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THE ROLE OF GAS6 IN LEFT VENTRICLE REMODELLING
IN PATIENTS WITH CHRONIC HEART FAILURE OF
ISCHEMIC ORIGIN AND CONCOMITANT TYPE 2 DIABETES
MELLITUS AND OBESITY

Introduction. Chronic heart failure (CHF) remains a global
pandemic, and the prognosis is particularly poor for patients with
ischaemic CHF against a background of concomitant type 2 diabetes
mellitus (T2DM) and obesity. A key process determining the
progression of CHF is pathological remodelling of the left ventricle
(LV). The protein GAS6 (Growth Arrest-Specific 6), a ligand of the
TAM family of receptors, is involved in the regulation of inflammation,
fibrosis and proliferation. The specific role of the GAS6/TAM system in
the complex process of LV remodelling in this high-risk cohort of
patients remains poorly understood. The relevance of the work is
consistent with UN Sustainable Development Goal No. 3.

The aim is to study the role of GAS6 protein as a potential
biomarker and pathophysiological mediator of left ventricle remodelling
in patients with chronic heart failure at the background of coronary
artery disease with concomitant type 2 diabetes mellitus and obesity.

Materials and methods. The study included 75 patients with CHF
against the background of coronary artery disease (CAD), T2DM and
obesity. The inclusion criteria were age over 18 years, presence of CAD
with signs of CHF, T2DM, presence of overweight/obesity of 1-3 degrees
or their absence, and written consent. Exclusion criteria included acute and
oncological diseases, chronic renal failure with GFR < 35 ml/min/1.73 m?,
and acute coronary/cerebral events within 6 months. Patients were divided
into 2 subgroups: subgroup 1 — GAS6 < 31.64 ng/ml (n=36), subgroup 2 —
GAS6 > 31.64 ng/ml (n=39). Echocardiography was performed, including
assessment of ventricular-arterial coupling (VAC) as the ratio of effective
arterial elasticity to end-systolic elasticity of the LV (Ea/Es). GAS6 levels
were determined by enzyme-linked immunosorbent assay (ELISA).
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Results and Discussion. The study demonstrated that structural and
functional changes in the myocardium were most unfavourable in
patients with higher GAS6 levels (subgroup 2). The following
statistically significant differences (p<0.05) were found in the 2nd
subgroup compared to the Ist: end-systolic volume was 42.47% higher,
and end-diastolic volume was 28.84% higher; LV ejection fraction was
significantly lower by 25.52%; LV myocardial mass and LV myocardial
mass index were higher by 25.71% and 12.23%, respectively; the Ea/Es
ratio was significantly higher by 35.09%, indicating severe
cardiovascular dysfunction. Correlation analysis confirmed direct,
statistically significant associations between GAS6 levels and most
remodelling parameters, including a strong direct association with end-
systolic dimension (r=0.71).

Conclusions. GASG6 protein levels > 31.64 ng/ml are associated with
a more pronounced dilated type of left ventricular remodelling,
significantly reduced pumping function, and significant ventricular-
arterial coupling impairment, emphasising its role as a potential marker
of unfavourable chronic heart failure progression in conditions of
polymorbidity.

Keywords: GASG6, left ventricular remodelling, chronic heart failure,
coronary artery disease, type 2 diabetes mellitus, obesity, ventricular-
arterial coupling.
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POJIb GAS6 Y PEMOJEJIOBAHHI JIBOI'O IIJIYHOYKA Y
XBOPHUX 3 XPOHIYHOIO CEPIEBOIO HEJOCTATHICTIO
INIHEMIYHOI'O I'EHE3Y HA TJI CYIIYTHBOI'O
HOYKPOBOI'O JTIABETY 2 TUITY TA OKNPIHHSA

Beryn. Xponiuna cepueBa HepmocratHicth (XCH) 3anumaerscs
rJI00aJbHOI TaHAEMi€l0, a OCOONMBO OOTSHKIMBUM € IIPOTHO3 ISt
namieHTiB 3 XCH imemidHOro reHe3y Ha TIIi CYyIyTHBOTO ITYKPOBOTO
nmiabery (LIJ]) 2 tumy Ta oxupinasa. KirrouoBuM mporiecom, o BU3HAYAE
nporpecyBanHss XCH, € maronoriuHe peMOJCNIOBaHHS JIIBOTO
nuryrouka (JIL). Iporein GAS6 (Growth Arrest-Specific 6), mirang
penenTopiB ponuHu TAM, 3axy4eHuit 1o perymnsimii 3amaieHHs, pioposy
Ta mpouideparii. cucremu GAS6/TAM y
KOMILUICKCHOMY mporieci pemoaentoBants JIII y 1iif BUCOKOPHU3UKOBIH

KonkperHa poib

KOTOPTI TMAIIEHTIB 3aJIMIIAETHCS HEJIOCTATHBO BUBUSHOIO.

Meta — BuBuMTH poib mpoTeiHy GAS6 K TOTEHHIHHOTO
6iomapkepa Ta marodizionoriuHoro Mmexmiaropa pemoaemroBanus JIII y
xBopux 3 XCH, mo Buankna Ha i IXC 3 cymytnim L] 2 Tuny Ta
OKHPIHHSM.

