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The Relationship of the Markers of Endothelial
Dysfunction with Lipid Profile in Patients
with Stable CAD Combined with Breast Cancer

CBA3b MapKepOB 3HAOTENMANBbHOM ANCOYHKLIMM C MOKa3aTenamm
NMAVAOrPAMMbI Y MALUMEHTOB CO CTAOUNBHOW MLLIEMUYECKOMN
Oone3Hbio cepaLa B COYETaHUM C PaKOM MOSIOYHOW ene3bl

Abstract

Introduction. The main way to reduce the negative effects of coronary artery disease (CAD)
is its prevention and timely detection, as well as comprehensive approach to treatment. In recent
years, there has been the increase of worldwide morbidity and mortality from breast cancer. It can
be assumed that with the increase of the age of women the frequency of combination of these
diseases also increases. It should also be noted that the combination of ischemic heart disease with
tumors occurs almost 2 times more often than it is diagnosed during the lifetime of patients, which
increases the relevance of timely diagnosis of the combination of ischemic heart disease with breast
cancer.

Purpose. To determine the relationship of the markers of endothelial dysfunction with lipidogram
in patients with stable CAD in combination with breast cancer.

Materials and methods. The results of the study are based on the data obtained in the
comprehensive survey of women in 2015-2016 on the base of Pl "Zaporizhzhya regional clinical
oncology center" ZCC. We examined 101 women with stable CAD; 70 patients were diagnosed
with breast cancer (BC) T,N,M, and 31 patients had no oncopathology. On the outpatient base, 31
practically healthy women comparable in age and social status were examined.

Results and discussion. The level of vascular endothelial growth factor (VEGF) was significantly
higher in patients with stable CAD in combination with BC — 327.8 [308.2; 340.5] PG/ml than in the
group of persons with stable CAD without neoplasm 213.7 [197.7; 227.4] PG/ml. The LDL-C level had
a significant direct relationship with VEGF (r=+0.65, p=0.0001), with MMP-9 (R=+0.49, p=0.0001),
and inverse relationship with the nitrogen monoxide metabolites (NOx) (r=-0.58, p=0.0001).
Keywords: breast cancer, coronary artery disease, matrix metalloproteinase-9, vascular endothelial
growth factor, endothelial dysfunction, lipid profile.

Pe3slome

BBepeHune. OCHOBHbIM NyTeM K YMeHbLUeHWI0 HeraTuBHbIx nocneactsuin UbC asnsaetca ee npodu-
NAKTUKA N CBOEBPEMEHHOE BbIABJIEHUNE, A TaKXKE KOMMIEKCHBIV NOAXOA K NeyeHuio. 3a nocnegHne
rogbl BO BCeM Mupe Habnopaetcs pocT 3ab0eBaeMoOCT U CMEPTHOCTU OT paka MOJIOUYHON Xe-
nesbl. MOXXHO NPeAnonoXKuTb, YTo C YBeIMYEHNEM BO3PaACTa »KEHLLMHbI YBEIMUYMBAETCA U YacToTa
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coveTaHus 3Tux 3aboneBaHuin. TakKe HEOBXOAUMO OTMETUTD, UTo coveTaHne VIBC ¢ HoBoobpa3oBa-
HUAMM BCTPEYAETCA NOYTY B 2 pasa Yalle, YeM ANarHoCTMpyeTca Npu X13HU NaLUeHTOB, YTO YBeNU-
UMBaeT aKTyaslbHOCTb CBOEBPEMEHHOW AnarHOCTUKN covetaHna MBC c PMXK.

Lienb nccnepoBaHus. Onpegenntb CBA3b MapKepoB SHAOTeNManbHOM AUChYHKUMMN C NOKasaTens-
MU AMNAOrPaMmbl y naumeHTos ¢ MIBC B coueTaHUM C pakoM MOJSIOYHOW »enesbl.

Matepumanbl n meToAbl. Pe3ynbTaTthl NCCI€A0BAaHNA OCHOBaHbI Ha AAaHHbIX, NOMYYEHHbIX MPU KOM-
nnekcHoM obcniefoBaHUM XeHWUH B 2015-2016 IT. Ha 6a3e KY «3anopoXcKuin 06nacTHOM KNnHW-
UecKmin oHKosormyeckmin gucnaHcep» (30P). bbina o6cnepgoBaHa 101 »KeHLMHa C NOATBEPXKAEHHOM
ctabunbHoit UBC, u3 Hux 31 nauneHTKa 6e3 conyTcTBytoLleli OHKonaTonorum 1y 70 yenoBek 6bin
BbiseieH PMXK TN M,. B ambynaTtopHbix ycnoBusax obcnenosany 31 npakTMYeckn 340pOoBYyIo KeH-
LLIHY, COMOCTaBNMYIO MO BO3PacTy M COLMANIbHOMY CTaTyCy.

