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Abstract. Background. Coronary artery disease (CAD) persistently remains the leading cause of mortality globally.
Given the severity and impact of this condition, researchers have been meticulously studying the pathogenesis of athe-
rosclerosis, a principal cause behind CAD. The pathogenesis stages are complex and multifaceted, including factors
such as lipid accumulation, inflammation, and plaque formation. A particular area of active exploration pertains to
the influence and role of different biomarkers, including matrix metalloproteinase 9 (MM P-9) and myeloperoxidase
(MPO), on these processes. These biomarkers have been associated with the progression and destabilization of athe-
rosclerotic plaques, which are central to CAD. However, the use of these biomarkers in the context of comorbidities,
such as chronic kidney disease, remains an open area of research, especially in patients after myocardial infarction.
Materials and methods. In our study, 96 patients who had acute coronary syndrome and subsequently undergone
percutaneous coronary intervention were enrolled. They were stratified into groups (A and B) based on respective
glomerular filtration rates. The primary endpoint of the study was all-cause mortality and major adverse cardiovas-
cular and cerebrovascular events. Results. Our analysis revealed that serum levels of MPO in group B were insignifi-
cantly higher than those in group A. Conversely, the area under the receiver operating characteristic (ROC) curve for
MMP-9 in group A exhibited a significant difference, standing at 0.8 (95% confidence interval 0.609—0.991;
p = 0.039). However, the ROC curve for MPO did not yield a significant result in any group. A combined ROC curve
was also generated, with the area under this curve showing a significantly higher value of 0.890 (95% confidence
interval 0.805—0.975; p < 0.001). Conclusions. We found that plasma levels of the above-mentioned biomarkers
do not seem to influence a decrease in glomerular filtration rate. Nonetheless, MMP-9 levels offered significant
prognostic information regarding predicted outcomes.

Keywords: matrix metalloproteinase 9; myeloperoxidase; acute coronary syndrome; glomerular filtration rate;
outcome

Introduction

Coronary artery disease (CAD) is a multifactorial di-
sease with a high mortality rate worldwide [1]. The main
cause of CAD is atherosclerosis, which is accompanied
by the formation of plaques in the endothelium of the
arteries [2].

In cardiovascular diseases, changes in extracellular ma-
trix breakdown and regeneration occur due to arterial wall
instability secondary to the damage seen in this type of
disease [3].

Abnormalities of matrix metalloproteinase (MMP) pro-
duction and activity have been shown to be involved in
several vascular diseases in many previous studies [4—10].
In the past few decades, growing evidence from basic and
clinical studies have demonstrated the important role of
MMPs in the progression of left ventricular dysfunction,
remodeling and mortality following acute myocardial in-
farction (MI) [11].

MMP-9 is also one of the trigger factors for renal
fibrosis and influences its progression through activa-
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tion of an epithelial-mesenchymal transition, endo-
thelial-mesenchymal transition as well as activation of
resident fibroblasts and pericyte-myofibroblast transdif-
ferentiation [12]. Oxidative stress also has an undeni-
able influence on the rate of fibrosis progression, which
in turn influences the activation of factors MMP-2
and 9 [13].

Myeloperoxidase (MPO) is the most abundant compo-
nent of primary neutrophil azurophilic granules and is rap-
idly released upon activation by various agonists [14]. First
identified in human atherosclerotic plaques almost a decade
ago, MPO has become an important factor in the develop-
ment and progression of atherosclerotic disease. In clini-
cal studies conducted in patients with acute coronary syn-
dromes, elevated MPO levels were associated with an adverse
prognosis and the occurrence of major cardiovascular events.

Although these markers have been extensively studied in
patients after myocardial infarction and risk factors inclu-
ding decreased glomerular filtration rate (GFR) have been
assessed for prognosis, the impact of MMP-9 and MPO on
this cohort has not been studied in detail.

Aim. The aim of our work was to identify potential pre-
dictors of adverse outcomes in patients with reduced glo-
merular filtration rate after myocardial infarction.

