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ABSTRACT

Aim. To study the effect of adipose tissue hormones on the level of metalloproteinases in men with verified coro-

nary atherosclerosis and to assess associations between the studied biomarkers and abdominal obesity.

Materials and methods. The study included 96 men aged 58.9 + 5.1 years: 80 men with angiographically verified
atherosclerosis and class II-1II angina pectoris and 16 men without atherosclerosis. Anthropometric parameters
were measured in all patients, and their blood was taken on an empty stomach. The blood levels of adiponectin,
leptin, resistin, adipsin, amylin, and metalloproteinases (MMPs) -1, -2, -3, -7, -9, -10, -12, -13 were determined by
the multiplex analysis. Statistical processing of the results was carried out using the SPSS 13.0 software.

Results. In patients with severe atherosclerosis, lipocalin, MMP-1, MMP-7, and MMP-12 levels were higher than
in the control group. The blood concentration of adiponectin in patients with atherosclerosis was reduced. Inverse
correlations were revealed between waist circumference and concentrations of MMP-1 and MMP-12, as well as
between body mass index and MMP-1. A moderate direct relationship was revealed between resistin and MMP-2
and MMP-3; between amylin and MMP-9; between adiponectin and MMP-12; between leptin and MMP-7.

Conclusion. The results obtained suggest a relationship between the level of damage markers and adipose tissue
hormones, which lead to complications of cardiovascular diseases and explain the effect of obesity on atherosclerotic

plaque destabilization.
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Y MY>XYIH C KOPOHaPHbIM aTepPOCK/Iepo30M
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PE3IOME

Heab: M3y4nTh YyPOBHM TOPMOHOB XHPOBOH TKAaHM M METAUIONPOTEHHA3 y MAIHEHTOB C BEPU(PUIIMPOBAHHBIM
KOPOHAPHBIM aT€POCKIEPO30M U OLICHNUTH aCCOIMAINY H3Y9aeMbIX OMOMapKepOB ¢ a0JOMUHATLHBIM OXKHPEHHEM.

Matepuaiabl U MeToabl. B nccnenosanue Bkmroumin 96 myxuuH B Bo3pacTte 58,9 + 5,1 mer: 80 myxuuH c
KOPOHapOAHTHOTpahuIecKy Bepu(PUIMPOBAHHBIM aTEPOCKICPO30M U CTAOMIBHOM CTeHOKapauel HanpsokeHus 11—
Il ¢pyskumonansHOrO Kiacca u 16 My>X4uH 0e3 aTepockiepos3a. Y BceX HCCIEAYyEeMbIX MPOBOAMIOCH H3MEPEHUE
AQHTPONIOMETPUIECKHUX IOKazaTeneil u 3a00p KpOBM HATOIIak. MeToAOM MyNbTHUIUIEKCHOTO aHAlHM3a B KPOBU
OTIPEZENsANN yPOBEHb aJUIIOHEKTHHA, JIENTHHA, PE3UCTUHA, aAUIICHHA, aMUINHA, MeTamtonporensas (MMII) 1,
-2,-3,-7,-9, -10, -12, -13. Cratuctiueckas 00paboTKa pe3ysbTaToB MpoBoAmuiack B mporpamme SPSS 13.0.

Pe3yabTaThl. Y MalMEHTOB C BHIPAXKCHHBIM aTEPOCKIICPO30M 0 CPABHEHHIO C KOHTPOJIBHOM IPYIIOii ObLIH BBIIIE
ypoBHH sunokanrHa, MMII-1, MMII-7 u MMII-12. KoHueHnTpauus B KpOBU aJUMOHEKTHHA Y MAIUEHTOB C aTe-
POCKJIepO30M ObLiIa CHHXKEHA. BBISBICHBI 00paTHBIC ACCOIMUAIIMN MEXKIY OKPYKHOCTHIO TAJTMH M KOHIICHTPAIMSIMHA
MMII-1 u MMII-12, uanekca maccol Tena ¢ MMII-1; oOHapy»keHa npsiMast CBsI3b CpeTHEl CHITBI MEXKIY YPOBHSIMHU
pesuctuna u MMII-2 u MMII-3; amuwinna ¢ MMII-9; anunonekruna ¢ MMII-12; nentuna ¢ MMII-7.

