:



Nwme u npe3ume unana
KOMUCH]€

3BamkBC

Hay4JHa obJacT

YcraHoBa y K0j0j je 3amocieH

1.  np lopmnana Maruh penoBHU Oonoxemuja u YHusep3suret y beorpany-
podecop MoOJIeKyIapHa buonomku akynarer
ouosioruja
2.  gp Janujena BojuoBuh  HayyHM capaaHUK MoJIeKyJaapHa VYuausepsutet y beorpany-
MunytuHOBHh eHpoKpuHonoruja  MHCTHTYT 3a OHoNomKa
ncTpaxkuBama "CuHuIIa
Cranxosuh"
3. 1p bypo Manyr BaHPEIHU SHIIOKpUHONOTHja  YHHBep3uTeT y beorpany -
poecop MenuuuHCKH haKynTeT

Hanomena: ykonuko je unan Komucuje y neH31ju HaBECTH JIaTyM NEH3HOHKCAbA.

HacraBHo-HayuHo Behe pakyaTera npuxBatuio je pedepar Komucuje 3a oueny u onopany
JOKTOPCKe 1ucepTanmje HA ceTHUNN oapxaHoj 29. janyapa 2016. ronune.

Hpuior: 1. Pepepar komucuje ca npeanorom.

Hexan buomnomkor ¢gakynrera

[Tpod. ap Kebko Tomanosuh

2. Akt HacraBHo-HayuHor Beha ¢gakyiarera o ycBajamy pedepara

3. Ilpumende naTe y TOKY cTaB/bamba pedepara Ha YBH/ Y jABHOCTH, YKOJHKO je
TaKBUX NpUMea0u OuJio.
4. EJileKTpOHCKA Bep3uja.



CTyAeHTCKM Tpr 16

11000 BEOIPAA
YHUBEP3UTET Y BEOTPALY  [10005E0rPAA

Tea: +381 11 2186 635

12 BHONOUIKH QAKVIITET e 115

E-nowura: dekanat@bio.bg.ac.rs

33/12-29.01.2016.

Ha ocnoBy unana 128. 3akoHa o BHCOKOM oOpa3oBamy M uwiaHa 59. ctaB 1. Tauka 1.
Craryra Yuusep3urera y beorpagy-buonomxor ¢akynrera, HacraBuo-nayuno Behe ®@akynrera,
Ha |V penoBHoj cequuiu onpxkanoj 29.01.2016. ronune, goHeNO je

OdJYKY

[Tpuxsara ce U3Bemra; Komucuje 3a npernen, olieHy U 0o10paHy AOKTOPCKE TUCEpTallije
KaHIugara;

Mapune Hukoanh, nox HazuBoMm:

»MeTadomuyKke KapaKTepuCTHKe CHHAPOMA  INOJMIMCTHYHHX  jajHMKA Yy
BHCHEPAJIHOM MACHOM TKHMBY H JIENTHHCKA pe3UCTeHUMja y XHMIOTAJamMycy ManoBa
TPETHPAHOT S¢-IMXHIPOTECTOCTEPOHOM: YJIOTa INTYKOKOPTHKOUAA%.

Vuusepsurer je nana 03.07.2014. rogune. cBojuM aktoMm moxa Op. 02 bpoj: 61206-3053/2-14 nao
CaracHOCT Ha MPeJyIor TeMe JOKTOPCKE ANcepTanije KaHAnaaTa.

PanoBu 1 KOHIpecHa CaoNIITEeHa U3 TOKTOPCKe AUCepPTAIHje:

b1. PaxoBu y waconucuma mel)ynaponHor 3Hauaja:

1. Nikoli¢ M, Macut D, Djordjevic A, Veli¢kovi¢ N, Nestorovi¢ N, Bursa¢ B, Bozi¢ Anti¢
I, Bjeki¢-Macut J, Mati¢ G, Vojnovi¢ Milutinovi¢ D. Possible involvement of
glucocorticoids in 50-DHT-induced PCOS-like metabolic disturbances in the rat
visceral adipose tissue. Mol Cell Endocrinol, 2015, 399: 22-31. M21



2. Nikoli¢ M, Velickovi¢ N, Djordjevic A, Bursa¢ B, Macut D, Bozi¢ Anti¢ I, Bjekic¢
Macut J, Mati¢ G, Vojnovi¢ Milutinovi¢ D. Sa-dihydrotestosterone treatment
induces metabolic changes associated with polycystic ovary syndrome without

interfering with the hypothalamic leptin and glucocorticoid signaling. Arch Biol Sci,
2015, accepted for publication. M23

Hexan buomnomkor ¢gakynrera

HoctaButu:.

- YHusepsurtery y beorpany,
- JIOKTODaHTy,

- Crpyunoj cnyx6u DakynreTta.

[Tpod. np Kespko Tomanosuh



HACTABHO-HAYYHOM BERY BUOJIOHIKOI' ®AKYJTETA YHUBEP3UTETA Y
BEOI'PAAY

Ha | penoBHoj cennuuu HacraBHo-nHayuHor Beha buomnomikor ¢akynrera YHuBep3utera y
Bbeorpany, onpxanoj 9.10.2015. ronune, npuxsaheH je uszBemraj Mmentopa ap I'opaane Maruh u
np Hanujene Bojuouh MmiytuHOBHMh 0 ypalheHOo] nokTOpckoj mucepranuju Mapune M.
Huxonuh, ucrpaxuaua capagnuka y HHcTUTyTy 3a OHMONONIKA HCTpakuBama ,,CHHUIIA
CrankoBuh®, moa HaciIoBOM ,,MeTa0o/MUKe KAPAKTEPUCTHKE CHHAPOMA MOJHIUCTUYHHX
jajHUKa y BHCHEPAJHOM MACHOM TKHBY M JIETHHCKA Pe3MCTEHIHja Yy XHUIMOTAJIaAMYCy
NanoBa TPETHPAHOT SO—TUXHAPOTECTOCTEPOHOM: yJI0ra IJIYKOKOPTHKOUAA®, u oapehena je
Komucuja 3a mperien u omeHy TOKTOpPCKe aucepraiuje y cacraBy aAp ['opnana Maruh, penoBHu
npodecop buonomxkor dakynrera, np Jlanujena BojuoBuh MunyrunoBuh, HaydHU capaTHUK
Wucturyra 3a Onornomika uctpaxuBama ,,Cuauma CrankoBuh™ u np Bypo Mariyr, Banpeanu
npodecop Meauuunckor gaxynrera YHuBepsurera y beorpany.

Komucwuja je npernenana ypaleHy JOKTOpCKY aAucepTanujy Kanauaara u Behy mogaocu
cienehu

N3BEINITAJ

OIIIITHU IOJALIA O JOKTOPCKOJ IMCEPTALINJHU

Hoxropcka nucepranuja Mapune M. Hwuxoamh non nHacioBoMm ,,Meradoauuke
KApaKTEePUCTHKE CHHAPOMA MOJHIMCTHYHUX jajHHKA Yy BHCIEPATHOM MACHOM TKHBY H
JIENTHHCKA pe3ucTeHNHja y XHIIOTAJIAMYCY namoBa TpeTHupaHor
S0-AMXHIPOTECTOCTEPOHOM: YJIOra IIyKOKOPTHKOMIA*, HamucaHa je Ha 143 crpane, u
nojesbeHa y 8 mornasiba: YBoa (49 crpana), Ilmms paga (2 crpane), Marepujaa u Meroje
(23 ctpane), Pesyararm (32 crpane), Jduckycmja (15 crpana), 3akmpyumm (2 crpane),
JIuteparypa (14 ctpana) u Ipuao3u (6 crpana). Pag caapxu 142 nuteparypHa nurata, 31
cinuky, 7 Tabena, Crincak ckpahenuna, Canpskaj u CaxkeTke Ha CpIICKOM U €HIJIECKOM jE3UKY.

AHAJIN3A JOKTOPCKE JTUCEPTALIUJE

YBoA JIOKTOpPCKE IUCepTalMje CaJpKu celaM ITOoriaBba. Y HBeMy je JaT caXeT MpUKas
JOCa/IalllibiX Ca3Hama M3 JUTEpaType Koja Cy HEeMOCPEHO Be3aHa 3a MpeaMeT auceprandje. Y
nornasiby "CHHAPOM NOJMIMCTUYHUX jajHUKA" OMMCAaHU Cy KPUTEPUJyMHU 3a IOCTaBJbambe
nauMjarao3e cuHapoMa nonucTryHuxX jajuuka (PCOS) kon oGosenux »keHa, marodusnosnoruja
CHHJIpOMa, Kao U mIperyiea Merabosndykux nopemehaja Koju ce moBe3yjy ca OBUM CHHIPOMOM.
[TornaBspe moa Ha3UBOM ,,I TYKOKOPTUKOMJIHM XOPMOHHU N1aje JeTajbaH MPUKA3 JIUTEPAType O
IITyKOKOPTUKOMIHUM XOPMOHHMA, HbUXO0BO] YJI03H Y peryjiannju MeTaboJINuKHX Ipolieca, Kao U
MOJIEKYJIApHUM MEXaHHW3MHMa HUXOBOI JejoBama. llocebaH akmeHar je Ha aHalu3u
MPEPeLeNTOPCKOr MeTabou3Ma TIYKOKOPTUKOMJA, Ka0 M Ha peryialuju akTUBHOCTH U
excrpecuje easuma 1 1B-xuapokcucrepona aexuaporenase 1 (11p-HSD1). V okBupy noriassba
,»Merabonu3aM JIMIKAA y MaCHOM TKHBY: yJIOre INIYKOKOPTHKOWAA" OMHCAHU Cy MPOLECH KOjU
perynaumty Mera0oiM3aM JIMmuAa y MacHoM TkuBy. IloceOHa makma je mocBeheHa ynosm



TIIYKOKOPTUKOIHUX XOPMOHA Y BUCIIEPATHOM MAacHOM TKWBY Ha JU(PEPEHIHjANN]y U Ca3PEBAbHE
aJIMTIONUTA PEKO TPAHCKPHITIIMOHE PETyialnje mpoleca aJulioreHe3e 1 JIMIOoreHe3e, a KaCHUje
[0 yCIOCTaBJbabkby (PEHOTHIA 3pEsor aguMoIUTa M Ha MpOLeC JHUMoiu3e. Y TOIIaBiby
,»,] TYKOKOPTHKOUIM U MeTa0oIMuKa HH(IamMalnja y BUCIIEpATHOM MAaCHOM TKHBY™ JIaT je OCBPT
Ha TMojaBy MeTaboiuuke WH(pIaManuje W aHTUUHEGIAMATOPHE YJIOore TIIYKOKOPTHKOHIA Y
XUIIEPTPOGUIHOM BHCIEPATHOM MAacHOM TKHBY. Y OBOM IIOIVIaBJbY TOCeOaH Harjacak je
CTaBJb€H Ha crnenuuuHy YJIOry TIIYKOKOPTHKOMIHUX XOPMOHA HAa CHHTE3Y HEKHUX
nporH(pIaMaTOPHUX IUTOKKHA, Ka0 MITO je (aKTOp KOjU MHXUOMpA MUTPALIH]y Makpodara, Kao
Y 3HA4Yaj HUXOBHUX WHTEpaKIuja. Y HapeIHOM IMOTJIaBJby IMOJA HACIOBOM ,,CHUTHAIHH ITYTEBU
WHCYJIMHA W DPAa3BOj WMHCYJIHMHCKE PE3UCTCHIMje: YJIora TIYKOKOPTHKOWAA™ JaTa je aHaim3a
CUTHAJTHUX IIyTeBa MWHCYIMHA, Ka0 H MOJICKYJapHH MEXaHW3MHU pa3Boja HHCYJIHHCKE
pE3UCTEHINje, ca TOCEOHMM OCBPTOM Ha TKUBHO-CHeNU(UYHE ePEeKTe TIIYKOKOPTHKOWIA Ha
HACTaHAK WHCYJIMHCKE pe3UCTeHIMje Ha HUBOy opranuszma. JKene ca PCOS-om mopen
BHUCIICpAJIHE TOja3HOCTH Kao TJIaBHOT MeTaboyimykor nopemehaja, kapakrepuiie u nmopehan yHoc
xpane. Ctora je y HapeIHOM IOTJIaBJby KOj€ HOCH HACJIOB ,,KOMyHHKaIHja BUCIIEPAITHOT MaCHOT
TKHMBA U IIEHTPAIHOT HEPBHOT CUCTEMA y PETYJIAIlUji CHePreTCKOr MeTaboIn3Ma’™ 1ata aerajbHa
aHaM3a TepuepHUX W ICHTPATHUX edekara aHOPEKCHICHOI XOPMOHA JICNITHHA, Kao |
MOJICKYJJApHUX MEXaHHW3aMa pa3Boja JICNITUHCKE PE3MCTEHIMjeé Ha HUBOY XHIIOTajdamyca. Y
MOCIICAEM TIOTJIABJbY TOJ HACIOBOM , KuBOoTHECKM Mojenu y u3ydaBamy PCOS-a“ nmar je
JeTajbaH TMPHUKA3 Pa3IMYUTUX aHUMATHHX MOjeNia KOju Ce KOPHCTE Yy TpOYyYaBamy pa3sHUX
acriekara PCOS-a.

