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CaxeTak

MocTmeHonay3anHa ocTeonoposa je cuctemcka bonect ckeneta kojy Ka-
paKTepuLle CMameHe KOLTaHe Mace W HapyllaBake MUKPOaPXUTEKTY-
pe KOLUTaHOr TKMBa LUTO pesynTyje noBehaHoM KoliTaHOM dparvunHoLuhy.
3naTHu cTaHdapA 3a nocTaBrbake AnjarHo3e 0CTeonopose npeactasiba
DXA (gBocTpyko-eHepreTcka X-3payHa ancopnumomeTpuja), AoK ce pa-
31M4UTU BoMapKepu U3 KPBK 1 ypuHA KOpUCTe Y NpoLieHn MeTabonmyke
akTuBHocTU KocTU. PPAR-y npunaga knacu HecTepouaHMX HyKneapHUx
peuenTopa. OBaj peuenTop je AOMWHAHTHO M3paXeH y aaunouutumMa,
anu je npucyTaH u y octeobnactuma. Oba HaBefeHa Tuna fAene 3ajen-
HMYKy npekycopcky henujy. Ckopaluta ucTpaxusaka ykasana cy Ha
3Havaj PPAR-y y pemogenoBsamy kowTtaHor Tkusa. Cynctutyumja Lly I'y
€ersoHy reHa koju kogmpa oBaj npotenH (PPARG) noBoaun Ao 3aMeHe npo-
NMHA y anaHuH Ha No3vumjn 12, WTo A40BOAM A0 HeroBe CMakeHe TpaH-
CKPUMNLIMOHE aKTUBHOCTU. [pUMapHK Uik UCTPaxuBarba je UcnuTmBaHe
nosesaHocTu namefy reHotuna Pro12Ala nonumopdusma y PPARG reHy
1 BPeOHOCTU usMepeHe MuHepanHe kowTaHe ryctuHe (MKID) kop xeHa
y noctMmeHonayau. CekyHAapHu Lurb NpefcTaBrba aHanuaa noBe3aHo-
CTV HaBeAeHor reHckor nonnMopduama ca broxemujckum napameTpuma
ocTeonopose. Y CcTyaujy cy ykrbydeHe 82 nauujeHTKukbe ca NoCTMEHOo-
naysanHom octeonoposoM. [eHotun Pro12Ala ogpefeH je peakuunjom
NaHyaHe MonMmepusaumje U aHanmmM3om nonvmopduaama OyXuHe pe-
cTpukumonnx cdparmeHata (PCR-RFLP). Pesyntatu: kog 14 (17%) wc-
nutaHuua je ytepheHo nocrtojate Pro12Ala BapujaHte (U reHotun) y
okBupy PPARG reHa, gok je Pro12Pro (UL, reHotun) getektoBaHa ko
68 (83%). Huje yTBphleHa cTaTUCTUYKM 3HaYajHa pa3nuka y ocTeodeH-
3utomeTpujckum napametrpuma MK y ogHOCY Ha MCMUTMBAHU FEHOTUN.
MehyTtum, Hocvoum I anena (Pro12Ala BapujaHTa) umanu cy 3HayajHo
BuLe BpeaHocTn Beta-CTx, Gruoxemujckor mapkepa pasrpaghe KoluTa-
Hor TkuBa (p = 0,019). Kog »eHa ca nocTMeHonay3anHoM 0CTEoNopo3oM
Huje gokasaHa nose3aHocT Pro12Ala nonumopduama reHa 3a PPARYy ca
MKT, anu je moryhe ga reHotun yTude Ha cepymcku HuMBO Beta-CTx, n
TUME Ha noja4aHy KoLUTaHy pasrpagmy.

KrmbyyHe peun: noctmeHonaysanHa octeonoposa, PPARY,
Pro12Ala nonumopdusam, OvomMapkepu MOCTMeHomnay-
3anHe octeonopose, Beta-CTx
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Abstract

Postmenopausal osteoporosis is a systemic skeletal disease character-
ized by a decrease in bone mass and disruption of the bone microar-
chitecture, resulting in increased fragility. DXA scan (dual-energy X-ray
absorptiometry) is the “gold standard” for the diagnosis of osteoporosis,
while different serum or urine biomarkers are used in the measurement of
bone turnover. PPAR-y belongs to the family of nonsteroid nuclear recep-
tors. It is predominantly expressed in adipocytes but it could be found in
osteoblasts. Both types share a common precursor cell. Recent studies
have indicated the important role of PPAR-y in bone remodeling. Substi-
tution of C to G in an exon of the gene coding for this protein (PPARG) re-
sults in Pro to Ala amino acid change at position 12, leading to decreased
transcriptional activity of PPARG. The aim of our research was to deter-
mine the association between the genotype Pro12Ala polymorphism of
the PPARG gene and the value of measured bone mineral density (BMD)
as well as biochemical parameters of osteoporosis in postmenopausal
women. 82 patients with postmenopausal osteoporosis were included in
the study. The analysis of the Pro12Ala genotype of the PPARG gene
was done by polymerase chain reaction and restriction fragment length
polymorphism (PCR-RFLP). The Pro12Ala variant (CG genotype) was
found in 14 respondents (17%), while the Pro12Pro (CC genotype) was
present in 68 patients (83%). There was no statistically significant differ-
ence between BMD values concerning the genotype. However, carriers
of the G allele (Pro12Ala variant) had significantly higher levels of serum
Beta-CTx, a biochemical marker of bone degradation (p=0.019). There
was no association found between the Pro12Ala genotype of the PPARG
gene and BMD in women with postmenopausal osteoporosis, but the
genotype could affect serum Beta-CTx levels indicating increased bone
degradation.

