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Abstract:Receptor Activator of Nuclear Factor Kappa B Ligand (RANKL) is a member of the tumor necrosis factor
alpha(TNFa) family.lt signals by its RANK receptor on monocyte/macrophage progenitors and stimulates the
formation of bone-resorbing osteoclasts [1]. In psoriatic arthritis (PsA) RANKL is produced by activated Th17 cells,
synovial fibroblasts, macrophages, dendritic cells and activated lymphocytes [2,3]. These are cells involved in
systemic and local inflammation and atherogenesis.

Osteoprotegerin (OPG) is a glycoprotein first described in 1997 by Simonet et al. [1]who refer to it as a bone-
protecting protein. OPG is a new member of theTNFa superfamily,a soluble receptor which acts as a decoy for
RANKL and other ligands. It is also synthesized in many other tissues such as kidney, placenta, bones, vessels,
lungs, and vascular structures. It circulates in serum and in plasma, although the concentration is much lower than
locally in the bone and arterial tissue[4,5,6]. It has been found that vascular smooth muscle cellssynthesize it as a
result of various stimuli. OPG also protects large blood vessels from medialcalcification[7].The biological effect of
OPG is to oppose RANKL and thus prevent subsequent stimulation of the receptor, therefore the level of OPG
increases and acts as a mechanism of self-defense.

The role of RANKL and OPG in cardiovascular disease is still insufficiently defined and remains contradictory[8].
Also, the relationship between high serum levels of OPG in acute coronary syndrome( ACS) and their relation to
inflammatory joint disease (1JD) s still discussed [9]. Evidence has been collected demonstrating the active
involvement of RANKL and OPG in vascular pathology, including atherogenesis, arterial calcification and plaque
instability.

Epidemiological studies show that elevated OPG levels in the circulation have a prognostic function in
cardiovascular mortality and morbidity and may be a serum prognostic marker for future vascular events. On the
other hand, the involvement ofRANKL and OPG in the pathogenesis of local and systemic inflammation in ACS
and 1JD could link them to the amplification of cardiovascular risk and the severity of acute coronary syndromes,
especially in patients with PsA. It is possible that the serum OPG level is increased in response to vascular wall
damage and ongoing inflammation process within the atherosclerotic plaque lesion as a component of a complex
compensatory mechanism in which RANKL plays a central role [11]. Serum OPG levels may be indicative of
persistent damage of endothelial cells as well as the activation of VSMCs in advanced atherosclerotic plaque
lesion. Together with other inflammatory mediators, RANKL and OPG can play a crucial role in the formation of the
atherosclerotic plaque, its maturation and calcification[12, 13].

The present study aimed to examine and compare levels of SRANKL and sOPG in patients with ACS, divided into
two groups, with and without PsA.Associations with cardiovascular mortality risk measured by the Global Registry
of Acute Coronary Events (GRACE) were sought. ACS patients with and without PSA were compared in relation to
SRANKL (24 and 48hrs) and sOPG (24 and 48hrs) to explore the effect of ACS.
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N3CJIEJIBAHE HA CEPYMHUTE HUBA HA RANKL U OPG ITPU MTAHMEHTHU C
OCTBHP KOPOHAPEH CUHJAPOM U IICOPUATUYEH APTPUT
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Pe3rome:JIuranpT Ha PELENTOPEHUAT aKTUBATOp Ha siapeHus ¢axTtop kama 6eta (RANKL) e unen Ha dammnusata
Tymop Hekposuc daxrtop anda (TNFa). Toii ce cepp3Ba ¢ RANK penenropa cu, pa3nonoxeH Ha MOBbPXHOCTTA HA
MOHOIIUT- MaKpodar MPOTeHUTOPHHUTE KIETKH U CTUMYJIHpa oOpa3yBaHeTo Ha octeoknacTH| 1]. Ilpu ncopnaTiuaHms
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]
aptputr (PsA) RANKL ce mpoxymmpa ot aktuBupanute Thl7 kinetkw, cHHOBHATHH (GHOpoOIacTH, Makpodar,
JCHAPUTHH KJIeTKH u juMmdoruty [2,3]. ToBa ca KiIeTKH, yyacTBalld B CHCTEMHOTO M JIOKAJHO BB3NAJICHHE, U B
aTeporeHesara.