VY nmeny Iu/p pana onucaHu Cy HaydyHH LUJBEBH JOKTOpCKe nucepranuje. Llumb oBe
JIOKTOPCKE AucepTanyje je ouo aa nonpuHece 00JbeM pasyMeBamy yJIOre INTyKOKOPTUKOHMIHUX
xopmona y martoreHe3u PCOS-a Tako mTo OM ce pa3zjacHWIAa yiIora OBHX XOpPMOHa Y
MeTabonu3My JUOUAa U MeTaboJaMuKko] HMHG(IamMaluju y BHCLEPAJHOM MAacHOM TKHUBY,
CHCTEMCKO] U Nepu(pepHOj OCET/BHMBOCTH HAa HMHCYJIMH, Ka0 M Yy peryjaluju €HepreTcKor
MeTabonM3Ma y XUNoTalamycy. McnuTuBamKMMa HaBeNEHHX yliora TIIYKOKOPTUKOHIA
NpeaXoania je JeTajbHa aHajdu3a PEenpoAYKTUBHUX M METa0OJIMUYKUX NMpPOMEHa y KopuurheHoM
aanmaraoM wmozaeny PCOS-a koju je n00HMjeH AYroTpajHUM TPETMAHOM KEHKH I1aIl[oBa
5a-puxuaporecrocreponom (DHT).

VY nornassby Martepujajg M MeTode HaBeJeHE Cy XEMUKaMje W amapaType Koje cy
kopumrheHe y paay, ONMUCaH je TPeTMaH XUBOTHHA U EKCIEPHUMEHTANHE TpyIe, Kao U CBe
eKCIIEpUMEHTAJIHE METOJ€ U HauyuH oOpane pesynrara. [loceOHO je oOjammeH TpeTMaH
eKCIIEPUMEHTAIHUX TPyIa, KOjU je MOApa3yMeBao IMOTKOKHO jejoBame XopMmoHckor (7,5 mg
DHT) wnm mnane6o mnenera y Tpajamy of 90 mana, a ox 21. jgaHa CTapoOCTH JKEHKHU IaroBa
Wistar coja.

VY TlornaBpy Pe3yjaraTm W3I0XKEHH Cy pe3yJTaTH XOPMOHCKOT TpEeTMaHa Ha pa3Boj
penpoayKTUBHUX U MeTabonuukux kapakrepuctuka PCOS-a kon DHT-om TpeTnpaHux >keHKH
nmanoBa. [IpBa rpyma pesyntata oOyxBaTtuia je JoOWjeHE PENpOIyKTHBHE, MOp(dOIOIKEe W
MeTa0oJIMuKe MapameTpe aobujeHe HakoH Tpetmana DHT-om. Pesynratu cy mokaszanu na je
tperMad DHT-oM nmoBeo 1o pa3Boja penpoAyKTUBHUX MpoMeHa Kapaktepuctuyaux 3a PCOS,
Kao IITO Cy aHECTPYC M CMameHa Maca jajHUKa U yTepyca, JJOK je JeTaJbHa XUCTOJIOIIKA aHAIN3a
nokasana jJa ce y jajuunuma DHT-oM TpeTupaHux XKUBOTHHA 3aMaXka BEIMKU Opoj aTpeTUYHUX
¢domukyna. Ilopen HaBegenor, TpetMad DHT-oM je 1oBeo 10 MeTabOIMUYKUX MTPOMEHA KAO IITO
Cy moBehaHW EHEpreTCKW yHOC, Maca Teja W BHCIEpajHa Toja3HOCT. XHCTOJONIKA aHAJIN3a
BUCIIEpAJIHOT MAacHOI' TKHMBAa j€ MOKa3aja Ja Cy aJuMOLUTH XUBOTUHa Tperupanux DHT-om
xurepTpodupann, OTHOCHO ca moBehaHUM THjaMEeTPOM M TIOBPIIMHOM Y OJHOCY Ha aJHITOINTE
wiane6o rpyne. Ox 6MOXEMHUJCKUX MapaMeTapa MEpeHe Cy KOHILIEHTpaIje CII000AHUX MacHHX
KHCEeNIMHA, TPUIVIMLEpUAA, TIyKOo3e, MHCYJIMHA U JIENTHMHA Yy IUIa3MH, KOHIEHTpaluje



KOPTHKOCTEPOHA Y TIa3MH M BUCIICPATHOM MacHOM TKHUBY. JloOWjeHU pe3ynaTaT Cy MOKa3aiu
Ja cy JKeHKe maroBa Tpetupane DHT-om umale uspaxxeny quciunuiaeMujy Koja ce oryienaina y
noBehaHuM KOHIICHTpaIjama TPUTIUIEpUIa U CII000HIX MAaCHUX KHUCEIHHA, Kao W rmoBehaHe
HUBOC MWHCYJIMHA M JIENTHHA, JIOK j€ KOHIICHTpalldja KOPTUKOCTEpPOHA Y IUIa3Mu Owuia
HEMPOMEHEHA, a Y BUCIIEPAITHOM MacHOM TKUBY moBehaHa.

VYiora TIYKOKOPTUKOMIHOT CHTHAJHOT IyTa Yy METaOONMYKHUM IpOMeHaMa Yy
BUCIICpPAJIHOM MacHOM TKHBY npahieHa je Ha HHUBOY EKCIpPECHje €H3uMa MpeperenTopCKor
MeTabosi3Ma TIIYKOKOPTUKOUMIHUX XOPMOHA, €KCHpecHje W yHyTaphenmujcke AuCTpuOymuje
TITyKOKOPTUKOMIHOT PELenTOopa, Kao U Ha HUBOY EKCIIPecHja eH3uMa yKJbYUYEeHUX Y JIMIIOTEHE U
JUTIOIMTHYKE MPOIIECe, YMja je eKCIPecHja peryjimcana riykokoptukonanma. [lokasaHo je aa je
tpetman DHT-om noBeo mo mosehama ekcrmpecuje W aKTUBHOCTH €H3MMa MPEPEICITOPCKOT
MeTtabosm3ma raykokoptukouaa, 11B-HSD1, no moehama KoHIEHTpanuje yHyTapheinjckor
KOPTUKOCTEPOHA W JI0 aKTUBAIMje TIIYKOKOPTUKOHMIHOT PEIENnTopa Yy BHCLIEPATHOM MAacHOM
TkuBY. [lojauaHa rIyKOKOPTHKOWIHA CUTHAIM3AIM]ja Y BUCIICPATHOM MAacHOM TKHUBY JIOBEJa je
70 je moBehama HMBOA JMIOTEHUX (PAKTOpa, Ko IITO Cy MPOTEHH KOjU CE BE3yje 3a eIEMEHTE
perynucane creposom tumna 1 (SREBP-1), Mmukpo3omanuu JunuH-1, CMHTa3a MacCHUX KHCEIHHA
(FAS), dochoenonmupysar kapookcukunaza (PEPCK) u munonporentcka numaza (LPL), mok
j€ HMBO JTUIOJUTHYKOT (haKTopa Jumasze oceT/buBe Ha xopMmone (HSL) cmameH, mTo je cBe y
CKJIay ca XUMEePTPOPHjOM aTUIOIUTA, BUCIIEPATHOM T'0ja3HOIINY U AUCITHITHICMU]OM.

Taxohe, pesynraru cy nmokasanu aa je tpetman DHT-om noBeo 10 pa3Boja Merabonuuke
uHbIaMaIyje y BUCIEPATHOM MacHOM TKHBY, O 4YeMy cBenode noBehaHa KOHIIEHTpaIyja
npouH(pIaMaTOPHOT IUTOKHHA, (akTopa Koju HHXMOMpa murpauujy Makpodara (MIF) u
aKTHBaIMja IPOUH(IAMATOPHOT TPAHCKPHUIILIUOHOT perynaropa jeaapHor ¢gakropa kB (NFkB),
Koju je goBeo no mnosehane ekcrpecuje nurtokuHa IL-1B u IL-6. Mehyrum, aktuBanuja
nporHpIamMaTopHor curHajHor nmyra koa DHT-om TperupaHux XUBOTHH-A HHjE JOBENA J10
ciabiberhba MHCYJIIMHCKOT CUTHAJIHOT IyTa Ha HUBOY MHXHOUTOpHE (hocopuiamuje cyrnerpara 3a
uHcynuHcku perentop-1 (IRS-1) u Tpancnoprepa rinykose 4 (GLUTA4), mito ykasyje Ha O4yBaHy
0CEJPUBOCT BUCLIEPATHOT MAaCHOT TKHMBA Ha JIeJI0Bamkhe HHCYJIMHA.

[lopen rope HaBeneHUX IpoMeHa, MpaheHe cy MPOMEHE y CHUTHAJIHUM IyT€BHUMa
IITYKOKOPTUKOMJIA W JIEITHHA, KA0 M HMBO HHGUIaMalMje y XHUIOTalaMyCy >KEHKU IaloBa
tpetupanux DHT-om. Pesynrtatu cy mokasanu Ja HUje AOLUIO JO IpPOMEHa y KOMIIOHEHTaMa
IIpepeLenTOpcKor MeTadoau3Ma TITYKOKOPTUKOMIA U HHBOA TITYKOKOPTHOKHMJHOT pPELenTopa,
Kao HM J0 MPOMEHA HUBOA YYECHUKA JIENTUHCKOI CHUTHAJHOr IyTa, HUTH JO TIOjaBe
uHGIaMaIyje y XurnoTtajiamycy TpeTUpaHUX KEeHKH MaroBa.

VY mornapy JlMcKycuja mata je ymopeaHa aHalM3a OPUTHHATHHUX pe3ysiTara OBe
JOKTOpCKE AMCepTalje M IojaTaka W3 JHUTepaType, Koja yKa3dyje Ha 3Hayaj MOCTHTHYTHX
pesyarara. OBO MOTJaBJhe je JIOTUYHO TOACJHEHO HAa YETHPH OJleJbKa IITO Yy IMOTITYHOCTH
JONPUHOCH pa3yMeBamy Tymademwa pesyntara. [IpBu neo Jluckycuje ogHocu ce Ha JoOujeHe
pPEeNpOAYKTUBHE U MeTabomuke kapaktepuctiuke PCOS-a HakoH yroTpajHOT TpeTMaHa MIIATUX
xeHkn nanoBa DHT-om. PenponykTuBHE npoMeHe TpeTHpaHHX >KHBOTHHA CE€ OrNenajy y
nopemehajuma GonmKyIoreHe3e W OBYyNaIlHje, MPUCYCTBY aTPEeTUYHUX (ONHMKYINA, OACYCTBY
KYTHX Tejla W JIOMMHAIUjU MHTEPCTHLMjATHUX *KJe3aa y jajHunuma. JloOujeHe merabonnuke
npomene kapaktepuctudae 3a PCOS Oune cy moBehana TenecHa M Maca BHUCIIEPATHOT MAacHOT
TKWBA, TUCIUIHIEMHja, CMambEeHa CHCTEMCKa OCETJbUBOCT HA MHCYJHMH, XHUIEpJIECNTHHEMHUja U
xunepdaruja. Y apyrom Aeny AaTo je TyMaudeme YyJIOTe TITyKOKOPTHKOWAA y METaOOIUIKAM
IIpOMEHaMa y BHCLIEPaJTHOM MacHOM TKUBY JKE€HKHU maroBa Tperupanux DHT-om. Haume, kon
xuBotuma ca PCOS-om yHyraphenujcka KOHIEHTpalMja KOPTHKOCTEpOHa je Owmia moBehana
IITO j€ TMOCJIEAMIA I10jayaHOr IPEpEerenTOPCKOr MeTabosn3Ma TIIYKOKOPTHKOMJA Yycien



noehane excrnpecuje 11B-HSD1. Ilapanenno ca mnosehameM TKUBHE KOHLEHTpAIHje
[IIYKOKOPTUKOUAA JOIUIO j€ 10 TPaHCIOKAalHje TITYKOKOPTUKOUIHOT pelenTopa u3 IUTOIUIa3Me
y jeIpo W TUME M 0 MPOMEHE EKCIIPECHje HerOBHX IUJBHHUX T'€Ha Y BUCIIEPATTHOM MAacHOM
TkuBy aHumanHor mozena PCOS-a. Ilopehana ekcmpecwja IMUIJBHMX TI'eHA TIYKOKOPTHKOHIA
(munuu-1, SREBP-1, FAS, PEPCK u LPL) je noka3aia yk/byudeHOCT OBUX XOpMOHa y de novo
JUIOTEHE3y U HACTaHAK BUCIEPATHE I0ja3HOCTH IITO j€ Y CKIaay ca XUIEPTPOPUUHUM PacTOM
QJIUIIOIUTA KOJI )KUBOTHIbA TpeTrpanux DHT-om. V tpehem neny Jluckycuje mocebHa maxma je
noceeheHa MeTaboan4YK0j HHGIAMAIM]jU U UHCYJIUHCKO] OCETJHUBOCTH Y BUCIIEPAITHOM MAacHOM
TKMBY JKEHKM nanoBa Tperupanux DHT-om. Hamme, kon TpeTupaHux XUBOTHHA YCIEN
noBehane akTUBHOCTH TpaHCKpunuuoHor peryinatopa NFkB npucytha je nokanna undiamanuja
HUCKOT CTETeHa Koja ce orjieqa y MOBUIIEHHM HUBOMMA MpOonH(pIaMaTOpHuX uTokuHa IL-1B n
IL-6. Tlopen tora, moBehan je m TKMBHU HUBO NpouH(pIamaTopHor nutokuHa MIF, mTo je y
CKiIaxy ca moBehaHOM pereHepanujoM TITyKOKOPTUKOMIA M aKTUBUPAHUM TITYKOKOPTHOKUIHUM
perenTopoM, ¢ 003UpPOM Ha TO Ja OBM XOPMOHHU JUPEKTHO CTUMYIUINy ekcrpecujy MIF-a.
[loBumieHn HHMBOM CBUX TOMEHYTHX LMTOKMHA Hajla3e c€ y IO3WTHBHOj KOpENalHju ca
BEJIMYMHOM aJUIOLKTa BHCLEPAIHOT MacHOr TKuBa. [lojaBa nokanHe uHGIaMaldje HHjE
npaheHa mpoMeHaMa y OCETJbUBOCTH BHCIEPATHOT MAaCHOT TKMBA Ha MHCYJIMH M TOPE] HEHOT
cMamemha Ha CHUCTeMCKOM HHuBOY. llocnenmu 1e0 IUCKyCHje OJHOCH C€ Ha aHalu3y
TITYKOKOPTUKOHMIHE W JICITUHCKE CUTHAIM3ALM]E y XUIOTAIAMyCy KECHKH TaloBa TPETHPAHUX
DHT-om. Pe3ynraru oBe cyauje ykasyjy Ha TO J1a je KOoJ >KeHKHU nanoBa TperMad DHT-om noBeo
10 mojaBe xumepdaruje, oAHOCHO moBehaHor yHoca eHepruje, mTo je mpaheHo pa3BojeM
BUCLIEpAJIHE T0ja3HOCTH W XHUIIEPJICTITHHEMHjOM, alld HE W IpOMEHaMma y JENTHHCKO] W
TITYKOKOPTUKOHMIHO] CUTHAIM3ALNJU Y XUIIOTATAMYCY TPETUPAHUX KUBOTHbA.