Key words: postmenopausal osteoporosis, PPAR-y, Pro-
12Ala polymorphism, postmenopausal osteoporosis bio-
markers, Beta-CTx
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YBopg

OcTteonoposa je cucremcka GonecT ckeneta Kojy kapak-
Tepule CMakere KolTaHe Mace 1 HapyllaBake MUKPO-
apXUTEKTYpe KOLUTaHOr TKMBA, LWTO pe3ynTyje nosehaHom
KowwTaHoMm cpparunHowhy. NocTMeHonay3anHa ocTeono-
po3a, 3ajeqHO Ca CeHWMHOM, mpunaga Tuny onwTe npu-
MapHe octeonopo3se [1]. HajsHa4ajHuju napameTap ocTteo-
nopose je CMawete MUHeparnHe KowtaHe ryctuHe — MKIT
(engl. bone mineral density, BMD), cTora 3anaTHu ctaHaapg
y NocTaBIbaky AnjarHo3e NpeacTaBiba OCTEOAEH3UTOME-
Tpuja DXA meTogoom (4BOCTpyKO-eHepreTcka X-3payHa
ancopnuuomeTpuja) [2]. JonyHckn napameTap 3a Auja-
rHOCTUKY je ogpehrBake MeTabonuyke akTMBHOCTM KOCTU
(eHrn. turnover) nomohy Guoxemujckmx napamertapa. OBu
napamMmeTpu MOry ykasaTu Ha pa3Boj OCTEoNopo3e y paHu-
jeM ctagujymy 6onectu, a Mory ce NogenuTu Ha OHe Koju
yKasyjy Ha pasrpaghy UM OHe Koju ykasdyjy Ha cTBapane
KowTaHor Tkuea [3]. HajsaxHuju y npBoj rpynu cy: ogHOC
Kanuujym—KpeaTVHUH Y YPUHY, XUOPOKCUMPOSUH, FINKO-
31N XMAPOKCUNN3MHA, NMUPUAMHOMNWH W AEeOoKCUnupuan-
HomvH. KoHueHTpauuja oBuX napameTtapa ce Hajuyelwwhe
ogpenyje y ypuHy, gok ce Beta-C tepmuHanHu Tenonen-
TvA konareHa tuna | (Beta-CrossLaps, skr. Beta-CTXx), kao
HajBa>KHMjU MapKep y NpoueHn pasrpagHe KOCTU, 06nyHO
mMepwu y cepymy. Mapkepu chopMrpara KoLTaHor TKMBa cy
CepyMCKMN HUBOM ankanHe gpocgarase, 0cTeoKasnLmH, npo-
nentuau konareHa | [4].

lMocTMeHoMay3anHa ocTeonopo3a je YCNoBibeHa MHO-
rocTpykum paktopuma. Pasrpaghwa KowTaHor TKuBa
nocpegosaHa je nosehaHoM akTMBHOLWINY oOcCTeoknacta
CTUMYNMCaHUX HedoCTaTKOM ecTporeHa W MNpUCyCTBOM
npovHdnamatTopHnx umtokmHa. Cmatpa ce ga rybutak
KOLUTaHe Mace Koju ce jaBrba nocne ofcTpakera jajHu-
Ka MMa MaeHTUYHY naTtoreHesy Kao OocTeornoposa Koja ce
jaBrba nocne meHornayse, LWTO HeOBOCMUCIIEHO YKasyje
Ha yrory MosfiHUX XOpMOHa y perynauuju peMmoaenupara
ckerneta [1]. MehyTum, nHameBmaoyanHe Bapwujauunje y uc-
norbaBaky 6onecTn ykasyjy Ha AOMNYHCKM YyTULAj FEHCKMX
dakTopa n haktopa u3 okpyxewa. Hajuewhe HaBoheHn
CpeaunHckM hakTopy pusmka cy penaTtvMBHa HEaKTMBHOCT,
KOja HacTaje y npouecy cTapeha, NPOTENHCKO-Kanopujcka
ManHyTpuLUmja, CHKEH UHAeKC TenecHe mace (UTM), He-
JocTaTtak kanuujyma un dpocdpara, nyLieHe 1 ankoxonusam
[5]. Y oudbepeHumjanHoj amjarHo3n je nNoTpebHO UCKIbY-
YUTWN Y3POKE CeKyHOapHe OCTeornopose MonyT jaTporeHux
(npoaoyxeHa ynotpeba rnykokopTvMkomaa, xenapvHa u ne-
BOTMPOKCUHA), Kao 1 BonecTun Kog Kojux je nocTMeHonay-
3anHa octeonoposa komopbuaunTeT (ogpeheHa ayToMMyH-
CKa, eHAOKPMHOSOLLKA 1 XeMaToroLlka oborbewa) [6].

Introduction

Osteoporosis is a systemic skeletal disease characterized
by a decrease in bone mass and disruption of bone mi-
croarchitecture, resulting in increased bone fragility. Post-
menopausal osteoporosis, together with senile osteoporo-
sis, belongs to the type of common primary osteoporosis
[1]. The most significant parameter of osteoporosis is the
decrease in bone mineral density - BMD, therefore, os-
teodensitometry using the DXA method (dual-energy X-ray
absorptiometry) is the gold standard for diagnosis [2]. An
additional diagnostic parameter is the determination of
bone metabolism activity i.e. bone turnover using biochem-
ical parameters. These parameters can suggest the devel-
opment of osteoporosis in an early stage of the disease,
and can be divided into those that indicate bone degra-
dation i.e. breakdown and those indicating bone formation
[3]. The most important parameters in the first group are
urine calcium-creatinine ratio, hydroxyproline, hydroxy-
lysine glycosides, pyridinoline and deoxypyridinoline. The
levels of these parameters are most often measured in
urine, while the Beta-C terminal telopeptide of type | colla-
gen (Beta-CrossLaps, abbreviated Beta-CTx), as the most
important marker of the bone degradation assessment, is
usually tested in serum. Markers that are specific to bone
formation include serum levels of alkaline phosphatase,
osteocalcin, collagen | propeptides [4].