3akioueHue. HOJ’Iy'-IeHHBIe PE3YIbTAThI MMO3BOJIAIOT F'OBOPUTH O CBA3U MEXKAY YPOBHEM MApPKEPOB ACCTPYKIUU
" ropMOHaMu )KI/Ip0B017I TKaHU, KOTOPBIC BEAYT K Pa3BUTUIO OCJIOKHEHUH CEPACHHO-COCYAUCTBIX 3a00JIeBaHUI U
OOBACHSIIOT BIUSHUC OXUPECHUS Ha ﬂeCTa6I/IHI/ISaHI/IIO aTepOCKJ'IepOTPI‘{eCKOﬁ OJISIIKY.

KiroueBble ci10Ba: METaIONPOTEHHA3bI, ATEPOCKIICPO3, TOPMOHBI )KUPOBOH TKaHU

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMANBHBIX KOH(MINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKeil HACTOSIIECH CTaThH.

Hcrounuk ¢unancupoBanusi. Cratbs moarorosieHa B pamkax '3 Ne 122031700094-5, mpu ¢unancoBoit
nognepxkke [IpaButensctBa HCO u rpanta PH® Ne 21-15-00022. B pabore uCHOIb30BaHBI MaTepHAabI
onoxoutexinn HUUTIIM - ¢unman ULul" CO PAH.

CooTBeTCTBHE MNPUHUUNAM I3THKH. VccrenoBaHue OJOOPEHO JIOKAIBHBIM — OTHYCCKHM  KOMHTETOM
HUUTIIM — ¢mman ULuI' CO PAH (mpotokon Ne 2 ot 03.07.2017) m xomurerom ®I'BY «COBMUI]
nm. akaa. E.H. Memankuna» Munzapasa Poccuu (potokon Ne 6 ot 05.07.2017).

Jasa untupoBanus: Ilomonckas f1.B., Kamrranosa E.B., Craxuésa E.M., JlenoBckux C.P., I'apby3osa E.B.,
[Ipamko B.C., Kypryzos A.B., Mypamos W.C., Cagosckuii E.B., Paruno IO.1. YpoBHu meramnonporenHas
¥ TOPMOHOB JKUPOBOW TKaHHW y MY)XYMH C KOPOHAPHBIM aTePOCKIEPO30M. Broiiemens cubupckol meouyuHol.
2023;22(4):73-78. https://doi.org/10.20538/1682-0363-2023-4-73-78.

INTRODUCTION

Recently, more and more studies have been aimed
at investigating the effect of obesity on atherosclerosis
and cardiovascular diseases (CVD). First of all, the
presence of abdominal obesity is associated with
atherosclerosis and an increased risk of adverse

cardiovascular events. The data indicate that adipose
tissue as an endocrine organ produces a large number
of'adipokines, such as leptin, resistin, adiponectin, and
inflammatory cytokines that have both proatherogenic
and antiatherogenic effects. Excessive accumulation of
lipids in adipose tissue causes adipocyte dysfunction,
as a result of which the secretion of proatherogenic
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adipokines and inflammatory cytokines into the
bloodstream increases. It leads to endothelial damage
and formation of atherosclerotic plaques, which in
the future, with an imbalance of metalloproteinases
(MMP), can become unstable.

The pathophysiological processes underlying
the effect of adipose tissue hormones on the level of
MMPs, which may contribute to the pathogenesis
of atherosclerosis, have not been sufficiently
studied. Therefore, the aim of the study was to
investigate the levels of adipose tissue hormones
and metalloproteinases in the serum of patients
with coronary atherosclerosis and to evaluate the
association of the studied biomarkers with abdominal
obesity.

MATERIALS AND METHODS

The collection of material for research was carried
out in cooperation with E. Meshalkin National Medical
Research Center. The ethical committees of the
institutions approved the study, which included 96 men
aged 58.9 £ 5.1 years. The main group encompassed
80 men who were hospitalized for coronary artery
bypass grafting with coronary atherosclerosis verified
by coronary angiography and class II-III angina
pectoris. The control group included 16 men of the
same age and with the same body mass index (BMI)
without atherosclerosis recruited from a sample of
Novosibirsk, the Research Institute of Internal and
Preventive Medicine, a branch of the Institute of
Cytology and Genetics SB RAS.

Allpatientssignedaninformedconsenttoparticipate
in the study. Anthropometric data (height, weight,
waist and hip circumference) were measured in all the
subjects, and blood was taken on an empty stomach,
12 hours after the last meal. The group of patients with
atherosclerosis was divided into subgroups depending
on the presence / absence of abdominal obesity. The
subgroup with abdominal obesity included men with
a waist circumference (WC) > 94 cm [1]. The blood
levels of adiponectin, leptin, resistin, adipsin, amylin,
and metalloproteinases (MMPs)- 1, -2, -3, -7, -9, -10,
-12, -13 were determined by the multiplex assay on
the Luminex MAGPIX flow fluorimetry system.

