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Abstract:
Aim:  Despite  advances  in  diagnosis  and  treatment,  cardiometabolic  diseases  remain  a  major  worldwide  health
problem. A new direction in identifying biomarkers that increase diagnostics predictive potential is the study of the
WNT  and  JAK/STAT  signaling  pathways.  Experimental  and  clinical  studies  have  provided  mixed  evidence  that
determined the purpose of the study. This study aimed to examine the characteristics of the production of certain
JAK/STAT and WNT signaling proteins in cardiometabolic pathology patients.

Materials and Methods: The research involved patients with myocardial infarction and cardiometabolic syndrome,
as well as healthy individuals. Measurement of proteins STAT-1, STAT-3, STAT-6, β-catenin, sclerostin, WIF-1, GSK-3
α, and β, DVL-1 serum concentrations was carried out by ELISA.

Results: We established a wide range of JAK/STAT and WNT signaling protein values in the patient’s blood serum. In
cardiometabolic syndrome, there was an increase in the concentrations of β-catenin, DVL-1, GSK-3α, and GSK-3β and
a decrease in STAT-1, 3, compared with healthy individuals. During myocardial infarction, an increase in β-catenin,
WIF-1, and DVL-1 and a decrease in sclerostin, GSK-3α, STAT-1, STAT-3, and STAT-6 were recorded compared with
healthy individuals. The most significant intergroup differences were found for β-catenin, WIF -1, DVL-1, GSK-3α and
STAT-6. Statistically significant correlations between the levels of a number of JAK/STAT and WNT signaling proteins
and lipid profile parameters were revealed.

Conclusion: The data received about changes in the production of proteins of the WNT and JAK/STAT signaling
pathways expand the molecular mechanisms of cardiometabolic diseases' immunopathogenesis understanding.

Keywords: Cardiometabolic diseases, Myocardial infarction, WNT signaling pathway, JAK/STAT signaling, Coronary
heart disease, Immunopathogenesis.
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1. INTRODUCTION
Over  the  past  ten  years,  the  problem  of

cardiometabolic diseases, including diabetes, stroke, and
Coronary Heart Disease (CHD), has become increasingly
relevant  and  medically  important  throughout  the  world
due to the high prevalence and mortality rate.

Over the past 30 years, mortality from Cardiovascular
Diseases  (CVD)  has  increased  by  60%  worldwide,  from
12.1 million in 1990 to 20.5 million in 2021. In 2022, CVD,
mainly stroke and CHD, were the main cause of death and
disability in the world [1-3].

In  2013,  the  United  Nations  set  a  goal  of  reducing
premature  mortality  from  CVD  by  25%  by  2025,  with  a
particular focus on reducing cardiometabolic, behavioral,
environmental, and social risk factors [4].

In recent years, significant progress in cardiovascular
risk assessment has been achieved through an increase in
the  number  and  variety  of  biometric  monitoring
technologies. It became possible due to the development
and  widespread  use  of  molecular  diagnostic  methods.
Today,  there  is  an  active  search  for  informative
biomarkers to assess the risk of occurrence, development,
and unfavorable prognosis of cardiovascular pathology.

The last two decades witnessed a major revolution in
the  field  of  immunology,  the  technological  advances  of
which  paved  the  way  for  a  deeper  and  more  complete
understanding of immune processes and inflammation of
the myocardium and blood vessels [5-8] which significantly
changed  the  understanding  of  the  pathophysiological
mechanisms  of  cardiometabolic  diseases.

However, until recently, immunological issues related
to cardiology were considered interdisciplinary, and only
in  recent  years  has  cardiac  immunology  come  into  the
spotlight, uniting disparate fields.

A  new  direction  in  the  study  of  biomarkers  that
increase the predictive potential of diagnosis is the study
of the signaling pathways WNT, JAK/STAT, involved in the
pathogenesis  of  cardiometabolic  syndrome  (CMS)  and
CVD  [9-13].

In this regard, the goal of the research is to study the
characteristics of the production of certain JAK/STAT and
WNT signaling proteins in patients with cardiometabolic
pathology.

2. MATERIALS AND METHODS

2.1. Subjects of Research
A  prospective  cross-sectional  cohort  study  was

conducted on the basis of the cardiology departments of the
Orel Regional Cardiovascular Center (Russian Federation).

The research involved 78 young and middle-aged adults
(from  18  to  59  years  old,  according  to  the  WHO)  and  50
healthy individuals (HI) matched by age and gender.

We divided all subjects into 3 groups:
Group I – HI (control, average age – 48.8±5.4 years old)

with normal body weight.
Group II – patients with CMS who have a high risk of

developing myocardial infarction (38 people, average age
– 45.9±7.7 years).

Group III  –  patients  with  acute  myocardial  infarction
(MI) (40 adults, average age – 50.8±7.4 years).

No statistical differences were found according to the
age (p>0.05).

In  our  research,  the  diagnosis  of  patients  with  acute
MI and metabolic syndrome was established according to
the clinical recommendations of the Ministry of Health of
the Russian Federation in the current edition at the time
of the study.

2.2. Ethics Statement
The  study  was  conducted  in  accordance  with  Goоd

Clinical  Practice  standards  and  the  principles  of  the
Helsinki  Declaration,  the  Ethics  Committee  of  the  Orel
State  University  named  after  I.S.  Turgenev  (Protocol
No.17  of  December  10,  2019).  All  patients  signed  an
informed  consent  form  for  the  use  of  their  examination
results  for  scientific  purposes.  For  each  patient,  an
electronic  card  was  developed  and  filled  out,  including
personal  data,  anamnesis  of  life  and  illness,  physical
examination  data,  and  results  of  laboratory  and
instrumental  examination.  All  patients  involved  in  the
study  were  assigned  a  digital  code.  Interpretation  and
processing  of  the  results  were  presented  anonymously.

2.2.1. Criteria for Inclusion in the Study
Patients with established diagnosis of CMS and acute

MI (young and middle-aged adults according to the WHO).

2.2.2. Criteria for Non-inclusion in the Study
Age  under  18  years  old  and  over  59  years  old;

cardiogenic  shock;  hypertension  above  grade  2;  chronic
heart  failure  above  stage  I;  verified  oncological,
autoimmune,  mental,  chronic  obstructive  pulmonary
diseases;  lipid  metabolism  pathology;  decompensated
diabetes  mellitus;  liver  cirrhosis;  exacerbation  of  the
stomach  and  duodenum  peptic  ulcer;  pathologies  of
hemostasis;  pregnancy  and  lactation;  acute  infectious
diseases.

2.2.3. Criteria for Excluding a Patient from the Study
refusal of the patient to undergo the study at any stage;

the  onset  of  pregnancy;  acute  infectious  diseases;
exacerbation/decompensation  of  chronic  diseases.

2.4. Sample Collection
The  scope  of  clinical  studies  included  a  definition  of

general blood test indicators, dynamic troponin levels, lipid
profile, C-reactive protein, electrolytes (potassium, sodium),
glucose.  General  clinical  laboratory  tests  were  performed
using  “Maxm  Analyzer”  (UK)  and  “Monarch  chemistry
system”  (Italy).

Venous blood sampling (15 ml) was taken in the morning
in the first 24 hours from the moment of hospitalization, and
then the blood was centrifuged for 15 minutes at a speed of
1500 rpm, the serum was aliquoted, frozen at -24 degrees
Celsius and stored for 1- 2 months without repeated defrost
cycles before use.
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Elevation was defined as a serum value greater than
the upper limit of normal according to clinical laboratory
standards.