OcteonporerpenasT (OPG) ¢ rmUKONPOTEHH, OMUCAH 3a MBPBH OBT mpe3 1997 r. ot Simonet et al. , kouto ro
Hapuyar npoteuH, npeanaspamng kocrute. OPG e Hos wien Ha TNFa cynepdamunusita, pa3TBOpUM penenTop, KOHTo
neiictBa kato nmpumamka 3a RANKL u apyru nurannu [1] . Ceino Taka ce CMUHTe3upa OT MHOTO APYTH ThKaHH, KaTo
0B0pexk, IIarenTa, KOCTH, ChI0BE, Oell Apo0OBe M CHIOBU CTPYKTypu. TOH HHUPKyJIHpa B cepyMa U B IUIa3MaTa,
BBIPEKH Y€ KOHICHTpAaNHsATa My € MHOTO IO-HHCKa OT JIOKaJHaTa B KOCTHAaTa W apTepuanHata ThbKaH [4,5,6].
YCTaHOBEHO €, Y€ CBHAOBHTE INIAJKOMYCKYJIHH KICTKA TO CHHTE3HUpAT B PE3ynTar Ha pasnudHu ctumymnu. OPG
3aIIUTaBa U TOJIEMUTE KPHBOHOCHHU CHIIOBE OT MeauanHa Kamudukanus [7]. buonormunmar epext Ha OPG e na ce
npotuBonoctaBd Ha RANKL u 1o T0o3u HauuH Ja NpefoTBpaTH MOCIEABALO CTUMYJIUPAHE HA PELENTOpa, IOpaau
koeto HHBOTO Ha OPG ce yBenmuaBa U JEHCTBa KaTO MEXaHU3bM Ha CaMO3aIHTA.

Ponsra Ha RANKL u OPG npu cbpaedHo-chI0BHUTE 3a00JsIBaHUS BCE Ol € HEJOCTaThYHO JAe(HHUpPaHA U OCTaBa
npotuBopeurBa [8]. ChIio Taka, Bce olie ce 00ChKIa Bph3KaTa MEX Iy BUCOKHTE cepyMHU HuBa Ha OPG mpu ocThp
kopoHaper cuHiapom (OKC) wu Bpw3kata ¢ Bbhnajgutennure craBHu 3a0onsBanusa(BC3) [9]. Cnbpanu ca
nokazatenctBa 3a akTuBHOTO ydacthe Ha RANKL m OPG B cpioBara maToyiorws, BKIIOUHTETHO aTeporeHesa,
apTepraiHa KaauupHUKanus 1 HeCTAOUIHOCT Ha TUIAKHTE.

Ennpemuonoruynure mnpoy4yBaHUs IOKa3BaT, 4e mnoBuiieHute HuBa Ha OPG B KpbBOOOpalleHHETO HMAaT
MIPOTHOCTUYHO 3HAYCHHWE 3a CBhPJACYHO-CHIOBATA CMBPTHOCT M 3a00sieBaGMOCT M MoraT jaa ObaaT cepyMeH
MPOTHOCTHYCH Mapkep 3a Opmemu cbaoBu cwrOutmsa. OT nmpyra crtpana, ydactmeto Ha RANKL u OPG B
raToreHe3ara Ha JOKaJHOTO M cucteMHO Bb3najieHue B OKC m BC3 moxxe na I'M CBbpXKE C YCHUIBAHETO Ha
ChpAeYHO-ChI0BUA puck U Texectta Ha OKC, ocobeHo mpu mamueHTr ¢ PSA. Bp3MOXXHO € cepyMHOTO HMBO Ha
OPG pa ce yBenwun B OTrOBOP Ha YBPEXJAHETO Ha CHOBATa CTEHA M NMPOTHYALIMS NPOLEC Ha BBH3MAJICHUC B
ne3nsATa Ha aTepPOCKJIEPOTHYHATA IUIaKa KaTo KOMIIOHEHT Ha CIIOKHHMS KOMIICHCATOPEH MEXaHU3bM, B KOWTO
RANKL wurpae uentpansa pons [11]. HuBata na OPG B cepyma moraT aa 0bIaT MoKa3aTeNIHU 3a MEPCUCTHPAIIO
yBpeXJaHe Ha EHIOTENIHHUTE KIEeTKH, KaKTo M 3a akTuBHpaHeTro Ha VSMCs mpHu HampegHamaTa Je3us Ha
aTepOoCKIIEpOTHYHA IUIaka. 3aeHO C Ipyru Be3nanutenHu Meauaropu, RANKL u OPG morar ga urpast pemanaiia
poJist ipu 00pa3yBaHETO Ha aTEPOCKICPOTHYHATA IIJIaKa, HEHHOTO y3psiBaHe U Kamudukams [12, 13].