Postmenopausal osteoporosis is caused by multiple fac-
tors. Bone resorption involves the enhanced activity of
osteoclasts stimulated by the lack of estrogen and the
presence of pro-inflammatory cytokines. It is considered
that the loss of bone mass that occurs after the removal of
ovaries has the same pathogenesis as osteoporosis that
occurs after menopause, which unequivocally indicates
the role of sex hormones in the regulation of skeletal re-
modeling [1]. However, individual variations in the manifes-
tation of the disease suggest the complementary influence
of genetic and environmental factors. The most frequently
reported environmental risk factors are relative inactivity,
which occurs in the aging process, protein-calorie mal-
nutrition, low body mass index (BMI), lack of calcium and
phosphate, smoking and alcoholism [5]. The differential
diagnosis needs to exclude the causes of secondary os-
teoporosis such as iatrogenic (long-term use of glucocorti-
coids, heparin and levothyroxine), as well as diseases with
postmenopausal osteoporosis as a comorbidity (specific
autoimmune, endocrine and hematologic diseases and
disorders) [6].

Genetic factors play a substantial role in the development
of primary osteoporosis. It has been observed that parental
osteoporotic fractures are a major risk factor for offspring
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[eHeTMYKkM hakTopu urpajy HegBOCMUCHEHY Yrory y Ha-
CTaHKy MpumapHe ocTeornopose. YO4YeHO je Aa NoToMLM
ocoba ca OCTeOnopoTUYHUM dbpakTypama MMajy 1 camu
cHmwkeHy MKI™ n Behu pusuk og cpaktypa, a npouereHa
XEpUTabUITHOCT CMakeHE MUHEPASIHE KOLUTaHe ryCTUHE je
Bpro Bucoka, og 60 no 90% [7]. bpojHe cTyaunje acouuja-
LuMje oane cy KOH(rMKTHe pesynTtaTte O NOBe3aHOCTU pa-
3MMYUTUX KaHAMOAT reHa Ymja ce ynora npetnocraerbana
y npoLiecy pemoaenoBaka KocTu, yHKUMju ocTeobnacra
M ocTeoknacTa. Y HoBuje Bpeme, CTyauje acouunjaumje Le-
TNOKyMHOr reHoMa (eHan. Genome wide association study,
GWAS) npowmpune cy naHen reHa Koju cy nosesaHu ca
HacTaHKOM ocTeornopoase [8, 9].

Peuentopn aktnBupaHu nponudepartopom nepokcmsoma
(eHrn. peroxisome proliferator-activated receptor gamma
- PPAR) npeacrtaBrbajy NOpoauLy HECTEPOUOHMX HyKIle-
apHuX peuenTopa y OKBMPY KOje je HajBulie OonucuBaH
PPAR-y. OBaj TpaHCKpUNUMOHU hakTop je AOMWUHAHTHO
nspaxeH y 6enum agunoumMtUMa M rmatkuMm MULMAHUM
henujama, mare je 3acTynrbeH y Muokapay, eHooTeny v
mMakpodarnma (octeoknactuma) [10]. YapyxeHocT npu-
MapHe ocTeonopo3e ca nosehawem Opoja agunouuTa y
KOLLTaHOj CP>KW yKasyje Ha NoTeHuujanHo nocrojarke cnpe-
re namefy osa ABa MexaHusma. Tpeba mctahu embpumo-
HarnHy CrnyYHOCT ocTeobrnacrta, ocTeoknacTa u agunouuta
[11]. TnnTasonn (TnasonuauHanonun T3[) cy HajsHaYajHuju
cuvHTeTnYKM aroHnctn PPAR-y koju ce kopucTe y Tepanuju
WHCYNUHCKE pe3ncTeHumje Tako WTo nosehasajy oceTrbu-
BOCT Ha WHCYNWH, npeysvMake W NOTPOLUHY [IyKo3e Y
MuwhMma n MacHoMm TkmBy. MehyTuMm, yodeHo je ga He-
XerbeHu edrekat NpuMeHe OBUX fieKoBa Moxe 1Ty pasBoj
ocTteonopose [12]. [JogaTHM eKCnepuMMeHTU Ha aHuman-
HUM MOAenvMa Cy nokasanu ga cneumduyHn aHTaroHUCTH
PPAR-y cnpeyaBajy akTuBauujy ocTeoknacrta u cMmamwyjy
pecopnuujy koctu [13, 14].

PPAR-y ce Hana3u y yetupu nsodgopme (y1, y3, v4 n y2),
a kogupaH je jeaHum reHoM, PPARG, koju ce Hanasu Ha
KpaTkom Kpaky Tpeher xpomosoma (3p25.2) (10). Hajue-
whu nonvMopdmr3am OBOT reHa y rbyam je 3ameHa nponu-
Ha anaHuHoMm (Pro12Ala) y ersoHy B, (rs1801, L > T'), ca
dpekBeHunjom anena mamehny 2% un 23% y pasnuumtum
€THUYKUM rpynamMa. 3aMmeHa NposniMHa anaHUHOM Ha Nnosu-
umjn 12. aMMHOKMCENUHE CMakbyje akTUBHOCT camor npo-
TeunHa 3a 30-50% [15]. Ckopalura UCTpaxumBara ykasana
Cy Ha MOBE3aHOCT OBOr NonMmopduama ca pemogenupa-
HEeM KoLuTaHor Tkuea [16, 17].

Linrb nctpaxusama je yTBphuBame MoBe3aHOCTU U3Me-
Ry reHotuna Pro12Ala nonumopdusma y PPARG reHy 1
BpeaHocTn namepeHe MKl n Guoxemujcknx napamerapa
OCTeOornopose Kof XXeHa y NoCTMeHoMnay3w.

osteoporosis-related fractures, as well as for heritable re-
duced BMD values, with the estimated heritability of low
bone mineral density being very high and ranging from
60 to 90% [7]. Numerous association studies have yield-
ed conflicting results related to the association of different
candidate genes that were suspected to play a role in the
process of bone remodeling, osteoblast and osteoclast
function. More recently, genome wide association studies
(GWAS) have expanded the gene panels associated with
the development of osteoporosis [8, 9].

