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POJIb MOP®OIEHHbIX BEJIKOB WNT-CUITHAJIbHOIO
NyTU NPU ULLEMUYECKOW BOJIE3HU CEPOLA

Canvuinkona VLA, Ilnoraukosa M.O.

DI'BOY BO «Opaosckuii eocydapcmeennuiii ynusepcumem umenu M.C. Typeenesa», . Open, Poccus

Pesiome. MccienoBaHus TOCHEAHUX JIET MOKA3bIBAIOT CJIOXHOCTHh MaTO(MU3NOJIOTUYECKUX TIPOIeC-
COB, YYaCTBYIOIIMX B Pa3BUTUM OCTPBIX (OpM HILIEeMUUYECKOI 00JIE3HU cepilla U MaToJOrMYecKOoro pe-
MOJIEeIMPOBaHUSI MUOKapaa. B mocienHne rogbl BHUMaHUE MCCIICAOBATeIeil HAalpaBJICHO Ha M3y4YeHUE
WNT-curHajbHOro myTu, peryJupyoliero npoiuecchl aMOprUoreHe3a U y4acTBYIOIIETo B pa3BUTUU MaTO-
JorudecKux coctosstHuii. [1pu aToM poib MopdoreHHBIX 0e1koB WNT-cUTHaAIBHOTO IyTH B TeHe3e Kap-
JNIMOBACKYJISIPHOM TTAaTOJOTUU TIPAaKTUYECKM He BbIsicHeHa. Lleabio ucciaenoBaHus sIBUIOCh KOMITJIEKCHOE
uzyyeHue ocHOoBHbIX O6e1koB WNT-curnanbHoro nytu (B-kareHuna, ckiepoctuHa, GSK-3a, GSK-34,
WIF-1 u DVL-1) ceiBopoTku KpoBU 353 GOJBHBIX OCTPBIMU (hOpMaMU UIIEMUYECKOU OOJIE3HU cepala,
HaXOJIMBIIUXCS Ha JIEYEHUU B perMOHaJIbHOM cOoCyarcToM lLieHTpe OpiioBckoit oonactu ¢ 2019 o 2021 rr.,
n 50 3mopoBBIX TnIl. KOMIUIEKCHBIN aHaJIM3 BKITIOYA OLIEHKY KIIMHUKO-JTA00paTOPHBIX 1 MHCTPYMEHTAITh-
HBIX MOKa3aTejieil B paMKaxX JIeMCTBYIOIINX KIMHNYSCKNX PEKOMEHIANN, a TaK:Ke MMMYHOJIOTHIECKOE
obcnemoBaHre MO OoIpeAeieHnIo MopdoreHHbIX 6ea1KoB WNT-curHaimHra MeTomoM MMMYHO(EepMEeHT-
HOTro aHayim3a. Pe3ysbraThl McciieJOBAaHW MOKA3aJIM ITUPOKYIO BapruadeIbHOCTh 3HAUYeHU I MOP(OTEHHBIX
6enkoB WNT-curHaabHOro IyTH B CBIBOPOTKE KPOBU O00sbHBIX. [1pu 3TOM ypoBeHb B-kateHuHa, WIF-1 n
DVL-1 3HaUYnTEAbHO TIPEBHIIIAT AaHATOTUIHBIC TTOKAa3aTeJIH, TTOJIyYeHHbIC V 3[I0POBBIX JIMII, a KOHIICHTpA-
uu ckaepoctuHa U GSK-3p He uMesn ¢ HUMU nocToBepHbIX oTiimuuit. Hapsiny ¢ aTum yposenb GSK-3a B
CBIBOPOTKE KPOBHU MAIIMEHTOB OBLI B 2 pa3a HIKE, UeM Y 3M0POBBIX JIUIl. MaKCUMaIbHO BEICOKME KOHIICH-
TpalluM CKJIEPOCTUHA ObLIW BBISBJICHBI Y TTAIIMEHTOB C UMEIOIIMMCST KaJIbIIMHO30M CTBOPOK a0PTajbHOTO
KJIallaHa M CTeHOK aopThl. HebmaronpusaTHoe Te4eHUE OCTPOro KOPOHAPHOr0 CUMHAPOMA HAOII0IaI0Ch Y
ManneHTOB Ha (DOHe KaK KpaifHe BEICOKMX, TaK M MaKCUMaJIbHO HM3KNX nmoka3arteiaeit WIF-1 ceiBopoTKmM
KPOBU. YCTaHOBJICHBI 3HAYMMbIE KOPPEJISILIMOHHbBIE 3aBUCUMOCTU MEXKIY YPOBHEM MOP(OreHHbIX 0€JIKOB
WNT-curHajJpbHOrO IMyTH W MOKAa3aTeIsIMU JUIIMIHOTO OOMEeHa, a TaKKe peMOASIMPOBaHUS MUOKapIa.
IMomyyeHHbIe TaHHBIE 00 U3MEHEHWHU MPOAYKIIMU arOHUCTOB M aHTaroHHMCToB WNT-CcUTHAIbHOTO ITyTH
TMO3BOJISIIOT PACIIMPUTH IIPEACTABICHUS O MOJIEKYJISIPHBIX acClIeKTax MMMYHONATOT¢He3a MUOKapANaJIbHO-
o peMOJeTMPOBAHUS TIPU UIIEMUYECKON OOJe3HU cep/iila, MOBBIIIAIOT MPEIUKTUBHBIN MTOTEHIIUAT 1A~
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ROLE OF MORPHOGENIC PROTEINS OF THE WNT SIGNALING
PATHWAY IN CORONARY ARTERY DISEASE