Pe3synbraTtbl  06CyXKaeHMe. YpoBeHb COCYANCTOro sHAoTeNnnanbHoro dakropa pocta (CODOP) 6bin
[OCTOBEPHO Bbille Y NauneHToB co ctabunbHoi MBC B couyeTaHnM C pakoM MONOYHON enesbl —
327,8 [308,2; 340,5] nr/mn, yem B rpynne nuy co ctabunbHon MBC 6e3 HoBoobpa3oBaHua — 213,7
[197,7; 227,41 nr/mn. YpoBeHb NUNONPOTENZOB HU3KOWN NMIIOTHOCTY MMEN 3HaUYMMYIO MPAMYIO CBA3b C
C30P (r=+0,65, p=0,0001), c MMP-9 (R=+0,49, p=0,0001) 1 06paTHy!0 CBA3b C MeTaboNNTaMm OKCU-
na aszota (r=-0,58, p=0,0001).

KnioueBble cnoBa: pak MOJIOYHOW »ene3bl, ieMmuyeckasn 6onesHb cepaua, MaTpUKCHasA MeTanno-
npoTenHasa-9, cCocyancTbIf SHAOTENMANbHbIN GakTop POCTa, SHAOTENNaNbHaA ANCOYHKLUA, NUNNG-
HbIi TpodUNb.

B INTRODUCTION

The World Health Organization notes that cardiovascular diseases
and their complications are the main cause of premature death and early
disability in most economically developed countries. Unfavorable dynamics
of mortality from cardiovascular diseases, which remains a serious problem
today, is particularly concerned. Coronary artery disease (CAD) is one of the
most common chronic diseases that a practitioner has to deal with. This
disease is one of the most urgent social and medical problems of our time.
Therefore, the main way to reduce the negative effects of coronary artery
disease is its prevention and timely detection, as well as comprehensive
approach to treatment [1-4].

Breast cancer (BC) is the most common neoplasm among women, which
ranges from 19 % to 31% of all malignant tumors. In recent years, there has
been an increase in worldwide morbidity and mortality from breast cancer.
Every year more than 1 million new cases of breast cancer are registered in the
world. According to The national cancer registry in Ukraine, the incidence of
breast cancer is about 70.9 cases per 100 thousand of the female population,
and the mortality rate reaches 31.5 cases per 100 thousand of the female
population [5-71.

The development of stable CAD in women is gender-specific and begins
in the postmenopausal period. Over 55 years of age also accounts for the
peak incidence of breast cancer. It can be assumed that with the increase in
the age of women it also increases the frequency of the combination of these
diseases. It should also be noted that the combination of ischemic heart
disease and tumors occurs almost in 2 times more often than it is diagnosed
during the lifetime of patients, which increases the relevance of timely and
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while alive diagnosis of the combination of CAD with breast cancer. In this
clinical situation, it is equally important to identify the presence of tumors
in a patient with coronary artery disease, and to recognize coronary artery
disease in an oncological patient in time. In this regard, there is a need
for research aimed at studying the characteristics of the course of CAD
in patients with breast cancer at different stages of development of the
neoplastic process [8-10].

Neurohumoral factors and endothelial dysfunction play an important
role in the pathogenesis of CAD, which can be the leading factors of its
progression. At the same time, the role of coronary angiogenesis in the
course of stable coronary artery disease is not unambiguous, since on
the one hand collateral circulation helps to preserve the vital activity and
functional state of the myocardium, and, on the other hand, there is a
threat of neovascularization of atherosclerotic plaque, which can lead to its
destabilization, and in breast cancer it can contribute to tumor metastasis.
Acting on the vascular wall and myocardium, vascular endothelial growth
factor (VEGF) and matrix metalloproteinase-9 (MPP-9) cause a number of
adverse metabolic effects, causing endothelial dysfunction. In this regard,
the determining of the level of VEGF and MPP-9 in comparison with
lipidogram is an urgent task in patients with CAD and breast cancer, which
was the reason for this study [11, 12].

B PURPOSE

To determine the relationship of markers of endothelial dysfunction
with lipidogram in patients with stable CAD in combination with breast
cancer.