VY nornaspy 3aK/bY4YllM CAKETO U jaCHO Cy M3HETH HAjBAXHUJH 3aKIJbYULH JI0 KOJUX CE
JIONIIO aHATM3UPAKHEM JOOUjEHNX eKCIIEPIMEHTATHUX TOAaTaka. 3aKJbyqlld € MOTY CyMHUPATH
Ha cnenehy HauMH: OYroTpajaH TpeTMaH MIIaux >keHkH nanosa DHT-om je noseo 1o pa3Boja
PETPOIYKTUBHUX U METa0OJMUYKHX TpoMeHa koju ce cpehy kox xena ca PCOS-om. Youena
BUCIIEpaJIHA T0ja3HOCT W JUCIMIUAEMHja KOJ TPETUPAHUX IKUBOTHHA Cy MOCIEANLEe
xuneprpoduje agunounuTa, y Kojoj je gpaBopuzoBaHo HarommiaBamwe nunuaa. [lopehame mace
BHCILIEpAIHOT MaCHOT TKMBA IIpaTe MOJEKyJIapHe MPOMEHe KOje JeJIMMUYHO MOTHYY O]l II0jayaHe
TIIYKOKOPTUOKUIHE CUTHANIM3aluje, Koja je Merabonu3aM JIMIHMIA ycMepuia Ka JIMIOTEHE3H.
Ilopen Tora, BHcLepadHa Troja3HOCT M JUCIUNUAEMHja cy mpaheHe HMH(pIaAMaljoM HHUCKOT
WHTE3UTETA, AJIM HE ¥ CMaFkbeHOM MHCYJIMHCKOM oceTJpuBoiIhy y oBoMm TkuBy. C apyre cTpaHe,
KHUBOTHHe TpeTupane DHT-oMm moka3syjy cMameHy CHCTEMCKY MHCYJIMHCKY OCETJbUBOCT, KOja
ce orjena y moBehaHmM KOHIEHTpamMjaMa WHCYJIMHA TOTPEOHUM 3a OJpKaBambe HOPMAITHOT
HUBOA TIyKo3e y KpBHU. TpermaH xeHkH nanosa DHT-om noBeo je 10 moBehaHor kamnopujckor
yHOca, mpaheHOr BHUCHEpaTHOM ToOja3HOIINy ¥ XUMEpJENTUHEMUJOM, NpPU UYEMY OBHU
MeTa0oMMYKH TMopeMehaju HHUCY pe3yinraT NpOMEHAa W HUHTEpakifja TIIYKOKOPTHKOUAHE U
JENTUHCKE CUTHANHM3AIMje y XHWUIMOTAIaMyCy TPETUPAHWUX KHUBOTHHA. M Ha Kpajy, YKymHe
PEeNpoOayKTUBHE U MeTabOJIMYKEe MpoMeHe J100MjeHe Y OBOj CTYAWjU Ha aHUMAHOM MOJETY
PCQOS-a yka3yjy Ha aJIecKBaTHOCT NIPHUMEHCHOT TPETMaHAa 3a M3y4YaBame Pa3HUX acrleKaTa OBOT
CHHJIpOMa KOJI JKEHa.

VY mnornasipy Jluteparypa jgara je jucta Kojy uuHe 142 OuOmmorpadcke jeauHHIIE.
HaBenene naywyne myOnuKkamuje ce OJHOCE Ha OONAacTH Koje Cy OJl 3Hauaja 3a ypaheHy
JTUCEPTAIlNjy U IUTUPaHEe Cy Ha HAYWH KOJU 00jalrmasa U OTBphyje nooujeHe pesynrare.
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Polycystic ovary syndrome (PCOS) is a reproductive and metabolic disorder characterized by
hyperandrogenism, ovulatory dysfunction, visceral obesity and insulin resistance. We hypothesized that
changes in glucocorticoid metabolism and signaling in the visceral adipose tissue may contribute to dis-
turbances of lipid metabolism in the rat model of PCOS obtained by 5o-dihydrotestosterone (DHT) treatment
of prepubertal female Wistar rats. The results confirmed that DHT treatment caused anovulation, obesity
and dyslipidemia. Enhanced glucocorticoid prereceptor metabolism, assessed by elevated intracellular
corticosterone and increased 11 beta-hydroxysteroid dehydrogenase type 1 mRNA and protein levels,
was accompanied by glucocorticoid receptor (GR) nuclear accumulation. In concert with the increased
expression of GR-regulated prolipogenic genes (lipin-1, sterol regulatory element binding protein 1, fatty
acid synthase, phosphoenolpyruvate carboxykinase), histological analyses revealed hypertrophic adipocytes.
The results suggest that glucocorticoids influence lipid metabolism in the visceral adipose tissue in the

Keywords:

PCOS
5a-dihydrotestosterone
Visceral adipose tissue
Glucocorticoids
Lipogenesis

way that may contribute to pathogenesis of metabolic disturbances associated with PCOS.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Polycystic ovary syndrome (PCOS) is the most common endo-
crine disorder in women of reproductive age and is characterized
by hyperandrogenism, ovulatory dysfunction and polycystic ovaries
(Ehrmann, 2005; Livadas and Diamanti-Kandarakis, 2013). In ad-
dition to clinical and biochemical manifestations of these
disturbances, most women with PCOS display a number of meta-

Abbreviations:: 11BHSD1, 11 beta-hydroxysteroid dehydrogenase type 1; ATGL,
adipose tissue triglyceride lipase; CD36, cluster of differentiation 36; CL, corpora lutea;
CORT, corticosterone; DHT, 5a-dihydrotestosterone; FAS, fatty acid synthase; H6PDH,
hexose-6-phosphate dehydrogenase; HSL, hormone sensitive lipase; LPL, lipopro-
tein lipase; NEFA, non-esterified fatty acid; PCOS, polycystic ovary syndrome; PEPCK,
phosphoenolpyruvate carboxykinase; PPARY, peroxisome proliferator-activated re-
ceptor y; SREBP-1, sterol regulatory element binding protein 1.

* Corresponding author. Department of Biochemistry, Institute for Biological
Research “SiniSa Stankovi¢”, 142 Despot Stefan Blvd., Belgrade 11000, Serbia. Tel.:
+381 11 2078 318; fax: +381 11 2761 433.

E-mail address: dvojnovic@ibiss.bg.ac.rs (D. Vojnovi¢ Milutinovic).

http://dx.doi.org/10.1016/j.mce.2014.08.013
0303-7207/© 2014 Elsevier Ireland Ltd. All rights reserved.

bolic abnormalities including hyperinsulinemia, insulin resistance,
dyslipidemia, and obesity (Teede et al., 2006). All of these features
are hallmark components of the metabolic syndrome, making
women with PCOS highly susceptible to type 2 diabetes and car-
diovascular diseases (Teede et al., 2006).

The pathophysiology of PCOS is complex and multifactorial, and
has been attributed to defects in various organ systems including
altered steroidogenesis in thickened ovarian theca layer and
adrenals, as well as exaggerated luteinizing hormone pulsatility
(Catteau-Jonard and Dewailly, 2013; Norman et al., 2007). It is con-
sidered that all mentioned abnormalities form a vicious cycle in
which androgen excess of ovarian and/or adrenal origin generated
early in life, or even prenatally, induce neuroendocrine abnormali-
ties, ovarian dysfunction, visceral obesity, impaired lipid metabolism
and insulin resistance, which in turn further, directly or indirectly,
stimulates hyperandrogenemia (Escobar-Morreale and San
Millan, 2007). Visceral adipose tissue is thought to be important
for the pathogenesis of PCOS, because of its association with
hyperandrogenemia and its often excessive accumulation in women
with PCOS (Barber and Franks, 2013; Pasquali, 2006).
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Cushing syndrome, which is characterized by glucocorticoid
excess and exhibits a cluster of metabolic abnormalities, includ-
ing insulin resistance, visceral obesity and impaired lipid metabolism,
suggests a possible contribution of glucocorticoids to the patho-
genesis of the metabolic syndrome and PCOS-related metabolic
disturbances. Glucocorticoids are major regulators of fat metabo-
lism, and can simultaneously have anabolic (adipogenic) and
catabolic (lipolytic) effects in the adipose tissue (Peckett et al., 2011).
Both of these actions, although seemingly contradictory, lead to
obesity and impaired lipid homeostasis and can, ultimately, induce
insulin resistance (Ayala-Sumuano et al., 2013).

Unlike the Cushing syndrome, obesity seen in metabolic
diseases and PCOS is not associated with increased plasma gluco-
corticoids (Gathercole and Stewart, 2010). However, the adipose
tissue availability of these hormones may be increased locally by
overstimulated intracellular regeneration of active glucocorti-
coids (cortisol in humans and corticosterone (CORT) in rats) (Walker
and Andrew, 2006). This is performed by 11 beta-hydroxysteroid
dehydrogenase type 1 (11BHSD1), a microsomal NADPH-dependent
enzyme (Walker and Andrew, 2006), which is provided by hexose-
6-phosphate dehydrogenase (H6PDH) (Bujalska et al., 2005).
Glucocorticoid activity in visceral adipose tissue, enhanced through
11BHSD1 action, may have a role in central obesity development
(Gathercole and Stewart, 2010). It was previously shown that
11BHSD1 gene expression can be enhanced by DHT in the visceral
adipose tissue and that DHT can thereby influence local metabo-
lism of CORT (Zhang et al., 2008b; Zhu et al., 2010).

At the molecular level, glucocorticoids primarily exert their effects
through the intracellular glucocorticoid receptor (GR), a hormone-
dependent transcription factor, undergoing a conformational change
and translocation to the nucleus after hormone binding (Nicolaides
et al., 2010). In this way, glucocorticoids may increase the expres-
sion of several key proadipogenic and prolipogenic factors during
adipose tissue development and accumulation, particularly peroxi-
some proliferator-activated receptor y (PPARY) (Galitzky and
Bouloumie, 2013), lipin-1 (Zhang et al., 2008a), sterol regulatory
element binding protein 1 (SREBP-1) (Ayala-Sumuano et al., 2013)
fatty acid synthase (FAS) (Wang et al., 2004) and phosphoenolpyru-
vate carboxykinase (PEPCK) (Gathercole and Stewart, 2010). Several
enzymes including hormone sensitive lipase (HSL), adipose tissue
triglyceride lipase (ATGL), lipoprotein lipase (LPL) and cluster of dif-
ferentiation 36 (CD36) were previously shown to be involved in
glucocorticoid induced lipolysis in the visceral adipose tissue
(Campbell et al., 2011; Lee et al., 2014; Yu et al., 2010).

In light of aforementioned data, the rat model of PCOS should
ideally exhibit both the reproductive and metabolic abnormalities
similar to those attributed to human PCOS. In this study, we sought
to confirm previous observations of Manneras et al. (2007) that such
a model can be obtained by continuous release of subcutaneously
administered nonaromatizable androgen, 5a-dihydrotestosterone
(DHT), from pre-pubertal to adult age. Considering the apparent im-
portance of visceral obesity and dyslipidemia in PCOS pathogenesis
and possible underpinning role of glucocorticoid excess, we also in-
vestigated the potential link of prolipogenic and/or prolipolytic
changes with glucocorticoid metabolism and signaling in the vis-
ceral adipose tissue of DHT-treated rats. To that end, we analyzed
11BHSD1 activity, and the expression of GR and GR-regulated
prolipogenic and prolipolytic genes.

2. Materials and methods
2.1. Animals and treatment
At the 21st day after birth, female Wistar rat pups were sepa-

rated from lactating dames and randomly divided in two groups
differing in whether they were implanted with 90-day-continuous-

release pellets containing 7.5 mg of DHT (daily dose, 83 ug; DHT
group) or with pellets lacking the bioactive component (placebo
group). DHT and placebo pellets were purchased from Innovative
Research of America (Sarasota, FL). The dose of DHT was chosen as
to induce a hyper-androgenic state mimicking that seen in women
with PCOS (Fassnacht et al., 2003; Silfen et al., 2003). Each exper-
imental group was comprised of 12 animals (n=12), which were
housed three per cage, kept in a space with controlled tempera-
ture (22 +2 °C) and constant humidity, and under standard 12 h/
12 h light/dark cycle. All animals had ad libitum access to commercial
chow and tap water. During the 90-day long treatment, the food
intake was measured daily and body mass weekly. Energy intake
was calculated as the daily calories ingested through food (food mass
(g) x 11 kJ). At the end of the treatment, rats were sacrificed by de-
capitation in the diestrus phase of the estrous cycle. The stage of
cyclicity was determined by microscopic analysis of the predomi-
nant cell type in vaginal smears obtained daily from each animal
from the 10th week to the end of the treatment. All protocols were
compliant with the European Communities Council Directive (86/
609/EEC) for the protection of animals used for experimental and
other scientific purposes, and were approved by the Ethical Com-
mittee for the Use of Laboratory Animals of the Institute for Biological
Research “SiniSa Stankovic”, University of Belgrade (No 2-20/10), ac-
cording to the guidelines of the EU registered Serbian Laboratory
Animal Science Association (SLASA).