2.5. Enzyme-linked Immunosorbent Assay
The studied biomarkers were determined in duplicate

samples  using  enzyme-linked  immunosorbent  assay
(ELISA).  Optical  density measurements were carried out
using  a  STAT  FAX  2100  photometer  (Awareness
Technology,  USA).

To  assess  the  serum  concentrations  of  proteins
STAT-1,  STAT-3,  and  STAT-6,  test  systems  by  Cusabio
Biotech Co. (USA) were used. WNT-signaling pathway (β-
catenin,  sclerostin,  WIF-1,  GSK-3α,  and  β,  DVL-1)  by
Sunlong Biotech Co. (China) reagent kit (sensitivity of 0.5
pg/ml), according to the instruction manual, were used.

2.6. Electrocardiogram
Electrocardiogram  (ECG)  recording  was  carried  out

according to the generally accepted method in 12 leads on
device ECG-9803 Medinova Industrial Co., Ltd.

2.7. Body Mass Index
Body  mass  index  (BMI)  was  determined  using  the

Quetelet  method.  The degree  of  obesity  was  determined
according to the WHO classification.

2.8. Statistical Analysis
Statistical analysis was performede by StatTech 3.1.10

program (Russia, 2023).
Shapiro-Wilk  test  was  used  to  assess  quantitative

indicators for compliance with a normal distribution (if the
patients’ number was less than 50).

Data  are  presented  as  the  absolute  number  (%)  of

patients, as mean value and mean absolute error (M±m).
In  the  absence  of  normal  distribution,  quantitative  data
were described using the median (Me)  and the first  and
the third quartiles (Q1; Q3).

Student's  t-test  was  used  for  the  comparison  of  two
groups according to the quantitative indicator with normal
distribution  on  condition  of  equality  variances;
Mann–Whitney U test – for the comparison of two groups
according  to  the  quantitative  indicator  with  abnormal
distribution.

Kruskal–Wallis  test  was  used  for  the  comparison  of
three groups, and Dunn's test with Holm's correction was
used for post hoc comparison.

Spearman's  rank  correlation  coefficient  was  used  to
assess  the  direction  and  strength  of  the  correlation
between two quantitative indicators (if the distribution of
indicators was abnormal). Pearson correlation coefficient
was  used  to  assess  the  direction  and  strength  of  the
correlation  between  two  quantitative  indicators(with
normal  distribution).

The  Chaddock  scale  is  used  to  interpret  correlation
strength between two quantitative indicators.

All statistical comparisons were two-sided, and p<0.05
was considered significant.

To  assess  the  diagnostic  significance  of  quantitative
characteristics in predicting a specific outcome, the ROC
curve method was used.

3. RESULTS

3.1. Clinical Characteristics of Study Participants
Demographic and clinical characteristics of patients in

the study groups are presented in Table 1.

Table 1. Initial clinical and laboratory data by group of study subjects.

Parameter Group I (n = 50) Group II (n = 38) Group III (n = 40)

Age (years old) 48.8±5.4 45.9±7.7 50.8±7.4
Gender male/female (%) 76.0/24.0 73.7/26.3 80.0/20.0

BMI (kg/m2) 20.9±2.2 34.0±2.9* 29.8±5.5*
SBP (mmHg) 119.8±7.7 143.6±11.5* 130.5±15.5*
DBP (mmHg) 71.1±5.8 92.4±10.7* 85.4±6.5*

Glucose (µmol/L) 4.8±0.6 5.3±0.7 6.7 (3.5; 12.1)*/**
Hb (g/L) 133.6±16.4 133.4±9.5 154.8±13.4*

RBC (×10*12/L) 4.4±0.4 4.4±0.5 4.9±0.5
WBC (×10*9/L) 5.9±1.2 7.1±1.2 11.5 (6.1; 41.0)*
ESR (mm/hour) 6.1±4.1 14.0±6.4* 15.2 (5.1; 40.9)*

Cholesterol (mmol/L) 4.5 ±0.5 5.6±0.6* 5.3±1.5*
Total bilirubin (µmol/L) 12.7±4.6 18.0±6.5 15.1±7.4

ALT (IU/L) 17.0±7.7 31.3±9.7* 51.6±21.4*
AST (IU/L) 17.6±5.8 30.6±9.4* 86.5 (30.1; 270.2)*

Total protein (g/L) 70.8±3.9 68.4±5.4 71.7±6.9
ALP (IU/L) 65.4±12.4 74.1±21.0 151.6 (81; 249.0)*

Creatinine (µmol/L) 74.3±12.6 71.8±12.1 85.8±16.5
TG (mmol/L) 0.85±0.2 1.6±0.5* 1.2±0.4*/**

HDL (mmol/L) 1.4±0.1 1.2±0.1 1.3±0.2
LDL (mmol/L) 1.7±0.2 3.1±0.4* 3.4±1.3*
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Parameter Group I (n = 50) Group II (n = 38) Group III (n = 40)

VLDL (mmol/L) 0.47±0.1 1.7±0.6* 0.6±0.2**
Sodium (mmol/L) 133.1±2.1 128.1±13.3 138.1±3.3

Potassium (mmol/L) 4.2±0.2 4.1±1.1 4.49±0.3
Note: * p<0.05 differences in indicators are statistically significant in comparison with HI; **p<0.05 - between groups II and III.
Abbreviations: BMI - body mass index, Hb –hemoglobin, RBC - red blood cells, WBC - white blood cells, SBP - systolic blood pressure, DBP - diastolic blood
pressure, ESR - erythrocyte sedimentation rate, ALT - alanine aminotransferase, AST - aspartate aminotransferase, HDL - high-density lipoproteins, LDL - low-
density lipoproteins, VLDL - very low-density lipoproteins, TG – triglycerides, ALP – alkaline phosphatase.

There were no significant differences in the patients of
all  groups  by  age,  gender,  RBC,  bilirubin  levels,  total
protein, creatinine, HDL, VLDL, sodium, and potassium. At
the same time, the levels of RBC, bilirubin, total protein,
ALP, creatinine, HDL, sodium and potassium were within
normal limits for all groups.

The indicators of BMI, SBP, DBP, cholesterol, glucose,
WBC, ESR, ALT, AST, and LDL in patients with myocardial
infarction  exceeded  the  reference  values  and  had
significant  differences  compared  to  HI  (p<0.05).

In  patients  with  CMS,  the  values  of  BMI,  SBP,  DBP,
cholesterol,  ALT, AST, TG, LDL, VLDL were significantly
higher than in HI (p<0.05).

In  addition,  we  found  statistically  significant
intergroup  differences  in  patients  of  groups  II  and  III
according  to  levels  of  glucose,  TG,  and  VLDL  (p<0.05).
The higher lipid profiles (TG, VLDL) in patients with CMS,
which  is  apparently  associated  with  the  identified  lower
adherence  to  therapy  with  lipid-lowering  drugs  than  in
patients with MI (42.1% and 70.0%, respectively), are of
great importance.

3.2. ECG Results
MI  with  ST-segment  elevation  was  observed  in  35%

(n=15)  of  patients  in  group  III;  transmural  myocardial
infarction  was  typical  for  42.5%  (n=17)  of  patients.

Changes  in  the  ECG  in  patients  with  CMS  were
characterized  by  minor  deviations  (in  the  form  of
supraventricular extrasystole, flattening of the T wave) in
42.1%  of  cases  (n=16),  normal  ECG  was  recorded  in
57.9%  (n=22)  of  group  II  people.

All patients in group I had no changes in the ECG.

