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BACKGROUND: Coronary heart disease is one of the leading causes of death and disability worldwide. Myeloper-
oxidase plays the key role in its pathogenesis. Oxidative modification of high-density lipoprotein particles by myeloper-
oxidase followed by impaired reverse cholesterol transport and the decrease of high-density lipoprotein cholesterol level
results in atherosclerosis progression. We studied the effect of myeloperoxidase on reverse cholesterol transport among
patients with arterial hypertension and different clinical forms of chronic coronary heart disease, judging by findings
in blood plasma.

AIM: The ultimate goal was to establish whether that effect is associated with the total amount of myeloperoxidase
or its activity.

METHODS: 93 patients were recruited (65.4 £ 10.1 years old in average; men — 30 (32%)) with arterial hyperten-
sion and different clinical forms of chronic coronary heart disease. Depending on the diagnosis established, all partici-
pants were divided into 3 groups. Group I (control) contained patients with arterial hypertension, but without chronic
coronary heart disease (n = 46). Group II (n = 26) included patients with initially stable coronary syndromes of chronic
coronary heart disease (stable angina and/or scheduled surgical interventions for stable coronary heart disease), who
never experienced acute adverse cardiac events. Group III (n =21) contained patients with acute coronary syndrome
(acute myocardial infarction) in the past 6 months or earlier. The total myeloperoxidase content (MPO-T) was assayed
by enzyme-linked immunosorbent assay (ELISA). Home-modified specific immune-extraction followed by enzymatic
detection (SIEFED) test was used to measure the active myeloperoxidase (MPO-A). Then, the coefficient of myeloper-
oxidase activity (MPO-CA) and the ratio of coefficient of myeloperoxidase activity to high-density lipoprotein cholesterol
(MPO-CA/HDL-C) were calculated.

RESULTS: The level of MPO-A was higher in patients from group III with complicated form of chronic coro-
nary heart disease, as compared with group II (p <0.05). MPO-CA in patients of group III also was higher in com-
parison with group II (p =0.001). Weak positive correlation was found between MPO-T and MPO-A in the whole
cohort under investigation (r=10.26; p < 0.05), and the relationship was stronger in the group III (r=0.59; p <0.05).
In addition, negative correlation between MPO-A and HDL-C was found in group III (r=-0.46; p <0.05).
The MPO-CA/HDL-C ratio was higher in patients with anamnestic acute coronary syndrome, as compared with pa-
tients manifesting non-complicated stable coronary heart disecase (p < 0.001) and with patients of group I who had
no coronary heart disease (p <0.001). To determine diagnostic value of the MPO-CA/HDL-C the receiver op-
erating characteristic curve (ROC-curve) was plotted. The calculated area under curve (AUC) was 0.8 which in-
dicates a high predictive value of the MPO-CA/HDL-C ratio for different forms of chronic coronary heart
disease.

CONCLUSION: The results of our study demonstrate that in patients with preceding history of acute coronary
syndrome, as compared with those having a stable course of chronic coronary heart disease, the effect of myeloperoxi-
dase on reverse cholesterol transport depends on its activity rather than concentration. MPO-CA/HDL-C ratio mirrors
the complicated chronic coronary heart disease and might serve as an additional indicator of residual risk.

Keywords: myeloperoxidase; high-density lipoprotein cholesterol; coronary heart disease; reverse cholesterol transport;
ELISA; SIEFED.
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ObocnoBanmne. Mimemnueckast 60ye3Hb ceplla — OfHA U3 BEAYLUUX MPUYUH MHBATUIHOCTH M CMEPTHOCTU BO BCEM
MHpE, a MUEJIOTIEPOKCHUIa3a UTpaeT KIOYEeBYIO poJib B ee maroreHe3e. OKUCIUTENbHAsT MOIUMUKAIINAS JIUTIOTIPOTENHOB
BBICOKO# TIJIOTHOCTH IO BO3IEUCTBUEM MMEJIONEPOKCHUIA3BI ¢ TTOCICAYIONIUM YTHETEHEM OOpaTHOTO TPaHCIIOPTa XO-
JlecTeprMHA U CHIDKEHHEM KOHLIEHTPALIMU XOJeCTepHHA JUIIONPOTEMHOB BBHICOKOI TUIOTHOCTH MPUBOIUT K ITPOrpecCupo-
BaHUIO aTepocKiepo3a. Mbl U3ydaau BIMSHUE MUEJONEPOKCHIA3bl HA OOPaTHBIM TPAHCIIOPT XOJeCTeprHa, OCHOBBIBASICh
Ha TT0Ka3aTesisix, ONpeesieMbIX B TTa3Me KPOBU Y TIAIIMEHTOB € apTepUaIbHON TUTIEPTEH3WE U pa3HBIMU KITMHUIECKUMU
dopmMaMu XpOHMUYECKOIT UIIEMUYECKO OOJIE3HM Cepalia.

Ileap — ycTaHOBMTH, CBSI3AHO JIM 3TO BIMUSHME ¢ OOIIEl KOHILIEHTpaLMeil MUETONepOKCUAA3bl WK €€ aKTUBHOCTBIO.