Marepiann Ta Metogu. [lo mociikeHHs OyJo 3aimydeHo 75
naniedTiB i3 XCH Ha i imemiynoi xBopoou cepus (IXC), L 2 tumy i
oxupinnsa. Kputepissmn BkiroueHHs Oynm Bik crapme 18 pokis,
HasBHicTE IXC 3 o3makamu XCH, IJ] 2 Tumy, HasBHICTH HagMipHOI
Macu Tima/oxupinHsa 1-3 cr. abo iX BiJCYTHICTh, Ta MHCHMOBA 3r0ja.
Kpurepii  BHKIIOWEHHS  BKIIOYaIM  TOCTpPI Ta  OHKOJIOTiYHI
3aXBOPIOBAaHHS, XpOHIYHAa HHpKoBa HemoctaTHicte 3 KD <35

MiI/xB/1,73 M? Ta TOCTpi KOPOHAPHI/MO3KOBI MOl MPOTATOM 6 MiCAIIB.
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[ManientiB  posmomineno Ha 2 migrpynu: l-a  migrpyna
GAS6 <31,64 ar/mn  (n=36), 2-a migrpynma — GAS6 > 31,64 ur/mn
(n=39). IpoBommmock exokapaiorpadidae IOCHiIKCHHS, BKIIOYAIOUYH
OWIHKY  CepIEeBO-CYJUHHOTO  CIIONyYeHHS CHiBBiIHOIICHHS
e(eKTHBHOI apTepiaJbHOI eNaCTHYHOCTI MO KIHIEBO-CHUCTOJIYHOT
€JTaCTHIHOCTI JIHI (Ea/Es). GAS6
imyHo(epmenTHIM MeToioM (ELISA).

PesyabraTn odoropopennsi. [IpoBeneHe  IOCIIKEHHS
MPOJIEMOHCTPYBAJIO, IO CTPYKTypHO-(QYHKIIOHANBHI 3MIHM MioKapjaa
Oyyin HaWOLIbII HECTIPUATIMBUMH Y MAIli€eHTIB 3 BUIIMM piBHEM GAS6
(2-ra migrpyma). Byno BHsBIEHO HACTYNHI CTAaTHCTHYHO 3HAYyILi

SAK

PiBens BU3HAYAIH

Ta

BigmiaHOCTI (p<0,05) y 2-# miarpymi mopiBHSHO 3 1-10: KiHIEBO-
cuctoniyHui 06’eM OyB OimpmmMm Ha 42,47 %, a KiHIIEBO-A1aCTOIIYHUH
00’em — Ha 28,84 %; ¢pakuis Buxkugy JIII Oyna cyTTeBo HIDKYOIO Ha
25,52 %; maca miokapzaa JIII ta iHmexkc macu Miokapna JIII Oymm
ourpmmmu Ha 25,71 % Tta 12,23 % BignosiaHo; cmiBBignomenus Ea/Es
Oyno 3HayHo BummM Ha 35,09 %, 10 CBIQYUTH NPO BUpPAKEHY
JUCOYHKIIIO CeplEeBO-CyIMHHOIO crojiydeHHs. KopensuiiiHuii anamis
MiATBEPAUB MPsIMi, CTATUCTUYHO 3HAYyIli 3B'I3KH Mk piBHeM GAS6 Ta
OLUIBIIICTIO MApaMETPIB PEMOICTIOBAHHS, BKIIIOYAI0OUN CHIIbHUI TPSMUA
3B’SI30K 13 KiHI[EBO-CUCTOIIYHUM po3mipoMm (r=0,71).

BucnoBku. Pisenr mpoteiny GAS6 > 31,64 HI/MI acoLilOeThCA 3
OiMBII BUPaXCHUM OWIATAIlIHHAM THIIOM PEMOJENIOBAHHS JIiBOTO
IUTyHOYKa, 3HAYHO 3HIDKCHOK HACOCHOK (YHKIEI0 Ta CYTTEBUM
HOPYLICHHSAM CEepLEBO-CyIMHHOTO CIIOJYYCHHS, MiAKPECIIOIYH HOro
pOJb AK MOTEHIIIHOTO MapKepa HEeCHPUSATINBOTO Mepediry XpoHigHOI
ceplieBOl HEOCTATHOCTI B YMOBaX NOJIIMOPOIAHOCTI.

KuarouoBi cmosa: GAS6, peMoneiiOBaHHS JIBOIO ILTyHOYKA,
XpOHIUHA ceplieBa HEJOCTATHICTD, iIeMiYHa XBOpoOa cepiysd, IyKpOBHMA
niaber 2 THITY, 0)KUPIHHS, CEPLEBO-CYANHHE CIIOIYYEHHS.

Aemop, éionosioanvnuit 3a aucmysannn: boposux Kamepuna Mukonaiena, kageopa enympiunvoi meouyunu Ne2 i

KIIHIYHOT IMyHONO2TT ma anepeonoaii imeni akademika JI.T. Manoi, Xapkiscvkuil HayioHanbHuti MeOUuHUI YHisepcumen,

Vkpaina
e-mail: borovyk.kateryna@gmail.com

INTRODUCTION

Chronic heart failure (CHF) is a global pandemic
that significantly affects quality of life and is one of the
leading causes of death worldwide [1, 2]. The prognosis
for patients with ischaemic CHF is particularly poor, as
coronary artery disease (CAD) is the most common
cause of CHF [3, 4]. The key pathophysiological
process determining the progression of CHF is left
ventricular (LV) remodelling — a complex set of
structural, functional and molecular changes in the
myocardium, leading to chamber dilatation,
hypertrophy and subsequent deterioration of pumping
function [5, 6].