B MATERIALS AND METHODS

Theresultsofthestudyarebased onthedataobtainedinacomprehensive
survey of women in 2015-2016 on the basis of Pl "Zaporizhzhya regional
clinical Oncology center" ZCC. We examined 101 women with stable CAD,
70 patients were diagnosed with breast cancer TN;M; and 31 patients
were without oncopathology. On an outpatient basis, 31 practically healthy
women comparable in age and social status were examined.

The study was conducted in compliance with all the principles of the
Helsinki Declaration on patient rights. According to it, all examined persons
before the beginning of research manipulations were fully informed about
purpose and objectives of the study, as well as familiarized with all the volume
of medical manipulations to which they will be subjected, as all patients
personally and voluntarily signed a form of informed consent to participate
in the study. In order to verify the diagnosis, identify complications and
comorbidities, all patients were subject to general clinical, instrumental and
laboratory examination.

Inclusion criteria in the study: female patients aged 50-65 years;
postmenopausal period of at least 1 year; the presence of stable CAD a
known duration of the disease more than 6 months; detected stage Il breast
cancer (TZNOMO).

Exclusion criteria from the study: atrial fibrillation and atrial flutter;
congenital and acquired heart diseases; heart failure higher than Il NYHA
functional class; diabetes mellitus type 1 or 2; life-threatening ventricular
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arrhythmia; infectious disease in the acute period; other acute diseases of
the internal organs in the stage of decompensation; patient’s refusal to
participate in the study for any reason at any time from the start of the study
till its end.

Distribution of patients into groups was carried out after establishing
the compliance of patients with the criteria for inclusion/exclusion of the
study depending on the presence of breast cancer:
® the first group included 70 patients with stable CAD with BC (mean age

57 [55; 62] years);
®  second consisted of 31 patients with stable CAD without tumors (mean

age 56 [53; 60] years);
®  thethird groupincluded 31 healthy women (mean age 56 [54; 57 ] years).

Clinical examination of patients. All the examined patients underwent
general clinical, instrumental and laboratory diagnostics in order to verify
the diagnosis and identify concomitant pathology. Clinical examination
included the collection of complaints, anamnesis, taking into account the
duration of coronary artery disease, objective examination, instrumental and
laboratory methods of diagnosis. Verification of the diagnosis was performed:
stable CAD - according to the ESC guidelines on the management of stable
coronary artery disease (2013), breast cancer was diagnosed according to
the recommendations of the working group NICE (2013) and ESMO (2013).

We used stress testing for diagnosing ischaemia. All patients were
examined on bicycle exercise testing, used 12-lead ECG monitoring. The
main diagnostic ECG abnormality during ECG exercise testing consists of a
horizontal or down-sloping ST-segment depression >=0.1 mV, persisting for
at least 0.06-0.08s after the J-point, in one or more ECG leads.

Immunoenzyme analysis. For immunoassay, blood sampling was
carried out from the ulnar vein in polyethylene tubes to obtain blood
plasma, in tubes previously was added 0.5 M EDTA solution. The plasma
was transferred to tubes of the "Eppendorf" type and the samples were
stored at -20 °C for no more than three months before the study. The
vascular endothelial growth factor and matrix metalloproteinase-9 levels
in blood plasma were determined by enzyme immunoassay using standard
Human VEGF-a (MMP-9) ELISA kit (RayBiotech, USA) according to the
procedure set out in the instructions for test systems. The optical density
was estimated using spectrophotometry at a wave length A=450 nm. The
extent was determined using a semi-automatic flatbed analyzer "SUNRISE
TS" (Austria). The minimum level of detection of VEGF and MMP-9 was
10 PG/ml.

Nitrate recovery to nitrite was performed using nitralyzer reactors
(World Precision Instruments, Inc., USA.) according to the method given in
the instructions to the set.

Medical treatmentof patients.They prescribed Bisoprolol (Concor,Merck&
Co) was administered at an initial dose of 2.5 mg per day with subsequent
titration, individually, depending on the heart rate. Acetylsalicylic acid
("Aspirin-cardio”, Bayer) was administered at a daily dose of 100 mg in the
morning. All patients with stable CAD without tumors was prescribed
atorvastatin (Torvacard, Zentiva) 40 mg. All patients with stable CAD and
breast cancer with the method of adaptive randomization was prescribed
statin, rosuvastatin (Rosucard, Zentiva) at 10 mg/day or atorvastatin
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(Torvacard, Zentiva) in a daily dose of 20 mg. We used minimal doses
of statins due to elevated alanine aminotransferase and/or aspartate
aminotransferase. Patients whose LDL-C value did not reach the target level
after 2 months, have normalized alanine aminotransferase and aspartate
aminotransferase increased the dose of statin 2 times. The follow-up period
was 6 months. The clinical treatment efficacy was evaluated depending
on the stability of functional class of angina pectoris in patients seeking
medical care or exercise tolerance stability at bicycle exercise investigation
after 6 months. The increase in the functional class of effort angina or
tolerance reduction to physical activity while bicycle exercise investigation
led to the change in the Treatment Protocol that was taken as the end point
of the study.