Materials and methods
Patient recruitment

We prospectively analysed patients who were admitted
to our department after percutaneous coronary intervention
(PCI) between January 2019 and May 2020.

After excluding people with other factors that could affect
the accuracy of biomarker measurements (fever, inflamma-
tory disease, malignancy, liver dysfunction), 96 patients after
PCI were enrolled. GFR was calculated using CKD-EPI
formula. Blood tests, including routine biochemical ana-
lysis and measurement of serum levels of MMP-9 and
MPO, were performed in 32 subjects with GFR lower than
60 mL/min/1.73 m?* (group A) and in 64 patients with GFR
above 60 mL/min/1.73 m? (group B). Informed consent was
obtained from all 96 included subjects based on a protocol
approved by the ethics committee.

Biochemical analysis

Venous blood samples (10 ml) were taken from all pa-
tients immediately after transfer from the catheterisation
laboratory. Serum was separated 1 hour after clotting. The
samples were then centrifuged for approximately 10 minu-
tes and placed in Eppendorf tubes. The tubes were labelled
with number, name and date. MMP-9 and MPO levels were
evaluated using a solid phase enzyme immunoassay kit ac-
cording to the manufacturer’s instructions. If blood samples
were not processed immediately, the serum was stored at
—20 °C until analysis.

Echocardiography

Echocardiography was performed in all included patients
(Canon Aplio 500; Canon Medical Systems Corporation,
Otawara, Japan). Certified specialists performed the study
according to standard operating procedures in a specially

prepared room. Left ventricular ejection fraction (LVEF) was
recorded. Left ventricular mass (LVM) and left ventricular
mass index (LVMI) were calculated according to formulas
proposed by Devereux|[15].

Follow-up and outcomes

All subjects had 2 follow-up visits during the year. In
addition to visits at 6 months and one year, there were tele-
phone interviews and analysis of repeated hospital admis-
sions. The primary endpoint of the study was all-cause mor-
tality and major adverse cardiovascular and cerebrovascular
events (MACCE).

Statistical analysis

Statistical analyses were carried out using SPSS ver-
sion 26.0. The Shapiro-Wilk test was used to assess the
normality of the distribution. The mean was compared
using the t-test for a normal distribution and the Mann-
Whitney U test for a non-normal distribution. Receiver
operating characteristic (ROC) curves were used to as-
sess the ability of biomarkers to predict a negative out-
come. The Youden index was calculated for each point
of the ROC curves, and the point with the maximum
Youden index was considered the cut-off point. Bila-
teral P values < 0.05 were considered to indicate statis-
tical significance.

Results

Patients’ characteristics are shown in Table 1. A cor-
relation analysis of the indices with markers was performed.
A significant correlation was found between MMP-9 and
low-density lipoproteins (LDL) (0.272, p = 0.018). There
was a significant negative correlation between MPO and
triglyceride levels (—0.282, p = 0.007) and very low-density
lipoprotein (VLDL) levels (—0.266, p = 0.014). Also, MPO
and MMP-9 showed a significant correlation with each other
(0.483, p <0.001).

Serum levels of MMP-9 in group A and group B were
almost identical (186.46 & 65.66 vs 193.68 + 57.08 ng/mL;
p = 0.265). Serum levels of MPO in group B were insig-
nificantly higher than in group A (Mdn = 110.83, Q1-Q3
(45.19—156.33) vs Mdn = 91.17, Q1-Q3 (53.10—209.89),
p = 0.423) (Table 2).

The combined endpoint numbered 12 patients. The all-
cause mortality rate was 33.3 % and the MACCE rate was
66.7 %.

Prognostic value of MMP-9 and MPO
in predicting 1-year adverse events

The area under the ROC curve of MMP-9 in group A
was significant, 0.8 (95% confidence interval 0.609—0.991;
p = 0.039). The area under the ROC curve of MMP-9 in
group B showed a poor non-significant result. The ROC
curve of MPO did not show a significant result in any of the
groups. The combined effect of both biomarkers also did not
show any significant result.