The situation is significantly complicated by the
presence of concomitant pathologies, in particular type
2 diabetes mellitus (T2DM) and obesity, which are
powerful risk factors for the development and

wall

progression of CHF [7]. T2DM and obesity contribute
to dysfunction, chronic
inflammation, and insulin resistance, which exacerbates
ischaemic myocardial damage and accelerates its
remodelling [8, 9]. Thus, the cohort of patients with
ischaemic CHF against the background of T2DM and
obesity represents a clinical challenge that requires the
search for new, more accurate diagnostic and prognostic
markers, as well as targeted treatment strategies.

In recent years, considerable attention has been
drawn to the role of GAS6 (Growth Arrest-Specific 6)
protein, a vitamin K-dependent protein that functions as
a ligand for the Tyro3, Axl, and MerTK (TAM) family
of receptors [10]. The GAS6/TAM receptor system is
involved the regulation of numerous cellular
including cell survival, phagocytosis,
adhesion and, particularly important in the context of

microvascular systemic

in

processes,
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cardiovascular pathology, inflammation, fibrosis and
smooth muscle cell proliferation [11].

Numerous studies confirm the link between
impaired GAS6 expression and the development of
atherosclerosis, thrombosis and arterial hypertension. It
has been shown that GAS6 can have both a protective
(by inhibiting cardiomyocyte apoptosis) and a
profibrotic effect (by activating fibroblasts and
enhancing vascular remodelling) [12, 13].

GASG6 levels have been found to be associated with
insulin resistance, dyslipidaemia and microvascular
complications of T2DM, indicating its potential
involvement in the pathogenesis of diabetic
cardiomyopathy, which is also a component of CHF in
patients with T2DM [14].

Despite the accumulated data, the specific role of the
GAS6/TAM receptor system in the complex process of
LV remodelling in patients with ischaemic CHF
complicated by comorbid T2DM and obesity remains
insufficiently studied. Existing studies often focus on a
single type of pathology, ignoring the synergistic effect
of comorbidities, which significantly complicates the
interpretation of the results obtained and their transfer
into clinical practice [15]. There is a critical lack of data
on how GAS6 levels correlate with the dynamics of
structural and functional indicators of the LV, as well as
whether GAS6 can serve as an integral marker of the
risk of adverse remodelling in this high-risk group of
patients.

The relevance of the work carried out is consistent
with the UN Sustainable Development Goals (SDGs), in
particular SDG No. 3. By identifying GAS6 as an
integral risk biomarker and potential therapeutic target,
the study lays the foundation for improving early risk
stratification and developing targeted treatment
approaches, which are critical slowing the
progression of CHF and effectively reducing premature
mortality from non-communicable diseases [16].

Objective: to study the role of GAS6 protein as a
potential biomarker and pathophysiological mediator of
left ventricular remodelling in patients with chronic

for

heart failure against the background of coronary artery
disease with concomitant type 2 diabetes mellitus and
obesity.

MATERIALS AND METHODS

The study involved 75 patients with CHF against the
background of THD, type 2 diabetes mellitus and
obesity, who were treated in the cardiology department
of the Municipal Clinical Hospital No. 27 of the
Kharkiv City Council. Patients were divided into two
subgroups depending on the mean GAS6 value:
subgroup 1 included 36 patients with a GAS6 level
<31.64 ng/ml, and subgroup 2 included 39 patients with
a GASG6 level >31.64 ng/ml. All subjects were matched

for mean age and gender, which ensured the accuracy of
the subsequent comparative analysis.

The standard patient examination procedure
included  clinical and  laboratory-instrumental
examinations in accordance with the recommendations
of the European Society of Cardiology (ESC) 2021, the
American Diabetes Association 2019, and the
International Diabetes Federation 2018. Laboratory and
instrumental examinations were conducted at the
Municipal Clinical Hospital No. 27 of the Kharkiv City
Council and the Central Research Laboratory of the
Kharkiv National Medical University.

Verification of the diagnosis of CAD was carried out
in accordance with the standards of the ESC, the
Association of Cardiologists of Ukraine, and the
protocols of the Ministry of Health of Ukraine (Unified
Clinical Protocol for Primary, Secondary (Specialised)
and Tertiary (Highly Specialised) Medical Care «Stable
Ischemic Heart Disease» dated 23 December 2021 No.
2857). The presence of CHF was determined according
to the classification of the Working Group on Heart
of the Society of
Cardiologists, and the functional class was assessed
according to the criteria of the New York Heart
Association (NYHA). The diagnosis of T2DM was
established according to the criteria of the unified
protocol for the provision of medical care «Diabetes
mellitus» (Order of the Ministry of Health of Ukraine
dated 24 July 2024 No. 1300).