Peroxisome proliferator-activated receptor gamma (PPAR)
is a member of the nonsteroidal nuclear receptor superfam-
ily, of which PPAR-y is the one most widely described. This
transcription factor is predominantly expressed in white
adipocytes and smooth muscles, and less represented in
myocardium, endothelium and macrophages (osteoclasts)
[10]. Primary osteoporosis associated with an increase in
the number of adipocytes in the bone marrow indicates
the potential existence of a coupling between these two
mechanisms. The embryonic similarity of osteoblasts, os-
teoclasts and adipocytes should be noted [11]. Glitazones
(thiazolidinediones or TZDs) are the most important syn-
thetic PPAR-y agonists used in the treatment of insulin re-
sistance by increasing insulin sensitivity, glucose uptake
and consumption in muscle and adipose tissue. However,
it has been observed that the side effects of these medi-
cations may include the development of osteoporosis [12].
Additional experiments on animal models have shown that
specific PPAR-y antagonists prevent osteoclast activation
and reduce bone resorption [13, 14].

PPAR-y exists in four isoforms (y1, y3, y4 and y2), and is
encoded by one gene, PPARG, located on the short arm
of the third chromosome (3p25.2) (10). The most common
polymorphism of this gene in humans is a proline-to-ala-
nine substitution (Pro12Ala) in exon B, (rs1801, C > G),
with an allele frequency between 2% and 23% in different
ethnic groups. The proline for alanine substitution at the
amino acid position 12 reduces the activity of the protein
itself by 30-50% [15]. Recent studies have indicated the
association between this type of polymorphism with bone
remodeling [16, 17].

The aim of the study was to determine the association be-
tween the genotype of the Pro12Ala polymorphism in the
PPARG gene and the value of the measured BMD and bio-
chemical parameters of osteoporosis in postmenopausal
women.
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MaTtepujan u metone

UcnutaHnum

NcTpaxunsare je obyxsaTmno 82 mucnutaHuka >XeHCKOr
nona, npernegaHnx u npahennx y WNHCTUTYTy 3a pexa-
bunutauujy, Cokobancka, beorpag. Cee ucnutaHuue cy
fune y nepvogy noctMmeHonayse, AeMHNCAHOM Ha OCHO-
BY NMpecTaHKa MeHCTpyasHMX LMKIyca y nepuogy of Haj-
Mah-e roauvHy fgaHa. Takohe, kof CBUX XeHa je noTepheHa
JujarHo3a npuMapHe OCTeonopo3e UM OCTeoneHuje Me-
peremM MUHeparnHe kowTaHe ryctuHe (MKIM) kBaHTUTaTmB-
HOM MeToOoM ocTeopeHsuTomeTpuje (Hologic, Discovery
C, DXA® Series) Ha nymbanHoj knumu (J11-J14) n kyky (BpaTt
OyTHe KocTn). [leHanTomeTpmjcka gujarHo3a ocTeonopose
WHTEpnpeTMpaHa je cxogHo npenopykama CBeTcke 3apaB-
CTBEHe opraHu3auuje Ha ocHoBy T-ckopa Koju je AeduHu-
caH kao 6poj ctaHgapgHux aesujaumja (C) naumjeHToBE
MKI™ usHag wnu mncnog npoceyHe MKIT mnapge ogpacne
ocobe [2]. MepeH je n 3-ckop Koju ogroBapa oacTynamy Yy
BpegHoCTMMa Koje 6u ogroeapane 3gpaBvMm ocobama uc-
TuX roguHa. MNpukynrbeHn cy n nogaum o Groxemujckum
MapKkepuma KoliTaHor metabonuama us cepyma (yKynHa
ankanHa docdarasa, octeokanuuH, Beta-CTx) u Bpea-
HOCTU PYTUHCKUX BUOXEMMjCKMX aHanuaa u3 KpBu 1 ypuHa
Koje Cy umane 3a Uuib UCKIbyYere CEeKyHAapHWUX y3poka
ocTeonopose.

MonekynapHo-reHeTM4YKa aHanms3a
MonekynapHo-reHeT14Yke aHanu3e cy cnposegeHe Ha WH-
CTUTYTY 3a XyMaHy reHeTuky MeauuuHckor dakyntera y
Beorpaay.

leHomcka [IHK nsonosaHa je ucorbaBamwem (Salting out),
npuMmeHom MogudmkosaHe metogonoruje no Milerr-y [18].
AHanusa nonumopduama PPARG reHa BpLUeHa je peakuu-
jOM naH4yaHe nonvMmepusauuvje 1 aHanu3om nonmmopdu-
3ama ayxuHe pecTpukumoHux dparmeHata (PCR-RFLP)
mMeTogom. 3a ymMHOXaBake ogrosapajyher pervoHa y PCR
peakumju kopuwheHu cy npajMepun cekBeHLe:

*  Forward npajmep: 5 LUAA 'YL, LA TULL TTT UTE TF 3’
. Reverse npajmep 5 LI,AF AAA FLI,F ATT LlLlT TU.A LI,TF 3.