Snimshchikova L.A., Plotnikova M.O.

Federal State Budgetary Educational Institution of Higher Education "Orel State University named after 1.S. Turgenev",
Orel, Russian Federation

Abstract. In recent years, researchers’ attention has been directed to the WNT signaling pathway study,
which regulates embryogenesis processes and is involved in pathological condition development. The role
of morphogenic proteins of WNT signaling pathway in the cardiovascular pathology genesis is practically
not clear. The research aim was a comprehensive study of the main proteins of WNT signaling pathway
(B-catenin, sclerostin, GSK-3a, GSK-3p, WIF-1 and DVL-1) in the blood serum of 353 patients with
coronary artery disease acute forms who were treated at the Orel regional vascular center from 2019 to
2021, and 50 healthy individuals. A comprehensive analysis included an assessment of clinical, laboratory
and instrumental parameters in the framework of current clinical guidelines, as well as an immunological
examination to determine the morphogenic proteins of WNT signaling by enzyme immunoassay. The results
showed a wide variability in the values of morphogenic proteins of WNT signaling pathway in the patient’s
blood serum. The levels of B-catenin, WIF-1 and DVL-1 significantly exceeded those obtained in healthy
individuals, while the concentrations of sclerostin and GSK-3p did not differ significantly from them. The
level of GSK-3a of patients was twice lower than in healthy individuals. The highest sclerostin concentrations
were found in patients with existing calcification of the aortic valve leaflets and aortic walls. Acute coronary
syndrome unfavorable course was observed in patients with both extremely high and extremely low WIF-1
levels. Significant correlations were established between the level of morphogenic proteins of WNT signaling
pathway and lipid metabolism, as well as myocardial remodeling. The obtained data on changes in the protein
production of WNT signaling pathway allow us to expand our understanding of the molecular aspects of the
immunopathogenesis of myocardial remodeling in coronary artery disease, increase the predictive potential
for cardiovascular disease diagnosis and determine the vector for further development of cardioimmunology
determination.

Keywords: WNT signaling pathway, B-catenin, sclerostin, GSK3a, GSK3p, WIF-1, DVL- 1, myocardial infarction, coronary heart
disease

ways, oxidative stress, and mitochondrial disorders [2,
3,4,10].

At the same time, the molecular mechanisms
associated with inflammation and reflecting various
aspects of the pathological process remain the subject
ofdiscussionand need tobe clarified. Overrecent years,
the attention of researchers has been focused on the
study of the WNT signaling pathway, which regulates

Introduction

Cardiovascular diseases remain one of the most
acute problems of modern medicine, due to their
high prevalence and high mortality among young
and middle-aged people. Recent studies prove the
complexity of pathophysiological processes involved
in the development of acute forms of coronary

artery disease (CAD) and pathological myocardial
remodeling, among the chief causes of which are
immune dysfunction, activation of signaling path-

the processes of embryogenesis and is involved in the
development of various pathological conditions. At
the same time, the role of morphogenic proteins of
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the WNT signaling pathway in the pathogenesis of
cardiovascular pathology is practically not clear.

In this regard, the aim of the study was a com-
prehensive study of the main proteins of the WNT
signaling pathway (B-catenin, sclerostin, GSK-3a,
GSK-3p, WIF-1 and DVL-1) in the blood serum of
patients with acute forms of coronary artery disease
and healthy individuals (HI).