Patients underwent transthoracic echocardiography
in accordance with generally accepted standards
(Feigenbaum H., 1999) using a RADMIR (Ultima PRO
30) ultrasound machine (Kharkiv, Ukraine). Particular
attention was paid to the assessment of ventricular-
arterial coupling (VAC), which is an important indicator
of myocardial efficiency and interaction between the
LV and the arterial system. For this purpose, the CVC
coefficient was calculated as the ratio of effective
arterial elasticity (Ea) to end-systolic elasticity of the
LV (Es): VAC = Ea/Es. The Ea and Es indices were
calculated non-invasively based on echocardiographic

Failure Ukrainian Scientific

data, which allowed us to assess the interaction of the
LV volume-pressure curve with arterial load capacity.

Ea = ESP/SV,

where ESP is the end-systolic pressure, SV is the
stroke volume

ESP was calculated using the formula:

ESP = 0.9 x SBP

where SBP is systolic blood pressure.

Es = ESP/ESV

Where ESP is end-systolic pressure, ESV is end-
diastolic volume

The Ea/Es ratio within the range of 0.6 to 1.2 under
physiological conditions was taken as an indicator
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reflecting the optimal interaction between the arterial
system and the LV.

To determine the level of GAS6 (ng/ml), an
immunoenzymatic method was used with the Human
Growth arrest-specific protein 6 (GAS6) ELISA kit
(Cusabio, USA). The study was conducted on a Labline-
90 analyser  (Austria  Lab
Technologies, Austria) at the biochemical department of
the Central Research Laboratory of Kharkiv National
Medical University of the Ministry of Health of Ukraine
in accordance with the instructions accompanying the kit.

All patients involved in the study received optimal
medical therapy for CHF in accordance with the current
recommendations of the FEuropean Society of
Cardiology, which included ACE inhibitors or ARBs (or
ARNIs), B-blockers, mineralocorticoid receptor
antagonists, and SGLT2 inhibitors. Carbohydrate
metabolism was corrected using modern hypoglycaemic
drugs (metformin and SGLT2 inhibitors). Statistical
of baseline characteristics revealed no
significant differences between the groups in terms of
systolic and diastolic blood pressure, duration of CHF
history, and degree of diabetes compensation (HbAlc

immunoenzymatic

analysis

level), which ensured high comparability of the groups
and minimised the impact of these factors on the study
results.

The results of the study were statistically processed
using parametric analysis methods. The accumulation,
correction, systematisation of the initial information and
visualisation of the results obtained were carried out in
Microsoft Office Excel 2010 spreadsheets. The

description and comparison of quantitative indicators
were performed taking into account the distribution, the
normality of which was assessed the
Kolmogorov-Smirnov criterion.

When the normality of the distribution was
confirmed, the quantitative data were presented as the
arithmetic mean (M) and the standard error of the mean
(m). Fisher's F-test was used to assess the significance
of the differences between the indicators of the studied
groups. The degree of correlation between the studied
samples was determined using Spearman's correlation
coefficient (r). The critical level of significance for
testing statistical hypotheses was set at p<0.05.

The studies were approved by the Ethics and
Bioethics Committee of the Kharkiv National Medical
University, as indicated in Protocol No. 2 dated 12
October 2022, and conducted with the written consent
of the participants and in accordance with the principles
of bioethics set out in the Helsinki Declaration «Ethical
Principles for Medical Research Involving Human
Subjects» and the "Universal Declaration on Bioethics
and Human Rights (UNESCO)".

RESULTS AND DISCUSSION

The study demonstrated pronounced changes in the
structural and functional state of the LV myocardium in
patients with ischemic CHF, with these changes being
most unfavourable in patients with GAS6 levels <31.64
ng/ml (Table 1). When comparing the structural and
functional parameters of the myocardium of the two
subgroups, the following statistically significant
differences were found (p<0.05).

using

Table 1

Structural and functional parameters of the myocardium in patients with chronic heart failure against the
background of coronary artery disease with concomitant type 2 diabetes mellitus and obesity, depending on the

level of GAS6
. Observation groups
Indicator,
Unit 1 subgroup Subgroup 2 p
Measurement GAS6<31.64 GAS6>31.64
(n=36) (n=39)

ESD, cm 4.46 5.26+0.16 <0.05
EDD, cm 6.51£0.18 6.61£0.28 >0.05
LWPWd, cm 1.29+0.01 1.29+0.03 >0.05
IVS, cm 1.254+0.01 1.2540.03 >0.05
RWT 0.48+0.0 0.48+0.02 >0.05
LVMi, g/cm? 161.75+9.63 181.53+10.16 <0.05
LVM, g 278.03+£12.26 349.71+£9.44 <0.05
ESV, ml 83.78+11.12 119.36+9.83 <0.05
EDV, ml 167.94+9.53 216.38+8.67 <0.05
LVEF, % 48.91£3.09 36.43+4.05 <0.05
LA, cm 4.48+0.10 5.38+0.08 <0.05
RA cm 3.57+0.04 4.43+0.06 <0.05
Ea/Es 1.714£0.04 2.31+0.05 <0.05
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Patients with low GAS6 levels (subgroup 1) had
significantly worse remodelling parameters, indicating
marked LV cavity dilatation and poorer systolic function.
In subgroup 1, end-systolic volume (ESV) was 42.47%
lower, EDV was 28.84% lower, and end-systolic
dimension (ESD) was 17.94% smaller compared to the
same indicators in subgroup 2. The left ventricular
ejection fraction (LVEF) was significantly lower in the
second subgroup — by 25.52%, reflecting a more
significant impairment of the heart's pumping function in
patients with lower GAS6 values. The left ventricular
myocardial mass (LVM) was 25.71% higher in subgroup
2, and the left ventricular myocardial mass index (LVMi)
exceeded that in subgroup 1 by 12.23%. Regarding the
indicators reflecting the size of the atria and the SSS, it
was found that the size of the left atrium (LA) was
significantly larger in the second subgroup — by 20.09%
compared to the first subgroup, and the size of the right
atrium (RA) exceeded that in the first subgroup by
24.09%. The ratio of effective arterial elasticity to end-
systolic elasticity of the LV (EA/Es) was also
significantly higher in the second subgroup by 35.09%
and, taking into account the physiological norm of 0.6-
1.2, indicates a pronounced dysfunction of the
cardiovascular connection in both groups, but with the
most severe impairment in the group with lower GAS6
values. The parameters, which did not have a statistically
significant difference between the groups (p>0.05),