PeakumoHa cmella 3a cBakuM y30pak ce cacTojana Of:
17,7un Boge, 2,5 un nydepa, 2 un pacreopa MarHesunjym
xnopwvaa, 0,25 pyn Hykneotuga, no 0,5 pyn ceakor npajme-
pa (forward u reverse), 0,1 un Taq nonuvepase. Ycnosu
PCR peakuuje ussegeHe y anapary Thermal Cycler 2720
(Applied Biosystems, USA), 3a cmewy og 25 pyn 6unu
cy: 35 uyuknyca geHatypauuje 94 °C/30 s, xnbpuamsaum-
ja npajmepa 63 °C/30 s n enoHraumja 72 °C/45 s. PCR
NpoaykT je umao AyxuHy 247 6n. Mo 3aBpLueTKy amnnu-
dukaumje BpeHa je pectpukumja PCR npogykta Msp |

Material and methods

Respondents

The study included 82 female respondents, examined and
monitored at the Institute of Physical Therapy, Sokobanjs-
ka, Belgrade. All respondents were postmenopausal, de-
fined on the basis of the cessation of menstrual cycles for at
least one year. Also, all the women have a diagnosis of pri-
mary osteoporosis or osteopenia confirmed by measuring
bone mineral density (BMD) using the quantitative method
of osteodensitometry (Hologic, Discovery C, DXA® Series)
at the lumbar spine (L1-L4) and hip (femoral neck). The
densitometric diagnosis of osteoporosis was interpreted in
accordance with the recommendations of the World Health
Organization based on a T-score, which is defined as the
number of standard deviation units (SD) a patient's BMD
score is above or below the young adult BMD mean [2]. A
Z-score was also calculated, which represents the number
of deviations away from the mean value of a healthy per-
son of the same age. Data were also collected on serum
biochemical markers of bone metabolism (total alkaline
phosphatase, osteocalcin, Beta-CTx) as well as the values
of routine biochemical blood and urine tests aimed at ex-
cluding secondary causes of osteoporosis.

Molecular genetic testing
The molecular genetic tests were performed at the Institute
of Human Genetics of the Faculty of Medicine in Belgrade.

Genomic DNA was isolated by salting out, using the mod-
ified methodology introduced by Miller [18]. The PPARG
gene polymorphism was analyzed by the polymerase
chain reaction-restriction fragment length polymorphisms
(PCR-RFLP) method. To amplify a specific region in the
PCR reaction, the sequence primers were used as follows:

* Forward primer: 5 CAAGCC CAGTCCTTTCTGTG &
* Reverse primer 5 CAGAAAGCGATT CCTTCACTG 3.

The reaction mix for each sample consisted of: 17.7 pl of
water, 2.5 pyl of buffer, 2 pl of magnesium chloride solution,
0.25 pl of nucleotides, 0.5 yl of each primer (forward and
reverse), 0.1 pl of Taqg polymerase. The PCR reaction was
performed by using a Thermal Cycler 2720 (Applied Bio-
systems, USA) with the following conditions for a 25 pl re-
action mixture: 35 denaturation cycles at 94°C/30s, hybrid-
ization at 63°C/30s and elongation at 72°C/45s. The PCR
product had a length of 247 bp. After the completion of the
amplification, the PCR product restriction was performed
using Mspl restriction enzyme at 37 C for 120 minutes. The
electrophoresis was conducted on an 8% polyacrylamide
gel and run at a voltage of 230 V in 1xTBE buffer. Syber
safe DNA stain (Life Technologies, USA) was used to stain
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PECTPUKLMOHUM eH3nuMoM Ha 37 ‘C Tokom 120 MuUHyTa.
Enektpodopesa je ypaheHa Ha 8% nonuvakpunamugHom
reny v BpueHa je y 1XTBE nydepy npu HanoHy og 230 V.
3a b6ojene rena kopuwheHa je Syber safe DNA boja (Life
Technologies, USA). l'enoBu cy BU3yenu3oBaHu Ha TpaH-
cunymuHatopy (ETX-F20.M, Vilber). YoueHe fBe Tpake o
217 6n n 30 6n ogroeaparne cy reHotuny LiLL, Tpy Tpake of
247, 217 v 30 6n o3HayaBane cy reHotun LI MNpucycteo
jeoHe Tpake of 247 6n ogroeapano 6u reHotuny T, anu
OH HUWje AeTeKTOBaH Ha NCMUTMBAHOM Y30pKY.

CraTuctuyka obpaga nopgaraka

CTtartuctnyka aHanusa je nsepueHa nomohy SPSS 20 npo-
rpamckor naketa. OnvcHe Bapwujabne nckasaHe cy 6poje-
BMMa W NPOLEHTUMA, @ KOHTUHyanHe CpeaHuM BpeaHo-
CTMMa 1 cTanHgapaHUM AeBujaumnjama. AHanuTnyuke metoae
npumeneHe y cTaTncTuykoj obpagm nogataka cy T-TecT y
cnydvajy HopmarnHe pacnogene u Mann-Whitney TecT kog
nogaraka Koju HUCY UManu KapakTepucTuke HopmarnHe
pacnogene. Kao gonyHcka aHanusa ypaheHa je n Myntu-
nna perpecnoHa aHanusa. P BpegHoctn < 0,05 cmaTpaHe
CY CTaTUCTMYKUN 3HAYajHUM.

PesynTtatu

McnutaHe cy 82 xeHe xunBoTHe fobu o 47 no 70 rogmHa.
MeHonaysa kog ncnutaHuua je Hactynuna y nepvoay og
34. po 55. roguHe (MpoceyHa BpegHocT 49 roguHa).

MonekynapHo-reHeTUYKOM aHanun3om kog 14 vcnutaHuua
(17%) ytBpheHo je noctojawe Pro12Ala nonumopduama
(LI reHotun) y okBupy reHa za PPAR-y, ook je wild-type
Pro12Pro (4Ll reHoTvn) 6uo npucytaH kog wux 68 (83%).
XOMO3UroTHU reHoTMn 3a pehu anen Huje OEeTeKTOBaH.
Yyectanoct yewher L| anena je usHocuna 91,46% a peher
I 8,54% (MpadwmkoH 1 1 2). dotorpacuja AHK dparmeHa-
Ta Ha ren enektpodopesn 1 Tymadere pesyntarta npuka-
3aHu cy Ha cnuum (Crnivka 1).

padcdmkoH 1. Y4yecTtanocT reHoTunoBa nosiMMopguama
Pro12Ala PPARG y ucnuT“BaHOM Y30pKY.

the gel. The gels were visualized with a transilluminator
(ETX-F20.M, Wilber). The two bands of 217 bp and 30 bp
were observed for the CC genotype, three bands of 247,
217 and 30 bp were indicative of the CG genotype. The
presence of a single band of 247 bp would represent the
GG genotype, but it was not detected in the tested sample.