Marepuajbl 1 MeTonbl. B riccienoBaHye GbIIM BKIIOYeHB 93 manuenTa (cpemHuii Bo3pact 65,4+10,1, 30 (32%) myx-
YUH) C apTepuabHOMN TUTIEPTEH3Ne U pa3HBIMU KIIMHUIECKUMU (hOpMaMU XpOHUIECKOM MIIEeMUIeCKoii OOJIe3HU Ceplia.
B 3aBHCHMOCTH OT YCTAaHOBIICHHOTO IMAarHO3a BCe TMAIIMEHTHI OBLIM pasfesieHbl Ha 3 rpynmbl. [lammeHTH ¢ apTepuaiib-
HOI TMIepTeH3Mel, HO 0e3 XpOHUYECKON HIIeMUYeCKOU OGOJIe3HM Cepilla BOLUIM B KOHTPOJbHYIO rpymmy I (n=46).
B rpyrmy 11 (#=26) OblIM BKIIOYEHBI MTALIMEHTHI ¢ U3HAYAJIBHO CTAOMIBHBIMM KOPOHAPHBIMUA CUHAPOMAMHU XPOHUUYECKOMN
HIIeMIIecKoil 060Ie3Hn cepaia (CTabuiIbHas CTEHOKAPIWS M/WIW BBITIOJTHEHHOE OTNepaTUBHOE BMENIATEIbCTBO IO TO-
BOIY CTAaOWMJIBHOM MIIeMHUYECKO# OOJIE3HU cepllia), KOTOpble HUKOTIA He TEePEeHOCUIN OCTPBIM KOPOHAPHBIN CHHAPOM.
B rpynmy III (#=21) BonuM MamumeHThbI, KOTOPbIE MEePEeHECIN OCTPhIii KOPOHAPHBIM CUHIAPOM (OCTPBIM MH(MAPKT MUO-
Kapma) 6 Mec. Hazan wiM paHee. g onpeneneHus oouieit muenonepokcuaassl (MPO-T) nmposonnin MMMyHODEPMEHT-
Hblii aHanu3 (ELISA). g uaMepeHust akTuBHON Muenonepokcuaasbl (MPO-A) 6buta npuMeHeHa MoauGUIIMPOBaHHAS
HaMU Bepcus JETCKIINM aKTUBHOCTH (pepMeHTa Tocie ero crnenuduiyeckoit mmmyHocopouuu (SIEFED). 3arem 6bun
paccuuTaHbl KO3Gh@MUUMEHT aKTUBHOCTH Muenornepokcunasbl (MPO-CA) u oTHoleHne Koa(dhuilMeHTa aKTUBHOCTU
MMEJIONIEPOKCUIA3bl K XOJIECTEPUHY JIMMIOMPOTEMHOB BbicoKoi 1oTtHoct (MPO-CA/HDL-C).

Pesyabratbl. Y naimeHtoB u3 rpynisl 111 ¢ ocnoxHeHHO# hopMoil XxpoHMYECKOI UllleMUYeCcKOl O0Ie3HU cepia ObLT
BeIlie ypoBeHb MPO-A 110 cpaBHenuto ¢ rpymmoii 11 (p <0,05). MPO-CA y mamuenTtoB rpynisl 111 Takke ObLT BbIIIE
o cpaBHeHwuto ¢ rpymmoit I (p=0,001). Bo Bceit nuzyuaemoit koropte Mexxny MPO-A u MPO-T Oblia BeisiBIeHa ciadast
roJioxuTeabHas Koppesiuus (r=0,26; p <0,05), u oHa 6bei1a cuibHee B rpyrme 111 (7=0,59; p <0,05). B nomonHeHue,
orpuuareibHas Koppensauus mexay MPO-A nm HDL-C 6buta Haiinena B rpymme III (7=-0,46; p <0,05). 3HaueHue
otHommeHuss MPO-CA/HDL-C 6buto BBIIIE y MAIIMEHTOB, TIEPEHECIINX OCTPBIA KOPOHAPHBIII CUMHIPOM B aHaMHe3e,
10 CPaBHEHMIO C TIALIMEHTAMU, Y KOTOPBIX ObLIO CTAOMIbHOE HEOCTOXXHEHHOE TeYeHNE XPOHUYECKON UIIEeMUYECKO 60-
se3Hu cepaua (p <0,001), u ¢ manmeHTaMu U3 Irpynmsl I, y KOTopbIx villeMuyecKoi 6oie3Hu cepaia He 6bu10 (p <0,001).
st ompenesieHUsT AMarHOCTHYeCKOi 3HauMMocTH otHoleHusT MPO-CA/HDL-C 6but npoBeneH aHaIN3 IyBCTBUTEITb-
Hoctu ¥ cnenududHoctd (ROC-anamm3) u mocrpoeHa ROC-kpuBasg. Paccunrannas mromane non Kpusoit (AUC) co-
craBuia 0,8, 4To MOKa3bIBaeT BHICOKOE MpOTHOCTUYeCKoe 3HaueHre oTHoieHuss MPO-CA/HDL-C mis pa3HbIX dhopm
XPOHMYECKON MIIIeMUYeCcKOoi O0Je3HU cepalia.

3akmoyenune. Pe3yabTaThl Halllero WMCCIEIOBAHUS TTOKA3bIBAIOT, YTO Y IMAIIMEHTOB C TEPEHECEHHBIM OCTPBIM KOpPO-
HapHBIM CHHIPOMOM IO CPAaBHEHMIO C TMALIMEHTAMU, Y KOTOPBIX XapaKTep TCUCHHUS XPOHMUYECKON HIIEeMHYECKOil 6o-
JIE3HM cepalla ObUT CTaOMJIBHBIM, BJIMSHME MUEIONEPOKCUAA3bl Ha OOpaTHBIN TPaHCIIOPT XOJEeCTEpUMHA 3aBUCHUT OT ee
aKTUBHOCTH, a He oT KoHueHTpauuu. OtHoueHue MPO-CA/HDL-C BbIBISIET OCIOXHEHHYIO (hOpMy HILIEMHYECKOM
00JIe3HM Ccepllla ¥ MOXET CIYXXWUTb JOMOJIHUTETBHBIM (haKTOPOM PEe3UAyaTbHOTO pHCKa.