included end-diastolic dimension (EDD), left ventricular
posterior wall diameter in diastole (LVPWA),
interventricular septal thickness (IVS), and relative left
ventricular wall thickness (RWT). Thus, patients with
higher GASG6 levels are associated with more pronounced
dilated LV remodelling, significantly reduced pumping
function, and significant CVC impairment, emphasising
the role of GAS6 as a potential marker of unfavourable
CHF progression.

The correlation analysis of GAS6 protein levels with
indicators of the morphological and functional state of the
myocardium is shown in Table 2. It was found that most
of the structural and functional parameters of the LV have
direct, statistically significant correlations with GAS6
levels (p<0.05). A strong direct correlation was found
between GAS6 levels and ESD (r=0.71, p<0.05).
Moderate direct correlations were established with EDD
(r=0.69, p<0.05), LVMi (r=0.54, p<0.05) and LVEF
(r=0.50, p<0.05). Moderate direct correlations were also
found with LVM (=0.47, p<0.05), LA (=0.39, p<0.05),
RA (=0.37, p<0.05), ESV (1=0.36, p<0.05), EDV
(r=0.34, p<0.05) and the Ea/Es ratio (r=0.34, p<0.05). It
should be noted that the indicators of LVPWd, ISV and
RWT did not reach statistical significance (p>0.05). The
direct correlations found demonstrate that an increase in
GAS6 concentration is closely associated with an
increase in LV size, its hypertrophy and pathological
remodelling.

Table 2

Correlations between GAS6 levels and parameters of the morphofunctional state of the myocardium

(rcrit=0.24)

Parameter

ESD, cm

EDD, cm

LWPWd, cm

IVS, cm

RWT

LVMi, g/cm?

LVM, g

ESV, ml

EDV, ml

LVEF, %

LA, cm

RA cm

Ea/Es

r p
0.71 <0.05
0.69 <0.05
0.20 >0.05
0.36 >0.05
0.13 >0.05
0.54 <0.05
0.47 <0.05
0.36 <0.05
0.34 <0.05
0.50 <0.05
0.39 <0.05
0.37 <0.05
0.34 <0.05

This confirms the hypothesis that higher GAS6
levels are associated with more pronounced dilated LV
remodelling and significant CVC impairment.

Our data are fully consistent with the results
reported by other researchers, since such structural and
functional changes are a classic reflection of

decompensated systolic dysfunction and progressive
dilated LV remodelling, which is typical for patients
with combined cardiometabolic pathology.

A key aspect of our study was the finding that higher
GASG6 protein levels (>31.64 ng/ml) are associated with
a more unfavourable structural and functional state of
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the myocardium. In the study by Zhao YF et al. [17], a
pressure overload model (aortic banding) was used to
induce hypertrophy, which is generally equivalent to our
clinical cohort — patients with CHF, T2DM and obesity
by definition had high levels of arterial stiffness and
cardiovascular disorders, and therefore are in a state of
chronic pressure overload. The researchers found that
GASG6 inactivation led to less severe manifestations of
hypertrophy, fibrosis, and dysfunction, while its
overexpression exacerbated these negative effects. It has
been described that GAS6 impairs ventricular
adaptation by activating the MAPK/ERK (mitogen-
activated protein kinase kinase 1/2—extracellular signal-
regulated kinase 1/2) signalling pathway, which is
central to the stimulation of cardiomyocyte and
fibroblast proliferation, leading to hypertrophy and
fibrosis. At the same time, our study demonstrated that
high GAS6 exacerbates the pathological process of LV
remodelling under conditions of chronic cardiac stress.

The work of Prouse T et al. [12] emphasises that
GASG6 plays a key role in vascular remodelling through
its influence on the migration, proliferation and survival
of endothelial cells and vascular smooth muscle cells,
which is consistent with the correlations we found
between GAS6 levels and the Ea/Es ratio.

A review by Wen L et al. [18] details how GAS6, by
binding to its receptor Axl, activates intracellular
signalling pathways such as MAPK/ERK, which are
major triggers of cardiomyocyte hypertrophy and
fibrosis, and also has pro-inflammatory effects. The
results of our study, which show direct correlations
between GAS6 and remodelling parameters (ESV,
EDV, LVMi, LVEF), are clinical evidence that the
described actively
functioning in our cohort of patients. Thus, higher
GAS6 a prognostically unfavourable
biomarker reflecting the progression of maladaptive
changes in the heart and blood vessels.

