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The goal of the study was to explore whether the quantity of endothelial progenitor cells (EPCs) associates with ischemic chronic
heart failure (CHF) phenotypes.

Materials and methods. Inclusion criteria met 82 patients with ischemic CHF. Sick persons with global left ventricular ejection fraction
>40 % were graded as the HFpEF group (n = 39) and others with <40 % as the HFrEF group (n = 43). The levels of biomarkers in
serum were measured at starting point. The method of flow cytometry was used for predictably distinguishing circulating cell subsets
depending on expression of CD45, CD34, CD14, Tie-2, and CD309 antigens.

Results. In multivariate logistic regression model galectin-3 (R>=0.67;P =0.012), T2DM (R?>= 0.26; P=0.001), previous MI (R*>=0.17,
P =0.012), obesity (R*= 0.22; P = 0.001), CD14"CD309" cells (R*= 0.058; P = 0.001), and CD14'CD309'Tie-2" cells (R*= 0.044;
P=0.028), NT-proBNP (R?=0.11; P = 0.046) were found as autonomous predictors of HFpEF. With help of multivariate Cox-regression
analysis we found out, that NT-proBNP (OR 1.08; 95 % CI=1.03—1.12; P=0.001) and number of CD14"'CD309" cells (OR 1.07; 95 %
CI=1.02-1.11; P=0.05) were independent predictors for HFpEF. The quantity of CD14'CD309" cells added to NT-proBNP had more
exact predictive value (OR 1.10; 95 % CI = 1.04—-1.14; P =0.001) than these biomarkers unaccompanied.

Conclusion: quantity of NT-proBNP added to CD14"CD309" cells, cardiovascular risk influences and clinical information exhibited
the best discriminate importance to differentiate HFpEF from HFrEF.
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Hupkyaio0ui eHaoTe 1iabHi NPOreHiTOPHI KIITHHH K MapKep HacocHOi GyHKUii 1iBoro muryHouka
B NALI€HTIB i3 XPOHIYHOIO CePLEBOI0 HEOCTATHICTIO illIeMiYHOIO TeHe3y

O. O. Kpemzep

MeTta podoTH — TOCTiANTH 3B’ 30K YUca eHaoTenianbHux nporeHitopaux knitud (EIIK) i3 ¢penorunaMu XpoHiuHOI cepueBoi Hemo-
crarHocti (XCH).

Martepiaau Ta MeToan. Y I0CIi/DKEHHI BiIOBITHO 10 KPUTEPIiB BKIIIOYSHHS B3su10 y4yacTh 82 manientr 3 XCH imremiuHoro renesy.
[ManienTtn 3 Pppaxuiero BUKHIY JIiBOTO ILTyHOUKA >40 % Oymu knacudikoBaHi K rpyla XBOPUX i3 CEPLEBOIO HEIOCTATHICTIO 31 30epe-
xeHoto ¢pakiieto Bukuay (CH30DB) (n = 39), a namienTy 3 ¢ppaxiiero BUKHIY JTiBoro nuryHouka <40 % — sik rpymna XBOpHX i3 ceplie-
BOIO HEAOCTATHICTIO 31 3HWKEHOIO (pakuicro Bukuay (CH3H®B) (n = 43). PiBeHs OioMapkepiB CHPOBATKH BUMipIOBABCS HA MTOYATKY
nociipkeHHs. [IpoToYHy MUTOMETPir0 BUKOPUCTOBYBAIIU JJIsl TOCIIKCHHS BIIMIHHOCTEH ekcnpecii antureHis CD45, CD34, CD14,
Tie-2 Ta CD309 y namieHTiB, SKi BKIFOYCHI B TOCIIKESHHS.

PesynbraTi. Y mMozeni 6araroBUMipHOI Joricti4HOT perpecii iykposuii xiadet 2 tuny (R? = 0,26, P = 0,001), oxupinns (R? = 0,22,
P =0,001), mepeHecenmnii indapkr miokapzaa (R* = 0,17, P = 0,012), ranekrin-3 (R> = 0,67; P = 0,012), MO3KOBHii HATPilypeTHUHHUI
nentux (MHVYII) (R*=0,11, P=0,046), kinskicts CD14*CD309* (R?= 0,058, P=0,001) i CD14"CD309Tie-2" (R?= 0,044, P=0,028)
BU3HAUMIIM SIK HesanexHi npeankropu CH36DB. 3a nonomororo mynasTrBapianTHoi Moeni perpecii Kokca Bcranosneno, mo MHVYII
(OR 1,08, 95 % CI=1,03-1,12, P=0,001) i kimpkicte CD14* CD309* kiitur (OR 1,07, 95 % CI = 1,02-1,11, P = 0,05) Oynu He3a-
nexxunmu npeaukropamu it CH36®B. Kinekicts kinitua CD14'CD309° cniinsHo 3 MHYII maso Bunty nporaoctiuyty minHicts (OR
1,10, 95 % CI = 1,04-1,14, P = 0,001), HiX qociKyBaHi OioMapKkepu OKPeMo.