KiroueBbie €j10Ba: MHUEIONEPOKCHIA3A; XOJIECTEPUH JIMIIOIPOTEMHOB BBICOKOM IUIOTHOCTH; MINEMUYecKass 00Jie3Hb
cepaua; oopaTtHblii TpaHcnopt xonectepuHa; ELISA; SIEFED.

Background

Cardiovascular diseases associated with athero-
sclerosis are the leading cause of death and disability
all over the world [1], therefore the problem of early
diagnosis and stratification of the risk of an adverse
outcome remains relevant.

In recent years, new data have been published
showing the key role of myeloperoxidase (MPO)

in pathogenesis of coronary heart disease (CHD).
On the one hand, progression of coronary athero-
sclerosis is strongly dependent on the ability of MPO
to oxidize low-density lipoprotein (mox-LDL).
Oxidation of low-density lipoprotein (LDL) is as-
sociated with formation of a growing atherosclerot-
ic plaque and the subsequent acute cardiovascular
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event, especially when the plaque is ruptured [2—7].
On the other hand, MPO causes oxidative modifica-
tion of high-density lipoprotein particles (HDL-P)
followed by impaired reverse cholesterol trans-
port (RCT), which is the natural secure mecha-
nism providing the efflux of cholesterol from foam
cells in the arterial wall and its subsequent delivery
to the liver for elimination via bile [§—14]. Besides,
experimental data revealed the involvement of MPO
in the development and progression of endothelial
dysfunction [5, 15, 16]. The latter also leads to ar-
terial hypertension (AH) and atherosclerosis. Thus,
it seems important to study MPO as a diagnostic
and/or prognostic biomarker of different clinical
forms and adverse outcomes of CHD [17—22] or as
a guide for treatment response [23, 24].

However, despite sufficient evidence in favor
of MPO participation in atherosclerosis progression,
there are unaddressed problems preventing wide ac-
ceptance of this enzyme as a biomarker of chron-
ic CHD.

Firstly, MPO is the major constituent of the azu-
rophilic granules of neutrophils, and its involve-
ment in the pathogenesis of infectious and noninfec-
tious diseases provides an immune response [25—27].

Secondly, multiple effects of MPO discredit it as
the biomarker of a particular disease. This enzyme
participates in the organism’s nonspecific defense,
but can also be a severe damaging factor, catalyz-
ing the production of reactive oxygen species (ROS)
in the halogenating cycle, which usually causes oxi-
dation of amino acids, proteins, lipids, proteoglycans,
and nucleic acids [25, 27, 28]. Besides, the heme-con-
taining cationic MPO is able to bind with negatively
charged amino acid residues of lipoproteins, proteo-
glycans, and cell surface membrane proteins [29—31].

Thirdly, MPO activity is modulated by several
natural inhibitors, such as ceruloplasmin [32—34],
paraoxonase-1 [35], or hypochlorous acid produced
in the MPO-catalyzed reaction [36]. Hence, the to-
tal amount of MPO does not always mirror its real
deleterious effect in the course of atherogenesis.

Fourthly, it is worth noting that MPO release
from degranulated neutrophils, its interaction
with LDL, and mox-LDL storage by macrophages
in course of atherosclerotic plaque formation oc-
cur in the arterial wall [6, 37, 38]. It is far more
intricate to take a sample of tissue from the ath-
erosclerotic plaque compared with blood sampling
during routine follow-up procedures. While sampling
of atherosclerotic plaques for analysis is not under
consideration, mox-LDL monitoring so far has not
many chances in routine clinical practice. From this
viewpoint, investigating MPO effects on HDL-P
and RCT with concomitant high-density lipopro-
tein cholesterol (HDL-C) level decrease appears as
the right choice, since the markers of this process
can be determined in a blood sample.

And fifthly, there are difficulties in compar-
ing and interpreting the data from different studies
due to the lack of a generally accepted approach
to the pre-analytical phase and to measuring MPO
concentration and activity.

On account of the problems described, the diver-
gent results of multiple studies testing only amount
of MPO as the biomarker, should not surprise.
New solutions are needed for clinical implementa-
tion of MPO measurement. A number of investi-
gations indicated the need to determine not only
MPO concentration, but also its enzymatic activity
[22, 39—41]. Considering the ratio between MPO
and associated parameters, i.e. paraoxonase-1 inhibi-
tor [42], HDL-P [43] or HDL-C [44] seems to be
informative.

We studied the effect of MPO on RCT, judg-
ing by analysis findings in blood plasma among
patients with AH and different clinical forms
of chronic CHD. The ultimate aim was to estab-
lish whether that effect is associated with the total
amount of MPO or its activity.

Methods

Clinical characteristics of study groups. In trial were
recruited patients from the Clinical cardiology de-
partment of the Institute of Experimental Medicine
who have previously been diagnosed with AH
and different clinical forms of chronic CHD. Mean
age of study population was 65,4 £ 10,1, men —
30 (32%), women — 63 (68%). Before enrollment
in trial all participants signed the informed consent
form.

All data including diagnosis, conducted examina-
tion, medical treatment, and surgical intervention,
if any, were collected from the primary medical
documentation. According to the indications, pa-
tients received the following drug classes, i.e. an-
giotensin-converting enzyme inhibitors, angiotensin
receptor blockers, dihydropyridine calcium chan-
nel blockers, diuretics, mineralocorticoid receptor
antagonists, beta-blockers, statins, antithrombotic
therapy, if needed.