Statistical processing of the results was carried out
using the SPSS 13.0 program. Biomarkers were tested
for normality of distribution using the Kolmogorov
— Smirnov test. Since most of the variables did not
follow a normal distribution, the values in the tables
were presented as the median and the interquartile
range, Me [Q,.; Q..]. The differences were evaluated

using the Mann — Whitney test. Correlations were
evaluated using the nonparametric Spearman’s
rank correlation coefficient. The differences were
considered statistically significant at p < 0.05.

RESULTS

The results obtained during the study are presented
in Table 1. In patients with atherosclerosis, the
level of adiponectin was significantly lower (by
20%) compared to the control group. Significant
differences between the main and control groups were
also obtained for MMP-1, MMP-7, and MMP-12.
The level of MMP-1 was higher in the main group
by 67.9%; MMP-7 — by 30.6%, and MMP-12 — by
107.1% compared to the control group. No significant
differences were obtained for the other parameters
(Table 1).

Theresults obtained in patients with atherosclerosis,
depending on the absence / presence of abdominal
obesity, are presented in Table 2. The levels of MMP-
1 and MMP-12 were 1.7 (p = 0.001) and 1.38 (p =
0.037) times higher in patients without abdominal
obesity, respectively. For the other parameters, the
level of statistical significance of the differences was
greater than 0.05.

Table 1

The levels of the studied biomarkers in the control group
and in patients with coronary artery atherosclerosis,

Me|0Q,; O,

Parameter Control group Main group )4
Adiponectin, 34.3[16.4;53.1] | 24.4[13.9;38.5] |0.022
png / ml
Adipsin, pg/ml | 10.4[7.0; 14.7] 9.6[6.1;13.1] |0.263
Resistin, ng / ml 21.7[11.9;49.1] 299[11.4;459] |0.716
Leptin, ng / ml 3.9[1.2;7.3] 4.6[1.4;8.2] 0.660
Amylin, pg / ml 6.2 [0.7;16.2] 4.5[1.6; 11.5] 0.790
MMP-1, ng / ml 5.3[2.4;8.9] 8.9[5.7;15.6] [0.002
MMP-2,ng/ml | 111.7[89.1; 126.9] | 103.6 [78.3; 119.4] | 0.253
MMP-3,ng/ml | 47.1[28.4;66.5] | 33.6[21.3;65.4] |0.202
MMP-7, ng / ml 8.5[7.6; 11.9] 11.1[9.4;15.5] ]0.012
MMP-9, ng /ml [236.0 [151.3; 307.6](229.5 [131.0; 353.8]| 0.611
MMP-10, ng /ml | 0.62[0.52;0.82] 0.68[0.52; 0.81] |0.722
MMP-12,ng/ml | 0.14[0.13;0.17] 0.29 [0.18; 0.43] |0.000
MMP-13, pg/ml | 30.4[17.6;71.9] | 36.5[18.5;58.2] |0.701

Table 2

The level of adipose tissue hormones and metalloproteinases
in patients with atherosclerosis, depending on the presence
or absence of abdominal obesity, Me [Q,; O..]

Parameter Without AO With AO 2
Adiponectin, 28.3[15.4;41.9] | 18.9[11.7;36.1] | 0.188
ng / ml
Adipsin, 10.98.1; 13.6] 921055 11.5] | 0.07
g/ ml
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Table 2 (continued)

Parameter Without AO With AO p
Resistin, 25.9[8.2;44.2] 16.6 [8.7;34.7] | 0.748
ng/ ml
Leptin, ng / ml 4.0[1.1;7.9] 52[2.1;9.7] | 0.347
Amylin, pg/ml| 2.6 [1.6; 8.8] 4.5[1.6;10.5] | 0.480
MMP-1, 10.34[7.1;19.5] | 6.1[3.5;10.0] | 0.001
ng/ ml
MMP-2, 104.9(82.3; 131.0] | 93.7[78.3;112.9] | 0.163
ng / ml
MMP-3, 33.6[23.6;63.5] | 359[16.8;65.8] | 0.71
ng / ml
MMP-7, 11.9[9.4;15.5] | 102[8.5;143] | 0.362
ng/ ml
MMP-9, 226.5 [122.1; 343.1] |205.5 [132.7; 325.9]| 0.812
ng / ml
MMP-10, 0.69 [0.55;0.82] | 0.68[0.43;0.82] | 0.57
ng / ml
MMP-12, 0.29[0.17:0.5] | 021[0.14;0.33] | 0.037
ng/ ml
MMP-13, 302[17.8;62.6] | 43.15[24.5;58.4] | 0518
pg/ml

Note: AO — abdominal obesity.