3.3. Analysis Results in WNT Signaling Proteins
Considering  the  important  role  of  the  WNT  signaling

pathway  in  cardioembryogenesis  [11,  14],  serum
concentrations of the morphogenic WNT signaling proteins
(β-catenin,  sclerostin  GSK-3α,  GSK-3β,  WIF-1  and  DVL-1)
were  studied  by  ELISA  in  acute  MI,  cardiometabolic
syndrome, HI. The obtained data are presented in Table 2.

The  results  of  key  mediators  of  the  WNT  pathway  β-
catenin  studies  showed  that  patients  of  all  groups  had  a
wide  variability  of  its  values  in  the  blood  serum.  A
significant  increase  in  the  concentration  of  β-catenin  was
revealed  in  patients  of  groups  II  and  III,  compared  with
healthy  controls.  In  addition,  the  increase  in  β-catenin
concentration in patients of group II was most pronounced
with  BMI>35  kg/m2  and  significantly  correlated  with  the
degree of obesity (r = 0.554, p<0.001).

When increasing the  concentration of  β-catenin  in  the
blood  serum,  we  observed  a  significant  increase  in  the
levels of TG, cholesterol, LDL, and VLDL. The high positive
correlation  between  β-catenin  and  VLDL  in  patients  of
group II (r = 0.750; p<0.001) is of great importance. The
most  pronounced  disorders  of  the  lipid  spectrum  were
recorded  in  patients  of  group  III  with  a  β-catenin  value
above 400 pg/ml. Fig. (1) shows the ROC curve of β-catenin
levels  in  patients  with  MI  and  hyperlipidemia  or  without
hyperlipidemia (area under the ROC curve – 0.744±0.088
with 95% confidence interval: 0.571–0.917; p=0.018).

Some  data  have  been  published  recently  about  the
sclerostin  role  in  atherosclerosis  pathogenesis.  However,
the results obtained on determining serum concentrations
in  patients  with  cardiovascular  pathology  are  few  and
contradictory  [15,  16].

Table 2. Serum levels of WNT signaling pathway proteins.

Parameter, pg/ml Group I (n = 50) Group II (n = 38) Group III (n = 40)

β-catenin 63.5
(57.3; 86)

141
(128.5; 185.0)*

418
(293; 579) */**

Sclerostin 229
(220.8; 230)

260
(230; 308.75)

163
(148; 248)

WIF–1 154.5
(56.8; 573.8)

140.0
(124.8; 171.3)

2805
(1636.8; 3212.5)*/**

DVL–1 110
(97.5; 349.3)

482.5
(360; 696.75)

1002.5
(271.3;1204)*/**

GSK–3α 277.00
(238.3; 687.50)

785*
(371.0; 1317.50)

200.00
(180.00; 222.00)*/**

GSK–3β 105.00
(102.5; 110.0)

295.0
(190.0; 695.0)

105.00
(100.00; 110.00)

Note: * p<0.05 differences in indicators are statistically significant in comparison with HI; **p<0.05 - between groups II and III.

(Table 1) contd.....
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Fig. (1). ROC curve of β-catenin levels in patients with MI and hyperlipidemia or without hyperlipidemia.

According  to  our  data,  the  serum  level  of  sclerostin
varied  in  the  patients  and  was  reduced  in  patients  with
MI, but there were no significant differences with similar
indicators in other groups (p>0.05). However, in 40% of
patients with MI, serum sclerostin values were recorded at
the lower limit (140–160 pg/ml).

The  highest  values  of  sclerostin  in  the  blood  serum
(290–350 pg/ml) were obtained in patients with CMS and
obesity  of  2  and  3  degrees  (with  increasing  degrees  of
obesity, the level of sclerostin increased).

A  study  of  WNT  inhibitory  factor  1  (WIF-1)  as  an
extracellular  antagonist  of  the  WNT  signaling  pathway
[11, 17] showed that its concentration in the blood serum
of group III patients was 2805 [1637; 3212] pg/ml, which
is  on  average  18  times  higher  than  in  HI  and  20  times
higher than in CMS (p<0.001).  Patients with transmural
MI had WIF-1 levels more than 20% lower than patients
with non-transmural MI (p=0.172). It is important to pay
attention  to  the  results  of  the  correlation  between  the
concentration of WIF-1, the level of leukocytes, and ESR (r
= – 0.81, r = – 0.70, p<0.001), as well as the presence of
direct correlation between WIF-1 and β-catenin (r = 0.743;
p<0.001) in patients with MI. There were no differences of
statistical  significance  in  the  serum  concentrations  of
WIF-1  in  patients  of  groups  I  and  II.

As  can  be  seen  from  Table  2,  a  wide  range  of
variations  in  DVL–1  values  in  the  blood  serum  of  the
studied  individuals  was  obtained.  The  median  value  in
patients  with  acute  MI  was  1002  pg/ml,  and  the
interquartile  range  was  from  271  to  1204  pg/ml.  At  the
same  time,  an  increase  of  statistical  significance  in  the
level of DVL-1 was revealed in patients with MI compared
with the indicators of groups I and II.

Patients  with  Q-positive  MI  (according  to  ECG)  had

maximum  DVL-1  values  at  a  level  of  more  than  1500
pg/ml. It was found that patients of groups II and III had
the  serum  level  of  DVL-1  correlated  with  cholesterol
(p=0.025 and p=0.008) and LDL (p=0.040 and p=0.006).
In  addition,  direct  correlations  between  DVL–1  and  the
level of β-catenin (p<0.005 and p<0.001), as well as with
WIF-1 (r = 0.603, p<0.001) in group III, were established.

Taking  into  account  the  important  role  of  Glycogen
Synthase  Kinase  3  (GSK-3)  in  the  pathophysiology  of
cardiometabolic diseases [18, 19], serum levels of GSK-3α
and  GSK-3β  were  assessed.  Intergroup  differences  of
statistical  significance  were  revealed  among  patients  of
groups I, II, and III (Table 2, p<0.001). Patients with MI
had a great decrease in the content of GSK-3α in the blood
serum, and patients with cardiometabolic diseases had an
increase.  The  highest  levels  of  GSK-3α were  revealed  in
atherosclerosis (above 1200 pg/ml) and obesity of grade 3
(with body mass index of 40–44.9 kg/m2). According to our
studies,  GSK-3β  levels  in  the  blood  serum in  patients  of
groups  II  and  III  did  not  have  statistically  significant
differences  from  HI.  There  were  also  no  reliably
significant  correlations  with  clinical  and  laboratory
parameters  (Table  1).

3.4. Results of JAK/STAT Protein Analysis
The involvement of the JAK/STAT system in molecular

trans-signaling in various pathological conditions [20, 21]
led to studies of proteins STAT-1, STAT-3, and STAT-6 in
cardiometabolic diseases and acute MI. We measured the
concentration of these circulating proteins using ELISA.

The results obtained are presented in Table 3.
In  accordance  with  the  bibliographic  data  on  the

possible  participation  of  STAT-1  in  adipogenesis  and
pathogenesis of CHD [22-24], studying the features of its
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Table 3. Serum concentrations of JAK/STAT signaling pathway proteins.

Parameter, pg/ml Group I (n = 50) Group II (n = 38) Group III (n = 40)

STAT-1 600.5
(440.5; 1075.5)

410.7
(0.3; 0.55)*

370
(245.3; 422.8)*

STAT-3 589.8
(285.1; 1370.0)

390
(0.21; 0.64)*

270
(0.15; 0.63)*

STAT-6 558.8
(241.3; 645.1)

541.1
(222.7; 1510.0)

184.3
(151.7; 647.7)*/**

Note: * p<0.05 differences in indicators are statistically significant in comparison with HI; **p<0.05 - between groups II and III.

Table 4. Results of correlation analysis of the correlation between serum proteins STAT 1, 3,  6 and BMI in
patients of groups II and III.