2.2. Blood sample collection and determination of plasma
parameters

Blood triglyceride levels were measured at decapitation after over-
night fasting, by use of the MultiCare analyzer (Biochemical Systems
International, Italy). Trunk blood was collected in EDTA contain-
ing tubes and plasma was isolated by centrifugation at 1600xg for
10 min at room temperature, and then stored at =70 °C. Plasma level
of NEFA was determined by the modified version of Duncombe’s
method (Duncombe, 1964). Total plasma and tissue CORT concen-
trations were measured by the Corticosterone High Sensitivity EIA
kit (IDS, American Laboratory Products Co) according to the man-
ufacturer’s instructions. Absorbance at 450 nm (reference 650 nm)
was read at the plate reader (Multiskan Spectrum, Thermo Elec-
tron Corporation, Finland), and CORT concentrations, determined
by 4PL curve fitting analysis (ReaderFit Software, MiraiBio Group
of Hitachi Solutions America, Ltd.), were presented in ng/ml for
plasma samples and in ng/mg of protein for tissue samples. Intra-
assay coefficient of variation (CV) was 5.9%, while inter-assay CV
was 8.9%. Plasma estradiol concentration was measured by Estra-
diol (E2) Enzyme Immunoassay Test Kit (BioCheck Inc., CA). Intra-
assay CV was 24.1%, while inter-assay CV was 26.7%.

2.3. Intraperitoneal glucose tolerance test (IPGTT)

IPGTT was performed 3 days before the end of the treatment.
A glucose challenge was given intraperitoneally (2 g/kg) after over-
night fasting. Blood samples were taken from the tail tip at 0, 15,
30, 60, 90 and 120 min after injection in order to determine the
plasma glucose concentration. Plasma glucose concentration was
measured by use of the MultiCare analyzer (Biochemical Systems
International). The area under the concentration vs. time curve (AUC
glucose 0-120 min, mmol/l vs. min) was calculated by the trap-
ezoidal rule by using GraphPad Prism v5 Software (San Diego, CA,
USA).

2.4. Isolation of reproductive organs

After an initial longitudinal incision and opening the abdomi-
nal cavity, the uterus was located and disconnected from the base
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of the vagina, while the ovaries were removed from the end of each
uterine horn.

2.5. Adipose tissue isolation and fractionation

Visceral adipose tissue was collected immediately after decap-
itation, washed by saline (0.9% NaCl), dried, weighed and divided
in parts for Western blot, qPCR and histological analyses. The iso-
lated visceral adipose tissue was situated within the abdominal cavity
and included the omental, retroperitoneal and perirenal depots. The
tissue parts intended for use in Western blot and qPCR analyses were
stored in liquid nitrogen until protein and RNA isolation.

For the preparation of cytoplasmic, nuclear and microsomal frac-
tions, visceral adipose tissue of two animals from the same
experimental group was pooled. Frozen adipose tissue was homog-
enized (w/v=1:1) in ice-cold homogenization buffer (20 mM Tris-
HCl, pH 7.2, 10% glycerol, 50 mM NaCl, 1 mM EDTA-Na,, 1 mM EGTA-
Na,, 2 mM DTT, protease and phosphatase inhibitors). The cell lysate
was then filtered through gauze and centrifuged at 2000xg, 15 min,
at 4 °C. The resulting supernatant and pellet were further pro-
cessed to generate needed cellular fractions. For cytoplasmic fraction
preparation, the supernatant was centrifuged at 10,000xg, 25 min,
at 4 °C and then recentrifuged at 150,000xg, 90 min, at 4 °C. The final
supernatant was used as the cytoplasmic fraction. The pellet ob-
tained after ultracentrifugation was resuspended in the Na-
pyrophosphate buffer (100 mM Na-pyrophosphate, pH 7.4) and
centrifuged at 150,000xg, 90 min, at 4 °C. The resulting pellet was
resuspended, sonicated (3x5s, 1 A, 50/60 Hz) in the phosphate
buffer (50 mM K-phosphate, pH 7.4, 0.1 mM EDTA-Na,, 20% glycer-
ol and 0.1 mM DTT) and used as the microsomal fraction. To obtain
the nuclear fraction, the pellet generated by the low-speed cen-
trifugation of cell lysate was washed twice in 1 ml of HEPES buffer
(25 mM HEPES, pH 7.6, 10% glycerol, 50 mM NaCl, 1 mM EDTA-
Na,, 1 mM EGTA-Na,, 2 mM DTT, protease and phosphatase
inhibitors). This was followed by low-velocity centrifugation (4000xg,
10 min, 4 °C), resuspension of the resulting pellet (w/v=1:1) in NUN
buffer (25 mM HEPES, pH 7.6, 1 M urea, 300 mM NacCl, 1% Nonidet
P-40, protease and phosphatase inhibitors) and incubation of the
suspension on ice for 1 h with continuous agitation and frequent
vortexing. The supernatant containing nuclear proteins was col-
lected by centrifugation (20,000xg, 10 min, at 4 °C). All samples were
stored at —70 °C until use.

2.6. Histological analysis and immunohistochemistry

Samples of visceral fat and ovaries from placebo and
DHT-treated rats were fixed in 10% neutral formalin or 4% paraform-
aldehyde, respectively, for 24 h, dehydrated in an ethanol gradient,
cleared in xylene and embedded in paraffin. The ovaries were se-
rially sectioned at 5 um, while the adipose tissue blocks were
sectioned at 10 um thickness. Sections of both tissues were stained
with hematoxylin and eosin. Ovary sections were additionally
immunohistochemically stained for cleaved caspase-3 (#9661, Cell
Signaling) according to the manufacturer’s instructions, using the
peroxidase-antiperoxidase method. Briefly, after deparaffinization,
dehydration, antigen retrieval in microwave for 10 min in 10 mM
citrate buffer pH 6, and blocking of endogenous peroxidases with
3% H,0, in methanol, sections were incubated with 10% goat serum
for 1 h, followed by incubation with primary antibody (1:100) over-
night at 4 °C. Goat anti-rabbit IgG HRP conjugate (1:200, Santa Cruz
Biotechnology) served as secondary antibody. The antigen-antibody
complex was visualized by incubating the sections with
3,3-diaminobenzidine (DAB; DAKO A/S, Glostrup, Denmark).
Morphometric analysis of adipose tissue, i.e. determination of
adipocytes diameter and area, was carried out using Adiposoft (au-
tomated software for the analysis of white adipose tissue cellularity

in histological sections) (Galarraga et al., 2012). Images for analy-
sis were acquired as previously reported (Bursac et al., 2014). Briefly,
tissue boundaries were firstly recognized at low magnification. Then
three high-resolution, randomly located images per section were
acquired at 10 x magnification. Random locations were secured by
using the newCAST software package (Visiopharm Integrator System,
version 3.2.7.0, Visiopharm, Denmark) connected to a microscope
(Olympus, BX-51, Olympus Corp., Tokyo, Japan) and a CCD camera
(PixeLINK, Ottawa, ON, Canada). The diameter and area of the cells
were measured in 100 adipocytes per section (three sections for one
animal and five animals per group).

2.7. Western blot analysis

Protein concentration was determined according to Spector using
bovine serum albumin as a reference (Spector, 1978). The samples
were boiled in 2x Laemmli buffer for 5 min, and 40 pg (cytosolic frac-
tion) or 80 ug (nuclear and microsomal fractions, respectively) of
the proteins were resolved along with molecular mass references
(10-170 kDa, Fermentas) on 10% sodium dodecyl sulphate-
polyacrylamide gels using Mini-Protean Il Electrophoresis Cell system
(Bio-Rad Laboratories, Hercules, CA). The transfer of proteins from
acrylamide gels to polyvinylidene difluoride membranes (Immobilon-
FL, Millipore) was performed in 25 mM Tris buffer, pH 8.3 containing
192 mM glycine and 20% (v/v) methanol, at 135 mA overnight in
Mini Trans-Blot Electrophoretic Transfer Cell system (Bio-Rad Labo-
ratories). The membranes were blocked by phosphate-buffered saline
(PBS, 1.5 mM KH,PO,, 6.5 mM Na,HPO4, 2.7 mM KCl, 0.14 M Nacl,
pH 7.2) containing 3% non-fat dry milk at room-temperature for 1 h,
and then incubated overnight at 4 °C with respective primary an-
tibodies: rabbit polyclonal anti-GR (PA1-511, Affinity Bioreagents,
1:500), rabbit polyclonal anti-113HSD1 (ab109554, Abcam, 1:1000),
rabbit polyclonal anti-H6PD (sc-67394, Santa Cruz Biotechnology,
1:1000), rabbit polyclonal anti-lipin-1 (sc-98450, Santa Cruz Bio-
technology, 1:1000), rabbit polyclonal anti-SREBP-1 (sc-366, Santa
Cruz Biotechnology, 1:1000), mouse monoclonal anti-PPARY (sc-
7273, Santa Cruz Biotechnology, 1:500), mouse monoclonal anti-
B-actin (AC-15, Sigma-Aldrich, 1:10,000) and rabbit polyclonal anti-
calnexin (ab22595, Abcam, 1:10,000) antibody. -actin was used as
an equal loading control for cytoplasmic and nuclear fractions, while
calnexin served as a marker for microsomal fraction. After exten-
sive washing (PBS containing 0.1% Tween20), all membranes were
incubated with appropriate alkaline phosphatase conjugated sec-
ondary antibodies (Amersham Pharmacia Biotech, 1:20,000), and
the immunopositive bands were visualized by the enhanced
chemifluorescence method (ECF, GE Healthcare, USA). Quantita-
tive analysis of immunoreactive bands was performed by
ImageQuant software (GE Healthcare).

2.8. RNA isolation and reverse transcription

Total RNA was extracted from visceral adipose tissue of indi-
vidual animals by TRIreagent® (AmBion Inc., Austin, TX, USA). RNA
was dissolved in RNase-DNase free water (Eppendorf) and its con-
centration and purity were tested spectrophotometrically (OD 260/
280 > 1.8 was considered satisfactory). RNA integrity was confirmed
by 2% agarose gel electrophoresis. Prior to cDNA synthesis, DNA con-
tamination was removed by DNAse I treatment (Fermentas). cDNA
was synthesized out of 2 ug of total RNA using the High-Capacity
cDNA Reverse Transcription Kit (Applied Biosystems), according to
the manufacturer’s instructions, and was stored at —70 °C until use.

2.9. Real-time PCR

TagMan gene expression probe sets (Applied Biosystems Assays-
on-Demand Gene Expression Products) were used for all gene
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Table 1
Caloric intake, body mass, absolute and relative masses of visceral adipose tissue,
uterus and ovary of DHT-treated and placebo rats.

Table 2
Biochemical and hormonal parameters in plasma samples and CORT level in adipose
tissue of DHT-treated and placebo rats.

Placebo DHT Placebo DHT
Caloric intake (kJ/day/rat) 177.20+30.10 191.30 £ 34.90** Triglycerides (mmol/l) 1.09+0.17 1.59 £ 0.34***
Body mass (g) 255.10+13.50 295.80+40.27** NEFA (mmol/l) 0.46+0.10 0.59+0.14**
Ovary (g) 0.039+0.008 0.024 +0.015** Estradiol (pg/ml) 4.74 £0.40 450+0.43
Ovary-to-body ratio (x100) 0.015 +0.003 0.009 +0.006** Plasma CORT (ng/ml) 91.94 +46.37 116.50+32.73
Uterus (g) 0.44 +£0.08 0.33 £0.14* Visceral adipose tissue CORT (ng/mg) 1.67 +1.47 4,08 +£1.85*
Uterus-to-body ratio (x100) 0.17 £0.02 0.11+0.05" IPGTT glucose AUC 924.20 £ 187.60 965.50 £ 166.10
Mass of visceral adipose tissue (g) 9.34+2.29 13.02+£2.48" B . R
Visceral adipose tissue-to body ratio (x100) 3604092 4314048" The data are presented as means + SD (n =12 animals per group). Comparisons

The data are presented as means +SD (n=12 animals per group). Comparisons
between DHT-treated and placebo rats were made by unpaired Student’s t-test. As-
terisks indicate significant differences; *P < 0.05, **P <0.01.

expression experiments. All probes were 6-carboxyfluorescein-
labeled and were as follows: GR (Rn00561369_m1), 11BHSD1
(Rn00567167_m1), PEPCK (Rn01529014_m1), LIPE (Rn00563444
_m1), ATGL (PNPLA2, Rn01479969_m1), FAS (Rn01463550_m1), LPL
(Rn00561482_m1) and CD36 (Rn02115479_g1). To identify the most
suitable reference gene for quantitative normalization of gene ex-
pression in visceral adipose tissue of DHT-treated and placebo rats,
the expressional stability of four potential reference genes:
hypoxanthine guanine phosphoribosyl transferase 1 (HPRT1,
Rn01527840_m1*), b-actin (BA, Rn00667869_m1*), b2-microglobulin
(B2M, Rn00560865_m1*) and TATA box binding protein (TBP,
Rn01455646_m1*) was analyzed by TagMan real-time RT PCR
method, using GeNorm and NormFinder software packages. Both
softwares identified HPRT1 as the most stable and therefore suit-
able reference gene for gene expression analyses in the adipose tissue
of DHT-treated and placebo rats.

