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Abstract

Introduction. Scientific research by domestic and foreign scientists and many years of
clinical experience suggests that in patients with chronic obstructive pulmonary disease
(COPD) a combination with arterial hypertension (AH) were often observed. Soluble form of
ST2 protein of the patients is involved in certain inflammatory diseases and in the paracrine
system of protection of the heart and lungs as marker, that determines the prognosis in
patients with heart and lung deficiency and predicts the death of the patient during the year.

The purpose of this study was to evaluate the expression of ST2 protein in patients
with arterial hypertension on the background of chronic obstructive pulmonary disease.

Materials and methods. In 23 patients were diagnosed arterial hypertension stage 11
and COPD stage Il without clinically significant concomitant disease, with an average age
51.72 + 1.22 years (49.33-54.09) (gender composition: 22 males and 1 female), the smoking
status is comparable to COPD patients, 18 patients with AH of both sexes aged from 33 to 67
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years (mean age 50.74 £ 1.49 years (47.81-53.76), male / female ratio 17 / 83%), stage 11 of
the arterial hypertension with the level of I-l11l degree of hypertension, different
cardiovascular risk, without adequate systematic antihypertensive therapy and 18 patients
with COPD stage I, mean age 50.32 = 0.99 years (48.22-52.16) (gender composition: 14
males and 4 females), duration of the disease 7.52 + 1.14 years. 80% of active smokers, the
index of bacon-years 17.23 = 2.69 years, the harmful professional factors (industrial)
indicated 23.53%. Participants expressed their willingness to be included in medical research.

Research results. The obtained data indicate that the lowest level of expression of
ST2 protein was detected in patients with hypertension without concomitant pathology —
21.05 = 2.12 ng/mL, which is in 11.78% lower than in patients with COPD without
concomitant pathology (23,53 + 1.8 ng/mL). The highest expression of ST2 protein were
demonstrated in patients with comorbid pathology group with COPD on the background of
AH — 33.01 + 6.25 ng/mL, which is in 56.82% higher compared with patients with AH, and in
40.29% higher than analogous marker in patients with monopathology in the form of COPD.

In the group of COPD patients with a high level of ST2 (more than 30 ng / ml),
significantly more negatively controlled negative cardiovascular predictors, such as the
presence of left ventricular hypertrophy (y2 = 7.61 at p = 0.006) and sympathetic balance
disturbances according to the LF / HF index (¥2 = 4.72 at p = 0.03) and ST2 elevation was
reliably associated not only with extrapulmonary prognostic factors, but also with a decrease
in FEV1 of less than 50% (¥2 = 5.45 at p = 0.02).

Conclusions. Patients of the experimental group with comorbid pathology AH and
COPD had the most significant increasing level of ST2 protein as unfavorable prognosis
marker compared to the groups of patients without combination of this pathology.

Key words: prognosis; arterial hypertension; chronic obstructive pulmonary

disease; soluble form of ST2 protein; cardioprotection.

Introduction. Scientific research by domestic and foreign scientists and many years of
clinical experience suggests that in patients with chronic obstructive pulmonary disease
(COPD) a combination with arterial hypertension (AH) were often observed. It is known that
both COPD and hypertension are multifactorial diseases and develop due to the complex
interaction of genetic factors and environmental factors [1, 2]. In recent years, there has been
a significant increase in the number of patients with this comorbid pathology, including

Ukraine. COPD in combination with hypertension is a very important medical and social
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problem, the prevalence of this comorbid pathology is on average 34%, ranging from 17 to
70%, and according to autopsy — up to 85%. The development of disability as a result of these
diseases lead to significant direct and indirect economic costs, which places a serious burden
on the budget of society and health authorities, so the relevance of the study of this issue is
beyond doubt. In the modern literature there are many works devoted to the study of the
combined pathology of COPD and hypertension, but some data are still debatable and cause
some contradictions [3, 4].

A promising biomarker in diseases of the cardiovascular system is stimulating growth
factor (ST2). This protein is a member of the interleukin-1 receptor family, which exists in
transmembrane form on cardiomyocytes and in soluble form (sST2) in serum. Increased sST2
concentrations are closely associated with the severity of cardiovascular disease, an increased
risk of death, and the risk of sudden death in patients, regardless of the volume of the ejection
fraction. However, the degree of increase in its concentration in the blood varies greatly,
which complicates the use of this marker [5].