According to Urkmez YC et al. [19], GAS6/AxI is
involved in the development of diabetic vascular
complications and diabetic nephropathy. Our patients
with T2DM also have this pathway activated, which
exacerbates systemic inflammation and vascular
damage.

At the same time, Holden RM et al. [20] found that
in patients with high metabolic risk, higher GAS6 was
associated with fewer atherosclerotic plaques. Similar
results were also obtained by Fan H et al. [15]. In
patients with T2DM and atherosclerosis, GAS6 levels
were significantly lower in patients (9.64 + 1.41 ng/ml)
compared to patients without atherosclerosis (11.38 +
2.08 ng/ml) and healthy individuals (13.64 + 2.61
ng/ml), and binary logistic regression analysis showed
that reduced GAS6 (B = -0.400) is an independent risk

molecular mechanisms are

levels are

factor for atherosclerosis in patients with T2DM (OR
0.670; p=0.027). This contradiction may be due to
differences in the patient groups studied. The analysed
studies focus on carotid artery atherosclerosis, while our
study involved complex polymorbid pathology. A
review of the literature confirms that GAS6 may have
both a protective (through inhibition of cardiomyocyte
apoptosis) and profibrotic (through activation of
fibroblasts) effect [21, 22, 12]. Its role probably varies
depending on the stage of the disease and the type of
affected tissue. Thus, in conditions of stable CAD and
atherosclerosis, it can contribute to plaque stabilisation,
and decompensated CHF with metabolic
comorbidity, its profibrotic effect in the myocardium
becomes dominant and pathological. Despite the
discrepancies, this study confirms the association of
high GAS6 levels with adverse cardiovascular risk
factors such as diabetes and obesity. Thus, it can be
noted that the role of GAS6 changes from protective at
the vascular level to pathologic at the myocardial level
and may serve as an indicator of the depletion of

in

protective mechanisms in conditions of extreme
metabolic stress.

Therefore, GAS6 is not just a marker, but an active
participant in molecular processes that lead to dilated
myocardial remodelling in a high-risk cohort of patients
with polymorbidity, when the pathological, profibrotic
effect of GAS6 on the myocardium becomes dominant
and clinically significant.

Limitations of the study. This study had certain
limitations. First, although the groups were comparable
in terms of baseline characteristics, we did not perform
a separate multivariate analysis of the effect of specific
drug doses (in particular, SGLT2 and ARNI inhibitors)
on changes in GAS6 levels. Second, the duration of
CHF history and variability in glycaemic control
(HbAlc) could have had a potential impact on
myocardial remodelling processes, but due to the
limited sample size, these factors were considered as
confounding constants. Further studies involving a
larger number of patients will allow for a more in-depth
subgroup analysis of the effect of drug therapy on the
biomarkers studied.

CONCLUSIONS

It has been established that a GAS6 protein level >
31.64 ng/ml is associated with a more unfavourable
structural and functional state of the left ventricular
myocardium. Patients with higher GAS6 levels had
significantly higher end-systolic volume (by 42.47%)
and end-diastolic volume (by 28.84%), lower ejection
fraction (by 25.52%), an increase in left ventricular
myocardial mass (by 25.71%) and left ventricular
myocardial mass index (by 12.23%), right and left atrial
dimensions (by 24.09% and 20.09%, respectively), as
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well as an increase in the ratio of effective arterial
elasticity to end-systolic elasticity was significantly
higher in the high GAS6 group (by 35.09%) compared
to the low GAS6 group. The results are also confirmed
by established reliable correlations with most structural
and functional parameters of the left ventricle. Thus,

PROSPECTS FOR FUTURE RESEARCH

higher GAS6 levels are associated with a more
pronounced dilated type of left ventricular remodelling,
significantly reduced pumping function and significant
cardiovascular impairment, emphasising its role as a
potential marker of unfavourable chronic heart failure in
polymorbid patients.

Conducting long-term prospective cohort studies to determine whether high GAS6 levels are an independent
predictor of Major Adverse Cardiac Events (MACE), cardiac death and the frequency of rehospitalisation in patients
with chronic heart failure, type 2 diabetes mellitus and obesity, as well as to determine the optimal GAS6 threshold for

risk stratification in this high-risk cohort.

AUTHOR CONTRIBUTIONS

K. M. Borovyk - A-D,
0. I. Kadikova - C, D,
P. G. Kravchun - E, F

FUNDING

None.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1. Shahim B, Kapelios CJ, Savarese G, Lund LH. Global
Public Health Burden of Heart Failure: An Updated
Review. Card Fail Rev. 2023 Jul 27;9:¢el1.
https://doi.org/10.15420/cfr.2023.05. PMID:
37547123; PMCID: PMC10398425.