BucnoBku. CriinibHe BusHadeHHs KinmbkocTi CD14" CD309* xiitua ciinbro 3 MHVYII, kiniHIYHI 1aHI Ta cepleBO-CyAuHHI hakTopu
PH3HKY TOKa3ajin Haiikpaily nependadyBaibpHy HiHHICTD 11t audepenmiarii CH306DB Bix CH3uDB.

KurouoBi cjioBa: ceprieBa HeIOCTAaTHICTD, (DYHKIIS JIIBOTO NUTYHOYKA, OioMapKepH, €HIOTEIiaNbHI IPOTeHITOPHI KIIITHHH.
AKTyaJbHi NUTaHHS dapManeBTHYHOI i MeAnYHOI HayKku Ta npakTuku. — 2017. — T. 10, Ne 3(25). — C. 302-305

Hupkyaupyioniue 3HI0TeTHAIbHbIE TPOTeHUTOPHBIE KIETKH KAaK MapKep HACOCHOH ()yHKIUH JIEBOT0 JKeJIy104Ka
y HAHHUEHTOB ¢ XPOHUYECKOIl cepledHol HeJ0CTATOYHOCTHI0 HIEMHYEeCKOI0 reHe3a

A. A. Kpemsep

Lesan paGoTsl — HCCIEOBATh CBSI3b YHCIIA SHAOTENNAIBHBIX TIPOreHUTOPHBIX KieToK (DI1K) ¢ peHoTHmamu XpoHnUECKo cepaeaHon
HenocrarouHoctu (XCH).

MarepuaJjibl 1 MeTO/AbI. B ccie10BaHNN B COOTBETCTBUH C KPUTEPHSIMU BKIIFOUeHHUS ydacTBoBano 82 manuenta ¢ XCH umemudecko-
ro renesa. [laruenTsr ¢ gpakiueit BEIOpoca JieBoro sxeirynodka >40 % Obuti KiacCH(GUIMPOBAHEI KaK TPYIIa OOJIBHBIX C CepIedHOI
HEIOCTAaTOYHOCTBIO ¢ coxpaHeHHOU (pakuuei Beiopoca (CHCo®B) (n = 39), a mauueHTs! ¢ hpakuueil BEIOpoca JIeBOro KeayJouKa
<40 % — xak rpynma OOJIBHBEIX C CepJeYHON HETOCTAaTOYHOCTHIO CO CHIDKeHHOH (paknueli Beiopoca (CHCHDB) (n = 43). Yposens
OGrOMapKepoB CHIBOPOTKU M3MEpSICS B Hauase uccienoBanus. [IpoTounas muToMeTpust HCHONIB30BaIach JJIsl HCCIEI0BaHNUS PA3InIUii
akcnpeccuu anTurenos CD45, CD34, CD14, Tie-2 u CD309 y nanueHToB, BKIFOYEHHBIX B UCCIICIOBAHNE.
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Pe3yabTaThl. B Mojiein MHOrOMEpHOIt JIOMHCTHYECKOH perpeccru caxapHsbiii quaber 2 tumna (R>= 0,26, P=0,001), oxxupenue (R*>= 0,22,
P =0,001), nepexecenusii nadapkr muokapzaa (R*?= 0,17, P =0,012), ranekrun-3 (R? = 0,67; P = 0,012), M03roBoii HarpuiiypeTnye-
ckuit nerrru (MHVYII) (R? = 0,11, P=0,046), konmuuecto CD14*CD309" (R?= 0,058, P=0,001) u CD14'CD309'Tie-2" (R2= 0,044,
P =0,028) onpenenens! kak HezaBucumble npennkropsl CHCo®B. C noMoibio MyasTHBapHanTHONW Mojienu perpeccun Kokca ycra-
HoBIeHO, yTo MHVYII (OR 1,08, 95 % CI=1,03-1,12, P=0,001) u xomuaectBo CD14*CD309" knerok (OR 1,07, 95 % CI=1,02-1,11,
P=0,05) 6511 HezaBucuMbiMu nipeankTopamu 11t CHCo®B. Konmndectso kierok CD 14 CD309* coBmectro ¢ MHYIT numeno Gonee
BBICOKYIO TporHocTudeckyto neHHocts (OR 1,10, 95 % CI = 1,04-1,14, P=0,001), uem uccnemyempic 6HOMapKephbl B OTACITBHOCTH.