A combined ROC curve was calculated (Fig. 1), the
model of which included the following parameters: MMP-9,
ejection fraction, presence of PCI, LM occlusion, sex, age,
hypertension, thrombolysis in myocardial infarction blood
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flow, BMI, LVMI, GFR. The area under the ROC curve was
significant, 0.890 (95% confidence interval 0.805—0.975;
p <0.001).

Discussion

Despite the encouraging results of MMP-9 prognosis
obtained by ROC analysis, there was still no significant dif-
ference in levels between the comparison groups, divided by
glomerular filtration rate. Several factors could have contri-
buted to this. Despite the absence of any relationship be-
tween glucose levels, the presence of type 2 diabetes mellitus
in patients with elevated MMP-9 and MPO levels, one can
observe some publications that highlight this problem. There

is also evidence of an association between an increase in
the level of MMP-9 [16] in patients with heart failure with
a reduced ejection fraction. Despite this, we did not have a
sufficient number of patients to assess the effect of reduced
ejection fraction on prognosis. There is also evidence on
the effect of hypertension and hypertensive emergencies on
MMP-9 levels. The authors emphasise a significant decrease
in glomerular filtration rate in patients with hypertensive
emergencies, but it was not an independent predictor [17].
In earlier publications with larger samples, MMP-9/TIMP-1
ratio was an independent predictor of decreased glomeru-
lar filtration rate (Modification of Diet in Renal Disease
study) and albuminuria [18]. The analysis of the combined

Table 1. Patients’ characteristics

Parameters All (n = 96) Group A Group B P
Age, years 62 (55.25-68.75) 66.5 (61-70.75) 60 (52.5-66) 0.05
Males 71 52 19
BMI, kg/m? 27.96 + 4.08 26.98 + 4.26 28.35 + 3.94 0.814
Recurrent Ml, n (%) 1(8.4) 5(15.6) 3 (4.9)

Stroke, n (%) 8 (8.3)
Smoking, n (%) 38 (39.58) 9 (28.12) 29 (45.31)
Acute coronary syndrome characteristics, n (%)
Multivessel disease 71 (73.95) 24 (75) 47 (73.4)
LM occlusion 17 (17.7) 6 (18.75) 11 (17.18)
Biological data
Fasting glucose, 6.05 (5.295-8.025) 5.98 (5.14-8.32) 6.14 (5.37-7.9875) 0.642
mmol/L
HbA1c, % 5.92 + 0.62 5.77 £ 0.76 5.99 + 0.57 0.331
Creatinine, mmol/L 98.0 (82.8-118) 118 (99.8-137) 92.2 (79.0-112) < 0.001
GFR, mL/min/1.73 m? 71.8 (56.9-92.6) 49.3 (43.4-53.7) 86.7 (71.4-102) < 0.001
Total cholesterol, 4.495 (3.795-5.445) 4.7 (4.2925-5.405) 4.38 (3.585-5.4825) 0.667
mmol/L
HDL, mmol/L 1.02 £ 0.26 0.99 +0.19 1.04 +£0.28 0.572
LDL, mmol/L 271 +1.14 2.55 +0.89 276 £1.19 0.314
VLDL, mmol/L 0.830 (0.655-1.02) 0.800 (0.660-0.955) 0.815 (0.640-1.022) 0.876
Triglycerides, mmol/L 1.675 (1.2975-2.1925) 1.62 (1.3075-2.2) 1.685 (1.295-2.1925) 0.965
Clinical data
LVEF, % 46.5 (44—-49) 46 (44-48) 47 (44-49.5) 0.530
LVM, g 47.0 (44.0-51.0) 46.0 (43.5-48.0) 47.0 (44.0-51.0) 0.154
LVMI, g/m? 115.35 (93.3-126.35) 118.15 (96.1-131.25) | 114.65 (92.175-125.625) 0.321
Events, n (%) 12 (12.5)

Notes: BMI — body mass index; LM — left main coronary artery; HDL — high-density lipoproteins.