Materials and methods

The study included 353 young and middle-aged
patients (from 18 to 59 years old) with acute forms of
CAD who were treated in the cardiology departments
of the regional vascular center of the Orel Regional
Clinical Hospital in the period from 2019 to 2021. All
patients with coronary artery disease were divided into
2 groups: group I consisted of patients with myocardial
infarction (MI) (165 people), group II included
patients with unstable angina (UA) (188 people). The
average age of patients with CAD and myocardial
infarction was 50.8+7.4 years and with unstable angina
53.2+5.7 years. There were no statistical differences
in age (p > 0.05). In both groups, the number of
men was predominant and amounted to 79.4% of
all subjects. A comprehensive analysis included an
assessment of the anamnesis and objective status of
patients, a general clinical laboratory examination,
echocardiography, within the current clinical
guidelines for the management of an exacerbation
of CAD, as well as an immunological examination
to determine morphogenic WNT signaling proteins.
Blood sampling for research from a peripheral vein was
carried out in the first 24 hours after hospitalization.
The concentration of morphogenic WNT proteins
(B-catenin, sclerostin, WIF-1, GSK-3a and GSK-3f3,
DVL-1) in blood serum was determined by enzyme-
linked immunosorbent assay (ELISA) on a STAT
FAX 2100 photometer using reagent kits Sunlong
Biotech Co (China) in the Laboratory of Clinical
Immunology of the Medical Institute of the “Orel
State University named after I.S. Turgenev”.

To determine the values of the immunological
parameters of the WNT signaling pathway, taken as
the physiological norm, we conducted a survey of
50 healthy individuals who did not have CAD, were
comparable in age and gender with patients in the
research groups.

The research was performed in accordance with the
standards of clinical practice (Good Clinical Practice)
and the principles of the Declaration of Helsinki, the
study protocol was approved by the Ethics Committee
of the Orel State University.

Inclusion Criteria: young (18-44 years) and mid-
dle-aged (45-59 years) people with a clinically esta-
blished diagnosis of acute forms of CAD, the patient’s
consent to participate in the research.

Exclusion Criteria: age younger than 18 years and
older than 59 years, cardiogenic shock, hypertension
above 2 stage, chronic heart failure above I stage,
verified oncological, autoimmune, neuropsychiatric
diseases, the presence of a pathology affecting lipid
metabolism, decompensated diabetes mellitus, exa-
cerbation of chronic diseases, pathologies of he-
mostasis, pregnancy and lactation, acute infectious
diseases, refusal of the patient to participate in the
research.

Results and discussion

It is known that the WNT signaling pathway is
traditionally divided into two types: canonical and
non-canonical. Although the modalities of WNT
signaling in the embryonic stages of heart development
are fairly well understood and experimental evidence
identifies canonical WNT/B-catenin signaling as a
“key factor” in the regulation of cardiac function
and dysfunction, however, in a few different studies
conflicting data have been obtained on the involvement
of morphogenic proteins of the canonical and non-
canonical WNT signaling pathway in the pathogenesis
of cardiovascular diseases, including coronary heart
disease [4].

There is growing evidence that reactivation
of the canonical WNT pathway negatively affects
myocardial healing after ischemic exposure, causing
death of cardiomyocytes and the development of the
heart muscle fibrosis [10].

In addition, the clinical significance of serum
concentrations of morphogenic proteins of the WNT
signaling pathway remains debatable and needs to
be clarified in order to determine them as possible
potential predictors in the pathology of the circulatory
system and to develop new approaches to targeted
therapy.

Taking this into account, it was of interest to study
the features of the production of the main proteins of
the WNT signaling pathway (B-catenin, sclerostin,
GSK3a, GSK3p, WIF-1 and DVL-1) in acute forms
of CAD, as well as to establish the relationship of
the studied morphogenic proteins with clinical and
laboratory data and indicators of the structural and
functional state of the myocardium in patients with
MI and UA.

According to current data, [B-catenin is an
integral structural component and the main effector
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Figure 1. Level of DVL-1 in blood serum, pg/mL
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Note. For distributions that differ from normal in Figures 1 Me (median) is given; 25-75 percentiles (upper and lower quartiles Qg ,:-Q, 75); minimum

and maximum sample values; outlier. *, p < 0.05, compared with HI.

of canonical WNT signaling involved in tissue
homeostasis, myocardial remodeling, and control of
the proliferative capacity of cardiomyocytes [10].