Real-time PCR was performed on ABI Prism 7000 Sequence De-
tection System (Applied Biosystems) in a total volume of 25 pl
containing 1 x TagMan Universal Master Mix with AmpErase UNG,
1 x Assay Mix (Applied Biosystems) and cDNA template (20 ng) at
cycle conditions: 50 °C for 2 min, 95 °C for 10 min, followed by 40
cycles at 95 °C for 15 s and 60 °C for 60 s. No template control con-
taining nuclease-free water instead of cDNA template was used in
each run. All reactions were run in triplicate. Relative quantifica-
tion of target genes was achieved by the comparative 2% method
(Livak and Schmittgen, 2001). The obtained results were analyzed
by Sequence Detection Software version 1.2.3 for 7000 System SDS
Software RQ Study Application (Applied Biosystems) with a confi-
dence level of 95 % (P <0.05).

2.10. Statistical analyses

The morphological, biochemical, hormonal and histological pa-
rameters are given as means * SD. The real-time PCR and Western
blot data are presented as means + SEM. Student’s unpaired t-test
was used to compare means between groups (DHT-treated rats vs.
placebo rats). Results were considered statistically significant at
P <0.05. Statistical analyses were performed by using GraphPad Prism
v5 Software.

3. Results
3.1. Reproductive characteristics of DHT-treated animals

All DHT-treated rats were acyclic, in diestrus phase of estrous
cycle with leukocytes dominating in vaginal smears. The placebo
rats preserved normal cyclicity with 4-5 days long estrous cycle.
Absolute masses of ovary and uterus and their relative ratios to total
body mass were significantly decreased (P < 0.05) in DHT-treated
group compared to the placebo group (Table 1). As shown in Table 2

between DHT-treated and placebo rats were made by unpaired Student’s t-test. As-
terisks indicate significant differences; *P < 0.05, **P < 0.01, ***P < 0.001.

total estradiol plasma levels were unchanged in DHT-treated animals
compared to placebos. In agreement with estrous cycles, ovaries of
placebo group contained several generations of corpora lutea (CL,
Fig. 1A), healthy follicles at all stages of folliculogenesis, and rare
atretic follicles at various stages of degeneration (not shown). In re-
gressive CL, apoptotic, cleaved caspase-3 immunoreactive granulosa
lutein cells were present (Fig. 1A - inset). Ovaries of DHT-treated
rats were smaller in size and CL were absent (Fig. 1B). Light micro-
scopic analysis showed that a majority of follicles were atretic,
ranging from early to late stages of degeneration. Secondary inter-
stitial glands were abundant, reaching the very periphery of the
ovarian cortex, which is a clear sign of dominating atretic pro-
cesses (Fig. 1B). Follicles in earlier stage of atresia contained cleaved
caspase-3 positive granulosa cells, while secondary interstitial glands
did not, since granulosa cells that underwent programmed cell death
are cleared at this stage (Fig. 1B).

3.2. Physiological and biochemical characteristics of DHT-treated
animals

As presented in Table 1, DHT-treated rats had a statistically sig-
nificant increase in caloric intake (P < 0.01), which was accompanied
with increased body mass, absolute (P < 0.01) and relative to body
visceral adipose tissue mass (P < 0.05), compared to placebos. Total
CORT plasma levels were unchanged in DHT-treated animals com-
pared to placebos, whereas visceral adipose tissue CORT level was
significantly increased (P < 0.05) (Table 2). As shown in Table 2, the
IPGTT AUC values were not significantly different between the ex-
perimental groups, which is in accordance with unchanged
circulating glucocorticoids. DHT-treated rats also displayed signifi-
cantly increased plasma triglyceride (P < 0.001) and NEFA (P <0.01)
levels compared to the placebo animals (Table 2).

3.3. Histological and morphometric analysis of visceral adipose
tissue

The gross anatomy images of rats from each experimental group
(Fig. 2A) showed a remarkable difference between DHT-treated and
placebo animals in the visceral adipose tissue size, which was con-
firmed by histological and morphometric analyses of visceral
adipocytes. Namely, histological analysis revealed hypertrophic
adipocytes in DHT-treated rats (Fig. 2B). Further morphometric anal-
ysis showed that adipocytes of DHT-treated rats had enlarged
diameter and area (Fig. 2C, P<0.01) compared to adipocytes of
placebo animals.

3.4. Glucocorticoid prereceptor metabolism and glucocorticoid
receptor intracellular redistribution

To analyze the glucocorticoid prereceptor metabolism in the
adipose tissue, Western blot and qPCR analyses of the key enzymes
involved in the intracellular conversion of 11-dehydrocorticosterone



26 M. Nikoli¢ et al./Molecular and Cellular Endocrinology 399 (2015) 22-31

Fig. 1. Immunohistochemical localization of cleaved caspase-3 in ovaries of placebo and DHT-treated rats. (A) Numerous healthy corpora lutea (CL) and rare regressive CL
(rCL) are present in the ovaries of placebo group. In rCL, cleaved caspase-3 immunoreactive granulosa lutein cells can be seen (inset — arrows). (B) Ovaries of DHT-treated
females are smaller in size with no CL and numerous secondary interstitial glands (arrowheads). Atretic follicles (*) with cleaved caspase-3 positive granulosa cells are also

present (inset — arrows). Scale bar = 100 pum, inset = 50 pm.

to CORT was performed. 11HSD1 mRNA and protein levels were
significantly increased (P < 0.01, Fig. 3A and C), whereas those of its
coenzyme, H6PDH (Fig. 3B and D), remained unchanged in the
adipose tissue microsomal fraction of DHT-treated as compared to
placebo animals.

Analysis of the GR protein level and intracellular redistribution
was performed by Western blot in both cytoplasmic and nuclear
fractions of visceral adipose tissue. As shown in Fig. 4, a statisti-
cally significant decrease (P <0.05) of the GR protein level in the
cytoplasmic fraction, and its concomitant increase (P < 0.05) in the
nuclear fraction of the visceral adipose tissue was observed after
DHT treatment.

3.5. Expression of GR-regulated prolipogenic and
prolipolytic genes

Visceral adipose tissue nuclear fraction was analyzed by Western
blot in order to assess DHT-related changes in the levels of
proadipogenic proteins PPARy and SREBP-1. The comparisons of DHT-
treated and placebo group showed a lack of change in the nuclear
PPARy protein level (Fig. 5A) and a statistically significant increase
in the nuclear level of SREBP-1 (P < 0.05, Fig. 5B) after DHT
treatment.

In the endoplasmic reticulum, lipin-1 has an enzymatic
phosphatidate phosphatase (PAP-1) activity, while in the nucleus
it acts as a transcriptional co-regulator of fatty acid oxidation genes.
Because of this dual role, we analyzed the lipin-1 intracellular dis-
tribution in the visceral adipose tissue by performing Western blot
analysis of its protein level in the microsomal and nuclear frac-
tions. The level of lipin-1 protein in the nuclear fraction remained
unchanged (Fig. 5C), while a significant increase of this protein was
observed in the microsomal fraction (P < 0.05, Fig. 5D) after DHT
treatment.

The analysis of prolipogenic FAS and PEPCK gene expression by
gPCR showed significantly increased levels of both mRNAs in DHT-
treated animals compared to placebos (P < 0.05, Table 3). The mRNA
level of the lipolytic enzyme HSL was significantly decreased
(P <0.05, Table 3) whereas the level of ATGL mRNA remained un-
changed, and that of LPL mRNA was increased (P < 0.05, Table 3).
Transcription of fatty acid translocase CD36 gene was downregulated
in the visceral adipose tissue after DHT treatment.

4. Discussion

The results of the present study showed that DHT-treated female
rats present with both the reproductive and metabolic character-
istics of PCOS, thereby providing an animal model suitable for
biochemical and molecular studies of these disturbances in PCOS.
Long-term treatment of young rats with DHT led to the arrested
estrous cycle, decreased weight of ovaries and uteri and the ap-
pearance of anovulatory ovaries. The effects of DHT treatment on
visceral adipose tissue included enhanced glucocorticoid prereceptor
metabolism and signaling paralleled with the induction of lipo-
genic factors: SREBP-1, microsomal lipin-1, FAS and PEPCK. These
molecular alterations were accompanied by adipocyte hypertro-
phy, visceral obesity, elevated plasma NEFA and triglyceride
concentrations.

In our study of DHT-induced androgen excess, PCOS character-
istics were confirmed at several levels. Namely, treated females were
arrested in diestrus phase of the estrous cycle, while plasma es-
tradiol levels remained unchanged. We also observed the decreased
weight of both ovaries and uteri. Histological analysis of ovaries of
DHT-treated rats revealed that normal processes of folliculogenesis
and ovulation were disturbed, with total absence of ovulation and
promotion of degenerative processes as evidenced by the pres-
ence of cleaved caspase-3 in granulosa cells of early atretic follicles.
This is confirmed by the absence of CL and predomination of in-
terstitial glands within the ovary.

The observed reproductive characteristics of PCOS were accom-
panied by a significant increase in both total body mass and the mass
of visceral adipose tissue of DHT treated rats. It was previously shown
that increased adipose tissue mass can be a consequence of either
adipocyte hypertrophy or hyperplasia (Smith et al., 2006) and our
histological analysis showed that DHT treatment led to domi-
nantly hypertrophic morphology of visceral adipocytes, which is in
accordance with previous findings on DHT-treated mice (van Houten
et al., 2012). Apart from these histological changes, significant in-
creases in triglyceride and NEFA levels in the plasma of DHT-
treated animals were observed, which is consistent with the notion
that dyslipidemia is the most common metabolic abnormality in
PCOS (Macut et al., 2008).

Considering the already established link between local gluco-
corticoid excess and visceral obesity (Gathercole and Stewart, 2010),
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Fig. 2. Histological and morphometric analysis of visceral adipose tissue. Images of gross anatomy of DHT and placebo rats with visible visceral fats (A) and representative
micrographs of hematoxylin-eosin-stained sections of visceral adipose tissue of placebo and DHT-treated rats (B). Scale bar = 100 um. Morphometric analysis of adipocyte
cell diameter and area (C) in placebo and DHT-treated rats. In each group, the diameter and area of the cells were measured in a total of 100 adipocytes per section (three
sections per tissue part per animal and five animals per group). Data are presented as mean + SD. DHT - rats treated with DHT. Comparisons between DHT-treated and
placebo groups were made by unpaired Student’s t-test. Significant difference between the groups is indicated as **P < 0.01.

the aim of this study was to examine whether a similar link can be
observed in DHT-treated rats. We assessed glucocorticoid prereceptor
metabolism by determining mRNA and protein levels of 11HSD1
and H6PDH enzymes, combined with tissue CORT quantification,
as a measure of these enzymes activity. In spite of unchanged plasma
CORT concentrations, we found locally elevated CORT within the
adipose tissue of DHT-treated rats, which was probably related to
enhanced 11BHSD1 activity, judged by its increased mRNA and
protein levels. The level of HGPDH, providing NADPH as a cofactor
for 11BHSD1 activity, was unchanged in the adipose tissue of DHT-
treated rats. We presume, however, that the elevation in adipose
tissue CORT can still be attributed to the sustained activity of
11BHSD1, independently of H6PDH activity, owing to the greater
availability of NADPH compared to NADPH* leading to predomi-
nant reductase reaction in vivo (Czegle et al., 2012). Apart from
analyzing the prereceptor metabolism of glucocorticoids, we also

assessed the level of GR expression and its intracellular redistri-
bution (Nicolaides et al., 2010). After DHT treatment, cytoplasmic
GR level in the adipose tissue was decreased, while its statistically
significant increase was observed in the nuclear fraction, suggest-
ing that the excessive CORT found in visceral adipose tissue after
treatment drives GR activation and consequent changes in the ex-
pression of GR target genes.

As already known, glucocorticoids can modulate both lipogen-
esis and lipolysis in the adipose tissue and the most interesting aspect
of this modulation is that these hormones can concomitantly affect
both of these processes in adipocytes (Wang et al., 2012). One of
the GR regulated prolipogenic genes analyzed in this study is lipin-1
which has a dual role at the molecular level, acting as a transcrip-
tional co-regulator of fatty acid oxidation genes in the nucleus, and
as a phosphatidate phosphatase (PAP-1) enzyme responsible for
diacylglycerol synthesis in the endoplasmic reticulum (Reue and
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Fig. 3. Prereceptor glucocorticoid metabolism in the visceral adipose tissue of DHT-treated rats. Relative quantification of 11BHSD1 (A) and H6PDH (B) mRNA levels in the
visceral adipose tissue of placebo and DHT-treated rats. Representative Western blots and relative quantification of 11BHSD1 (C) and H6PDH (D) protein levels in the mi-
crosomal fractions of adipocytes of placebo and DHT-treated rats. Lower parts of the blots were probed with calnexin antibody as an equal loading control. Data are presented
as mean + SEM (12 animals per experimental group). P - placebo rats, DHT - rats treated with DHT. Comparisons between DHT-treated and placebo groups were made by
unpaired Student’s t-test. Significant difference between the groups is indicated as **P < 0.01.