Statistical data analysis

Statistical analysis was performed using the SPSS 20 soft-
ware package. The descriptive variables are expressed in
numbers and percentages, and the results for continuous
variables are expressed as mean values and standard
deviations. The analytical methods applied in statistical
data analysis included a T-test for normal distribution of
the data, and a Mann-Whitney test was used with the dis-
tribution being non-normal. As a supplementary analysis,
a multiple regression analysis was performed. P values <
0.05 were considered to be statistically significant.

Results

There were 82 women aged between 47 and 70 examined.
Menopause occurred in the respondents between ages 34
and 55 (mean value 49 years of age).

Molecular genetic analysis indicated the presence of the
Pro12Ala polymorphism (CG genotype) of the PPAR-y
gene in 14 respondents (17%), while the wild-type Pro-
12Pro (CC genotype) was present in 68 of them (83%).
No homozygous genotype for a rare allele was detected.
The frequency of the common C allele was 91.46% and it
was 8.54% for the rare G allele (Charts 1 and 2). The pho-
tograph of DNA electrophoresis and results interpretation
are given in Figure 1.

Chart 1. Frequency of genotypes of the Pro12Ala PPARG
polymorphism in the examined sample

Mpo12Ana reHoTun
Pro12Ala Genotype

Uy
" cc

rr
GG
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MpadmkoH 2. VYuectanoct anena nonuMmopduama

Pro12Ala PPARG y ncnutMBaHoM Y30pKy.

Chart 2. Allele frequencies of the Pro12Ala PPARG poly-
morphism in the examined sample.

Anenu MNpo12Ana nonumopgusma
Pro12Ala Allele Polymorphism

Cnuka 1. dotorpadmja JHK cbparmeHata Ha ren enekTpo-
dopesun HakoH PCR-RFLP meTtoge.

Nerenpa: e Tpake Ha reny og 247 6n n 217 6n o3HayaBajy
XxeTepo3uroTHu reHoTun LN gowa Tpaka og 217 6n o3Havasa LiL|
reHotun. Manu dparmeHT o 30 6n, npucyTtaH y oba reHoTuna,
HacTao HaKOH AejcTBa PECTPUKUMOHOr eH3MMa ce He BUAM Ha
reny. XomMmo3uroTHu [T reHOTuN Huje 4eTEKTOBAH Y HalleM y30pKy.

Pesyntatn ocTeogeH3UTOMETPUje Cy W3paxeHu arnco-
NYTHUM BpeAHOCTMMA y g/cm? 3a BPeOHOCTU MUHeparsiHe
KoLlTaHe rycTMHe M y cTaHgapaHum gesujaumnjama (CL),
Tj. T n 3 ckopy kako 3a nymbanHy knumy (J11-J12) tako un
3a BpaT OyTHe kocTW. AHanu3om nogartaka Huje gobujeHa
CTaTUCTMYKA 3HAYajHOCT y pa3nukama 4obunjeHnx BpegHo-
ctn MKTI™ y ogHocy Ha reHoTtun Pro12Ala nonumopdurama
(Tabena 1).

O OF

- Tpaka 247 6n
Band 247 bp

0O Tpaka 217 6n
Band 217 bp

Figure 1. Photo of the DNA fragments in gel electrophore-
sis after the PCR-RFLP method.

Legend: The two bands visible on the gel, of 247 bp and 217
bp respectively, indicate the heterozygous CG genotype, and the
lower band of 217 bp indicates the CC genotype. A small frag-
ment of 30 bp, present in both genotypes, and generated by the
restriction enzyme is not visible on the gel. No homozygous GG
genotype was detected in our sample.

The results of osteodensitometry are expressed as abso-
lute values in g/cm? for bone mineral density and as stan-
dard deviations (SD) i.e., T and Z scores for both the lum-
bar spine (L1-L2) and the femoral neck. The data analysis
determined no statistical significance in the differences be-
tween the BMD values found in relation to the genotype of
Pro12Ala polymorphism (Table 1).
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Tabena 1. OcTteogeH3uTOMETpUjcke BPEOHOCTU MUHE-
panHe kowTaHe ryctuHe (MKI) y 3aBMCHOCTM of, reHoTMna
Pro12Ala PPARG.

Table 1. Osteodensitometry values of bone mineral densi-
ty (BMD) based on the Pro12Ala PPARG genotype.

DXACB = C[
DXA Mean + SD
T-ckop 3-ckop MKIr MKIr
FeHoTun T-ckop N11-N12  3-ckop J11-]12 Bparta chemypa Bparta chemypa 1-N2 y g%cm2 Bparta demypa y g%cm2
Genotype T-score L1-L2  Z-score L1-L2 T-score Z-score BMD BMD
femural neck femural neck L1-L2 in g%cm2 femural neck in g%cm?2
uu/cc -2,66+0,75 -2,10+£0,99 -2,61+0,684 -1,76+1,04 0,837 = 0,106 0,743
r/ GG -2,75 £ 0,62 -214+110 -2,36+0,689 -1,43+0,97 0,819+0,118 0,700
pl/p 0,693 0,917 0,233 0,293 0,575 0,200