BuiBoabl. CoBmecTHOE onpenenenne konmdectsa CD14°'CD309* knerok coBmecTHO ¢ MHVYII kmmHNYecKne TaHHBIE U CEPICYHO-CO-
cynucThle (aKTOphl pUCKa MOKA3aIKd HAWITYULIYIO ITpeacKa3aTeabHyo HeHHOCTh st quddepenumamnn CHCo®B ot CHCudB.

KuroueBbie cioBa: cepAcuHas HEJOCTATOUYHOCTD, q)yHKHI/ISI JIEBOI'O JKEIIyJOYKa, 6I/IOMapKepLI, SHAOTCIHAIBHBIC IPOTCHUTOPHBIC KIIETKHU.

AKTyaJbHbIe BOPOCHI hapManeBTHYECKOIl 1 MeTUIUHCKOIT HaykH U mpakTuku. — 2017, — T. 10, Ne 3(25). — C. 302-305

hronic heart failure (HF) is a foremost cause of cardio-

vascular (CV) mortality and morbidity worldwide [1].
HF with reduced ejection fraction (HFrEF) shows sufficiently
difference in hospital fees and mortality rate compared to HF
with preserved ejection fraction (HFpEF) [2]. In this back-
ground, the routine use of biomarkers of HFrEF and HFpEF
can be helpful to stratify the patients at higher risk of death and
medical consequences [3].

Recent investigations showed that endothelium injury is
common for HF onset and development beyond etiology [4].
Endothelial dysfunction closely associates with activation
and/or apoptosis of endothelial cells. Therefore, lack of endo-
thelial progenitor cells (EPCs) CD14°CD309°(VEGFR2) and
CD14*CD309"(VEGFR2) Tie-2* cells was found as indicator
of endothelial dysfunction and compensation ability [5].

The aim of the study

The aim of the study was to explore whether the number of
endothelial progenitor cells with angiogenic capacity would
associate with HF phenotypes.

Materials and methods

A total of 82 subjects with CHF were added in this study after
reviewing discharge reports. Chronic HF was defined according
modern criteria published by actual scientific recommendation
[6]. Criteria for including patients with CHF were: LVEF <59 %,
increased level of NT-proBNP >220 pg/mL and clinical signs of
CHF. Excluding conditions were: malignancies; severe kidney
and liver diseases; estimated GFR index <35 mL/min/m?; brain
damage within 3 months before the admission; valvular disease
of heart; acute infections; thyrotoxicosis; ischemic stroke; sur-
gery; intracranial hemorrhage; pregnancy; trauma; implanted
cardioverter. Patients with overall left ventricular ejection fraction
<40 % were categorized as the HFrEF group (n=43) and those
with >40 % as patients with HFpEF group (n = 39).

Before the study beginning, the local Ethics Committee
Review Board of State Medical University of Zaporizhzhia
(Ukraine) approved the study procedure. The study meet
the terms with the Declaration of Helsinki and informed written
agreement was obtained from all patients involved in this study.

End-diastolic and end-systolic left ventricular volumes and
LVEF were measured by modified Simpson’s method [7].

Calculation of glomerular filtration rate (GFR) was intended
by CKD-EPI formula [8]. Fast blood samples were drawn in

the morning (at 7-8 a. m.) into chilled silicone test pipes where
in 2 mL of 5 % Trilon B solution were added; at that point they
were directly centrifuged upon permanent chilling at 6.000 rpm
for 10 minutes. Then, plasma was chilled immediately and
stored at a temperature -70 °C. All laboratory examinations
were performed using standard procedures to measure the se-
rum fasting plasma glucose, fasting phospholipid profiles and
other biomarkers.

We used flow cytometric method (FCM) for predictably
distinguishing circulating cell subgroups, that depend on mani-
festation of CD45, CD34, CD14, Tie-2, and CD309 (VEGFR2),
using High-definition Fluorescence Activated Cell Sorter (HD-
FACS) procedure [8].