Brindley, 2008). Our results demonstrated its significant increase
in the microsomal fraction and a lack of its change in the nuclear
fraction after DHT treatment, which implies the prevailing role of
lipin-1 in stimulation of lipogenesis in the visceral adipose tissue
of DHT-treated animals.
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Yet another prolipogenic protein under expressional control of
the glucocorticoids is SREBP-1 (Ayala-Sumuano et al., 2013). We ob-
served a significant increase in the nuclear level of this protein in
visceral adipose tissue after DHT treatment, which is consistent with
the observed hypertrophic state of the adipocytes. SREBP-1 is known
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Fig. 4. GR protein level in the cytoplasmic and nuclear fractions of visceral adipose tissue of DHT-treated rats. Representative Western blots and relative quantification of
GR protein levels in cytoplasmic (A) and nuclear fractions (B) of visceral adipose tissue of placebo and DHT-treated rats. Lower parts of the blots for both cellular fractions
were probed with B-actin antibody as an equal loading control. Data are presented as mean + SEM (12 animals per experimental group). P - placebo rats, DHT - rats treated
with DHT. Comparisons between placebo and DHT-treated groups were made by unpaired Student’s t-test. Significant difference between the groups is indicated as *P < 0.05.
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Fig. 5. PPARy, SREBP-1 and lipin-1 protein levels in the visceral adipose tissue of DHT-treated rats. Representative Western blots and relative quantification of PPARy (A),
SREBP-1 (B) and lipin-1 (C) protein levels in the nuclear fraction and lipin-1 protein level in the microsomal fraction (D) of visceral adipose tissue of placebo and DHT-
treated rats. Lower parts of the blots for the nuclear fraction were probed with B-actin antibody as an equal loading control, whereas calnexin antibody was used accordingly
for the microsomal fraction. Data are presented as mean + SEM (12 animals per experimental group). P - placebo rats, DHT - rats treated with DHT. Comparisons between
placebo and DHT-treated groups were made by unpaired Student’s t-test. Significant difference between the groups is indicated as *P < 0.05.

for its critical role in lipogenesis through direct transcriptional stim-
ulation of genes involved in lipid synthesis and accumulation, such
as FAS and acetyl-CoA carboxylase (Mandard and Kersten, 2006).
In line with elevated nuclear SREBP-1, we have also observed the

Table 3

Relative quantification of mRNA level of lipogenic and
lipolytic genes in the visceral adipose tissue of placebo
and DHT-treated rats.

Placebo DHT
FAS 1.30+0.26 4.83 +1.09*
PEPCK 1.79+017 2.24+0.12*
ATGL 0.88+0.06 0.55+0.14
HSL 1.20+0.11 0.92 £0.07*
LPL 137+0.12 2.08 +0.28*
CD36 0.83+0.19 0.70 £ 0.14*

The data are presented as means + SEM (n =12 animals
per group) of the triplicate analysis of RNA samples. Com-
parisons between DHT-treated and placebo rats were
made by unpaired Student’s t-test. A value of P < 0.05 was
considered statistically significant. Asterisks indicate sig-
nificant differences; *P < 0.05. ATGL, adipose tissue
triglyceride lipase; CD36, cluster of differentiation 36; FAS,
fatty acid synthase; HSL, hormone sensitive lipase; LPL,
lipoprotein lipase; PEPCK, phosphoenolpyruvate
carboxykinase.

elevation of FAS mRNA level in the adipose tissue of DHT-treated
rats.

Another GR regulated gene involved in lipogenesis is PEPCK,
whose product is a key enzyme of glyceroneogenesis in the adipose
tissue (Gathercole and Stewart, 2010). We found a significant in-
crease of PEPCK mRNA level in the visceral adipose tissue of DHT-
treated rats. Considering a set of previously reported data implying
that the ectopic expression of PEPCK increases adipocyte lipid ac-
cumulation and NEFA re-esterification (Franckhauser et al., 2002;
Lee et al., 2014), it can be presumed that PEPCK up-regulation in
the visceral adipose tissue of our PCOS model is set to facilitate
lipogenesis.

We also analyzed the level of PPARY, a transcriptional factor in-
volved in lipid metabolism (Fajas et al., 2001). PPARy is an important
regulator of adipogenesis, since it is required for the beginning of
the adipocyte differentiation process through proliferation and hy-
perplasia (Drolet et al., 2008; Farmer, 2006). Thus, the finding of
unchanged PPARY expression in the adipose tissue of DHT-treated
rats is in line with histological data indicating the hypertrophic state
of adipocytes without visible hyperplasia in these animals.

These results imply that glucocorticoids are likely involved in
lipogenesis and development of visceral obesity in DHT teated rats.
However, it is noteworthy that DHT treatment itself can regulate
the expression of all aforementioned molecules (Bolduc et al., 2004;
Mclnnes et al., 2006; Zhang et al., 2008a) apart from lipin-1, which
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implies a possible interplay between glucocorticoids and andro-
gens in the regulation of lipid metabolism in our model. Although
androgens have an important role in adipose lipid metabolism
(O'Reilly et al., 2014), we suggest that the lipogenesis observed in
our model is at least to some extent influenced by the enhanced
glucocorticoid signaling, based on the implications of current re-
search suggesting a possibility of glucocorticoids inactivating DHT
and thereby overriding its effects in the adipose tissue (Hartig et al.,
2012; Veilleux et al., 2012).

As mentioned before, glucocorticoids can affect both lipogen-
esis and lipolysis in the adipocytes and thus it was of interest to
analyze the expression of several lipolytic enzymes, such as ATGL,
HSL and LPL, as well as fatty acid translocase CD36 in the visceral
adipose tissue. In DHT-treated rats, HSL mRNA level was signifi-
cantly decreased, while that of ATGL remained unchanged.
Interestingly, we also found elevated LPL mRNA level, resulting in
enhanced NEFA release in the circulation. It was previously shown
that facilitation of NEFA uptake is mediated by scavenger receptor
CD36 (Goldberg et al., 2009), whose expression was downregulated
after DHT-treatment. It could be proposed that LPL-mediated NEFA
release is not supported by adequate uptake of fatty acids by CD36,
resulting in increased circulating NEFA level.

The results of this study led us to several conclusions. Firstly, DHT
treatment of female rats in prepubertal age induces a plethora of
reproductive and metabolic disturbances compatible with those seen
in human PCOS, making this animal model suitable for research on
pathogenesis of this syndrome. The most important metabolic ab-
normalities induced by DHT treatment are dyslipidemia and visceral
obesity that stems from adipocyte hypertrophy. These metabolic dis-
turbances can at least partly derive from enhanced glucocorticoid
signaling in the visceral adipose tissue, leading to intensified lipo-
genesis through the induction of prolipogenic factors, SREBP-1, FAS
and lipin-1.

However, since some molecular mechanisms of lipid metabo-
lism regulation of androgens and glucocorticoids overlap, it should
be noted that these effects can result from a complicated inter-
play between androgens and glucocorticoids in the course of fat
accumulation and that additional research is required in order to
make a definite distinction between the effects of the two hor-
mones in the studied model of PCOS. However, considering the
aforementioned possibility of glucocorticoids inactivating DHT and
thereby overriding its effects in the adipose tissue, the involve-
ment of pronounced glucocorticoid signaling in the visceral adipose
tissue accumulation and lipid metabolism disturbances should not
be neglected.

Acknowledgement

This work was supported by the Ministry of Education, Science
and Technological Development of the Republic of Serbia, Grant
1141009. The authors are thankful to Dr. Verica MiloSevi¢ for as-
sistance in histological analysis.

References

Ayala-Sumuano, ].T., Velez-delValle, C., Beltran-Langarica, A., Marsch-Moreno, M.,
Hernandez-Mosqueira, C., Kuri-Harcuch, W., 2013. Glucocorticoid paradoxically
recruits adipose progenitors and impairs lipid homeostasis and glucose transport
in mature adipocytes. Sci. Rep. 3, 2573.

Barber, T.M., Franks, S., 2013. Adipocyte biology in polycystic ovary syndrome. Mol.
Cell. Endocrinol. 373, 68-76.

Bolduc, C., Larose, M., Yoshioka, M., Ye, P, Belleau, P, Labrie, C., et al., 2004. Effects
of dihydrotestosterone on adipose tissue measured by serial analysis of gene
expression. J. Mol. Endocrinol. 33, 429-444.

Bujalska, L]., Draper, N., Michailidou, Z., Tomlinson, ].W., White, P.C., Chapman, K.E.,
et al., 2005. Hexose-6-phosphate dehydrogenase confers oxo-reductase activity
upon 11 beta-hydroxysteroid dehydrogenase type 1. J. Mol. Endocrinol. 34,
675-684.

Bursac, B.N., Vasiljevic, A.D., Nestorovic, N.M., Velickovic, N.A., Vojnovic Milutinovic,
D.D., Matic, G.M,, et al., 2014. High-fructose diet leads to visceral adiposity and
hypothalamic leptin resistance in male rats — do glucocorticoids play a role? J.
Nutr. Biochem. 25, 446-455.

Campbell, J.E., Peckett, AJ., D'Souza, A.M., Hawke, TJ., Riddell, M.C., 2011. Adipogenic
and lipolytic effects of chronic glucocorticoid exposure. Am. J. Physiol. Cell Physiol.
300, C198-C209.

Catteau-Jonard, S., Dewailly, D., 2013. Pathophysiology of polycystic ovary syndrome:
the role of hyperandrogenism. Front. Horm. Res. 40, 22-27.

Czegle, 1., Csala, M., Mand], J., Benedetti, A., Karadi, I., Banhegyi, G., 2012. G6PT-
H6PDH-11betaHSD1 triad in the liver and its implication in the pathomechanism
of the metabolic syndrome. World J. Hepatol. 4, 129-138.

Drolet, R., Richard, C., Sniderman, A.D., Mailloux, J., Fortier, M., Huot, C., et al., 2008.
Hypertrophy and hyperplasia of abdominal adipose tissues in women. Int. J. Obes.
(Lond) 32, 283-291.

Duncombe, W.G., 1964. The colorimetric micro-determination of non-esterified fatty
acids in plasma. Clin. Chim. Acta 9, 122-125.

Ehrmann, D.A., 2005. Polycystic ovary syndrome. N. Engl. J. Med. 352, 1223-
1236.

Escobar-Morreale, H.F, San Millan, J.L., 2007. Abdominal adiposity and the polycystic
ovary syndrome. Trends Endocrinol. Metab. 18, 266-272.

Fajas, L., Debril, M.B., Auwerx, J., 2001. PPAR gamma: an essential role in metabolic
control. Nutr. Metab. Cardiovasc. Dis. 11, 64-69.

Farmer, S.R., 2006. Transcriptional control of adipocyte formation. Cell Metab. 4,
263-273.

Fassnacht, M., Schlenz, N., Schneider, S.B., Wudy, S.A., Allolio, B., Arlt, W., 2003. Beyond
adrenal and ovarian androgen generation: increased peripheral 5 alpha-reductase
activity in women with polycystic ovary syndrome. ]J. Clin. Endocrinol. Metab.
88, 2760-2766.

Franckhauser, S., Munoz, S., Pujol, A., Casellas, A., Riu, E., Otaegui, P, et al., 2002.
Increased fatty acid re-esterification by PEPCK overexpression in adipose
tissue leads to obesity without insulin resistance. Diabetes 51, 624-
630.

Galarraga, M., Campion, J., Munoz-Barrutia, A., Boque, N., Moreno, H., Martinez, ].A.,
et al,, 2012. Adiposoft: automated software for the analysis of white adipose tissue
cellularity in histological sections. J. Lipid Res. 53, 2791-2796.

Galitzky, J., Bouloumie, A., 2013. Human visceral-fat-specific glucocorticoid tuning
of adipogenesis. Cell Metab. 18, 3-5.

Gathercole, L.L., Stewart, P.M., 2010. Targeting the pre-receptor metabolism of cortisol
as a novel therapy in obesity and diabetes. ]. Steroid Biochem. Mol. Biol. 122,
21-27.

Goldberg, 1.]., Eckel, R.H., Abumrad, N.A., 2009. Regulation of fatty acid uptake into
tissues: lipoprotein lipase- and CD36-mediated pathways. J. Lipid Res. 50 (Suppl.),
$86-S90.

Hartig, S.M., He, B., Newberg, ].Y., Ochsner, S.A., Loose, D.S., Lanz, R.B., et al., 2012.
Feed-forward inhibition of androgen receptor activity by glucocorticoid action
in human adipocytes. Chem. Biol. 19, 1126-1141.

Lee, M., Pramyothin, P, Karastergiou, K., Fried, S.K., 2014. Deconstructing the roles
of glucocorticoids in adipose tissue biology and the development of central
obesity. Biochim. Biophys. Acta 1842, 473-481.

Livadas, S., Diamanti-Kandarakis, E., 2013. Polycystic ovary syndrome: definitions,
phenotypes and diagnostic approach. Front. Horm. Res. 40, 1-21.

Livak, KJ., Schmittgen, T.D., 2001. Analysis of relative gene expression data using
real-time quantitative PCR and the 2(-Delta Delta C(T). Method. Methods. 25,
402-408.

Macut, D., Panidis, D., Glisic, B., Spanos, N., Petakov, M., Bjekic, J., et al., 2008. Lipid
and lipoprotein profile in women with polycystic ovary syndrome. Can. J. Physiol.
Pharmacol. 86, 199-204.

Mandard, S., Kersten, S., 2006. Regulation of lipogenic genes in obesity, In:
Brigelius-Flohe, R., Joost, H.G., (Eds.), Nutritional Genomics: Impact on Health
and Disease. Wiley-VCH Verlag GmbH & Co., Weinheim, pp. 208-219.

Manneras, L., Cajander, S., Holmang, A., Seleskovic, Z., Lystig, T., Lonn, M., et al., 2007.
A new rat model exhibiting both ovarian and metabolic characteristics of
polycystic ovary syndrome. Endocrinology 148, 3781-3791.

Mclnnes, KJ., Corbould, A., Simpson, E.R., Jones, M.E., 2006. Regulation of adenosine
5’,monophosphate-activated protein kinase and lipogenesis by androgens
contributes to visceral obesity in an estrogen-deficient state. Endocrinology 147,
5907-5913.

Nicolaides, N.C., Galata, Z., Kino, T., Chrousos, G.P., Charmandari, E., 2010. The human
glucocorticoid receptor: molecular basis of biologic function. Steroids 75, 1-
12.

Norman, R}J., Dewailly, D., Legro, R.S., Hickey, T.E., 2007. Polycystic ovary syndrome.
Lancet 370, 685-697.