Table 2. Average marker scores between groups, ng/mL

Markers Group A Group B P
MPO 110.83 (45.19-156.33) 91.17 (53.10-209.89) 0.423
MMP-9 186.46 + 65.66 193.68 + 57.08 0.265
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Figure 1. Combined ROC curve for prognostic model
after 1 year: area 0.890, std error 0.043, asymptotic
sig. < 0.001, asymptotic 95% confidence interval
0.805-0.975

ROC curve is also modestly optimistic, but further investi-
gations will undoubtedly require a larger sample, which is
also complicated by the large spectrum of comorbidity in
these patients. It is also necessary to consider the method
for assessing the glomerular filtration rate, since the GFR
scale was used without the assessment of novel markers such
as cystatin C. Despite the sufficient accuracy of the chosen
method, this, however, may affect the accuracy of the result
and should be taken into account in further studies. With
a further decrease in the glomerular filtration rate in this
sample, an increase in the predictive accuracy of MMP-9
was also noted, which gives rise to a detailed study of this is-
sue in a larger sample of patients. The main interest of MPO
in this cohort is from several angles. The effect of MPO on
the progression of atherosclerosis has been shown. There
is also evidence that MPO acts as an autocrine modulator
of neutrophil function, recruiting previously unstimulated
neutrophils. In addition, MPO attaches to leukocytes by
binding to CD11B/CD18, which in turn contributes to the
inflammatory effect of MPO by accumulating leukocytes
at the site of inflammation [19]. MPO also showed no sig-
nificant difference in levels between the comparison groups.
Experiments with mice have shown an increase in MPO
activity together with impaired macrophages in the arterial
wall of a model of atherosclerosis in CKD, which may exa-
cerbate the atherosclerosis process [20]. In a study involved
a group of patients on hemodialysis, higher concentrations
of MPO-dependent oxidised LDL were confirmed as a po-
tential marker of MPO activity in plasma [21]. This may also
be indirectly indicated by the weak correlation found with
triglyceride levels and VLDL.

Study limitations
Firstly, as the department does not specialise in patients with
renal pathology and the institution does not have a catheterisa-
tion laboratory, we were unable to completely cover the full
spectrum of these patients, including those with renal failure.
Secondly, the sample of patients with this comorbidity was
small, which also affected the result.

Conclusions

Our study showed that plasma MPO and MMP-9 levels
were not involved in the reduction of glomerular filtration
rate. However, MMP-9 levels showed prognostic information
in relation to predicted outcomes after 1 year.
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binbyeHko A.O., Kormus MLIT., MetioniHa O.B., BuiuHeBchka I.P., PoaioHosa tO.B.
AY «HauioHanbHW iHCTUTYT Teparii imeHi A.T. Maroi HAMH YkpaiHny, M. Xapkis, YkpaiHa

MporHoctuyHa poAb MMIM-9 Ta MMNO B nAWi€HTIB 3i 3HUXKEHOIO LUBUAKICTIO KAYGOUYKOBOT PiAbTpaLT
NiCAS rOCTPOro KOPOHAPHOro CUHAPOMY