Patients who have had acute coronary syndrome
(acute myocardial infarction) and/or surgical inter-
vention for CHD less than 6 months ago were not
included in the study. Besides, we did not include
patients with acute exacerbations of chronic inflam-
matory diseases or malignancy, unless it has been
cured prior to the enrollment.

Depending on the established diagnosis all partic-
ipants were divided into 3 groups. Patients with AH
but without chronic CHD formed the control
group I (n = 46). Group Il (n = 26) included patients
with initially stable coronary syndromes of chronic
CHD (stable angina and/or scheduled surgical in-
terventions for stable CHD), who never experienced
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acute adverse cardiac events. Group III (n=21)
contained patients who had acute coronary syn-
drome (acute myocardial infarction) 6 months ago
and earlier. Median and interquartile range of dis-
ease duration after acute event were 3 (2; 13) years.

Pre-analytical phase. Blood samples were col-
lected into vacutainers with K3EDTA from patients
at admission. After that, within 2 hrs the samples
were centrifuged at 600%g for 15 min. Thus obtained,
plasma was aliquoted, frozen and stored at —80°C.
In samples obtained simultaneously lipid profile
(total cholesterol (TC), triglycerides (TG), low-
density lipoprotein cholesterol (LDL-C), HDL-C),
complete blood count with erythrocyte sedimenta-
tion rate (ESR) and C-reactive protein (CRP) were
determined using standard methods.

Active MPO (MPO-A) assay. MPO-A measure-
ment was accomplished with modified by us version
of the specific immune-extraction followed by enzy-
matic detection (SIEFED) test. For MPO-A estima-
tion we used monoclonal anti-MPO antibodies de-
rived from immunized mice as reported earlier [45].
100 uL of antibodies (2F7 clone) in borate buffered
saline (BBS) with a concentration of 5 mg/L were
added to the wells of a standard 96-well polysty-
rene plate for immobilizing it on a solid surface.
For that purpose, the plate was incubated at 37°C
and continuous stirring 300 r.p.m. throughout
the time of 2 hrs or at 4°C for 8 hrs without stir-
ring. After incubation the plate was washed three
times with BBS containing 0.05% Tween-20. After
that, into each well we added 100 uL blocking buffer
containing 3% milk solution in phosphate buffered
saline (PBS) with 0.05% Tween-20 and incubated
it in 1 hr at 37°C and continuous stirring 300 r.p.m.
Then, into the wells with blocking buffer we added
10 uL evaluated plasma samples or 10 uL standard
MPO solutions in 3% milk with a concentration be-
tween 200 ng/mL and 3.125 ng/mL obtained by two-
fold serial dilutions. Next, we incubated the plate
again at 37°C and continuous stirring 300 r.p.m.
in 1 hr and washed three times with BBS contain-
ing 0.05% Tween-20. For MPO-A concentration
measurement we added into the wells developing
buffered solution containing 20 mM NaBr, 200 mM
(NH,),S0O,, 24 mM Na-citrate buffer, pH 6.0, 1 uM
10-acetyl-3,7-dihydroxyphenoxazine, and 10 uM
H,0,. In a time of 30 min the plate was incubated
at 37°C and continuous stirring 300 r.p.m. After that,
we measured the fluorescence intensity of resorufin
formed as a result of the reaction using the mul-
timodal plate reader CLARIOstar (BMG Labtech,
Germany) at a wavelength of 580—620 nm (exci-
tation at 535—555 nm). For MPO-A concentra-
tion calculation we made use of calibration curve
constructed in MARS software (BMG Labtech,
Germany) by standard solution concentration mea-
surement. Results were expressed as ng/mL.

Total MPO (MPO-T) assay. For MPO-T es-
timation the enzyme-linked immunosorbent as-
say (ELISA) was performed using monoclonal
anti-MPO antibodies (F18 clone) gotten from im-
munized mice as described earlier [45]. For an-
tibodies immobilization we added into the wells
of a standard 96-well polystyrene plate 100 uL
antibodies solution in BBS with a concentration
of 5 mg/L and incubated at 37°C and continuous
stirring 300 r.p.m. throughout the time of 2 hrs
or at 4°C for 8 hrs without stirring. After incubation
the plate was washed three times with BBS contain-
ing 0.05% Tween-20. Then, into the wells we added
100 uL blocking buffer containing bovine serum al-
bumin (BSA) in 200 mM (NH,),SO, and 24 mM
Na-citrate buffer, pH 6.0, and incubated it within
1 hr at 37°C and continuous stirring 300 r.p.m.
After that, into the wells we added 10 uL evaluated
plasma samples or 10 uL standard MPO solutions
in 3% milk with a concentration between 200 ng/mL
and 3.125 ng/mL obtained by two-fold serial dilu-
tions and incubated it in a time of 2 hrs at the same
conditions. Next, the plate was washed three times
again with BBS containing 0.05% Tween-20. After
that, into each well we added 100 uL anti-MPO
antibodies 2F7 labeled with horseradish peroxidase
in BBS containing 0.05% Tween-20 and incubated
in 1 hr at 37°C and continuous stirring 300 r.p.m.
After three times washing with BBS containing
0.05% Tween-20 into each well we added 100 uL
developer consisting of 0.4 mM 3,3’,5,5’-tetrameth-
ylbenzidine and 4 mM H,0, in 80 mM Na-acetate
buffer, pH 5.5. In 15 min the reaction was termi-
nated with 50 mL of 1M H,SO,. Substrate detec-
tion and MPO-T concentration estimation made use
of the multimodal plate reader CLARIOstar (BMG
Labtech, Germany) at a wavelength of 540 nm
and constructed in MARS software (BMG Labtech,
Germany) the calibration plot by standard solution
concentration measurement.