O'Reilly, M.\W., House, PJ., Tomlinson, J.W., 2014. Understanding androgen action in
adipose tissue. J. Steroid Biochem. Mol. Biol. 143C, 277-284.

Pasquali, R., 2006. Obesity and androgens: facts and perspectives. Fertil. Steril. 85,
1319-1340.

Peckett, AJ., Wright, D.C., Riddell, M.C,, 2011. The effects of glucocorticoids on adipose
tissue lipid metabolism. Metabolism 60, 1500-1510.

Reue, K., Brindley, D.N., 2008. Thematic review series: glycerolipids. Multiple roles
for lipins/phosphatidate phosphatase enzymes in lipid metabolism. J. Lipid Res.
49, 2493-2503.

Silfen, M.E., Denburg, M.R., Manibo, A.M.,, Lobo, R.A,, Jaffe, R, Ferin, M., et al., 2003.
Early endocrine, metabolic, and sonographic characteristics of polycystic ovary
syndrome (PCOS): comparison between nonobese and obese adolescents. J. Clin.
Endocrinol. Metab. 88, 4682-4688.



M. Nikoli¢ et al./Molecular and Cellular Endocrinology 399 (2015) 22-31 31

Smith, J., Al-Amri, M., Dorairaj, P., Sniderman, A., 2006. The adipocyte life cycle
hypothesis. Clin. Sci. (Lond.) 110, 1-9.

Spector, T., 1978. Refinement of the coomassie blue method of protein quantitation.
A simple and linear spectrophotometric assay for less than or equal to 0.5 to
50 microgram of protein. Anal. Biochem. 86, 142-146.

Teede, HJ., Hutchison, S., Zoungas, S., Meyer, C., 2006. Insulin resistance, the metabolic
syndrome, diabetes, and cardiovascular disease risk in women with PCOS.
Endocrine 30, 45-53.

van Houten, E.L.,, Kramer, P,, McLuskey, A., Karels, B.,, Themmen, A.P,, Visser, J.A., 2012.
Reproductive and metabolic phenotype of a mouse model of PCOS. Endocrinology
153, 2861-2869.

Veilleux, A., Cote, ].A,, Blouin, K., Nadeau, M., Pelletier, M., Marceau, P, et al., 2012.
Glucocorticoid-induced androgen inactivation by aldo-keto reductase 1C2
promotes adipogenesis in human preadipocytes. Am. J. Physiol. Endocrinol. Metab.
302, E941-E949.

Walker, B.R., Andrew, R., 2006. Tissue production of cortisol by 11beta-hydroxysteroid
dehydrogenase type 1 and metabolic disease. Ann. N. Y. Acad. Sci. 1083, 165-184.

Wang, J.C., Gray, N.E., Kuo, T., Harris, C.A., 2012. Regulation of triglyceride metabolism
by glucocorticoid receptor. Cell Biosci. 2, 19.

Wang, Y., Jones Voy, B., Urs, S., Kim, S., Soltani-Bejnood, M., Quigley, N., et al., 2004.
The human fatty acid synthase gene and de novo lipogenesis are coordinately
regulated in human adipose tissue. J. Nutr. 134, 1032-1038.

Yu, C.Y.,, Mayba, O., Lee, ].V., Tran, J., Harris, C., Speed, T.P, et al., 2010. Genome-wide
analysis of glucocorticoid receptor binding regions in adipocytes reveal gene
network involved in triglyceride homeostasis. PLoS ONE 5, e15188.

Zhang, P.,, O’Loughlin, L., Brindley, D.N., Reue, K., 2008a. Regulation of lipin-1 gene
expression by glucocorticoids during adipogenesis. J. Lipid Res. 49, 1519-
1528.

Zhang, Y., Calvo, E., Martel, C., Luu-The, V., Labrie, F, Tchernof, A., 2008b. Response
of the adipose tissue transcriptome to dihydrotestosterone in mice. Physiol.
Genomics 35, 254-261.

Zhu, L., Hou, M., Sun, B., Buren, J., Zhang, L., Yi, ., et al., 2010. Testosterone stimulates
adipose tissue 11beta-hydroxysteroid dehydrogenase type 1 expression in a
depot-specific manner in children. J. Clin. Endocrinol. Metab. 95, 3300-3308.



5a-DIHYDROTESTOSTERONE TREATMENT
INDUCES METABOLIC CHANGES ASSOCIATED
WITH POLYCYSTIC OVARY SYNDROME WITHOUT
INTERFERING WITH HYPOTHALAMIC LEPTIN
AND GLUCOCORTICOID SIGNALING

Marina Nikoli¢', Natasa Veli¢kovié’, Ana Djordjevic’, Biljana
Bursaél, Djuro Macutz, Ivana Bozi¢ Antic’z, Jelica Bjekié Macut3,
Gordana Mati¢* and Danijela Vojnovié Milutinovi¢"

'Department of Biochemistry, Institute for Biological Research “Sinisa Stankovi¢”, University of
Belgrade, 142 Despot Stefan Blvd., 11000 Belgrade, Serbia

“Institute of Endocrinology, Diabetes and Metabolic Diseases, Clinical Center of Serbia and School
of Medicine, University of Belgrade, Dr Suboti¢a 13, 11000 Belgrade, Serbia

$CHC Bezanijska kosa, Bezanijska kosa bb, 11080 Belgrade, Serbia

*Corresponding author: dvojnovic@ibiss.bg.ac.rs

Received: December 14, 2015; Revised: December 23, 2015; Accepted: December 28, 2015

Abstract: Polycystic ovary syndrome (PCOS) is the most common endocrinopathy in women of
reproductive age. It is a heterogenous disorder, with hyperandrogenism, chronic anovulation and
polycystic ovaries as basic characteristics, and associated metabolic syndrome features. Increased
secretion of leptin and leptin resistance are common consequences of obesity. Leptin is a hormone
with anorexigenic effects in the hypothalamus. Its function in the regulation of energy intake and
consumption is antagonized by glucocorticoids. By modulating leptin signaling and inflammatory
processes in the hypothalamus, glucocorticoids can contribute to the development of metabolic
disturbances associated with central energy disbalance. The aim of the study was to examine the
relationship between hypothalamic leptin, glucocorticoid and inflammatory signaling in the
development of metabolic disturbances associated with PCOS. The study was conducted on an animal
model of PCOS generated by a continual, 90-day treatment of female rats with 5a-dihydrotestosterone
(DHT). The model exhibited all key reproductive and metabolic features of the syndrome. mRNA
and/or protein levels of the key components of hypothalamic glucocorticoid, leptin and inflammatory
pathways, presumably contributing to energy disbalance in DHT-treated female rats, were measured.
The results indicated that DHT treatment led to the development of hyperphagia and hyperleptinemia
as metabolic features associated with PCOS. However, these metabolic disturbances could not be
ascribed to changes in hypothalamic leptin, glucocorticoid or inflammatory signaling pathways in
DHT-treated rats.

Keywords: DHT; hypothalamus; leptin; glucocorticoids; inflammation

INTRODUCTION

Polycystic ovary syndrome (PCOS) is a common female endocrinopathy affecting 4-8% of
women of reproductive age [1-3]. It is a heterogenous endocrinological disorder involving
both reproductive and metabolic abnormalities, most importantly hyperandrogenemia,
chronic anovulation and polycystic ovaries. Features of the metabolic syndrome, notably
visceral obesity, dyslipidemia, low glucose tolerance and insulin resistance are frequently
associated with PCOS [3, 4]. It has been suggested that hyperandrogenemia, as one of the key
features of PCOS, can affect food intake by increasing food craving, and thereby induce
weight gain in women [5].
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Obesity, most frequently the central type, is very common in PCOS, with hyperandrogenemia
particularly stimulating the propagation of visceral adipose tissue [6, 7]. The most important
influences of obesity on the genesis and self-propagation of PCOS include the stimulation of
hyperinsulinemia and insulin resistance, chronic low-grade inflammation and general
lipotoxicity [8, 9].

Adipose tissue influences central food intake and energy expenditure control through
the secretion of adipokines, among which is leptin [9, 10]. Leptin blood concentration is
positively correlated with adipocyte size and general adiposity. Its secretion is stimulated by
insulin and glucocorticoids, and inhibited by androgens [11, 12]. Leptin passes the blood-
brain barrier (BBB) and, after binding to the long form of leptin receptor (ObRb) in the
hypothalamus, exerts its anorexigenic effects through the transcriptional activation/repression
of a number of genes, including those coding for neuropeptide Y (NPY), Agouti-related
peptide (AgRP) and proopiomelanocortin (POMC) [13].

Leptin resistance is a state in which leptin is not able to perform its functions, in spite
of its high levels in the circulation [14]. It is frequently a consequence of visceral obesity
[14], and can induce food consumption abnormalities, which intensify the effects of obesity
on the pathophysiology of PCOS [15]. Leptin resistance can arise at different stages of the
leptin transport through the BBB, or the hypothalamic ObRb signaling: most importantly the
stimulated downregulation of ObRb [14, 16, 17] and/or expression of the suppressor of the
cytokine signaling 3 (SOCS-3) gene, which leads to the increased negative feedback
regulation of the leptin signal transduction [14, 18, 19]. Furthermore, an important role in the
genesis of leptin resistance can be attributed to the local inflammatory mediator tumor
necrosis factor a (TNFa), interleukin 6 (IL-6), IkB kinase (IKKf)/nuclear factor kB (NFkB)
and the proinflammatory actions of free fatty acids (FFA) [13, 14, 18, 19].

Glucocorticoid hormones can modulate the leptin signaling pathway at the level of
signal transducer and activator of transcription 3 (STAT3) and SOCS-3 gene expressions
[20]. The levels of bioactive forms of glucocorticoids can be regulated locally through the
action of 11B-hydroxysteroid dehydrogenase 1 (11B-HSD1)/hexoso-6-phosphate
dehydrogenase (H6PDH) enzymatic system, which converts the inactive forms of these
hormones to the active ones [21, 22]. Increased activation of glucocorticoids is considered
important for the genesis of metabolic disorders, including those linked to PCOS [21-24].
Glucocorticoids are also well-known as anti-inflammatory molecules generally suppressing
the expression and modifying the activities of proinflammatory cytokines, such as IL-6 and
TNF-a, and transcription regulators, such as NFkB [25, 26], aforementioned as possible
mediators of leptin resistance in the hypothalamus.

Our previous work has shown the possibility of involvement of glucocorticoid genomic
effects, generally exerted after binding to and activating the glucocorticoid receptor (GR), in
metabolic disturbances in the rat model of PCOS generated by 5a-dihydrotestosterone (DHT)
treatment [27]. More specifically, we have found changes in visceral adipose tissue lipid
metabolism leading to hypertrophic visceral obesity [27]. Considering the positive correlation
of obesity and adipocyte size with leptin secretion, the importance of leptin in the
hypothalamic regulation of energy intake and its aforementioned interactions with
glucocorticoid signaling in the hypothalamus, we investigated the link between hypothalamic
leptin, glucocorticoid and inflammatory signaling changes, and energy intake disturbances in
female rats subjected to long-term DHT treatment.

MATERIALS AND METHODS

Animals and treatment

At the 21% day after birth, female Wistar rat pups were separated from lactating dames and
randomly divided into two groups. The first group was implanted with 90-day-continuous-



release pellets containing 7.5 mg of DHT (daily dose, 83 pg; DHT group), and the second
was treated with pellets lacking the bioactive component (Placebo group). DHT and placebo
pellets were purchased from Innovative Research of America (Sarasota, FL, USA). The dose
of DHT was chosen to induce the hyperandrogenic state corresponding to that seen in women
with PCOS [28, 29]. Each experimental group was comprised of 12 animals (n=12), which
were housed three per cage, kept in a space with controlled temperature (22+2°C) and
constant humidity, and under a standard 12 h/12 h light/dark cycle. All animals had ad
libitum access to commercial chow and tap water. During the 90-day treatment, food intake
was measured daily and body mass weekly. Energy intake was calculated as daily calories
ingested through food (food mass (g) x 11 kJ). At the end of the treatment, rats were killed by
decapitation in the diestrus phase of the estrous cycle. The stage of cyclicity was determined
by microscopic analysis of the predominant cell type in vaginal smears obtained daily from
each animal from the 10" week to the end of the treatment. All protocols were compliant with
the European Communities Council Directive (86/609/EEC) for the protection of animals
used for experimental and other scientific purposes, and were approved by the Ethical
Committee for the Use of Laboratory Animals of the Institute for Biological Research “Sinisa
Stankovi¢”, University of Belgrade (No 2-20/10), according to the guidelines of the EU-
registered Serbian Laboratory Animal Science Association (SLASA).

Tissue and blood sample collection and determination of plasma parameters
Immediately after the experimental animals were killed by rapid decapitation, visceral
adipose tissue and hypothalami were isolated, weighed and frozen in liquid nitrogen for
storage until further use. Trunk blood was collected at decapitation in EDTA-containing
tubes and the blood triglyceride concentration was measured on site by MultiCare strips
(Biochemical Systems International, Arezzo, Italy). Plasma was isolated by centrifugation at
1600 x g for 15 min at room temperature, and then stored at -70°C. The plasma level of FFA
was determined using a modified version of Duncombe’s method [30]. Total plasma leptin
concentrations were measured by the Rat Leptin ELISA Kit (Millipore, Billerica, MA, USA)
according to the manufacturer’s instructions. Absorbance at 450 nm (reference 590 nm) was
read using a plate reader (Multiskan Spectrum, Thermo Electron Corporation, Waltham, MA,
USA, and plasma leptin concentrations, determined by 4PL curve fitting analysis (ReaderFit
Software, MiraiBio Group of Hitachi Solutions America, Ltd., San Bruno, CA, USA), were
presented in ng/mL. The intra-assay coefficient of variation (CV) was 5.9%, while inter-assay
CV was 8.9%.