Recently published articles describe current ideas about the relationship of ST2 to
inflammatory diseases [6]. ST2 is a member of the interleukin-1 receptor family having
transmembrane and soluble (sST2 or soluble ST2) isoforms. Concentrations of soluble human
ST2 in the circulatory system are elevated in patients with various disorders associated with
an abnormal response of T-helper cells type 2 (Th2), including systemic lupus erythematosus
and asthma, as well as inflammatory processes that are largely independent of Th2 responses
such as septic shock and trauma. Moreover, the interleukin-33 / ST2L alarm system is a key
mechanism of heart protection in case of mechanical overload. Increased soluble form of ST2
in humans is also a marker of poor prognosis in patients with heart failure and myocardial
infarction [7]. Elevated levels of soluble human ST2 are also a prognostic factor in an
individual's death within one year. Soluble form of ST2 protein of the patients is involved in
certain inflammatory diseases and in the paracrine system of protection of the heart and lungs
as marker, that determines the prognosis in patients with heart and lung deficiency and
predicts the death of the patient during the year.

The publication is a fragment of the planned research work of the Department of
Clinical Pharmacology, Pharmacy, Pharmacotherapy and Cosmetology of Zaporozhye State
Medical University "Clinical-biochemical and morphological aspects of diagnosis and
possibilities of pharmacotherapeutic correction of cardiovascular pathology in people of
different ages" (state registration Ne 0114U001393).
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The purpose of this study was to evaluate the expression of ST2 protein in patients
with arterial hypertension on the background of chronic obstructive pulmonary disease.

Materials and methods. In 23 patients were diagnosed arterial hypertension stage 11
and COPD stage Il without clinically significant concomitant disease, with an average age
51.72 £ 1.22 years (49.33-54.09) (gender composition: 22 males and 1 female), the smoking
status is comparable to COPD patients, 18 patients with AH of both sexes aged from 33 to 67
years (mean age 50.74 £ 1.49 years (47.81-53.76), male / female ratio 17 / 83%), stage 11 of
the arterial hypertension with the level of I-l11l degree of hypertension, different
cardiovascular risk, without adequate systematic antihypertensive therapy and 18 patients
with COPD stage I, mean age 50.32 = 0.99 years (48.22-52.16) (gender composition: 14
males and 4 females), duration of the disease 7.52 + 1.14 years. 80% of patients were active
smokers, the index of bacon-years is 17.23 + 2.69 years, the harmful professional factors
(industrial) were indicated 23.53%. Participants expressed their willingness to be included in
medical research.

The diagnosis of COPD was made on the basis of generally accepted criteria. Patients
who participated in the study had mostly moderate to severe stage of COPD (GOLD).

The level of forced expiratory volume in first second (FEV1) and the ratio of the
volume of forced expiratory volume in first second to the forced vital capacity of the lungs
(FEV1 / FVC) were evaluated. Determination of the function of external respiration was
performed according to the standard method on a Computer spirography by "SpiroCom"
(HAI-Medica, Ukraine) using software in accordance with the recommendations of the
American Thoracic and European Respiratory Community. All patients gave written
voluntary consent to participate in the study and received traditional therapy, according to
WHO recommendations.

The content of ST2 in blood plasma was determined using appropriate ELISA test
systems (manufacturer — Bender Medsystems, Austria) in the Training Medical and
Laboratory Center of Zaporozhye State Medical University according to the instructions
attached to the kit (Head is Prof. Abramov A.V.).

For the statistical data processing we have been used the licensed program
"STATISTICA® for Windows 6.1" (StatSoft Inc., USA, serial number
RGXR412D674002FWCT7). Distribution normality analysis was evaluated by Shapiro-Wilk
(W) test. Data are presented as mean and standard error of representativeness of the sample
mean (95% confidence interval (95% CI)). Comparison of groups on a qualitative basis, as

well as in the study of the frequency of meeting indicators was performed using the criterion
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y*> with the analysis of conjugation tables. Differences at a significance level of less than 0.05

were considered significant.

Research results. In the course of the study, we obtained the following values of the

level of ST2 protein expression in groups of patients (table).

The level of ST2 protein expression in the groups of subjects

Table

Patients Patients with
. . Patients with arterial The magnitude of the
with arterial . .
Indicator | hypertension COPD hypertension differences

and COPD

1 2 3 2vs.1l| 3vs.l | 3vs 2
23,53+1,8 33,01+6,25

ST2, ng / ml (21%%5;—“;1192) (20,01- (20.76- | 11,78% | 56,82% | 40,29%
e 27,05) 45,26)*, #

Note: * - p <0.05 when compared with a group of patients with arterial hypertension; #
- p <0.05 when compared with a group of patients with COPD.