The results of our studies have shown a wide
variability in the values of B-catenin in the blood serum
of patients with coronary artery disease. At the same
time, its level in patients with MI and unstable angina
was 418 (293-579) pg/mL and 462 (384-588) pg/mL,
respectively, which was several times higher than
similar indicators obtained in HI 63.5 (57.25-
86) pg/mL, p < 0.001. It is worth noting the revealed
data on a significant increase in serum [-catenin in
patients with coronary heart disease with concomitant
hyperlipidemia (p = 0.007), which was also confirmed
by the results of correlation analysis: a moderate
direct correlation between the level of 3-catenin and
total cholesterol, low density lipoprotein (LDL) and
a noticeable direct correlation with high-density
lipoprotein, which is consistent with literature data
indicating a correlation between impaired cholesterol
metabolism and WNT/B-catenin signaling [7].

Given the important role of B-catenin in the
processes of myocardial remodeling, its relationship
with the parameters of intracardiac hemodynamics
and the structural and functional state of the myo-
cardium was evaluated. The most significant inverse
correlations were found between the level of B-catenin
and end-diastolic and systolic heart sizes (p = 0.015,
p = 0.018, respectively).

The search for possible early markers of the
development of cardiovascular complications led to

the interest in the study of sclerostin, on the one hand,
as the main inhibitor of the WNT signaling pathway,
and on the other hand, as a potential participant
in extraosseous calcification [5]. Taking this into
account, we carried out the determination of the level
of sclerostin in the blood serum of young and middle
age patients with coronary artery disease and in HI.

According to the results of the research, the
level of sclerostin in patients with CAD did not
differ significantly from HI (p > 0.05). However, the
analysis of the data obtained showed that the highest
concentrations of sclerostin (above 215 pg/mL) were
detected in patients with calcification of the aortic
valve leaflets and aortic walls according to ECHO-CG
data (p =0.002; p =0.004, respectively). It should also
be noted that there was a direct statistically significant
correlation between the level of sclerostin and the
indicator of cardiovascular conjugation (r = 0.7;
p<0.01).

In recent years, data have appeared that the
extracellular antagonist of the WNT signaling pathway
WIF-1 is an important modulator of an adequate
inflammatory process after myocardial injury, and
the absence of this factor can lead to an increase in
the inflammatory response and the development of
pathological myocardial remodeling [8].

Analysis of the level of WIF-1 in the blood
serum showed that in patients with acute forms of
coronary artery disease, the concentration of WIF-1,
on average, was 15.5 times higher than in healthy
individuals (p < 0.001), and MI was characterized
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by an even higher content of WIF-1 in blood serum.
At the same time, in patients with a history of
postinfarction cardiosclerosis, the ischemic process
proceeded against the background of both extremely
high (more than 3000 pg/mL) and extremely low
(less than 1400 pg/mL) WIF-1 serum levels, which
was combined with an unfavorable course of acute
coronary syndrome.

Noteworthy are the results of a statistically
significant high correlation between the concentration
of WIF-1, the level of leukocytes and erythrocyte
sedimentation rate (r = -0.81, r = -0.70, p < 0.001,
respectively), as well as the content of [(-catenin
(r=0.743; p <0.001).

The study of DVL-1, which is involved in both
canonical and non-canonical transmission of WNT
signals, showed that in patients with acute forms of
coronary artery disease, the level of DVL-1 significantly
exceeded (8 times) the level of HI (p =0.009), however,
no statistically significant intergroup differences were
found. In patients with transmural MI, maximum
DVL-1 values were recorded at the level of 3400-
3440 pg/mL (Figure 1). The analysis of the serum
level of DVL-1 with clinical and laboratory data in
patients with coronary artery disease made it possible
to establish statistically significant direct correlations
between DVL-1, total cholesterol (p = 0.008) and
LDL (p = 0.006), as well as the presence of a direct
relationship with levels of B-catenin (p < 0.001) and
WIF-1 (p < 0.001), indicating the important role
of DVL-1 as an integrator of canonical and non-
canonical WNT signaling [11].

Recently it has been shown that glycogen synthase
kinase-3 (GSK-3a and GSK-3p) plays an important
role in the regulation of cell proliferation processes,
including cardiomyocytes [1].
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Considering the involvement of GSK-3a in the
pathophysiology of cardiometabolic diseases [6, 9],
in this study, we analyzed the obtained data on the
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in the level of other morphogenic proteins of the
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dysregulation of other signaling pathways in which
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Conclusions

Thus, the obtained data on changes in the
production of agonists and antagonists of the WNT
signaling pathway (B-catenin, sclerostin GSK-3a,
GSK-3B, WIF-1 and DVL-1) allow us to expand
our understanding of the molecular aspects of the
immunopathogenesis of myocardial remodeling in
CAD, increase the predictive potential of diagnosing
cardiovascular diseases and determine the vector of
further development of cardioimmunology.
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