2. Sotomayor-Julio AD, Seni-Molina S, Gutiérrez-Posso
IM, Muioz-Ordofiez JA, Azcarate-Rodriguez V,
Leoén-Giraldo HO, Perna ER, Rossel V, Quesada-
Chaves D, Speranza M, Drazner MH, Alarco W,
Romero-Guerra A, Frago G, Brasca DG, Quintero-
Ossa AM, Figueredo JG, Herrera ML, Ferrer AA,
Garcia-Safadit RM, Pow-Chon-Long F, Arrese FN,
van der Hilst K, Lazo-Majano SC, Hardin EA,
Fernandez-Flores OD, Ormaechea-Gorricho G,
Anhuaman-Atoche LF, Carrero-Vasquez AM, Retana
AU, Nuiiez PH, Peralta-Lopez ES, Gomez-Mesa JE;
AMERICCAASS Research Group. Characterisation of
2,500 Patients with Heart Failure and Analysis of
Their Optimal Medical Therapy: Insights from the
AMERICCAASS Registry. Glob Heart. 2025 Mar
11;20(1):27. https://doi.org/10.5334/gh.1418. PMID:
40094071; PMCID: PMC11908427.

3. Mankovskyi HB, Marushko YeYu, Dzhun YaYu,
Stychynskyi OS. Mechanisms of Ischemic Heart
Disease Development in Type 2 Diabetes Patients
Based on Renal Function. Ukrainian Journal of
Cardiovascular Surgery. 2024;32(4):61-66.
https://doi.org/10.30702/ujcvs/24.32(04)/MMO069-
6166.

4.  Zolotarova, T., Bilchenko, O., Volkov, D., Pasyura, 1.,
& Prylutska, K. (2022). Peculiarities of

pharmacotherapy of chronic heart failure with retained
left ventricular efficiency and associated atrial
fibrilation depending on the method of heart rhythm
control. The Journal of V. N. Karazin Kharkiv
National University, Series "Medicine&quot;, (44).
https://doi.org/10.26565/2313-6693-2022-44-07

5. Musumeci B, Tini G, Russo D, Sclafani M, Cava F,
Tropea A, Adduci C, Palano F, Francia P, Autore C.
Left Ventricular Remodeling in Hypertrophic
Cardiomyopathy: An Overview of Current
Knowledge. J Clin Med. 2021 Apr 7;10(8):1547.
https://doi.org/10.3390/jcm10081547. PMID:
33916967, PMCID: PMC8067545.

6.  Lysenko VA. Features of structural and geometric
remodelling of the heart and changes in heart diastolic
filling in patients with chronic heart failure of
ischaemic genesis with reduced left ventricular
ejection fraction. Zaporozhye Medical Journal
[Internet]. 7 April 2021 [cited 5 December
2025];23(1):17-23. Available from:
https://zmj.zsmu.edu.ua/article/view/224832

7. Pokrovska NK, Sklyarov EY Adropin and risk factors
for arterial hypertension in patients with excess weight
and obesity. Bulletin of V.N. Karazin Kharkiv
National University. Series "Medicine". 2022;45:44—
50 https://doi.org/10.26565/2313-6693-2022-45-05

8. Baliou S, Apetroaei MM, Hatzidaki E, Kuzmin SV,
Tzatzarakis MN, Arsene AL, Tsatsakis A, Ioannou P.
The Interplay Between Obesity and Type 2 Diabetes:
Common Pathophysiological Mechanisms
Contributing to Telomere Shortening. Life (Basel). 28

1038



Eastern Ukrainian Medical Journal. 2025;13(4):1031-1040

10.

11.

12.

13.

14.

May 2025;15(6):873.
https://doi.org/10.3390/1ife15060873. PMID:
40566527; PMCID: PMC12194111.

von Jeinsen B, Vasan RS, McManus DD, Mitchell GF,
Cheng S, Xanthakis V. Joint influences of obesity,
diabetes, and hypertension on indices of ventricular
remodelling: Findings from the community-based
Framingham Heart Study. PLoS One. 10 December
2020;15(12):¢0243199.
https://doi.org/10.1371/journal.pone.0243199. PMID:
33301464; PMCID: PMC7728232.

Bellan M, Quaglia M, Nerviani A, Mauro D, Lewis M,
Goegan F, Gibbin A, Pagani S, Salmi L, Molinari L,
Castello LM, Avanzi GC, Cantaluppi V, Pirisi M,
Sainaghi PP, Pitzalis C. Increased plasma levels of
Gas6 and its soluble tyrosine kinase receptors Mer and
Axl are associated with immunological activity and
severity of lupus nephritis. Clin Exp Rheumatol. 2021
Jan-Feb;39(1):132-138.
https://doi.org/10.55563/clinexprheumatol/xyylza.
Epub 2020 Jun 4. PMID: 32573415.

Apostolo D, Ferreira LL, Vincenzi F, Vercellino N,
Minisini R, Latini F, Ferrari B, Burlone ME, Pirisi M,
Bellan M. From MASH to HCC: the role of
Gas6/TAM receptors. Front Immunol. 2024 Jan
17;15:1332818.
https://doi.org/10.3389/fimmu.2024.1332818. PMID:
38298195; PMCID: PMC10827955.

Prouse T, Majumder S, Majumder R. Functions of
TAM Receptors and Ligands Protein S and Gas6 in
Atherosclerosis and Cardiovascular Disease. Int J] Mol
Sci. 27 November 2024;25(23):12736.
https://doi.org/10.3390/ijms252312736. PMID:
39684449; PMCID: PMC11641688.