The obtained data indicate that the lowest level of ST2 protein expression was found
in patients with hypertension without concomitant pathology — 21.05 + 2.12 ng / ml, which is
11.78% lower than in patients with COPD without concomitant pathology (23.53 + 1.8 ng /
ml). The highest values of ST2 protein were shown in patients of the comorbid nosology
group with COPD on the background of hypertension — 33.01 + 6.25 ng / ml, which is
56.82% more than in patients with hypertension, and 40.29% more than same marker in
patients with monopathology in the form of COPD.

Thus, the compensatory possibility of the patient's body, which is to include a
cardioprotective signaling cascade to prevent fibrosis and remodeling the heart in the most
optimal way will be realized in patients with hypertension, to a lesser extent in patients with
COPD. The presence of comorbid pathology leads to overexpression of gene 2 and
overproduction of ST2 protein, which inhibits the production of interleukin-33 and the
inclusion of cardioprotective mechanisms, and indicates an increased risk of adverse
prognosis for this cohort of patients.

Also, in the group of patients with COPD on the background of hypertension with
high levels of ST2 (more than 30 ng / ml) were significantly more likely to verify such
negative cardiovascular predictors as left ventricular hypertrophy (2 = 7.61 at p = 0.006) and
violation of sympatho-vagal balance according to LF / HF (32 = 4.72 at p = 0.03), and,
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importantly, ST2 elevation was significantly associated not only with extrapulmonary
prognostic factors, but also with a decrease in FEV1 less than 50% (x2 = 5, 45 at p = 0.02).

Discussion. ST2 (Growth stimulating factor expressed by gene 2, also known as
ILIRL1) is a member of the interleukin-1 (IL-1) family of receptors. ST2 protein has 2
isoforms directly involved in the development of cardiovascular pathology: soluble form
(sST2) and membrane-bound form of the receptor (ST2L). The ST2 ligand is the cytokine
Interleukin-33 (IL-33).

Healthy heart tissue response to injury or mechanical stress involves the production
and binding of interleukin-33 (IL-33) to ST2L, triggering a cardioprotective signaling cascade
to prevent fibrosis, heart remodeling, and heart failure (HF). The sST2 blocks the
cardioprotective effect of 1L-33.

Interleukin-33 (IL-33) is a ligand for ST2, a member of the Toll-like / interleukin-1
receptor superfamily, which is associated with the accessory protein IL-1RAcP [8]. After
activation of ST2 / IL-1RACP by interleukin-33, the signaling cascade is stimulated by lower-
level molecules such as MyD88 (myeloid differentiation factor 88) and TRAF6 (tumor
necrosis factor receptor binding factor 6), which leads to among other things, to the activation
of NFKB (nuclear factor-kB). The IL-33 signaling system is involved in the pathogenesis of
various diseases and pathologies.

Elevated concentrations of circulating ST2 in the blood indicate a high risk of adverse
effects, hospitalization and even death not only for patients with HF, but also for patients with
other forms of cardiovascular disease and in the population as a whole. The average normal
concentration of ST2 is 18 ng / ml, a concentration above 35 ng / ml indicates an increased
risk. Determination of ST2 in patients with HF may reduce the risk of re-hospitalization and
sudden death. For patients with a value of ST2 > = 35 ng / ml, special treatment is prescribed,
which includes monitoring the patient with the appointment of additional examinations and
diagnostic procedures, medications.

A number of studies have used a method that further determines the amount of
interleukin-1 (ST2) receptor 4, according to which COPD is diagnosed when the amount of
ST2 is increased compared to the amount of ST2 in healthy people, or according to which the
risk of COPD is diagnosed when ST2 is reduced compared to the amount of ST2 in healthy
people. The amount of interleukin-1 (ST2) receptor 4 in blood samples from a healthy person
is in the range preferably from 50 to 150 pg / ml, preferably from 60 to 140 pg / ml, more
preferably from 70 to 130 pg / ml.