Indicators

Characteristic of Correlation

Group II (n = 38) Group III (n = 40)

r Correlation Strength
on the Chaddock scale p r Correlation Strength

on the Chaddock scale p

STAT-1 – BMI –0.667 Noticeable <0.001* –0.483 Moderate 0.005*
STAT-3 – BMI 0.353 Moderate 0.065 0.372 Moderate 0.036*
STAT-6 – BMI –0.226 Weak 0.247 –0.536 Noticeable 0.002*

Note: *– differences in indicators are statistically significant (p< 0.05).

production was of great interest. A significant decrease in
the  serum  concentration  of  STAT-1  as  the  pathological
process  progressed  compared  to  HI  was  observed.  In
patients of groups II and III, correlations between STAT-1
levels and lipid profile parameters were established. The
most significant were relationships with triglycerides (r =
– 0.441, p = 0.019 and r = – 0.505, p = 0.003).

Despite  the  large  number  of  studies  of  STAT-3  in
metabolic disorders and cardiovascular pathology [20, 22,
23], there are only a few studies assessing serum levels of
STAT-3  in  patients.  Our  analysis  established  that  in  the
studied groups of patients, the level of STAT-3 protein in
the blood serum was significantly lower than in the control
group.  There  were  no  intergroup  differences  in  STAT-3
values  in  patients  of  groups  II  and  III.  Statistically
significant close correlations were established for STAT-3
with LDL and VLDL (r = 0.512, p = 0.005 and r = 0.513, p
= 0.005) only in patients with CMS.

Considering  the  documented  role  of  STAT-6  in  the
genesis  of  inflammation,  the  data  obtained  on  a  great
decrease in the level of this protein in patients with MI are
important, with minimal threshold values observed in 50%
of patients in group III (125–150 pg/ml).

Correlation  analysis  of  serum  STAT-6  levels  with
laboratory  test  results  revealed  a  negative  correlation
between  STAT-6  and  LDL  (r  =  –  0.555,  p  =  0.002)  in
patients  with  CMS.  Intergroup  differences  in  STAT-6
values were typical for patients in groups I and III, groups
II and III (p<0.005).

More than that,  the data  obtained on the correlation
between STATs proteins and BMI is demonstrated in Table
4.

4. DISCUSSION
Despite  the  significant  progress  achieved  in  recent

years in the diagnosis and treatment of CVD, patients with
CMS,  who  have  a  high  risk  of  developing  myocardial
infarction and acute forms of coronary artery disease, still
remain  one  of  the  main  problems  of  modern  healthcare
[1-4].

Recent  research  on  studying  the  pathophysiology  of
cardiometabolic  diseases  proved  the  importance  of  the
WNT and JAK/STAT signaling pathways  [5-9,  20,  21,  23,
25].

Particular  attention  is  paid  to  the  study  of
WNT–signaling,  associated  with  many  immunobiological
processes  both  in  the  embryonic  and  postnatal  periods,
responsible for differentiation, proliferation, and migration
of cells [9, 11, 26], and also plays an important role in the
processes  of  angio-  and  atherogenesis  [10,  15,  16].  All
three known WNT signal transduction pathways (canonical
WNT/β-catenin,  non-canonical  WNT/Ca2+,  and  planar  cell
polarity  pathway)  are  involved  in  the  pathogenesis  of
cardiometabolic  diseases.

Since  WNT  signaling  plays  an  important  role  in  the
embryonic  development  of  the  heart  and  blood  vessels,
many  components  of  this  pathway  are  reexpressed  in
cardiovascular  pathology  in  the  postnatal  period  [9-11,
25].  Accumulating  evidence  describes  a  critical  role  for
WNT  in  multiple  pathophysiological  mechanisms  in  the
development and progression of atherosclerosis, ranging
from endothelial  dysfunction with lipid  deposition to  the
inflammatory response followed by atheromatous plaque
formation [9-11, 25].

It  is  proved  that  reactivation  of  the  canonical  WNT
pathway  after  acute  heart  attack  negatively  affects
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myocardial  healing,  leading  to  cardiomyocyte  death  and
fibrosis development [9, 14].

However,  the  complex  interaction  of  WNT  signaling
with  other  molecular  pathways  makes  it  difficult  to
formulate  a  unified  pathogenetic  concept  of  the
development  of  cardiometabolic  diseases,  and  this
deserves  further  study.

Recently,  the  JAK/STAT  inflammatory  pathway  has
attracted interest, the dysregulation of which is associated
with  various  CVDs  [12,  13].  Activation  of  Janus-kinases
(JAKs) and their downstream proteins, Signal Transducers,
and  Activators  of  transcription  (STATs)  is  necessary  for
the  transmission  of  signals  of  growth  factors  and
cytokines, which play an important role in the physiology
and  pathophysiology  of  the  heart.  STATs  regulate  the
expression  of  genes  encoding  proteins  involved  in
inflammation,  molecular  trans-signaling,  apoptosis,
angiogenesis,  adipogenesis,  etc  [21,  27,  28].  All  seven
members of the STAT family are known to be expressed in
the  heart  and  cultured  cardiomyocytes,  fibroblasts,  and
endothelial  cells  [29,  30].  At  the  same time,  most  of  the
available  information  on  the  role  of  JAK/STAT  in
cardiometabolic  diseases  relates  to  STAT-1  and  STAT-3.

However, most of the data published today indicating
the  activation  of  WNT  and  JAK/STAT  signaling  are
established  in  experimental  animal  models  or  based  on
genetic  studies,  and  only  a  few  studies  used  the
quantification  of  individual  protein  components  of  WNT
and JAK/STAT - signaling pathways in patients [13, 21].

In this study, we assessed the production features of
some  JAK/STAT  proteins  (STAT-1,  STAT-3,  STAT-6)  and
WNT  (β-catenin,  sclerostin,  WIF-1,  GSK-3α,  GSK-3β,
DVL-1)  signaling  of  patients  with  cardiometabolic
pathology: patients with acute MI and patients with CMS
who are at high risk of developing MI.

The results of studies of β-catenin in the blood serum
showed  a  wide  variability  in  its  values  in  patients  of  all
groups.  A  significant  increase  in  the  concentration  of  β-
catenin  was  revealed  in  patients  of  group  III,  compared
with  HI,  which  is  consistent  with  the  bibliographic  data
about increased canonical WNT signaling and an increase
in the level of β-catenin, which is involved in the control of
the  proliferative  ability  of  cardiomyocytes,  promotes  the
activation  of  stem cells,  necessary  for  the  restoration  of
the  myocardium  after  damage  [31].  In  addition,  we
observed an increase in the concentration of β-catenin in
patients  of  group  II,  which  was  most  pronounced  with
BMI>35 kg/m2, which confirms the results of experimental
studies  on  the  increased  expression  of  β-catenin  in  the
adipose tissue of obese patients [32].

We  found  a  significant  increase  in  the  level  of  lipid
metabolism parameters (TG, cholesterol, LDL, VLDL) in all
patients  against  the  background  of  increased
concentration of β-catenin in the blood serum, as well as a
high positive correlation between β-catenin and VLDL in
patients  of  group  II,  which  indicate  the  connection
between  impaired  lipid  profile  and  WNT-morphogenic
proteins  and  are  consistent  with  literature  data  [33].

A trend towards a decrease in the level of sclerostin, as
a  potential  participant  in  extraosseous  calcification  and
one of the antagonists of the WNT signaling [34, 35], was
identified  in  patients  with  MI  (in  40%  of  patients;
sclerostin values were recorded at the level of the lower
limit). It may be associated with the excessive demand and
expense for the implementation of the pathophysiological
process.