Kim BM, Lee YJ, Choi YH, Park EM, Kang JL. Gas6
Ameliorates Inflammatory Response and Apoptosis in
Bleomycin-Induced Acute Lung Injury. Biomedicines.
12 November 2021;9(11):1674.
https://doi.org/10.3390/biomedicines9111674. PMID:
34829903; PMCID: PMC8615678

Hsiao FC, Lin YF, Hsieh PS, Chu NF, Shieh YS,
Hsieh CH, Lee CH, Hung Y]J. Circulating growth
arrest-specific 6 protein is associated with adiposity,
systemic inflammation, and insulin resistance among
overweight and obese adolescents. J Clin Endocrinol
Metab. 2013 Feb;98(2):E267-74.
https://doi.org/10.1210/jc.2012-3179. Epub 22 January
2013. PMID: 23341490.

Received 24.04.2025

INFORMATION ABOUT THE AUTHORS

15.

16.

17.

18.

19.

20.

21.

22.

Fan H, Han J, Chen L, Feng B, Sun X, Shi B.
Association between plasma growth arrest-specific
protein 6 and carotid atherosclerosis in type 2 diabetes
mellitus. Nutr Metab Cardiovasc Dis. 2022
Aug;32(8):1917-1923.
https://doi.org/10.1016/j.numecd.2022.05.007. Epub
2022 May 19. PMID: 35680486.

United Nations. Transforming our world: The 2030
agenda for sustainable development [Internet]. New
York: United Nations; 2015 [cited 2025 Dec 07].
Available from: https://sdgs.un.org/goals

Zhao YF, Xu DC, Zhu GF, Zhu MY, Tang K, Li WM,
Xu YW. Growth Arrest-Specific 6 Exacerbates
Pressure Overload-Induced Cardiac Hypertrophy.
Hypertension. 2016 Jan;67(1):118-29.
https://doi.org/10.1161/HYPERTENSIONAHA.115.0
6254. Epub 2015 Nov 16. PMID: 26573712.

Wen L, Chen J, Duan L, Li S. Vitamin K-dependent
proteins involved in bone and cardiovascular health
(Review). Mol Med Rep. 2018 Jul;18(1):3-15.
https://doi.org/10.3892/mmr.2018.8940. Epub 2018
Apr 27. PMID: 29749440; PMCID: PMC6059683.
Urkmez YC, Giimiisburun N, Urkmez SS, Celik S,
Sahin K. Evaluating midpregnancy Gas6 levels as
predictive value for gestational diabetes and birth
outcomes. Turk J Obstet Gynecol. 2025 Oct 27.
https://doi.org/10.4274/tjod.galenos.2025.95515. Epub
ahead of print.

Holden RM, Hétu MF, Li TY, Ward EC, Couture LE,
Herr JE, Christilaw E, Adams MA, Johri AM.
Circulating Gas6 is associated with reduced human
carotid atherosclerotic plaque burden in high risk
cardiac patients. Clin Biochem. 2019 Feb;64:6-11.
https://doi.org/10.1016/j.clinbiochem.2018.11.018.
Epub 2018 Dec 1. PMID: 30508521.

LuC, Song Y, Wu X, Lei W, Chen J, Zhang X, Liu Q,
Deng C, Liang Z, Chen Y, Ren J, Yang Y. Pleiotropic
role of GASG6 in cardioprotection against ischemia-
reperfusion injury. J Adv Res. 2025 Apr;70:481-497.
https://doi.org/10.1016/j.jare.2024.04.020. Epub 2024
Apr 21. PMID: 38653371; PMCID: PMC11976411.
Jian Y, Zhou X, Shan W, Chen C, Ge W, Cui J, Yi W,
Sun Y. Crosstalk between macrophages and cardiac
cells after myocardial infarction. Cell Commun Signal.
2023 May 11;21(1):109.
https://doi.org/10.1186/s12964-023-01105-4. PMID:
37170235; PMCID: PMC10173491.

Accepted 02.10.2025

Borovyk K. M., PhD, Associate Professor of the Department of Internal Medicine No. 2, Clinical Immunology and

Allergology named after Academician L.T. Malaya, Kharkiv National Medical University, Kharkiv, Ukraine.

ORCID ID: https://orcid.org/0000-0003-2155-4865
*E-mail: borovyk.kateryna@gmail.com

1039


mailto:borovyk.kateryna@gmail.com

Eastern Ukrainian Medical Journal. 2025;13(4):1031-1040

Kadykova O. 1., MD, PhD, DSc, Professor of the Department of Internal Medicine No. 2, Clinical Immunology
and Allergology named after Academician L.T. Malaya, Kharkiv National Medical University, Kharkiv, Ukraine.
ORCID ID: https://orcid.org/0000-0002-0108-0597

e-mail: oi.kadykova@knmu.edu.ua

Kravchun P. G., MD, PhD, DSc, Professor of the Department of Internal Medicine No. 2, Clinical Immunology
and Allergology named after Academician L.T. Malaya, Kharkiv National Medical University, Kharkiv, Ukraine.

ORCID ID: https://orcid.org/0000-0002-8285-6763

e-mail: pg.kravchun@knmu.edu.ua

1040


mailto:oi.kadykova@knmu.edu.ua
mailto:pg.kravchun@knmu.edu.ua