HacrosmoTro mposuyBaHe € Haco4eHO KbM H3ciieiBaHE U cpaBHsiBaHe Ha HuMBaTa Ha SRANKL u sOPG mpu
narrieHTH ¢ OKC, pa3gencnn Ha nBe Tpymy, ¢ u 0e3 PsA. bsxa moTbpceHn aconuaIiy ChC ChbPACIHO-CHAOBHUSI PUCK
OT CMBPT, U3MEpPEH upe3 rnodanaus peructbp Ha octpu kopoHapHH cbouTHA (GRACE). ITammmentute ¢ PsA Osxa
cpaBHeHH 110 oTHOIeHHE Ha SRANK (24 u 48 yac) u sOPG (24 u 48 gac), 3a na ce npoydat npu OKC.

KarouoBn nymu: pemnenTtop axkTHBaTOp Ha JIMTaHAa Ha sApeHus (akTop Kama OeTa, IICOPHATHYEH apTpHT,
OCTEONPOTETEPEHH, OCTHP KOPOHAPEH CHHJIPOM, BB3IAIUTEIHO CTaBHO 3a00JIsIBaHe

MATERIAL AND METHODS

Data was collected from cardiac surgical patients admitted and operated in the Clinic of Cardiac Surgery at
the Medical University of Plovdiv, Bulgaria, in the period of 2014-2016. The procedures were conducted in
accordance with the WMA Declaration of Helsinki. All patients provided written informed consent prior to the
investigation. A total of 72 surgical patients with acute coronary syndrome (ACS) (mean age 69.59 + 7.22), of
whom 23 (meanage 70.09+ 6.43)with psoriatic arthritis and 49 (mean age 70.39 + 7.40 ) without psoriatic arthritis
were included in the study. There was no significant difference between the groups in average age, p = .868. In both
groups, the male patients were a majority as males constituted 77.5% of the ACS patients without PsAand 78.3% of
the group with PsA, with no significant difference in the sex distribution between the groups, p = .9309.

RANKL and OPG serum levels were tested at 24 and 48 hours after onset of ACS. RANKL serum was
analyzed according to the following commercially available protocol: Tumor Necrosis Factor (Ligand) Superfamily,
Member 11(TNFSF11), Sandwich ELISA, Detection Range: 2.74-2.000 pg/ml, Supplier: Cloud-Clone.

OPG serum levels were determined byTumor Necrosis Factor Receptor Superfamily, Member 11b
(TNFRSF11B), Sandwich ELISA,Detection Range: 1-900 pg/mL - minimum detection 1 pg/mL, Supplier:
RayBiotech.The preparation of all reagents and samples was done according to the manufacturer's instructions and
at room temperature.

The risk and global registry of acute coronary events (GRACE) assesses the likelihood of death and
myocardial infarction within 6 months after acute coronary syndrome. The calculation uses clinical data that has
been found predictive of adverse events, including age, heart rate/pulse, systolic blood pressure, creatinine, cardiac
arrest at admission, ST-segment deviation, abnormal cardiac enzymes, and Killip class [14].
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DATA ANALYSIS

Data analysis was performed with the SPSS software package, version 24 (SPSS, Chicago,lllinois, USA).
Normally distributed data is described in mean and standard deviation (SD); dichotomous data is expressed in
number and percentage. The parameters of interest, including RANKL serum levels at 24 and 48 hours, OPG serum
levels at 24 and 48 hours and RANKL/OPG ratio at 24 hours and 48 hours,were examined for skewness, kurtosis
and normality. Due to high skewness in some cases and violation of normality in all distributions (Shapiro-Wilk, p<
.001), non-parametric statistical tests were used: Mann-Whitney U test for between group comparisons and
Spearman Rho correlation for exploring associations. Nominal variables were compared through chi-square test.
Results are interpreted at level of significance alpha (o) = .05.