Our  established  increase  in  sclerostin  levels  as  the
degree  of  obesity  increases  in  patients  with  CMS  is
consistent with the work of Anouar Aznou, Rick Meijer et
al. [36] and may indicate remodeling of adipose tissue.

It is known that WNT Inhibitory Factor-1 (WIF-1) is an
extracellular antagonist of the WNT signaling pathway and
reflects  altered  WNT  signaling  in  early  atherogenesis,
being  an  important  predictor  of  future  adverse
cardiovascular  events  [17].

In the study, we found that the serum concentration of
WIF-1  increased  only  in  participants  in  group  III.
Considering the data  on the relationship between WIF-1
and  the  degree  of  activity  of  the  inflammatory  response
[37,  38],  the  results  of  the  correlation  of  statistical
significance between the concentrations  of  WIF-1,  WBC,
and  ESR  are  noteworthy.  The  revealed  presence  of  a
direct  correlation  between  WIF-1  and  β-catenin  shows
aberrant WNT/β-catenin signal transmission during the MI
development.

Currently, there are only a few studies describing the
role of DVL-1 (Dishevelled) in CVD, participating in both
canonical and non-canonical transmission of WNT signals
[39].  Analysis  of  the  results  revealed  that  patients  with
acute  MI  have  DVL-1  levels  significantly  higher  than
groups  I  and  II.  Patients  with  transmural  MI  have
maximum  DVL-1  (more  than  1500  pg/ml),  which  may
prove the bibliography on the peak of DVL-1 expression in
the first 7 days of acute MI [40]. Significant correlations
were noted between DVL-1,  cholesterol,  and LDL, which
confirms  the  role  of  DVL-1  as  a  molecular  mediator
combining  WNT  signaling  and  hyperlipidemia  [41].

We  found  the  direct  correlation  of  DVL-1  with  β-
catenin,  which  indicates  a  possible  compensatory
overproduction of DVL-1, necessary for the degradation of
β-catenin,  the  level  of  which,  as  we  have  already  noted
before, was increased in patients with MI [42]. In addition,
data were obtained on a statistically significant correlation
noted between DVL-1 and WIF-1 (in patients of group III),
which in turn confirms the significant role of DVL-1 as one
of  the  main  integrators  of  canonical  and  noncanonical
transmission  of  WNT–signals.

Currently, two isoforms of GSK-3 (GSK-3α and β) are
described, which have a wide range of activities, from the
regulation  of  cellular  metabolism  to  the  control  of  cell
growth  and  differentiation.  Dysregulation  of  GSK-3  is
described  in  various  diseases,  including  cardiovascular
pathology and metabolic disorders. Experimental studies
examining  GSK-3  in  the  pathogenesis  of  CVD  confirmed
the  key  role  of  GSK-3  signaling  in  the  proliferation  of
cardiomyocytes  and  identified  GSK-3β  as  a  negative
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regulator  of  their  hypertrophic  response,  and  also
identified its role in the regulation of metabolic processes
[18, 19, 43, 44].

We did not get statistical differences in patients of all
groups while studying the GSK-3β content in blood serum.
It  may  be  due  to  the  dysregulation  of  other  signaling
pathways  in  which  GSK-3  is  involved.

At  the  same  time,  statistically  significant  intergroup
differences  in  GSK-3α  levels  were  established  among
patients of all groups. Patients with MI had a significant
decrease  in  serum  concentration  GSK-3α,  and  patients
with  cardiometabolic  diseases  had  an  increase.  Patients
with  atherosclerosis  and  obesity  of  grade  3  had  the
highest levels of GSK-3α which proves the proatherogenic
role  of  GSK-3α  and  its  participation  in  the  process  of
adipogenesis  [44].

Recognition  in  recent  decades  of  the  inflammatory
genesis of atherosclerosis and CVD has led to the interest
of  researchers  in  studying  the  JAK/STAT pathway  in  the
modulation of cardiovascular risk [12, 13, 20, 21].

We  revealed  a  proof  decrease  in  the  blood  level  of
STAT-1 as the pathological process progressed compared
to  HI,  which  may  be  associated  with  the  severity  of
inflammation, the regulation of which is carried out with
the participation of STAT-1, which provides the effects of a
number  of  inflammatory  cytokines  (IL-6,  IFN-α,  IFN–ɣ,
etc.)  [12,  13,  21].

At the same time, the selectivity of STAT-1 involvement
by cytokines and its participation in the implementation of
cytokine effects in the pathophysiology of cardiovascular
inflammation requires further study.

Unlike the pro-inflammatory STAT-1, STAT-3 has both
pro-  and  anti-inflammatory  characteristics  [13,  21,  22].
However, despite the growing amount of knowledge about
the  function  of  STAT-3  in  various  inflammatory  diseases
[12, 13], patterns of dysregulation of JAK/STAT-3 signaling
associated  with  metabolic  dysfunction,  pro-  and
antiatherogenic  effects  of  STAT-3  in  cardiovascular
pathology  are  still  a  matter  of  debate  and  need
clarification.

Our analysis established that in the studied groups of
patients, the level of STAT -3 protein in the blood serum
was significantly  lower  than in  the  control  group,  which
may  be  due  to  the  increased  demand  for  STAT-3  for  its
cardioprotective effect.

The least studied component of the JAK/STAT signaling
pathway  is  STAT-6,  which  demonstrates  profibrotic
activity and is involved in inflammatory diseases of various
origins [45,  46].  In this  regard,  the data obtained in our
study on a significant decrease in the serum concentration
of  STAT-6  in  patients  with  MI  is  noteworthy,  which  is
likely  due  to  its  participation  in  the  implementation  of
inflammation  during  an  acute  ischemic  process  in  the
myocardium.

In  addition,  the  established  correlations  between
STAT-1,  STAT-3,  and  STAT-6  levels  and  BMI  and  lipid
profile  of  patients  in  groups  II  and  III  confirm  the

participation of activated STATs in adipogenesis and the
regulation of lipid metabolism [13, 28, 47].

Therefore,  the  data  presented  on  changes  in  the
production of proteins of the WNT and JAK/STAT signaling
expand  our  understanding  of  cardiometabolic  disease
immunopathogenesis.  As  outstanding  modulators  of
inflammation,  JAK/STAT  and  WNT  signaling  proteins
represent  interesting  therapeutic  targets,  targeted
modulation  of  aberrant  production  may  become  a  new
strategy for the treatment of CVD. Besides, expanding the
panel  of  detectable  molecular  biomarkers  will  improve
prognostic stratification and early identification of patients
at high cardiovascular risk, as well as predicting adverse
outcomes.

Some limitations of  our study should be noted.  First,
our study included a small cohort of patients, and we plan
to increase their number as we continue our research on
this  topic.  Secondly,  we  studied  the  features  of  serum
production  of  only  some  WNT  and  JAK/STAT  proteins,
which is insufficient to form a complete understanding of
the interaction of these signaling pathways.

CONCLUSION
The study of WNT and JAK/STAT regulatory cascades

opens  new  horizons  in  the  immunopathophysiology  of
cardiometabolic  diseases.  Moreover,  modern  concepts
linking cardiovascular and metabolic diseases with altered
immune  reactivity  substantiate  the  relevance  of
developing complex diagnostic approaches using various
biomarkers  of  WNT  and  JAK/STAT  signaling  in  modern
multimarker  models  to  assess  the  likelihood  of  adverse
cardiovascular events and promise to lead to the creation
of  new  treatment  methods  and  the  development  of  new
areas of cardioimmunology.