Cpente BpedHOCTU HajBaXHUjuX Broxemujckux napame-
Tapa dopmupara KocTu (ankanHa docdpatasa — AJll
N ocTeokanuuH) u kowTaHe pasrpagwe (BetaCTx), kao
N pesynTatu HKUXOBE CTAaTUCTUYKE aHanu3e y OOHOCY Ha
reHOTUN MCNUTUBAHOr MNonuMopdumama npukasaHu cy y
Tabenun 2. HuBoun ykynHe ankanHe docdatase y cepymy
cy 6unu HWxn koa Hocunaua LM y ogHocy Ha ncnvTaHu-
ue UL reHotuna (72,612 npema 61,857 U/l), kao n Husomu
ocTeokanuuHa (25,925 npema 24,381 g/l), anv Ta pasnu-
Ka Huje JocTurna cTaTUCTUYKY 3HadajHocT. MehyTum, kog
Hocunaua Ala BapwujaHTe, Tj. [T anena cpegre BpeoHOCTH,
BetaCTx 6une cy 3HauvajHo Bue (654,493 npema 539,974
pg/ml; p = 0,019). HakoH NpMMeHe MynTUNNIe perpecroHe
aHanu3e y3 koBapwjabne: HuBou BuTaMuHa [, napat xop-
MoHa (MTX), Tupeo-ctumynuwyher xopmoHa (TCX), AJM
n nHgekca tenecHe mace (MTM), pasnuka y BpegHocTuma
BetaCTx y ogHoCy Ha reHOTWN je ocTana y paHry crtatu-
CTMYKe 3HauvajHocTu (p = 0,021; B = 0,253). MNMopep Tora,
yodeHa je 1 3HadajHa nosesaHocT BpegHocT BetaCTx u
ButammHa [ (p = 0,048; B =-0,220), kao n BetaCTx n AJl
(p = 0,004; 8 =0,330) [11].

Tabela 2. MapameTpu KowTaHor metabonuama (Gopmu-
paka 1 pecopnuuje KOCTU) y 3aBUCHOCTM Of reHoTuna
Pro12Ala PPARG.

OcTteokanuuH (g/l)

Mean values of the most important biochemical parame-
ters of bone formation (alkaline phosphatase - ALP and os-
teocalcin) and bone degradation (BetaCTx), as well as the
results of the statistical analysis in relation to the genotype
of the examined polymorphism are shown in Table 2. The
levels of total alkaline phosphatase in serum, as well as
osteocalcin levels (25,925 vs. 24,381 g/l), were lower in the
CG carriers compared to the respondents of CC genotype
(72,612 vs. 61,857 U/l), but the difference value has not
reached the level of statistical significance. However, the
mean values of BetaCTx were significantly higher in the
carriers of the Ala variant i.e. G allele (654.493 vs. 539.974
pg/ml; p = 0.019). After the application of a multiple regres-
sion analysis with the following covariables: levels of vita-
min D, parathormone (PTH), thyroid-stimulating hormone
(TSH), ALP and body mass index (BMI), the difference in
BetaCTx values in relation to the genotype remained within
the range of statistical significance (p = 0.021; B = 0.253).
In addition, a significant correlation was found between the
values of BetaCTx and vitamin D (p = 0.048; 8 = -0.220),
as well as the values of BetaCTx and ALP (p = 0.004; B =
0.330) [11].

Table 2. Parameters of bone metabolism (bone formation
and bone resorption) based on the Pro12Ala PPARG gen-
otype.

Beta-CTx pgl/ml

FeHoTUN Ann (un)
Genotype ALP(U/)
L/ cc 72,612 + 27,612
T/ GG 61,857 + 15,221
p/p 0,693
Hduckycuja

Y Hawem uCTpaxuBawy y4vectanocT peher anena
Pro12Ala nonumopdmsma y okeupy PPARG reHa W3HO-
cuna je 8,54%, a yyecTtanocT XeTepo3uroTHOr reHoTuna
17%, WTO ce yknana y nogaTtke gobujeHe y nonynauuja-
Ma 6ene pace eponckor nopekna (lMogaum npeysetu ca

Osteocalcin (9/1)