Calculated parameters based on laboratory
data. Based on the data obtained from laboratory
tests some coefficients were calculated according
to the following formulas.

Coefficient of MPO activity (MPO-CA) was cal-
culated as the ratio between MPO-A and MPO-T:
MPO-CA = MPO-A/MPO-T.

The ratio MPO-A/HDL-C and MPO-T/HDL-C
were used as well.

Lastly, the ratio MPO-CA/HDL-C was calculated.

Statistical analysis. Continuous variables are rep-
resented as median, interquartile range [Q,—Me—Q),
minimum and maximum values [min—max].
The Shapiro—Wilk test was performed to verify
the data obtained for normal distribution. Some vari-
ables’ distribution differed from the normal type,
therefore non-parametric tests were implemented.
The Kruskal—Wallis H test was applied for multiple
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istic (ROC) curve was deduced and the area under

the ROC curve (AUC) was calculated. Statistical sig-
nificance was established at p < 0.05.

comparisons between the groups. Next, the Mann—
Whitney U test was performed for subsequent pair-
wise comparisons with Bonferroni post hoc cor-
rection to adjust p-values. Correlation was tested
using » — Spearman’s correlation coefficient. To ex-
amine the diagnostic value of our study, the logis-
tic regression analysis of variables was performed
(logit model). Then, receiver operating character-

Results and discussion

The main clinical and laboratory characteristics
of groups under study are displayed in Table 1.

Table 1/ Tabanua 1

The main clinical and laboratory characteristics of the groups (Q,-Me-Q; [min-max])
OcHoBHble KAMHMYECKMe U AaGopaTopHble nokasareAu rpynn (Q,~-Me-Q, [min-max])

Characteristics Group | Group |l Group llI All groups
n 46 26 21 93
Age (years) 55—-63-70 63—68—73 58—69—75 58—66—73
[46—86] [58—84] [42—87] [42—87]
Gender (M/F) M 13; F 33 M 3; F23 M 14; F 7 M 30; F 63
Total cholesterol 4.87—-5.79—-6.37 4.59-5.24—6.10 3.60—4.47-5.29 4.50—-5.33-6.10
(mmol/L) [3.29—-8.90] [3.32-9.02] [3.13—8.73] [3.13-9.02]
Low-density lipoprotein 2.45-3.14-3.55 2.33-2.79-3.45 1.81—-2.34—-2.90 2.25-2.86—3.44
cholesterol (mmol/L) [1.39-5.51] [1.48—5.03] [1.38—5.0] [1.38—5.51]
HDL-C (mmol/L) 1.27—1.48—1.77 1.21—-1.48—1.63 0.97—1.17—-1.35 1.18—1.40—1.62
[0.86—2.80] [0.94—2.48] [0.79—1.88] [0.79—2.80]
Triglycerides (mmol/L) 0.88—1.20—1.55 1.13—1.27—-1.62 0.86—1.39—-2.02 0.88—1.23—1.66
[0.33—-7.21] [0.56—5.44] [0.35—3.58] [0.33—7.21]
MPO-T (ng/mL) 45.1-59.3—-68.5 41.6—-56.7-77.1 46.7-52.8—-71.8 45.1-57.0-71.3
[25.9—-82.9] [34.5—146.9] [25.6—93.3] [25.6—146.9]
MPO-A (ng/mL) 12.1-19.6-27.8 11.5—-13.8-27.6 19.4-23.1-30.6 12.4—19.5-27.7
[3.9-50.6] [4.3—46.8] [12—-52.5] [3.9-52.5]
MPO-CA 0.28—0.37—0.49 0.20—0.31-0.41 0.39-0.52—0.55 0.25-0.38—0.52
[0.05—0.81] [0.05—1.12] [0.18—0.66] [0.05—1.12]

MPO-T/HDL-C

27.80—37.72—56.59
[12.93—76.54]

30.0—39.59—58.65
[14.03—-93.67]

37.72—-45.13-57.27
[16.81-92.28]

30.52—41.42-57.58
[12.93-93.67]

MPO-A/HDL-C

7.54—11.83-22.41
[2.64—50.10]

5.52—12.63-16.93
[2.83—46.40]

13.88—17.84—-29.33
[8.0—59.37]

8.0—13.61-23.10
[2.64—59.37]

MPO-CA/HDL-C

0.148—0.240—0.348
[0.034—0.798]

0.102—-0.207—-0.308
[0.051—1.120]

0.280—0.426—0.542
[0.120—0.810]

0.161-0.264—0.363
[0.034—1.120]

Leucocytes (x10°/L) 4.5-55-6.4 4.9-5.6—6.4 5.5-5.9-6.8 4.8-5.6—6.4
[3.1-9.9] [3.9-8.5] [4.1-8.7] [3.1-9.9]
Neutrophils (x10°/L) 2.31-3.09-3.63 2.70—3.30—3.95 3.19-3.53-3.82 2.62—3.25-3.74
[1.24-5.85] [1.60—5.54] [2.17-6.0] [1.24—6.0]
Erythrocyte sedimentation 8—16-26 13—19-23 13—19-22 12—17-23
rate (mm/hr) [3—44] [7—43] [3—34] [3—44]
C-reactive protein (mg/L) 1.4-2.6—4.7 1.9-3.7-4.5 1.9-2.1-7.6 1.9-2.6—4.7
[0.4—-27.5] [1.0-7.6] [1.1-16.9] [0.4-27.5]