In order to assess the effect of obesity on the level
of metalloproteinases, we conducted a correlation
analysis (using the Spearman’s rank correlation
coefficient). The relationship between the levels
of MMP-1 (r = —0.531; p = 0.0001) and MMP-12
(r =-0.248; p = 0.032) with WC was revealed. The
relationship with BMI was revealed only for MMP-1
(r = -0.264; p = 0.012). The association of MMP-2,
MMP-3, MMP-7, MMP-9, and MMP-12 with adipose
tissue hormones was revealed. Resistin was associated
with concentrations of MMP-2 and MMP-3 (= 0.321;
p = 0.041 and » = 0.319; p = 0.002, respectively);
leptin — with MMP-7 ( = 0.23; p = 0.035); adiponec-
tin — with MMP-12 (» = 0.329; p = 0.008). The level
of MMP-9 was associated with amylin (» = 0.568; p
=0.027).

DISCUSSION

The differences in the levels of biomarkers between
the control group and patients with atherosclerosis
were obtained for adiponectin, lipocalin-2, MMP-1,
MMP-7, and MMP-12.

Adiponectin can inhibit the formation of reactive
oxygen species, the release of proinflammatory
cytokines, the expression of adhesion molecules, and
apoptosis of smooth muscle cells and promote the
outflow of cholesterol from macrophages [2]. At the
same time, data on the effect of adiponectin in coronary
heart disease (CHD) are contradictory. According
to the meta-analysis by L. Yang et al., elevated

adiponectin levels were independently associated
with a higher risk of cardiovascular diseases and all-
cause mortality in patients with CHD [3]. Q. Li et al.
showed that, on the contrary, the frequency of adverse
cardiovascular events was higher in the group of
patients with low adiponectin levels [4]. In our study,
we found that the level of adiponectin was reduced in
patients with atherosclerosis compared to the control
group, which indicates the anti-atherogenic function
of adiponectin.

The association of resistin with MMP-2 and MMP-
3 shows that it may enhance endothelial dysfunction,
induce proliferation of smooth muscle cells, and
promote the entry of mononuclear leukocytes into the
intima through exposure to MMP. The study by S.
Niaz et al. [5] showed a progressive increase in serum
resistin levels in patients with arterial hypertension
and CHD compared to healthy subjects. In our study,
the level of resistin was higher in patients with
atherosclerosis, but the significance level was greater
than 0.05, which may be due to the small sample size
and requires further study.

MMP-1 is considered to be the main enzyme
responsible for collagen degradation. In addition,
MMP-1 can lead to platelet activation and promote
plaque expansion, rupture, and hemorrhage through
degradation of collagen inside the plaque. High levels
of MMP-1 are associated with an increased risk of all-
cause mortality in patients with verified or possible
ischemic disease [6]. We obtained higher levels of
MMP-1 in patients with atherosclerosis. We also
obtained data on an inverse correlation between the
level of MMP-1, BMI, and WC, which differs from
the data of S. Boumiza et al. [7], who found a direct
correlation. It may be due to the fact that only men
participated in our study.

MMP-7 plays an important role in atherosclerotic
plaque destabilization, as it is associated with
apoptosis of vascular smooth muscle cells and with
macrophages in the necrotic nucleus. An association
was established between plasma levels of MMP-7
and all-cause mortality in patients with CHD. Our
data on the elevated level of MMP-7 in patients
with atherosclerosis are in line with the data of other
researchers [8]. C. Chavey et al. [9] showed that MMP-
7 significantly decreases with obesity. Our study
revealed a decrease in its level, but the differences
were not statistically significant.

It is known that the expression of MMP-12 is
increased in obesity. It is produced by macrophages
and is associated with the progression and instability of
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plaques [10, 11]. An increase in the level of circulating
MMP-12 has been reported in asymptomatic patients
with high cardiovascular risk associated with carotid
intima—media thickness and cerebrovascular events
during follow-up [12], as well as with the presence
of CHD [13]. In our study, MMP-12 was elevated in
patients with atherosclerosis, which is in line with the
results obtained by M. Marcos-Jubilar et al. [14].

CONCLUSION

The data obtained indicate a relationship between the
level of damage markers and adipose tissue hormones,
which lead to the development of complications of
cardiovascular diseases and explain the effect of
obesity on atherosclerotic plaque destabilization.
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