Pesrome. Akmyanvnicme. Iemiuna xsopo6a cepus (IXC) zanu-
MIAETHCSI OCHOBHOIO IIPUYMHOIO CMEPTHOCTI B YChbOMY CBiTi. Bpaxo-
BYIOUU TSIKKICTh Ta BIUTMB 1[bOTO 3aXBOPIOBAHHSI, TOCTITHUKHU pe-
TEJILHO BUBYAIOTh MATOTEHE3 aTePOCKIIEPO3Y, 1110 € OCHOBHOIO MPU-
ypHoto IXC. Etanu naToreHe3y € CKJIaIHUMU i 6araTorpaHHUMU i
BKJIIOYAIOTh TakKi (hakTopu, sIK aKyMyJIsILLis JTiTTiiB, pO3BUTOK 3aria-
JeHHs i popmyBaHHs OssioK. Oco61mBa cpepa aKTUBHUX TOCTTi-
JI>KE€Hb CTOCYETHCS BIUIMBY Ha 11i MPOLIECH i POJIi B HUX Pi3HUX 0i0-
MapkepiB, BKII0Yal0oU1 MaTpUKCHY MeTasionporeinaszy-9 (MMII-9)
Ta mienornepokcunaszy (MI10). Lli 6iomapkepu ToB’si3aHi 3 TIpo-
TpeCyBaHHSM i IeCcTabiTi3alie€lo aTepOCKIEPOTUIHUX OJISIIIOK, 110
€ LeHTpaibHUM efeMeHToM IXC. OnpHaK BUKOpUCTaHHS LIUX 6i0-
MapKepiB Y KOHTEKCTi CYIyTHiX 3aXBOPIOBaHb, TAKMX SIK XpOHiYHA
XBOp00a HUPOK, 3IMIIAETHCS BIIKPUTOIO Taly330 TOCTIIKEHbD,
0co0IMBO B TALIEHTIB Tichs iHhapkTy Miokapna. Mamepiaau ma
Memodu. Y Halle TOCHIIKeHHs OyJo BKIOUeHO 96 mallieHTiB i3
TOCTPUM KOPOHAPHUM CHHAPOMOM, SIKi B TOJAJIbIIOMY IT€PEHECIN
yepesIIKipHe KopoHapHe BTpydaHHs. Bonu Oynu posnonisieHi Ha
rpymnu (A Ta b) 3aexxHo Bi TOKa3HUKIB IIBUAKOCTI KIIyOOUKOBOI

dinbrpartii. [lepBMHHOIO KiHIIEBOIO TOYKOIO JOCTiIKEeHHs OyJia
CMEpTHICTb BiJl YCiX MPUYUH Ta cepilo3Hi HebaxaHi cepueBi Ta
11epedpoBacKyIsIpHi nofii. Pezyasmamu. Hain anani3 mokasas, 110
cupoBatkoBi piBHi MI1O B rpyni b Oyi1u He3HaYHO BUIIMMMU, HiX Y
rpyni A. | HaBmaku, IpOAEMOHCTPOBAHO 3HAYHY Pi3HMIIIO B IO
i, KPUBOIO ornepauiifHuX xapakrepuctuk npuitMaua (ROC) st
MMII-9 B rpymi A, o cranosuia 0,8 (95% noipuuii iHTepBa
0,609—-0,991; p = 0,039). Onnak ROC-kpuBa mis MITO He nana
3HAUYIIOro pe3yabTaTy B XKOoIHii rpymi. Takox Oysia modymoBaHa
kombiHoBaHa ROC-kpuBa, mioia mi siKolo rmoxasasa BiporiaiHo
oinbiie 3HaueHHss — 0,890 (95% nosipuwmii intepsain 0,805—0,975;
p <0,001). Bucnosxu. Mu BUsIBUIY, 1110 PiBHI BUILIe3ragaHux 06io-
MapKepiB y IJ1a3Mi KpOBi He BIIMBAIOTh HAa 3HMIKEHHS IIBUAKOCTI
KJ1yooukoBoi ¢insrpatii. Tum He MeH1l piBeHb MMII-9 Hanae
3HAYHY MTPOTHOCTUYHY iH(OPMALIilO 11100 TPOrHO30BAHOTO pe-
3YJIBTATY.

KiwuoBi ciaoBa: marpukcHa merajgonporeinasa-9; mieso-
rnepoxkcuaasa; rocTpuit KOpoHApHUN CUHIPOM; HIBUIAKICTb KITy-
060uKOBOI (hinbTpallii; pe3ynabrart
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