Note. HDL-C, high-density lipoprotein cholesterol; MPO-T, total myeloperoxidase; MPO-A, active myeloperoxidase;
MPO-CA, coefficient of myeloperoxidase activity; MPO-T/HDL-C; the ratio of total myeloperoxidase to high-density
lipoprotein cholesterol; MPO-A/HDL-C, the ratio of active myeloperoxidase to high-density lipoprotein cholesterol,
MPO-CA/HDL-C, the ratio of coefficient of myeloperoxidase activity to high-density lipoprotein cholesterol.
[Ipumeuvanue. HDL-C — xonecrepuH JIMIOMPOTEMHOB BBICOKOM TIOTHOCTH; MPO-T — o01iass Muenonepok-
cunaza; MPO-A — aktuBHasi muenoriepokcuaasza; MPO-CA — ko3(pdULIMEHT aKTMBHOCTU MUEIONEPOKCHUIA3HI;
MPO-T/HDL-C — otHolieHue 00111eil MUeIonepoKcHIasbl K XOJIeCTEPUHY JUMOMPOTEUHOB BBICOKOU TJIOTHOCTH;
MPO-A/HDL-C — oTHolIeHe aKTUBHON MUEJIONePOKCHUIA3hl K XOJECTePUHY JTUTIOMPOTENHOB BHICOKOM TJTIOTHOCTH;
MPO-CA/HDL-C — otHouieHue Ko3(pGUIMEHTa aKTUBHOCTY MUEIONEPOKCUIA3bl K XOJIECTEPUHY JIMIIONPOTEMHOB
BBICOKOI{ ITUIOTHOCTH.
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P-value for comparing characteristics between groups
3HOYeHWe p Npy CPABHEHUM NOKA3ATEAEN MEXAY rpynnamm

Table 2 / Tabanua 2

P P-value for the P-value for the P-value for the
Characteristics the Kruskal- Mann—\l\{hliney U test Mann—W_hltney U test Mann—V\{hliney U test
Wallis Htest | comparing between | comparing between | comparing between
groups Il and Il groups | and llI groups | and Il
MPO-T (ng/mL) 0.93 — — —
MPO-A (ng/mL) 0.04 0.01 0.08 0.30
MPO-CA 0.009 0.001 0.03 0.20
HDL-C (mmol/L) 0.004 0.008 <0.001 0.76
MPO-T/HDL-C 0.25 — - —
MPO-A/HDL-C 0.004 0.003 0.003 0.44
MPO-CA/HDL-C <0.001 <0.001 <0.001 0.25
Leucocytes (x10°/L) 0.10 — - —
Neutrophils (x10°/L) 0.07 - — -
Erythrocyte sedimentation rate (mm/hr) 0.69 — — -
C-reactive protein (mg/L) 0.70 - — —

Note. MPO-T, total myeloperoxidase; MPO-A, active myeloperoxidase; MPO-CA, coefficient of myeloperoxidase ac-
tivity; HDL-C, high-density lipoprotein cholesterol; MPO-T/HDL-C, the ratio of total myeloperoxidase to high-density
lipoprotein cholesterol; MPO-A/HDL-C, the ratio of active myeloperoxidase to high-density lipoprotein cholesterol;
MPO-CA/HDL-C, the ratio of coefficient of myeloperoxidase activity to high-density lipoprotein cholesterol.

IIpumeyanue. MPO-T — obmasa muenonepokcunasa, MPO-A — aktuBHas muenonepokcungaza; MPO-CA —
K03(pPuLMeHT akTUBHOCTH Muenonepokcunasbl; HDL-C — XxojlecTepuH JIUMNONPOTEMHOB BHICOKOM IUIOTHOCTH,
MPO-T/HDL-C — oTHouieHue oOlieid MUEJIONepOKCUAa3bl K XOJIECTePUHY JIMITONPOTEMHOB BBICOKOM IIJIOTHOCTH;
MPO-A/HDL-C — oTHoIIeHHe aKTUBHONW MUEIOTIEPOKCHUIA3BI K XOJECTEPUHY JIUTIONIPOTEMHOB BHICOKOM TJIOTHOCTH;
MPO-CA/HDL-C — otHomeHue KoadhduilMeHTa aKkTUBHOCTA MUEJIOTIEPOKCHUIa3bl K XOJIECTEPUHY JIMTIONPOTEMHOB

BBICOKOI MJIOTHOCTH.

The chronic CHD presents as several dissimi-
lar conditions with divergent clinical manifesta-
tions and outcomes. Non-complicated forms, such
as stable angina pectoris with predictable symp-
toms differ from others by relatively benign course
of the disease. In contrast, complicated forms, e.g.
acute coronary syndrome, even after stabilization
and migration to the chronic stage have less favour-
able prognosis due to the very high risk of recurrent
acute cardiovascular events [46]. Thereby, evaluation
of the underlying molecular mechanisms is needed
for better understanding and more accurate progno-
sis of the adverse outcomes. It will help to identify
the most vulnerable population groups and to im-
plement preventive measures and specific treatment.

In our study we distinguished patients with differ-
ent clinical course of the chronic CHD in two sepa-
rate groups and compared obtained data. Patients
in our study were divided in two groups on the ba-
sis of different clinical course of the chronic CHD.
The data obtained in each group were compared
and (see Table 2).

Patients from group III with complicated form
of the chronic CHD had higher level of MPO-A as
compared with group II (p <0.05), and MPO-T
concentration was similar in both groups. The level
of HDL-C level was expectedly lower among pa-

tients from group III in comparison with groups II
(» <0.05) and I (p <0.001), in view that previous
studies demonstrated association between low level
of HDL-C and an increased risk of cardiovascular
events in patients with stable CHD [47].