RESULTS
The two groups of ACS patients, with and without PsA, were compared on SRANKL at 24 and 48 hours,
SOPG at 24 and 48 hours, and RANKL/OPG ratios at 24 and 48 hours.Table 1 summarizes the demographic and
clinical data.
Table 1: Demographic and clinical information about the patients

ACS ACS Sig
+ -
Variables Psoriatic arthritis Psoriatic arthritis
N=23 N =49
Age: mean (SD) 70.09 70.39
(£ 6.43) (£7.40) 868
Male 18 38
Sex (78.3%) (77.5%) 1939
:N (%)
Fem 5 11
ale (21.7% (22.5%)
SRANKL (24 hrs): 121.33 51.67 .030%*
pg/ml mean, (SD) (+124.52) (+41.05)
SRANKL (48 hrs): 89.21 36.94 .001**
pg/ml mean, (SD) (+84.62) (x32.85)
sOPG (24 hrs): 207.71 99.30 .000**
pg/ml mean, (SD) (¥154.68) (£75.33)
sOPG (48 hrs): 143.36 69.37 .002%**
pg/ml mean, (SD) (¥125.42) (£59.98)
RANKL/OPG 24 .50 .55 275
hours (£.22) (.21)
mean, (SD)
RANKL/OPG 48 .62 .60 422
hours (£.20) (x.24)
mean, (SD)

* Significant at p <0.05; **Significant at p <0.01
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The results showed statistically significant differences between the groups on four values. The group with
PsA had a significantly higher level of sSRANKLat 24 hours (p = .030) and at 48 hours (p = .001); and significantly
higher levels of sSOPG at 24 hours (p< .001) and at 48 hours (p =. 002). (See Figure 1).
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Figure 1 The serum levels of RANKL and OPG at 24 and 48 hours.

Spearman Rho correlation analysis was used to explore the relationship between cardiovascular mortality
risk expressed as GRACE risk score,sSRANKLat 24 & 48 hours, SOPG at 24 & 48 hours and RANKL/OPG ratio at
24 & 48 hours. GRACE risk score showed a significant association with two of the six parameters, includinga
positive correlation with OPG serum levels at 24 hrs (re- 0.273, p = .024) and a negative correlation with
RANKL/OPG ratio at 24hrs (rs=..365, p = .002)- see Fig2 and 3.
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Figure 2- The linear relationship between sOPG and GRACE Score Scale
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Negative linear correlation between RANKL/OPG 24 hrs
and GRACE Risk Score
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Figure 3- The negative linear relationship between RANKL/ OPG- 24h and GRACE Score Scale

DISCUSSION

This study provided a comparative analysis between two groups of ACS patients, with and without
psoriatic arthritis in relation to SRANKL, sOPG, and RANKL/OPG ratio. The results revealed asignificantly higher
levels ofsRANKL, and sOPG in ACS patients with psoriatic arthritis. This finding provides evidence for the
involvement of RANKL and OPG serum levelsin systemic and local inflammation and atherogenesis [5, 7]. No
significant difference existed between the two groups of patients regarding the RANKL/OPG ratio as the mean
values were very similar.

A significant positive correlation was observed between cardiovascular mortality risk (GRACE risk score)
and OPG serum levels at 24 hours. Higher OPG levels were associated with an increased mortality risk. On the other
hand, higher mortality risk was negatively associated with the RANKL/OPG ratio at both 24 hours. Higher GRACE
risk score was associated with lower RANKL/OPG ratio and vice versa. On this basis, it can be extrapolated that the
RANKL - OPG balance plays an important role in cardiovascular disease, and that OPG levels in the circulation
have a prognostic function in cardiovascular mortality and morbidity and may be a serum prognostic marker for
future vascular events[11]. Related studies have indicatedthat the serum OPG level is increased in response to
vascular wall damage and ongoing inflammation process within the atherosclerotic plaque lesion [13]. Our results
corroborate these previous findings and alsosuggest that alterations in the RANKL/OPG ratio can be linked to an
amplified cardiovascular risk, especially in patients with PsA.However, this extrapolation also requires further
research involving a larger cohort of patients.
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