AUTHORS’ CONTRIBUTIONS
P.M.:  contributed  to  the  study’s  concept  and  design;

K.A.: collected the data; S.I. wrote the paper
All authors reviewed the results and approved the final

version of the manuscript.

LIST OF ABBREVIATIONS

ALP = Alkaline phosphatase
ALT = Alanine aminotransferase
AMI = Acute myocardial infarction
AST = Aspartate aminotransferase
BMI = Body mass index
CMS = Cardiometabolic syndrome
CVD = Cardiovascular diseases
DBP = Diastolic blood pressure
ECG = Electrocardiogram
ELISA = Enzyme-linked immunosorbent assay
ESR = Erythrocyte sedimentation rate
HDL = High density lipoproteins



Study of WNT and JAK/STAT Signaling Pathways in Cardiometabolic Diseases 9

HI = Healthy individuals
IHD (CHD) = Ischemic (coronary) heart disease
RBC = Red blood cells
WBC = White blood cells

ETHICAL STATEMENT
The  study  was  conducted  in  accordance  with  Goоd

Clinical  Practice  standards  and  the  principles  of  the
Helsinki  Declaration,  the  Ethics  Committee  of  the  Orel
State  University,  Russia  named  after  I.S.  Turgenev
(Protocol  No.17  of  December  10,  2019).

CONSENT FOR PUBLICATION
All  patients  signed an informed consent  form for  the

use of their examination results for scientific purposes.

STANDARDS OF REPORTING
STROBE guidelines were followed.

AVAILABILITY OF DATA AND MATERIAL
The data supporting the findings of the article cannot

be  made  available  due  to  ethical,  legal,  or  commercial
restrictions, as the study was financially supported by the
Ministry  of  Science  and  Higher  Education  of  Russian
Federation.

FUNDING
This study was financially supported by the Ministry of

Science  and  Higher  Education  of  Russian  Federation  at
the  Orel  State  University,  Russia  named  after  I.S.
Turgenev during implementation of the project as part of a
government  assignment  No.  075-00196-24-02  for  2024
and  for  the  planning  period  2025  and  2026  dated
04/01/2024,  project  No.  FSGN-2024-0007
(1023110800218-7-3.2.4;3.1.3;2.6.1).

CONFLICT OF INTEREST
The authors declared no conflict of interest, finanicial

or otherwise.

ACKNOWLEDGEMENTS
Declared none.

REFERENCES
Murray CJL. The global burden of disease study at 30 years. Nat[1]
Med 2022; 28(10): 2019-26.
http://dx.doi.org/10.1038/s41591-022-01990-1 PMID: 36216939
Townsend N, Kazakiewicz D, Lucy Wright F, et al. Epidemiology[2]
of cardiovascular disease in Europe. Nat Rev Cardiol 2022; 19(2):
133-43.
http://dx.doi.org/10.1038/s41569-021-00607-3 PMID: 34497402
Zhao  D,  Liu  J,  Wang  M,  Zhang  X,  Zhou  M.  Epidemiology  of[3]
cardiovascular  disease  in  China:  Current  features  and
implications.  Nat  Rev  Cardiol  2019;  16(4):  203-12.
http://dx.doi.org/10.1038/s41569-018-0119-4 PMID: 30467329
Transforming  our  World:  The  2030  agenda  for  sustainable[4]
development.  2015.  Available  from:  https://sdgs.un.org/public
ations/transforming-our-world-2030-agenda-sustainable-
development-17981
Henein  MY,  Vancheri  S,  Longo  G,  Vancheri  F.  The  role  of[5]
inflammation  in  cardiovascular  disease.  Int  J  Mol  Sci  2022;

23(21):  12906.
http://dx.doi.org/10.3390/ijms232112906
Sethwala  AM,  Goh  I,  Amerena  JV.  Combating  inflammation  in[6]
cardiovascular disease. Heart Lung Circ 2021; 30(2): 197-206.
http://dx.doi.org/10.1016/j.hlc.2020.09.003 PMID: 33039279
Bacmeister  L,  Schwarzl  M,  Warnke  S,  et  al.  Inflammation  and[7]
fibrosis in murine models of heart failure. Basic Res Cardiol 2019;
114(3): 19.
http://dx.doi.org/10.1007/s00395-019-0722-5
Krittanawong C, Khawaja M, Tamis-Holland JE, Girotra S, Rao SV.[8]
Acute Myocardial Infarction: Etiologies and mimickers in young
patients. J Am Heart Assoc 2023; 12(18): e029971.
http://dx.doi.org/10.1161/JAHA.123.029971 PMID: 37724944
Stylianidis V, Hermans KCM, Blankesteijn WM. Wnt signaling in[9]
cardiac  remodeling  and  heart  failure.  Handb  Exp  Pharmacol
2016;  243:  371-93.
http://dx.doi.org/10.1007/164_2016_56 PMID: 27838851
Matthijs  Blankesteijn  W,  Hermans  KC.  Wnt  signaling  in[10]
atherosclerosis. Eur J Pharmacol 2015; 763: 122-30.
http://dx.doi.org/10.1016/j.ejphar.2015.05.023
Foulquier  S,  Daskalopoulos EP,  Lluri  G,  Hermans KCM, Deb A,[11]
Blankesteijn WM. WNT signaling in cardiac and vascular disease.
Pharmacol Rev 2018; 70(1): 68-141.
http://dx.doi.org/10.1124/pr.117.013896 PMID: 29247129
Baldini C, Moriconi FR, Galimberti S, Libby P, De Caterina R. The[12]
JAK–STAT  pathway:  An  emerging  target  for  cardiovascular
disease in rheumatoid arthritis and myeloproliferative neoplasms.
Eur Heart J 2021; 42(42): 4389-400.
http://dx.doi.org/10.1093/eurheartj/ehab447 PMID: 34343257
Dodington DW, Desai HR, Woo M. JAK/STAT – Emerging players[13]
in metabolism. Trends Endocrinol Metab 2018; 29(1): 55-65.
http://dx.doi.org/10.1016/j.tem.2017.11.001 PMID: 29191719
Ozhan  G,  Weidinger  G.  Wnt/β-catenin  signaling  in  heart[14]
regeneration. Cell Regen 2015; 4(1): 3.
http://dx.doi.org/10.1186/s13619-015-0017-8
Figurek  A,  Spasovski  G.  Is  serum  sclerostin  a  marker  of[15]
atherosclerosis  in  patients  with chronic  kidney disease–mineral
and bone disorder? Int Urol Nephrol 2018; 50(10): 1863-70.
http://dx.doi.org/10.1007/s11255-018-1935-5 PMID: 30030677
Popovic DS, Mitrovic M, Tomic-Naglic D, et al. The Wnt/Β-catenin[16]
signalling  pathway  inhibitor  sclerostin  is  a  biomarker  for  early
atherosclerosis  in  obesity.  Curr  Neurovasc  Res  2017;  14(3):
200-6.
http://dx.doi.org/10.2174/1567202614666170619080526  PMID:
28625128
Ress C, Paulweber M, Goebel G, et al. Circulating Wnt inhibitory[17]
factor 1 levels are associated with development of cardiovascular
disease. Atherosclerosis 2018; 273: 1-7.
http://dx.doi.org/10.1016/j.atherosclerosis.2018.03.045  PMID:
29649633
Ullah  A,  Ali  N,  Ahmad  S,  et  al.  Glycogen  synthase  kinase-3[18]
(GSK-3) a magic enzyme: It’s role in diabetes mellitus and glucose
homeostasis,  interactions  with  fluroquionlones.  A  mini-review.
2021.Braz J Biol
Takahashi-Yanaga  F.  Roles  of  Glycogen  Synthase  Kinase-3[19]
(GSK-3) in cardiac development and heart disease. J UOEH 2018;
40(2): 147-56.
http://dx.doi.org/10.7888/juoeh.40.147 PMID: 29925734
Kishore R, Verma SK. Roles of STATs signaling in cardiovascular[20]
diseases. JAK-STAT 2012; 1(2): 118-24.
http://dx.doi.org/10.4161/jkst.20115 PMID: 24058760
Pang  Q,  You  L,  Meng  X,  et  al.  Regulation  of  the  JAK/STAT[21]
signaling  pathway:  The  promising  targets  for  cardiovascular
disease.  Biochem  Pharmacol  2023;  213:  115587.
http://dx.doi.org/10.1016/j.bcp.2023.115587 PMID: 37187275
Al Dow M, Silveira MAD, Poliquin A, et al. Control of adipogenic[22]
commitment by a STAT3-VSTM2A axis. Am J Physiol Endocrinol
Metab 2021; 320(2): E259-69.
http://dx.doi.org/10.1152/ajpendo.00314.2020 PMID: 33196296
Røsand  Ø,  Høydal  MA.  Cardiac  exosomes  in  Ischemic  Heart[23]