Measuring MPO-T and MPO-A allowed us cal-
culating MPO-CA, which, on the one hand, re-
flects the percentage of metabolically active enzyme,
and, on the other hand, can indicate the inhibition
efficiency, i.e. the higher MPO-CA is, the lower
is the effectiveness of inhibitors, the higher is the risk
of the complicated CHD form and of adverse out-
comes. MPO-CA among patients from group III
was higher in comparison with group II (p = 0.001).
Comparing other groups with group I revealed no
statistically meaningful difference among them.

To assess the impact of MPO on RCT and HDL-C
level in different clinical forms of chronic CHD, the re-
lations MPO-T/HDL-C and MPO-A/HDL-C were
calculated, as described earlier [48]. MPO-T/HDL-C
ratio did not vary among the groups. Meanwhile,
MPO-A/HDL-C ratio was higher among the pa-
tients in group I1I, who had experienced at least one
acute coronary syndrome according to the anamnesis,
as compared both with the patients of group II having
non-complicated form of chronic CHD (p < 0.05)
and those of group I without CHD (p < 0.05).
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No significant differences between group II
and group I were found as judged by manifestations
under study. Thereby, among the patients suffering
from stable CHD without acute events in the anam-
nesis and those without CHD whatsoever, the total
amount of MPO, its enzymatic activity and it impact
on the RCT were similar in properties and effects.
Furthermore, no significant differences were found
between the groups concerning other inflammatory
markers, such as the total amount of leukocytes,
neutrophils, ESR, and CRP.

Correlation analysis was performed to esti-
mate the strength and direction of the relation-
ships between the characteristics under study. Weak
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positive correlation was found between MPO-T
and MPO-A in the whole cohort under investigation
(r=10.26; p<0.05) (Fig. 1, a). Moreover, the re-
lationship was stronger in the group III (r=0.59;
p<0.05) (Fig. 1, b), but significant correlation
lacked in other groups. This observation suggests that
among the patients who have already experienced
acute coronary syndrome (acute myocardial infarc-
tion) MPO is involved in the pathological process
owing to the active fraction and, possibly, to poor
efficacy of the natural inhibitory effect.

Positive correlation between the ratios MPO-T/
HDL-C and MPO-A/HDL-C was detected
in the whole cohort as well (r = 0.49; p < 0.05); it was
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Fig. 1. Relationships between MPO-T, MPO-A and HDL-C. a, Scatter plot of correlation between MPO-T and MPO-A
in all groups. b, Scatter plot of correlation between MPO-T and MPO-A in group III. ¢, Scatter plot of correlation between
MPO-T/HDL-C ratio and MPO-A/HDL-C ratio in all groups. d, Scatter plot of correlation between MPO-T/HDL-C
ratio and MPO-A/HDL-C ratio in group III. MPO-T, total myeloperoxidase; MPO-A, active myeloperoxidase; MPO-T/
HDL-C, the ratio of total myeloperoxidase to high-density lipoprotein cholesterol; MPO-A/HDL-C, the ratio of active

myeloperoxidase to high-density lipoprotein cholesterol.

Puc. 1. Bzaumocssass Mexny nokaszareasimu MPO-T, MPO-A u HDL-C: a — nuarpaMma paccesHusl, JeMOHCTPUPYIOILas
koppesnsuuio Mexny MPO-T u MPO-A Bo Bcex rpynnax; b — auarpamma paccesiHus, AEMOHCTPUPYIOILIas KOPPeasiluio
Mexny MPO-T u MPO-A B rpymmie 111; ¢ — nuarpamma paccestHusl, I€MOHCTPUPYIOIIAas KOPPEISIIAI0 MEXITY OTHOIICHU-
eM MPO-T/HDL-C u orHomrennem MPO-A/HDL-C Bo Bcex rpymnmax; d — auarpamMma paccessHUsl, TeMOHCTPUPYIOIIast
koppensiuuio Mexnay otHoumieHnemM MPO-T/HDL-C u otHomenuem MPO-A/HDL-C B rpynme III. MPO-T — o6mas
muenornepokeunaza; MPO-A — aktuBHas muenonepokcunasa; MPO-T/HDL-C — oTHolmieHue oOlieit Muenonepokcuma-
3bl K XOJECTEPUHY JIMIOMPOTEMHOB BbicOKOU IMoTHOCTH; MPO-A/HDL-C — oTHollleHMe aKTMBHOI MUEIONepOKCUAa3bl

K XOJIECTEPUHY JUIIOIIPOTCUHOB BBICOKOW MJIOTHOCTH.
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Fig.2. Box plot of MPO-CA/HDL-C ratio comparison
among the groups. The data are represented as median, in-
terquartile range, minimum and maximum values. Statistical
significance of the Kruskal—Wallis H test for multiple com-
parison, p <0.001. MPO-CA/HDL-C, the ratio of coeffi-
cient of myeloperoxidase activity to high-density lipoprotein
cholesterol.

Group Il

Puc. 2. Inarpamma pasmaxa Ui pacripeleieHusl OTHOLIE-
Huss MPO-CA/HDL-C B rpymnmax. JlaHHBIe TIpeacTaBIeHb
B BUJIE MEIMaHbI, MEXKBApPTWJIBHOTO pa3Maxa, MUHUMalb-
HOTO U MAaKCUMAJIbHOTO 3HaueHuii. CTaTucTuyeckasi 3HaYu-
MOCTb sl H-KpUTepusi MHOXECTBEHHBIX cpaBHeHUi Kpa-
ckena—Yommuca p <0,001. MPO-CA/HDL-C — oTtHomreHue
K02 duIeHTa aKTUBHOCTH MUEJIOTIEPOKCUIA3BI K XOJIeCTe-
PUHY JIUTIONPOTEMHOB BBICOKOI TJIOTHOCTH.
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Fig. 3. The results of ROC-analysis of the MPO-CA/HDL-C
ratio among the patients with different clinical forms
of chronic coronary heart disease. ROC, receiver operating
characteristic; AUC, area under curve; MPO-CA/HDL-C,
the ratio of coefficient of myeloperoxidase activity to high-
density lipoprotein cholesterol.