Determination of Circulating EPCs was defined as CD34/
CD309 (VEGFR2) positive cells with deficiency of CD45 ex-
pression. From every pipe, 500.000 measures were analyzed.
Using quadrant analysis co-expression with Tie-2* and/or VEG-
FR-2*for CD14" populations was determined. Standardized cell
amounts were offered as a percentage of the entire white blood
cell count, identified as the total number of all CD45" cells. The
FITC-labeled isotype control was examined with the same gate
and window sets. Pro-angiogenic phenotype for EPCs was resolute
as CD14°CD309" (VEGFR2) Tie-2" antigen appearance. The
reproducibility of EPC amounts using the standard protocol was
3.5 %. Information was analyzed using SPSS 20.0 (SPSS, IBM
Corporation, NY, USA). Numerical variables were expressed as
mean (M) and standard deviation (+ SD), median and interquartile
range (IQR), estimated marginal mean (95 % confidence interval
[CT]) or number (percentage).

The potential influences that may be associated with HF-
pEF were acknowledged first with the univariate examination
(ANOVA), and then the independent prognosticators of HFpEF
were searched with the multivariate one-step backward logistic
regression analysis, firstly including variables for which a P
value <0.1 was reached from the univariate analysis. For all
regression models, we calculated R The odds ratio (OR) and
95 % CI were calculated for influences independently predic-
ted phenotype of HF in Cox regression model. A difference of
P <0.05 was considered significant.

Results

The study population consisted of 82 HF subjects with mean
age 52.13 + 7.80 years. The reference point data of eligible
persons listed in 7able 1. As one can see, the majority of
the patients included in the study was male (53.6 %) with II
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(32.9 %) and III (40.2 %) functional class (FC) of NYHA and
previously determined myocardial infarction (MI) (68.2 %).
At least 63 % of the patients were hypertensive and 24 % of
individuals had diabetes mellitus. There was not a significant
difference between cohorts of the patients in age, sex, frequency
of hypertension, whereas individuals with HFrEH were fre-
quently diagnosed II and III FC of NYHA, MI.

The hemodynamics and biochemical parameters reported
in Table 2. There is strong evidence that patients with HFrEF
had significantly higher creatinine, NT-proBNP, galectin-3,
numerous of CD14*CD309* and CD14*CD309 Tie-2* to HF-
pEF. In contrast, individuals with HFrEF had lower GFR when
compared to HFpEF.

In HFrEF cohort serum galectin-3 associated positively with
NYHA class of CHF (r=0.27,P=0.001), and negatively with
CD14'CD309" cells (r=-0.28; P=0.003), CD14*CD309"Tie-2*
cells (r=-0.23; P=0.001), GFR (r=-0.23; P=0.001). There-
fore, NT-pro-BNP positively associated with NYHA class of
CHF (r=0.43,P=0.001), and negatively with LVEF (r=-0.43,
P =0.001), GFR (r = -0.28; P = 0.001), obesity (r = -0.25;
P=10.001).

Table 1. The basic characteristics of participants in the study

In HFpEF galectin-3 positively associated with type two
diabetes mellitus (r = 0.26; P = 0.001), and negatively with
CD14*CD309" cells (r = -0.32; P = 0.001), CD14* CD309*
Tie-2" cells (r = -0.29; P = 0.001). NT-pro-BNP positively
associated with NYHA class of CHF (r=10.36, P=0.002), and
negatively with LVEF (r = -0.28, P = 0.001), CD14"CD309"
cells (r=-0.26, P =0.003), obesity (r=-0.24, P=0.001).

In multivariate logistic regression model type 2 diabetes
mellitus (R?=0.26; P = 0.001), obesity (R?=0.22; P =0.001),
previous MI (R*= 0.17; P = 0.012), galectin-3 (R?>= 0.67,
P=0.012), NT-proBNP (R*=0.11;P = 0.046), CD14*CD309*
cells (R*= 0.058; P = 0.001), and CD14*CD309*Tie-2" cells
(R2=0.044; P = 0.028) were found as independent predictors
of HFpEF.