http://dx.doi.org/10.1038/s41591-022-01990-1
http://www.ncbi.nlm.nih.gov/pubmed/36216939
http://dx.doi.org/10.1038/s41569-021-00607-3
http://www.ncbi.nlm.nih.gov/pubmed/34497402
http://dx.doi.org/10.1038/s41569-018-0119-4
http://www.ncbi.nlm.nih.gov/pubmed/30467329
https://sdgs.un.org/publications/transforming-our-world-2030-agenda-sustainable-development-17981
https://sdgs.un.org/publications/transforming-our-world-2030-agenda-sustainable-development-17981
https://sdgs.un.org/publications/transforming-our-world-2030-agenda-sustainable-development-17981
http://dx.doi.org/10.3390/ijms232112906
http://dx.doi.org/10.1016/j.hlc.2020.09.003
http://www.ncbi.nlm.nih.gov/pubmed/33039279
http://dx.doi.org/10.1007/s00395-019-0722-5
http://dx.doi.org/10.1161/JAHA.123.029971
http://www.ncbi.nlm.nih.gov/pubmed/37724944
http://dx.doi.org/10.1007/164_2016_56
http://www.ncbi.nlm.nih.gov/pubmed/27838851
http://dx.doi.org/10.1016/j.ejphar.2015.05.023
http://dx.doi.org/10.1124/pr.117.013896
http://www.ncbi.nlm.nih.gov/pubmed/29247129
http://dx.doi.org/10.1093/eurheartj/ehab447
http://www.ncbi.nlm.nih.gov/pubmed/34343257
http://dx.doi.org/10.1016/j.tem.2017.11.001
http://www.ncbi.nlm.nih.gov/pubmed/29191719
http://dx.doi.org/10.1186/s13619-015-0017-8
http://dx.doi.org/10.1007/s11255-018-1935-5
http://www.ncbi.nlm.nih.gov/pubmed/30030677
http://dx.doi.org/10.2174/1567202614666170619080526
http://www.ncbi.nlm.nih.gov/pubmed/28625128
http://dx.doi.org/10.1016/j.atherosclerosis.2018.03.045
http://www.ncbi.nlm.nih.gov/pubmed/29649633
http://dx.doi.org/10.7888/juoeh.40.147
http://www.ncbi.nlm.nih.gov/pubmed/29925734
http://dx.doi.org/10.4161/jkst.20115
http://www.ncbi.nlm.nih.gov/pubmed/24058760
http://dx.doi.org/10.1016/j.bcp.2023.115587
http://www.ncbi.nlm.nih.gov/pubmed/37187275
http://dx.doi.org/10.1152/ajpendo.00314.2020
http://www.ncbi.nlm.nih.gov/pubmed/33196296


10   The Open Biomarkers Journal, 2024, Vol. 14 Anatolyevna et al.

Disease- A narrative review. Diagnostics (Basel) 2021; 11(2): 269.
http://dx.doi.org/10.3390/diagnostics11020269
Grohmann M,  Wiede  F,  Dodd GT,  et  al.  Obesity  drives  STAT-1-[24]
dependent NASH and STAT-3-dependent HCC. Cell 2018; 175(5):
1289-1306.e20.
http://dx.doi.org/10.1016/j.cell.2018.09.053 PMID: 30454647
Liu Y, Neogi A, Mani A. The role of Wnt signalling in development[25]
of coronary artery disease and its risk factors.  Open Biol 2020;
10(10): 200128.
http://dx.doi.org/10.1098/rsob.200128 PMID: 33081636
Kühl M, Sheldahl LC, Park M, Miller JR, Moon RT. The Wnt/Ca2+[26]
pathway: A new vertebrate Wnt signaling pathway takes shape.
Trends Genet 2000; 16(7): 279-83.
http://dx.doi.org/10.1016/S0168-9525(00)02028-X  PMID:
10858654
Chen  L,  Deng  H,  Cui  H,  et  al.  Inflammatory  responses  and[27]
inflammation-associated  diseases  in  organs.  Oncotarget  2017;
9(6): 7204-18.
http://dx.doi.org/10.18632/oncotarget.23208
Hu  X,  Li  J,  Fu  M,  Zhao  X,  Wang  W.  The  JAK/STAT  signaling[28]
pathway:  From  bench  to  clinic.  Signal  Transduct  Target  Ther
2021; 6(1): 402.
http://dx.doi.org/10.1038/s41392-021-00791-1
Xuan YT, Guo Y, Han H, Zhu Y, Bolli R. An essential role of the[29]
JAK-STAT pathway in ischemic preconditioning. Proc Natl  Acad
Sci USA 2001; 98(16): 9050-5.
http://dx.doi.org/10.1073/pnas.161283798 PMID: 11481471
Boengler K, Hilfikerkleiner D, Drexler H, Heusch G, Schulz R. The[30]
myocardial  JAK/STAT  pathway:  From  protection  to  failure.
Pharmacol  Ther  2008;  120(2):  172-85.
http://dx.doi.org/10.1016/j.pharmthera.2008.08.002  PMID:
18786563
Quijada  P,  Sussman  MA.  Making  it  stick:  Chasing  the  optimal[31]
stem cells for cardiac regeneration. Expert Rev Cardiovasc Ther
2014; 12(11): 1275-88.
http://dx.doi.org/10.1586/14779072.2014.972941  PMID:
25340282
Chen  M,  Lu  P,  Ma  Q,  et  al.  CTNNB1/β-catenin  dysfunction[32]
contributes  to  adiposity  by  regulating  the  cross-talk  of  mature
adipocytes and preadipocytes. Sci Adv 2020; 6(2): eaax9605.
http://dx.doi.org/10.1126/sciadv.aax9605
Chee  WY,  Kurahashi  Y,  Kim  J,  et  al.  β-catenin-promoted[33]
cholesterol  metabolism  protects  against  cellular  senescence  in
naked mole-rat cells. Commun Biol 2021; 4(1): 357.
http://dx.doi.org/10.1038/s42003-021-01879-8
De Maré A, Maudsley S,  Azmi A,  et al.  Sclerostin as regulatory[34]
molecule  in  vascular  media  calcification  and  the  bone-vascular
axis. Toxins (Basel) 2019; 11(7): 428.
http://dx.doi.org/10.3390/toxins11070428
Xu  Z,  Liu  X,  Li  Y,  et  al.  Shuxuetong  injection  simultaneously[35]
ameliorates  dexamethasone‑driven  vascular  calcification  and
osteoporosis.  Exp  Ther  Med  2021;  21(3):  197.
http://dx.doi.org/10.3892/etm.2021.9630 PMID: 33488806