Preparation of hypothalamic whole cell extracts

Hypothalami were homogenized in 4 vol. (w/v) of radioimmunoprecipitation assay (RIPA)
buffer (25 mM Tris, pH 7.4, 150 mM NaCl, 1% Nonidet NP40, 0.1% SDS, 2 mM DTT, 1
mM EDTA-Na2, 0.15 mM spermine, 0.15 mM spermidine, protease and phosphatase
inhibitors) using a glass/teflon (Potter-Elvehjem) homogenizer. The homogenates were
sonicated on ice (3 x 10 s at 10 MHz, Hielscher Ultrasound Processor, Hielscher Ultrasonics
GmbH, Teltow, Germany) and incubated for 60 min at 0°C prior to 20-min centrifugation at
14000 x g. The resulting supernatants were stored at -70°C. Protein content was determined
according to Spector [31].

SDS-PAGE and immunoblotting

Proteins were resolved on 7.5% SDS-polyacrylamide gels using Mini-Protean |l
Electrophoresis Cell (Bio-Rad Laboratories, Hercules, CA, USA). Transfer of proteins from
acrylamide gels to PVDF membranes (Immobilon-FL, Millipore Billerica, MA, USA) was
performed in 25 mM Tris buffer, pH 8.3, containing 192 mM glycine and 20% (v/v)
methanol, at 135 mA overnight in Mini Trans-Blot Electrophoretic Transfer Cell (Bio-Rad
Laboratories, Hercules, CA, USA). The membranes were blocked by phosphate-buffered
saline (PBS, 1.5 mM KH,PO,4, 6.5 mM Na;HPQO,4, 2.7 mM KCI, 0.14 M NaCl, pH 7.2)



containing 3% non-fat dry milk for 90 min at room temperature. After extensive washing
(PBS containing 0.1% Tween20), membranes were incubated overnight at 4°C with
respective primary antibodies: rabbit polyclonal anti-leptin receptor (ab5593, Abcam,
Cambridge, UK), rabbit polyclonal anti-GR (PA1-511, Thermo Scientific, Waltham, MA,
USA), rabbit polyclonal anti-11p-HSD1 (ab109554, Abcam, Cambridge, UK), rabbit
polyclonal anti-H6PD (sc-67394, Santa Cruz Biotechnology, Dallas, TX, USA), rabbit
polyclonal anti-NF«xB (sc-372, Santa Cruz Biotechnology, Dallas, TX, USA) and mouse
monoclonal anti-p-actin (AC-15, Sigma-Aldrich, Saint Louis, MO, USA), which was used as
an equal loading control. After thorough washing, all membranes were incubated with
alkaline phosphatase conjugated secondary antibodies (Amersham Pharmacia Biotech, Little
Chalfont, UK, 1:20000). The immunoreactive proteins were visualized by an enhanced
chemifluorescence method (ECF, Amersham Pharmacia Biotech, Little Chalfont, UK) and
quantitative analysis was performed by Image-Quant software (GE Healthcare, Little
Chalfont, UK).

RNA isolation and reverse transcription

Total hypothalamic RNA was isolated using TRI Reagent® (AmBion, Waltham, MA, USA).
RNA was dissolved in RNase-DNase free water (Eppendorf, Hamburg, Germany) and its
concentration and purity were tested spectrophotometrically (OD 260/280>1.8 was
considered satisfactory). RNA integrity was confirmed by 2% agarose gel electrophoresis.
RNase inhibitor (Applied Biosystems, Foster City, CA, USA) was added and the samples
were frozen at -70°C until use. Prior to cDNA synthesis, DNA contamination was removed
by DNase | treatment (Fermentas, Waltham, MA, USA). cDNA was synthesized from 2 ug of
RNA. Reverse transcription was performed using High-Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, Foster City, CA, USA), according to the
manufacturer’s instructions, and cDNA was stored at -70°C until use.

Quantitative real-time PCR

Quantification of ObRb, GR, NPY, SOCS-3, TNFo and IL-6 mRNA levels in the
hypothalamus was performed by TagMan® Real Time PCR. Primers and probes for GR,
ObRb, NPY, SOCS-3, TNFo and IL-6 (Rn00567167_ml1, Rn00561369_ml,
Rn01410145 ml1 and Rn00585674 sl, Rn01525859 g1, Rn01410330_m1, respectively)
were obtained from Applied Biosystems Assay-on-Demand Gene Expression Products.
HPRT1 (Rn01527840 ml) was used as a previously validated endogenous control.
Quantitative real time PCR (qPCR) was performed using the ABI Prism 7000 Sequence
Detection System (Applied Biosystems, Foster City CA, USA) in a total volume of 25 puL
containing 1 x TagMan® Universal Master Mix with AmpErase UNG, 1 x Assay Mix
(Applied Biosystems, Foster City CA, USA) and the cDNA template (20 ng of RNA
converted to cDNA) as follows: at 50°C for 2 min and 95°C for 10 min, followed by 50
cycles at 95°C for 15 s and 60°C for 90 s. No template control was used in any run. All
reactions were run in triplicate. Relative quantification of target genes was performed using
the comparative 2 **“* method (Livak and Schmittgen, 2001). The obtained results were
analyzed by Sequence Detection Software version 1.2.3 for 7000 System SDS Software RQ
Study Application (Applied Biosystems, Foster City CA, USA) with a confidence level of
95% (p=<0.05).

Statistical analyses

Statistical analyses were performed using Prism software 5.00 (GraphPad, San Diego, CA,
USA). The results are expressed as means+SD for biochemical and hormonal parameters, and
as meanstSEM for data from Western blot analysis and qgPCR. Values were considered
statistically significant when the p value was less than 0.05.

RESULTS



Morphological and basic metabolic parameters of DHT-treated female rats

The energy intake of DHT-treated rats was significantly increased when compared placebo-
treated rats and was accompanied by an increase in visceral adipose tissue mass (Table 1,
p<0.05).

Blood triglyceride, FFA and leptin levels

Statistically significant increases in blood triglyceride level (***, p<0.001), as well as in the
plasma levels of FFA (*, p<0.05) and leptin (**, p<0.01) were observed after DHT-treatment
in comparison to the Placebo group (Figs. 1 and 2).

Leptin signaling alterations in DHT-treated animals

The effects of DHT treatment on the expression of hypothalamic ObRb, SOCS-3 and NPY
were examined by gPCR and Western blot. Subsequent Student t-test analyses showed the
lack of significant changes in both relative protein and mRNA levels of ObRb, as well as in
the relative amounts of SOCS-3 and NPY mRNAs in the hypothalami of DHT-treated rats
(Fig. 3).

Glucocorticoid signaling in the hypothalami of DHT-treated rats

Changes in glucocorticoid signaling in the hypothalami of female rats after DHT treatment
were examined by semiquantitative Western blot analyses of glucocorticoid prereceptor
metabolism, gPCR analysis of relative GR mRNA levels and Western blot analysis of relative
GR protein levels in the hypothalamic whole cell extracts. The results obtained are shown in
Fig. 4, and imply an unchanged glucocorticoid regeneration and signaling in the
hypothalamus of the DHT-treated rats.

Local inflammation in the hypothalami of DHT-treated rats

The relative local expression of several cytokines potentially involved in the changes of
hypothalamic leptin signaling was also studied by gPCR and Western blot analyses.
Succeeding statistical evaluations showed that neither IL-6 and TNFo mRNA, nor relative
NF«B protein levels were significantly influenced by DHT treatment (Table 2, Fig. 5).

DISCUSSION

This study was performed on a hyperandrogenemic rat model of PCOS, obtained by the
continual subcutaneous administration of a nonaromatizable form of testosterone, DHT, from
the beginning of puberty up to adulthood. The model exhibited the main reproductive and
metabolic features of PCOS [27]. The obtained results confirmed the existence of visceral
adiposity, dyslipidemia and hyperphagia with increased energy intake in DHT-treated female
rats (Table 1, Fig. 1). Significant hypertrophy of visceral fat adipocytes was also previously
observed in the same animals [27]. Taking this fact and the noticed metabolic changes into
account, the presence of blood hyperleptinemia and possible hypothalamic leptin resistance
seems to be a reasonable assumption [11, 12, 14]. A significant elevation in blood leptin
concentration was indeed observed in the DHT-treated females (Fig. 2). Namely,
hyperleptinemia is often linked with hypothalamic leptin resistance, especially in obese
animals. The state of leptin resistance can include signal transduction impediments after
hormone binding to ObRb [17], involving the increased expression of the SOCS-3 gene in
response to leptin and/or increased negative regulation of ObRb receptor gene expression [14,
18, 19]. However, in spite of the observed hyperleptinemia, the results of g°PCR and Western
blot analyses did not indicate these changes in the leptin signaling pathway (Fig. 3A, B and
C).

One of the most important effector molecules in leptin control of energy balance is
NPY [13], whose expression is influenced by glucocorticoids and insulin [32]. The effect of
glucocorticoids on the NPY secretion in the hypothalamus is notably opposite to that of leptin
and insulin [33] and involves the NPY gene transcriptional control [32, 34]. Therefore, in this
study the changes in the corresponding hypothalamic mRNA levels were analyzed, but our



results did not show a statistically significant increase in NPY gene expression after DHT
treatment (Fig. 3D).

The analyses of local glucocorticoid signaling were also performed, taking into account
the aforementioned crosstalk between glucocorticoid and leptin signaling at the levels of
NPY, ObRb and SOCS-3 gene expressions in central energy-intake regulation [20, 32, 33].
Analyses of the levels of 11B-HSD1 and H6PDH enzymes, the hypothalamic proteins
involved in the regeneration of biologically active glucocorticoids [34], revealed that
glucocorticoid prereceptor metabolism, as well as hypothalamic GR mRNA and protein
levels were unaltered by DHT treatment (Fig. 4). Together, the observed results imply an
unaffected glucocorticoid signaling, and therefore the absence of the potential effects of
glucocorticoids on the leptin-signaling components and NPY expression in the hypothalamus
of the chosen PCOS model.

An important role in the metabolic disturbances linked to the energy intake disbalance
can be assigned to local inflammatory processes in the hypothalamus. Local inflammatory
consequences can arise due to the overactivity of the IKKB/NFkB system, or the increase in
TNFo and IL-6 proinflammatory mediators [13, 14, 18, 19]. However, the analyses
performed in this study did not show changes in TNFa and IL-6 mMRNA levels (Table 2),
which is in accordance with the unaltered NFkB protein level in the hypothalamic whole-cell
extract of DHT-treated rats (Fig. 5).

The results of the present study point to a disturbed energy balance after DHT
treatment, as illustrated by visceral adiposity, dyslipidemia and an increased energy intake,
with adjoining hyperleptinemia. At the same time, the performed molecular analyses did not
confirm the relation of the listed metabolic changes with either hypothalamic leptin,
glucocorticoid or inflammatory signaling changes in the chosen PCOS model. Therefore,
some additional aspects of leptin resistance, such as FFA-influenced STAT3 regulation, or
the hyperleptinemia-stimulated inhibitory phosphorylations of ObRb, should be analyzed as
potential markers of disturbed energy balance control in DHT-treated rats.
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Table 1. Energy intake and visceral adipose tissue mass of DHT-treated and placebo rats.

Placebo DHT
Energy intake (kJ/day/rat) 177.20+£30.10 191.30+£34.90 **
Visceral adipose tissue mass () 9.34x2.29 13.02+2.48 **

Data were analyzed by Student t-test and represent the mean values £ SD of 12 animals per group. A value of
p<0.05 was considered statistically significant (**, p<0.01).



Table 2. IL-6 and TNFa mRNA levels in the hypothalamus of DHT-treated and placebo rats.

Placebo DHT
TNFa 1.00+0.06 1.16+0.09
IL-6 1.00+0.14 0.78+0.10

Data were analyzed by Student t-test and represent the mean values £ SD of 12 animals per group. A value of
p<0.05 was considered statistically significant.



Figure Legends

Fig. 1. Blood triglyceride and plasma FFA levels. The levels of blood triglyceride (A) and
plasma FFA (B) in DHT-treated (DHT) and Placebo group. Data represent the mean values £
SD of 12 animals per each group. Group comparisons were done by Student t-test. A value of
p<0.05 was considered statistically significant (*, p<0.05; ***, p<0.001).

Fig. 2. Plasma leptin levels. Data represent the mean values £ SD of 12 animals per each
group, DHT-treated (DHT) and Placebo. Group comparisons were done by Student t-test. A
value of p<0.05 was considered statistically significant (**, p<0.01).

Fig. 3. The levels of ObRb, SOCS-3 and NPY gene expressions. Representative Western blot
and relative levels of ObRb protein in the hypothalamic whole cell extract of placebo (P) and
DHT-treated rats (DHT) (A). Respective relative hypothalamic levels of ObRb (B), SOCS-3
(C) and NPY (D) mRNA in placebo and DHT-treated rats. Blots were probed with B-actin
antibody as an equal loading control. Data are presented as mean £ SEM and were analyzed
by Student t-test.

Fig. 4. Hypothalamic levels of 113-HSD1, H6PDH and GR. Representative Western blots
and respective relative levels of 113-HSD1 (A), H6PDH (B) and GR (C) proteins in the
hypothalamic whole cell extract of placebo (P) and DHT-treated rats (DHT). Relative
hypothalamic levels of GR mRNA in placebo and DHT-treated rats (D). Blots were probed
with B-actin antibody as an equal loading control. Data are presented as mean + SEM and
were analyzed by Student t-test.

Fig. 5. NF«kB protein level. A representative Western blot and relative level of NFkB protein
in the hypothalamic whole cell extract of placebo (P) and DHT-treated rats (DHT). Blots
were probed with B-actin antibody as an equal loading control. Data are presented as mean +
SEM and were analyzed by Student t-test.
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