Using multivariate Cox-regression analysis adjusted etiology
(previous myocardial infarction), cardiovascular risk influences
(obesity, type 2 diabetes mellitus) we found that NT-proBNP
(OR 1.08; 95 % CI=1.03-1.12; P=0.001) and CD14*CD309*
cells (OR 1.07; 95 % CI = 1.02-1.11; P = 0.02) remained
independent predictors for HFpEF. Moreover, number of
CD147CD309" cells added to NT-proBNP had more accurate

Variables Entire patient group Subjects with HFrEF Subjects with HFpEF P value
(n=82) (n=43) (n=39) between HF cohorts
Age, years 56.13+7.80 57.50 + 6.70 54.79 + 6.62 0.78
Male 44 (53.6 %) 25 (58.1 %) 19 (48.7 %) 0.24
I NYHA class 27 (32.9 %) 18 (41.8 %) 9(23.1 %) 0.026
Il NYHA class 33 (40.2 %) 15 (34.8 %) 18 (46.2 %) 0.048
IV NYHA class 22 (26.8 %) 10 (23.3 %) 12 (30.7 %) 0.12
Previous Ml 56 (68.2 %) 32 (741 %) 24 (61.5 %) 0.01
Hypertension 52 (63.4 %) 25 (58.1 %) 26 (66.7 %) 0.28
T2DM 20 (24.3 %) 8(18.6 %) 12 (30.8 %) 0.01
Table 2. The hemodynamics and biochemical parameters of participants in the study
Variables Entire patient group Subjects with HFrEF Subjects with HFpEF P value
(n=82) (n=43) (n=39) between HF cohorts

Systolic BP, mm Hg 132+9 1307 13316 0.88
Diastolic BP, mm Hg 77+6 76+5 78+5 0.88
Heart rate, beat per min 72.35+6.95 76.20 £ 5.11 66.70 + 5.24 0.12
LVEF, % 455 (30.4-55.3) 36.50 (30.7-39.1) 55.1 (42.7-58.4) 0.001
GFR, mL/ min/1.73 m? 82.3 (68.7-102.6) 79.6 (63.1-92.3) 88.2 (77.1-102.1) 0.046
Fasting glucose, mmol/L 5.17 (3.5-9.6) 4.98 (3.8-8.1) 5.27(3.6-9.3) 0.28
Creatinine, pmol/L 72.3 (58.7-92.6) 82.1(64.9-90.5) 67.7 (59.1-84.1) 0.01
Total cholesterol, mmol/L 5.1(3.9-6.1) 5.3 (4.6-6.0) 5.0(3.5-5.9) 0.02
NT-pro-BNP, pg/mL 2336.2 (988.5-3552.8) 2774.5 (1520.4-3870.2) 2130.8 (954.5-3056.2) 0.02
Galectin-3, pg/L 18.92 (14.25-23.15) 19.03 (15.80-23.96) 16.99 (13.77-19.20) 0.022
CD14*CD309", cells/uL 0.296 (0.225-0.351) 0.236 (0.202-0.325) 0.325 (0.233-0.407) 0.001
CD14*CD309"* Tie-2*, cells/uL 0.032 (0.025-0.410) 0.030 (0.021-0.403) 0.036 (0.019-0.465) 0.26

The values correspond to medians and IQR of 25-75 %. Statistical comparisons are made using Mann—-Whitney test with significance levels

of <0.05 (for 2-tailed).

Abbreviations: GFR — glomerular filtration rate; BMP — brain natriuretic peptide; BP — blood pressure; LVEF — left ventricular ejection fraction.
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predictive value (OR 1.10; 95 % CI = 1.04-1.14; P = 0.001)
than the only one of these biomarkers.

The results of the study confirm the hypothesis regarding
the potential deficiency of pro-angiogenic EPCs labeled
CD14°CD309" and CD14°CD309" Tie-2* that could be a
marker of severity of HF. It turns out that transformation of
HFpEF as temporary stage of HF to HFrEF may associate
with development of EPC dysfunction. Moreover, there is
suggested that EPC dysfunction is not only result in etiology
effect and co-morbidity influence, but it is independent predic-
tor of HF advance and probably HF-related outcomes. Indeed,
previously reported results of other studies provided by wide
circle of investigators have shown that the EPCs can appear
prior to asymptomatic HF and cooperate with numerous CV
risk factors [9,10]. Therefore, EPC dysfunction reflects low-

ered ability of EPCs in survival, migration and differentiation
and thereby it is confirmation a pivotal role of endogenous
endothelial repair system in shaping maladaptive cardiac and
vascular remodeling and HF development [11,12]. Neverthe-
less, EPC dysfunction as a marker of endothelial dysfunction
and worsening vascular repair may be the best biomarker for
personified risk stratification among HF individuals.

Conclusions

Quantity of NT-proBNP added to CD14*CD309" cells,
cardiovascular risk aspects and clinical data showed the best
discriminate value and higher reliability to forecast HFpEF
compared with NT-proBNP and medical data / cardiovascular
risk influences alone.
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