25,925 + 11,101
24,381 + 10,206

Beta-CTx pgl/ml

539,974 + 222,534
654,493 + 140,321
0,633 0,019

Discussion

In our study, the frequency of the rare allele of the Pro-
12Ala polymorphism in the PPARG gene was 8.54%,
and the frequency of the heterozygous genotype was
17%, which corresponds to the data obtained in Cauca-
sian populations of European origin (Data downloaded
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cajta:  hittps://www.snpedia.com/index.php/Rs1801282).
MKI' namepeHa nomohy DXA metoge (HMBO nymbanHe
KM4Me M NpoKcMMarHor doemypa) He3HaTHO je pasnuuuTa
y ase rpyne ucnutanuua (y T u 3 ckopy). CTaTucTuykom
aHanunsom Huje yodeHa nosedaHocT Pro12Ala reHoTuna ca
MKT. Hawwu pesyntatu cy y carnacHoCTU ca pesynrtatuma
Yue n capagHuka 13 2010. rogmMHe Koju HUCY Halunnm aco-
uunjaumjy osor nonumopduama ca spegHoctuma MKI™ koa
noctMeHonay3sanHmx xeHa y Kunn [19]. C gpyre cTpaHe,
y CyMpPOTHOCTM Cy ca pe3yntatMa HEKOSTMKO OPYrux CTy-
Ouja u3 pasnuuuTmux nonynauuja Koje cy nokasarne nose-
3aHocT Pro12Ala nonumopduama ca nojaBoM oCTeonopo-
3e, HeTpaymatcke opakType Kyka unm cmarweHe MKI [16,
17, 20]. Paanor HeperncrtpoBawa CTaTUCTUYKK BanuaHe
pasnuke y HaweMm y30pKy Moxe 6utu cneumdmyaH 3a no-
nynauvjy wnu je nocnegvua HegoBoSbHOr 6poja ucnurta-
Huka. Mefytum, cama metoga npoueHe MKI™ Huje Tonmko
OCeT/bUBa Ha MMKPOMPOMEHE Y KOCTMMA, N3 UCTOT pasrora
Ce UCTU4Ye BaXXHOCT npahewa GuoxemujckMx napamerapa
nNpY MOHUTOPUHIY NaLMjeHTKNUHa ca NOCTMEHONay3anHoM
octeonopo3oM. O BuoxeMujcknx napamerapa pasrpagHhe
KOCTM y Hallem y30pKy CMO A40Ounun 3HayajHy noBe3aHoCT
Pro12Ala BapujaHTe (LI" reHoTnna) ca BULIMM BpeaHOCTU-
Ma Beta-CTx mapkepa y cepymy, Koju npeactasba beta-C
TepMUHanHu TenonenTua konareHa Tuna | u ocnobaha ce
y KPBOTOK TOKOM Aerpajauuvje KocTu. Y nuTepaTypu Hu-
CMO Halnu nogaTtak O CrM4YHOj acouujaumju. NosuweHe
BPeOHOCTM OBOI Mapkepa cpehy ce Kof, cekyHaapHe ocTte-
onopo3se y3pokoBaHe nopemehajuma nonyT xuneptupeose
W Xunepnapatmpeose, Kao U y ManurHuMm Gonectnma ca
KowTaHUM MeTacTadama [21]. CBe Halwle ucnutaHuue cy
nmane Beta-CTx y pedepeHTHMM rpaHuLiama 3a NocTMme-
Homay3y, a cekyHOapHa ocTeornoposa je buna kpuTtepu-
jyM uckrbyyera u3 crtyavje. Bapupane oBor mapkepa v
y OKBUPY pecbepeHTHOr paHra 3a >XUBOTHY 000 ce kopu-
CTM 3a NPOoLEeHy pasrpagHe KOCTU 1 BpeaaH je napametap
pobpor ogroBopa Ha Tepanujy octeonopose [21]. Ctora
cMaTtpamo [a je noBe3aHoCT BMWMX BpegHocTh Beta-CTx
ca pehum Ul reHotunom of moryher 3Hayaja jep Moxe
yKasaTu Ha CKMOHOCT Ka noehaHoj KoLITaHoj pasrpagHu
koa Hocunaua Ala BapujaHTe y reHy 3a PPAR-y. 3a npe-
Uun3HWje gedrHucarwe oBe NOBE3aHOCTN HEOMXOAHO je Mo-
HOBUTW CTyaMjy Ha Behem Opojy naumjeHTKnHsa. YKONMKO
6un ce cnuyHa noBe3aHOCT Aoka3ana Ha Behem 6pojy uc-
nuTaHuua ca Hawer nogHebrba 1 nokasana pennukaTue-
HOCT pe3ynTtaTa y ApyrMm nonynauuvjama, moryhe je na 6u
oppefnuBake reHotTvMna 3a oBaj nonumopdusam nocrano
joLl peneBaHTHUjU 1 Noy3aaHuju BuoMapkep CKIOHOCTU Ka
pasrpaghu KOLTaHOr TKMBA.

3akrby4ak
Y cTyamjun je yodeHa nosesaHocT nonumopdunsma Pro12A-

la reHa 3a PPAR-y ca BpegHocTuma 6roxemmjckor mapke-
pa pasrpagne KowTaHor TkmBa Beta-CrossLaps koa eHa

from the website: https://www. snpedia.com/index.php/
Rs1801282). The BMD measured using the DXA method
(lumbar spine and proximal femur level) was slightly differ-
ent in the two groups of respondents (in T and Z scores).
Statistical analysis showed no correlation between the
Pro12Ala genotype and BMD. Our findings are in line with
the study conducted by Yue et al. in 2010, who found no
association between this type of polymorphism and BMD
values in postmenopausal women in China [19]. On the
other hand, the findings of our study are in contradiction to
the results of several other studies in different populations
that showed the association between the Pro12Ala poly-
morphism and the occurrence of osteoporosis, non-trau-
matic hip fracture or reduced BMD [16, 17, 20]. The reason
why no statistically significant difference was found in our
sample may be specific to the population or it may be due
to an inadequate number of respondents. Nevertheless,
the method of BMD assessment is insensitive to chang-
es in bone microstructure, and therefore the importance
of monitoring biochemical parameters while monitoring
the patients with postmenopausal osteoporosis is empha-
sized. The biochemical parameters of bone degradation in
our sample showed a significant correlation between the
Pro12Ala variant (CG genotype) and the elevated serum
concentrations of Beta-CTx marker, which represents the
beta-C terminal telopeptide of type | collagen and is re-
leased into the bloodstream during bone resorption. We
have found no information about a similar association in
the literature. Increased levels of this marker are found in
secondary osteoporosis caused by conditions such as hy-
perthyroidism and hyperparathyroidism, as well as in ma-
lignancies with bone metastases [21]. All our respondents
had their Beta-CTx values within the reference range for
postmenopausal women, and secondary osteoporosis was
the exclusion criterion for the study. The marker variations
within the age-specific reference range are also used to
assess bone resorption and represent a valuable param-
eter of assessing response to osteoporosis therapy [21].
Therefore, we believe that the association between elevat-
ed Beta-CTx levels and the rare CG genotype may be of
relevance because it may suggest a tendency towards in-
creased bone resorption in carriers of the Ala variant of the
PPAR-y gene. In order to define the mentioned association
more precisely, a replication of the study on a larger sam-
ple of patients is necessary. Should a similar association
be demonstrated in a larger number of female respondents
from our region and should the replicability of the results be
shown in other populations, the determination of this type
of genetic polymorphism could become a more relevant
and more reliable biomarker of bone tissue degradation.

Conclusion

The study has shown the correlation between the Pro12A-
la gene polymorphism of the PPAR-y gene and the levels
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ca NocTMeHonay3anHOM OCTeonopo3oM. Pasnuka y MuHe-
panHoj KOLTaHOj ryCTUHU, Kao M KOHLUEHTpaumju octanux
BroxeMmjcknx napameTapa pemMoenvpara KoliTaHor
TKMBA HUWje CTaTUCTUYKM 3Ha4ajHa KOA MnauunjeHTKMHa ca
L v LI reHoTMnom.

of the biochemical marker of bone tissue degradation Be-
ta-CrossLaps in women with postmenopausal osteoporo-
sis. The difference in bone mineral density, as well as in
the values of other biochemical parameters of bone tissue
remodeling, is not statistically significant in female patients

with CC and CG genotypes.
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