811



Scientific research [9] of outpatients with chronic heart failure (CHF) have been
observed for a long time. The work of these authors was the largest study that examined the
predictive significance of ST2 levels in the stable course of CHF. This study showed the high
diagnostic value of ST2 in CHF, as well as the fact that the combined measurement of ST2
and NT-proBNP (N-terminal pro-brain natriuretic peptide) was more informative (14.9%) to
determine the risk than the isolated determination of these markers. These data are confirmed
by a study of another authors, which aimed to determine the relationship between ST2 levels
and the structural and functional state of the myocardium [10]. In this work, it was confirmed
that the combination of elevated concentrations of ST2 and BNP had a greater prognostic
value compared to the corresponding indicator in the case of increased activity of only one
marker. Thus, in patients who had a simultaneous increase in the concentration of ST2 and
BNP, the risk of death during the year (11%) was 2.6 and 5.5 times higher, respectively, than
in persons with increased activity of only one of these markers (5%) or with normal values of
these peptides (2%).

In the following study, the authors examined the underlying mechanisms of
rhinovirus(RV)-induced persistent inflammation and progression of emphysema in mice with
the COPD phenotype. The results show that 14 days after RV infection, in addition to a steady
increase in the expression of CCL3, CXCL-10 and IFN-y, as previously observed, the levels
of IL-33, ligand for ST2 receptors and matrix metalloproteinases (MMP) 12 are also increased
in mice with the COPD phenotype, but not in normal mice. In addition, MMP12 is primarily
expressed in CD11b +/ CD11c + macrophages. Neutralization of ST2 reduced the expression
of CXCL-10 and IFN-y and attenuated the accumulation of CDI1b + / CDllc +
macrophages, neutrophils and CD8+ T-cells in mice with COPD. Neutralization of IFN-y or
ST2 attenuated MMP12 expression and prevented the progression of emphysema in these
mice. These results indicate that RV can stimulate the expression of CXCL-10 and IFN-y by
activating the ST2 / IL-33 signal axis, which in turn promotes the accumulation of CD11b+ /
CD11c+ macrophages and CD8+ T-cells. In addition, RV-induced IFN-y stimulates MMP12
expression, especially in CD11b+ / CD11c+ macrophages, which can destroy alveolar walls,
thereby leading to the progression of emphysema in these mice [11].

Biomarkers soluble form ST2 (sST2), galectin-3 and growth and differentiation factor
15 (GDF-15) provide prognostic information in patients with heart failure. The authors of the
following study selected 15 patients in each of the following clinical categories: HF without
comorbidity, pneumonia without comorbidity, chronic obstructive pulmonary disease (COPD)

without comorbidity, HF and comorbidity, kidney disease without comorbidity, sepsis [12].

812



22 healthy people were used as a control group. In each of the 112 study participants, plasma
concentrations of sST2 (Presage assay), galectin-3 (Abbott assay), and GDF-15 (Roche assay)
were measured.

Compared with the control, the average concentration of sSST2 was increased 2.5 times
in CH, 3.5 times in pneumonia, 5.0 times in COPD, 5.8 times in CH and pneumonia, 70 times
in sepsis (p < 0.001 for all). The sST2 was not significantly increased in renal disease.
Elevated plasma concentrations of sST2, galectin-3, and GDF-15 are not specific to a
particular disease group, thus the authors conclude that these biomarkers are not suitable for
diffiagnostic purposes. What is new in this study is that the indicators of sST2, galectin-3 and
GDF-15 as markers of inflammatory diseases are quite sensitive, but not specific enough,
which should stimulate further research in this direction.

Conclusions

1. The presence in the experimental group of comorbid pathology of AH and COPD
leads to the most significant elevation of the marker of unfavorable prognosis of ST2 protein
compared to groups of patients without a combination of nosologies, which is realized by
reducing the activity of cardioprotective signaling cascade and reducing cardioprotective
mechanisms.

2. In the group of COPD patients with a high level of ST2 (more than 30 ng / ml),
significantly more negatively controlled negative cardiovascular predictors, such as the
presence of left ventricular hypertrophy (y2 = 7.61 at p = 0.006) and sympathetic balance
disturbances according to the LF / HF index (¥2 = 4.72 at p = 0.03) and ST2 elevation was
reliably associated not only with extrapulmonary prognostic factors, but also with a decrease
in FEV1 of less than 50% (¥2 = 5.45 at p = 0.02).

A promising area for the further study is the effect of differentiated therapy on the
level of ST2 protein expression in this cohort of patients with a parallel study of the risk of

complications.
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