Treatment of breast cancer was carried out according to the clinical
practice guidelines "Primary breast cancer" ESMO (2015). Women passed
the complex treatment: it was conducted breast — conserving surgery
to establish the purity of the barriers of resection when the tumor size
is to 3 cm, next was used postoperative radiotherapy for breast cancer.
We used chemotherapy according to ESMO (2015) regimens based
on Cyclophosphamide/Metotrexate/5-fluorouracil (CMF) 6  cycles.
Cyclophospamide (Sandoz) (600 mg/m?), Metotrexat (Ebewe) (40 mg/m?),
5Fluouracil (Ebewe) (600 mg/m?).

Statistical processing of the results

The obtained data had a distribution different from the normal, and are
presented in the form of the median and interquartile range of Me [Q25;
Q75]. The results of the study were processed by methods of parametric
or nonparametric statistics, depending on the sample distribution, using
specialized computer applications ApacheOpenOffice (version 4.1) and
PSPP (version 0.10.2, GNU Project, 1998-2016). When testing statistical
hypotheses, the null hypothesis was rejected at the level of statistical
significance (p) below 0.05. When comparing more than two independent
variables, the analysis of variance (One-way ANOVA) was used, followed
by the use of a posteriori tests. Equality of variances was tested using the
Levene test. In case of equality of variances in the studied groups, the
Scheffe criterion was used, and in the absence of equality of variances, the
T2-Tamhein test was used. In the case of data distribution different from
normal, the analog of dispersion analysis by the Kruskal - Wallis method
with subsequent post-hoc analysis using the data criterion was used. The
relationship between quantitative traits with normal distribution was
estimated using Pearson correlation coefficient (r). In a distribution different
from normal, by calculating the Spearman rank correlation coefficient (R).
The reliability of the correlation coefficients was evaluated based on the
properties of the correlation coefficients and the number of degrees of
freedom.

B RESULTS AND DISCUSSION

Biochemical parameters of endothelial function in the examined
persons are presented in table 1.

Baseline values of vascular endothelial growth factor among patients
with CAD were significantly elevated. VEGF level was significantly higher in
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Table 1

Biochemical parameters of endothelial function in the examined persons

Variable

VEGF, PG/ml
P-value
MPP-9, PG/ml
P-value

NOx, pmol/I

P-value

56

In the group of patients

CAD in combination with  CAD without neoplasm Healthy individuals

BC (n=70) (n=31) (n=31)

1 2 3

327.8[308.2; 340.5] 213.7[197.7;227.4] 192.3 [162.6; 207.8]
P, ,<0.0001 P, ,<0.0001 p, ,<0.0001
223.6[192.5;261.8] 136.6 [125.6; 140.3] 69.4 [58.8; 82.6]

P, ,<0.0001 p,,=0.004 P, ,<0.0001
163[14.3;18.2] 234[21.7;24.7] 26.7[25.8;27.3]
p,,<0.0001 p,,=0.01 P, ,<0.0001

patients with stable CAD in combination with BC 327.8 [308.2; 340.5] PG/ml
than in the group of persons with stable CAD without neoplasm 213.7
[197.7; 227.4] PG/ml and in the group of healthy individuals was 192.3
[162.6; 207.8] PG/ml (p<0.05). In the group of patients with stable CAD
without tumors, this figure was 11.1% higher than in healthy individuals
(p<0.05). A significant increase in VEGF levels was observed in the group of
patients with stable CAD associated with breast cancer compared to healthy
individuals by 1.7 times (p<0.05).

Similar differences were noted for matrix metalloproteinase-9 (MMP-
9). The highest level of MPP-9 was in the group of patients with stable
CAD in combination with breast cancer, and amounted to 223.6 [192.5;
261.8] ng/ml and significantly exceeded 1.3 times the level of 136.6
[125.6; 140.3] ng/ml of this indicator in the group of patients with stable
CAD without tumors (p<0.05). In the group of patients with stable CAD
without tumors, where this figure was significantly higher in 2 times
compared with healthy individuals (p<0.05). A significant increase in the
level of MPP-9 in the group of patients with stable CAD in combination
with breast cancer compared with healthy individuals was in 3.2 times,
and in 1.3 times compared with the group of patients with stable CAD
without tumors (p<0.05).