Puc.3. Pesymbratel ROC-aHamusa Ul OTHOLIEHHS
MPO-CA/HDL-C cpeau mnalnueHTOB C pa3HbIMU KJIMHM-
YecKMMU (OpMaMU XPOHMUYECKOW WIIeMUYECKOUW O0Je3HU
cepaua. ROC — pabouas xapakTepucThKa TNPUEMHUKA;
AUC — mnomanp non kpuoit; MPO-CA/HDL-C — oTHO-
meHne Kod(pdulreHTa aKTUBHOCTM MUENIONEPOKCUIA3HI
K XOJIECTEPUHY JIUTIONPOTEHOB BbICOKOW TIOTHOCTH.

stronger than MPO-T and MPO-A relationship.
The strongest positive correlation was in the group 111
(r=10.81; p <0.05) (Fig. 1, ¢, d). The same observation
was previously described for atherosclerotic plaque
progression of the carotid arteries [49]. In addition,
negative correlation between MPO-A and HDL-C
was found in the group III (r=—0.46; p <0.05).
Thus, the impact of MPO activity on the RCT
with concomitant HDL-C depletion was more sig-
nificant among the patients with complicated form
of chronic CHD than in other groups, and the prin-
cipal issues of this study are interconnected.

Taking into account strong relationships between
MPO-T, MPO-A and HDL-C, it is reasonable to es-
timate MPO activity and its impact on the RCT
with allowance for HDL-C level. Multiple com-
parison test for obtained MPO-CA/HDL-C ratio
revealed the differences between the groups (Fig. 2).
Subsequent pairwise matching shows with high sta-
tistical significance that the MPO-CA/HDL-C ratio
was higher among the patients who have had acute
coronary syndrome in the anamnesis, as compared
with the patients manifesting non-complicated sta-
ble CHD (p <0.001) and with the patients from
group I who had no CHD (p < 0.001). No significant
difference between group II and group I was found.

Binary logistic regression (logit-model) was ap-
plied to determine diagnostic value of the MPO-CA/
HDL-C ratio for different forms of chronic CHD
(with or without previous history of acute coronary
syndrome). Hence, ROC curve was constructed
(Fig. 3). The calculated AUC was 0.8 which indicates
a high predictive value of the MPO-CA/HDL-C ra-
tio for different forms of chronic CHD. The cut-off
value 0.351 with sensitivity 62% and specificity 81%
was applied to predict possible adverse outcomes
in this group of patients. The level of false positive
results was relatively low i.e. 19%, which means that
the MPO-CA/HDL-C ratio is acceptable for sift-
ing out patients with relatively benign stable form
of chronic CHD, not predisposed to acute cardiac
events. Along with elucidation of the known risk fac-
tors, MPO-CA/HDL-C ratio can help to ascertain
the patients with established cardiovascular disease.
It also seems indicative of the residual risk of adverse
outcomes, which combine lipidic and inflammatory
components. Further research is needed to verify this
hypothesis. Moreover, it seems promising to investi-
gate natural MPO inhibitors as potential instruments
in the therapy aimed at diminishing the risk of acute
cardiovascular events and at better prognosis among
the patients with chronic CHD.

Conclusions

The results of this study demonstrate that in pa-
tients with preceding history of acute coronary syn-
drome as compared with those having a stable
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course of chronic CHD the effect of MPO on RCT
depends on its activity rather than concentration.
MPO-CA/HDL-C ratio mirrors the complicated
chronic CHD and might serve as an additional in-
dicator of residual risk. Studying the natural MPO
inhibitors seems promising as it can help finding
new approaches to a better prognosis for that group
of patients.
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AonoAHUTEAbHAS UHDOPMALUS

Hcrounuk ¢unancupoBanusa. BreinelieHWe W O4YMCT-
Ka MHUEJIONEPOKCHUAAa3bl 1 MOHOKJIOHAJIbHBIX aHTH-
Tea momgepxaHbl TrpaHTom  MD-1901.2020.4.
KnnHudyeckoe ucciaegoBaHWe, HA0Op M JieueHUeE
MalueHToB, 3a00p 00pa3loB MPOBEACHBI B paMKax
TOCYyIapCTBEHHOIO 3amaHusl, MpoeKT IIpuKiagHbIX
MemunuHckux TexHoiaoruii 0057-2017-0023.

DrtHyeckas 3kcmeptusa. MccrnemoBaHue omo0pe-

«MHCTUTYT BKCNEpUMEHTaNbHON MeIULIUHBI» (ITPO-
tokosr Ne 6/20 ot 21.10.2020).

Konduukr uHTEpecoB. ABTOpBI 3asiBJSIOT 00 OT-
CYTCTBUU KOH(JIMKTAa MHTEpPecOB B (bMHAHCOBOM
WM Kakoi-nubo apyroit chepe.

Bkaax asropoB. Bce aBTOpbl BHECIM CYIIECTBEH-
HbIll BKJaa B pa3pabOTKy KOHLEMNUWH, MpoBee-
HUE MCCEeNOBaHUSI U TIOATOTOBKY CTaTbU, MPOUIHU
1 omoOpwiIv (PUHAJIBHYIO BEpCHUIO Iepel ITyOImrKa-
LUACH.
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