Aznou A,  Meijer  R,  van Raalte  D,  den Heijer  M,  Heijboer A,  de[36]
Jongh  R.  Serum sclerostin  is  negatively  associated  with  insulin
sensitivity in obese but not lean women. Endocr Connect 2021;
10(2): 131-8.
http://dx.doi.org/10.1530/EC-20-0535 PMID: 33480863
Meyer  IS,  Jungmann  A,  Dieterich  C,  et  al.  The  cardiac[37]
microenvironment uses non‐canonical WNT signaling to activate
monocytes  after  myocardial  infarction.  EMBO  Mol  Med  2017;
9(9): 1279-93.
http://dx.doi.org/10.15252/emmm.201707565 PMID: 28774883
Jridi I, Canté-Barrett K, Pike-Overzet K, Staal FJT. Inflammation[38]
and Wnt signaling: Target for immunomodulatory therapy? Front
Cell Dev Biol 2021; 8: 615131.
http://dx.doi.org/10.3389/fcell.2020.615131
Zhao H, Sun M, Li M, Li F, Li H. Dishevelled-1 (Dvl-1) protein: A[39]
potential  participant  of  oxidative  stress  induced  by  selenium
deficiency.  Biol  Trace  Elem  Res  2014;  157(1):  45-50.
http://dx.doi.org/10.1007/s12011-013-9859-5 PMID: 24234591
Chen L, Wu Q, Guo F, Xia B, Zuo J. Expression of Dishevelled‐1 in[40]
wound  healing  after  acute  myocardial  infarction:  Possible
involvement in myofibroblast proliferation and migration. J Cell
Mol Med 2004; 8(2): 257-64.
http://dx.doi.org/10.1111/j.1582-4934.2004.tb00281.x  PMID:
15256074
Mani  A,  Radhakrishnan  J,  Wang  H,  et  al.  LRP6  mutation  in  a[41]
family  with  early  coronary  disease  and  metabolic  risk  factors.
Science 2007; 315(5816): 1278-82.
http://dx.doi.org/10.1126/science.1136370 PMID: 17332414
Snimshchikova IA, Plotnikova MO. Role of morphogenic proteins[42]
of the WNT signaling pathway in coronary artery disease. Medical
Immunology (Russia) 2023; 25(4): 985-90.
http://dx.doi.org/10.15789/1563-0625-ROM-2835
Beurel E, Grieco SF, Jope RS. Glycogen synthase kinase-3 (GSK3):[43]
Regulation,  actions,  and  diseases.  Pharmacol  Ther  2015;  148:
114-31.
http://dx.doi.org/10.1016/j.pharmthera.2014.11.016  PMID:
25435019
Cheng  H,  Wang  L,  Yang  B,  et  al.  Cutting  edge:  Inhibition  of[44]
glycogen synthase kinase 3 activity induces the generation and
enhanced suppressive function of human IL-10+ FOXP3+–induced
regulatory T cells. J Immunol 2020; 205(6): 1497-502.
http://dx.doi.org/10.4049/jimmunol.2000136 PMID: 32817370
Jiao B,  An C,  Du H,  et  al.  STAT6 deficiency attenuates  myeloid[45]
fibroblast activation and macrophage polarization in experimental
folic acid nephropathy. Cells 2021; 10(11): 3057.
http://dx.doi.org/10.3390/cells10113057
Huang  J,  Puente  H,  Wareing  NE,  et  al.  STAT6  suppression[46]
prevents bleomycin‐induced dermal fibrosis. FASEB J 2023; 37(2):
e22761.
http://dx.doi.org/10.1096/fj.202200994R PMID: 36629780
Xu  D,  Yin  C,  Wang  S,  Xiao  Y.  JAK-STAT  in  lipid  metabolism  of[47]
adipocytes. JAK-STAT 2013; 2(4): e27203.
http://dx.doi.org/10.4161/jkst.27203 PMID: 24498541

http://dx.doi.org/10.3390/diagnostics11020269
http://dx.doi.org/10.1016/j.cell.2018.09.053
http://www.ncbi.nlm.nih.gov/pubmed/30454647
http://dx.doi.org/10.1098/rsob.200128
http://www.ncbi.nlm.nih.gov/pubmed/33081636
http://dx.doi.org/10.1016/S0168-9525(00)02028-X
http://www.ncbi.nlm.nih.gov/pubmed/10858654
http://dx.doi.org/10.18632/oncotarget.23208
http://dx.doi.org/10.1038/s41392-021-00791-1
http://dx.doi.org/10.1073/pnas.161283798
http://www.ncbi.nlm.nih.gov/pubmed/11481471
http://dx.doi.org/10.1016/j.pharmthera.2008.08.002
http://www.ncbi.nlm.nih.gov/pubmed/18786563
http://dx.doi.org/10.1586/14779072.2014.972941
http://www.ncbi.nlm.nih.gov/pubmed/25340282
http://dx.doi.org/10.1126/sciadv.aax9605
http://dx.doi.org/10.1038/s42003-021-01879-8
http://dx.doi.org/10.3390/toxins11070428
http://dx.doi.org/10.3892/etm.2021.9630
http://www.ncbi.nlm.nih.gov/pubmed/33488806
http://dx.doi.org/10.1530/EC-20-0535
http://www.ncbi.nlm.nih.gov/pubmed/33480863
http://dx.doi.org/10.15252/emmm.201707565
http://www.ncbi.nlm.nih.gov/pubmed/28774883
http://dx.doi.org/10.3389/fcell.2020.615131
http://dx.doi.org/10.1007/s12011-013-9859-5
http://www.ncbi.nlm.nih.gov/pubmed/24234591
http://dx.doi.org/10.1111/j.1582-4934.2004.tb00281.x
http://www.ncbi.nlm.nih.gov/pubmed/15256074
http://dx.doi.org/10.1126/science.1136370
http://www.ncbi.nlm.nih.gov/pubmed/17332414
http://dx.doi.org/10.15789/1563-0625-ROM-2835
http://dx.doi.org/10.1016/j.pharmthera.2014.11.016
http://www.ncbi.nlm.nih.gov/pubmed/25435019
http://dx.doi.org/10.4049/jimmunol.2000136
http://www.ncbi.nlm.nih.gov/pubmed/32817370
http://dx.doi.org/10.3390/cells10113057
http://dx.doi.org/10.1096/fj.202200994R
http://www.ncbi.nlm.nih.gov/pubmed/36629780
http://dx.doi.org/10.4161/jkst.27203
http://www.ncbi.nlm.nih.gov/pubmed/24498541

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Subjects of Research
	2.2. Ethics Statement
	2.2.1. Criteria for Inclusion in the Study
	2.2.2. Criteria for Non-inclusion in the Study
	2.2.3. Criteria for Excluding a Patient from the Study

	2.4. Sample Collection
	2.5. Enzyme-linked Immunosorbent Assay
	2.6. Electrocardiogram
	2.7. Body Mass Index
	2.8. Statistical Analysis

	3. RESULTS
	3.1. Clinical Characteristics of Study Participants
	3.2. ECG Results
	3.3. Analysis Results in WNT Signaling Proteins
	3.4. Results of JAK/STAT Protein Analysis

	4. DISCUSSION
	CONCLUSION
	AUTHORS’ CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	ETHICAL STATEMENT
	CONSENT FOR PUBLICATION
	STANDARDS OF REPORTING
	AVAILABILITY OF DATA AND MATERIAL
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