Significantly, the content of nitrogen monoxide metabolites (NOx)
decreased in blood plasma, both in the group of patients with stable CAD in
combination with BC to 16.3 [14.3; 18.2] umol/l, and in the group of patients
with stable CAD without neoplasm to 23.4 [21.7; 24.7] umol/I compared
with the value of this indicator in healthy individuals 26.7 [25.8; 27.3] umol/I
(p<0.05). At the same time, this indicator was significantly 30.3% lower
against the level of the group of patients with stable CAD without neoplasm
(p<0.05), which indicates a significant decrease in endothelial function in
patients with stable CAD, which is enhanced when combined with tumor
diseases of the breast.

Identify the relationships between the indicators of endothelial function
and lipidogram was performed using correlation analysis. The obtained data
are shown in table 2.

Our correlation analysis showed the presence of a significant direct
correlation between TC and VEGF (R=+0.29, p=0.01), as well as between
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Table 2
Correlations between endothelial function and lipid profile

Variable VEGF, PG/mli MPP-9, PG/ml NOx, pmol/I
TC, mmol/I R=+0.29 R=+0.30 R=-0.24
P-value p=0.01 p=0.01 p=0.04
LDL-C, mmol/I r=+0.65 R=+0.49 r=-0.58
P-value p=0.0001 p=0.0001 p=0.0001
HDL-C, mmol/I r=-0.49 R=-0.36 r=+0.40
P-value p=0.0002 p=0.002 p=0.001
TG, mmol/I R=+0.21 R=+0.18 R=-0.19
P-value p=0.08 p=0.13 p=0.12
Al r=+0.42 R=+0.37 r=-0.34
P-value p=0.0004 p=0.002 p=0.003

TC and MMP-9 (R=+0.30, p=0.01). LDL-C level had a significant direct
relationship with VEGF (r=+0.65, p=0.0001), with MMP-9 (R=+0.49,
p=0.0001) and inverse relationship with NOx (r=-0.58, p=0.0001).

Between the level of HDL-C, and VEGF and MMP-9 using the correlation
analysis it was revealed a significant inverse relationship (r=-0.49, p=0.0002)
and R=-0.36, p=0.002, respectively), and between HDL-C and NOx
relationship was a direct opposite of the weak force (R=+0.40, p=0.001).
There were no significant relationships between the level of TG and the
indicators of endothelial function (p>0.05). There was a direct correlation
between the level of VEGF and the concentration of MPP-9 (R=+0.83,
p<0.05), and the inverse relationship between VEGF and NO (r=-0.84,
p<0.05).

The effect of VEGF and MMP-9 on the vascular wall and myocardium
causes a number of adverse metabolic effects, causing endothelial
dysfunction. Literary sources indicate that endothelial dysfunction plays an
important role in the pathogenesis of stable CAD, which may be the leading
cause of its progression in patients with breast cancer [15].

Our data are comparable with the results of the study of V.I. Volkov et
al. which found a correlation level of MMP-9 with the contents of TC and
LDL. The found correlation between MMP-9 and the lipid spectrum in these
groups suggests that an increase in the concentration of lipids in the blood
contributes to an increase in the level of MMP-9 [16].

Our results are consistent with the study of JW. Gaubatz et al, in
which the inverse relationship of MMP-9 with HDL-C was revealed. The
authors conclude that the levels of metalloproteinases associate with the
remodeling of the walls of the carotid arteries [17].

At the same time, VEGF and MMP-9 are one of the most significant
factors that can influence the formation of a new abnormal vascular
bed in the tumor. In this regard, the study of VEGF and MMP-9 levels in
comparison with patients with stable CAD and breast cancer makes it
possible to understand their role in the clinical course of coronary artery
disease. However, data on the role of MMP-9 in the forecast for the BC
are not very numerous and there is still no consensus on this issue, which
requires further scientific research.
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B CONCLUSIONS

1. The course of stable CAD confirmed breast cancer are accompanied by
an increase in VEGF and MMP-9, which is accompanied by a decrease in
the level of nitrogen monoxide metabolites.

2. The strongest positive correlations were found between VEGF and
MMP-9 and low-density lipoproteins, which may be a mechanism
for increasing VEGF and MMP-9 with increasing levels of low-density
lipoproteins among patients with stable CAD.
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