The diagnostic value of osteopontin as an early marker of pulmonary hypertension affected by chronic obstructive pulmonary disease and concomitant ischemic heart disease
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By the beginning of the 21st century, a distinct direction in medicine has emerged studying vascular remodeling and its role in the etiopathogenesis of ischemic heart disease (IHD), pulmonary hypertension (LH) and chronic obstructive pulmonary disease (COPD). [10,16]. Numerous studies have shown that endothelium does not serve as a passive barrier between blood and tissues but is an active organ, dysfunction of which is a usual etiopathogenetic component of virtually the entire continuum of cardiovascular diseases, including atherosclerosis, pulmonary hypertension, chronic heart failure, and in the recent years, COPD and its systemic manifestations [12].

The systemic nature of clinical manifestations of COPD is associated with the influence of factors such as hypoxia, an increase in the content of various biologically active substances, including cytokines, leukotrienes, etc., which creates favorable conditions for the development of endothelial dysfunction (ED), and then fibrosis. This cascade of pathological reactions leads to pulmonary vascular remodeling, and as a consequence, to a steady rise in pulmonary artery (PA) pressure [6].

In the literature, there are indications of a change in the state of the microcirculatory bed in patients with COPD, which are universal in nature, affect all parts of the cardiovascular system and are manifested in the early stages of the disease. The role of endothelium in the development of pulmonary hypertension in the progression of COPD and IHD in patients with comorbid pathology is still not clear enough. There are no studies on the analysis of endothelial function in patients with IHD in combination with COPD, age-dependent, depending on the severity of bronchial obstructive syndrome and the degree of pulmonary hypertension [12].

Among vascular remodeling modulators in PH, osteopontin (OPN), which is a glycoprotein belonging to the class of non-collagen matrix phosphorylated sialoproteins, is considered in particular. OPN is intensively expressed by many types of cells, such as macrophages, endotheliocytes, smooth myocytes and epithelial cells [5,6,16]. It has been established that the physiological effect of OPN is realized through the regulation of macrophage functions, such as migration, activation and accumulation in tissues, through interaction with integrins [8,16]. Moreover, OPN is able to increase the production of interleukins (IL) by the T cells [1,9].

The results obtained in animal model studies using ultrastructural analysis and transmission electron microscopy suggested that OPN is widely expressed by endotheliocytes in the presence of oxidized low-density lipoproteins [4]. This mechanism is extremely important for inducing atherogenesis [10, 16]. In addition, with the use of specific histochemical methods, OPN appears in the wall immediately adjacent to calcium phosphate precipitates, which indicates the key role of this sialoprotein in regulating vascular calcification [10,11,15]. Moreover, recently there has been data published that suggested the defining role of OPN in the pathogenesis of vascular remodeling, regardless of the etiology of the latter [12], although this is not true for all categories of patients [15].

Currently, in animal models, osteopontin is considered as a marker and predictor of the severity of IHD, idiopathic pulmonary hypertension [6,7], which can explain to a large extent the practical interest in determining the content of this peptide in the blood. Since the endothelium plays a key role in the regulation of pulmonary blood flow, the pro-fibrotic effect of this peptide may be the cause of the development of pulmonary hypertension in COPD [11].

In M.  Rosenberg [16], a direct correlation between the pulmonary artery pressure and the osteopontin concentration in the blood plasma in idiopathic pulmonary hypertension was demonstrated. However, there are no studies that would study the role of osteopontin in the development of pulmonary hypertension in patients with COPD and IHD.

The purpose of this study was to determine the diagnostic value of osteopontin as a marker of fibrosis of pulmonary arteries in pulmonary hypertension in patients with COPD and concomitant IHD.

Materials and methods: During the patient selection, inclusion and exclusion criteria for participation in the study were used. Patient inclusion criteria: voluntary informed consent of patients to participate in the study; verified COPD in the phase of remission, verified chronic IHD, postinfarction cardiosclerosis (MI not earlier than 6 months before the patient was included in the study). Exclusion criteria: incompatibility of the patient with the inclusion criteria, alcohol and drug addiction, clinically significant diseases of other organs (diabetes mellitus, anemia of any genesis) that are not compensated, despite pharmacological correction, oncological diseases, hemodynamically significant heart defects, clinically and hemodynamically significant disturbances of rhythm and conduction, acute disturbance of cerebral circulation, and persistent functional disorders due to past cerebral catastrophes, renal or hepatic insufficiency. The researchers strictly adhered to all the requirements for clinical trials in accordance with the Declaration of Helsinki (1964), the International Conference on Harmonization Good Clinical Practice (GCP/ICH) Guideline, the Council of Europe Convention for the Protection of Human Rights and Dignity of the Human Being with regard to the Application of Biology and Medicine, the Convention on Human Rights and Biomedicine and the Law of Ukraine.

To achieve the stated objective, 121 patients were selected, which were distributed as follows:

Group 1 (N = 68 people) — patients with COPD by GOLD in combination with IHD who show signs of pulmonary hypertension.

Group 2 (N = 53 people) — patients with COPD by GOLD in combination with IHD without signs of pulmonary hypertension.

The study was conducted against the background of previously selected therapy for COPD and IHD, while no dose adjustment or drug replacement was allowed without significant need. All patients underwent spirometry according to the standard procedure with the determination of the volume exhaled in the first second of forced expiration (FEV1) for the best of the three samples, the forced vital capacity (FVC) and the FEV1/FVC ratio in % of the required values.

The number of COPD exacerbations was determined for the previous 12 months. according to patients' requests for outpatient and inpatient medical care.

To assess the exercise tolerance, a questionnaire of patients according to mMRC and Borg dyspnea scales, and a 6-minute walk test were conducted. Intracardiac hemodynamics was evaluated using the Doppler echocardiography method. The studies were carried out on an expert class Philips IU 22 ultrasound scanner (USA), using a 2.5-5.0 MHz phased array transducer. In addition to the standard ECG parameters, special attention was paid to the study of morphometric and hemodynamic parameters of the right heart and pulmonary circulation.  

Echocardiography was performed in accordance with the Recommendations of the Working Group on Functional Diagnostics of the Ukrainian Association of Cardiology and the Ukrainian Association of Echocardiography Specialists.

 The mean PA pressure (MPAP) was determined from the PA flow spectrum, measured at the level of its valves in the Pulsed Wave (PW) Doppler mode using the Kitabatake method: AcT/ET, where AcT is the acceleration time of PA flow (ms); ET is the total duration of PA flow (ms) [8]. It was said that there is pulmonary hypertension at the mean PA pressure (MPAP) ≥ 25 mm Hg.  [8].

Blood for the subsequent determination of OPN levels was sampled in the morning hours (7.00-8.00) into cooled silicone tubes with the addition of citrate solution and centrifuged with continuous cooling at a rate of 6,000 revolutions per minute for 3 minutes. After that the blood plasma was immediately frozen, and then stored at a temperature of not more than -35 °C.

The determination of osteopontin in (citrated) plasma was performed by an immunoenzyme technique using a reagents kit for the Immunoenzymatic determination of osteopontin in blood plasma "Osteopontin (human), ELISA kit" manufactured by Enzo Life Science, Catalog No. ADI-900-142 Lot.N06121218A;). The measurement linearity for this kit was 0.312-200.0 ng/ml with less than 0.5% cross-reactivity with similar molecules. Calibration chart in the concentration range from 0 to 32 ng/ml. Samples of plasma (serum) are diluted (Assay buf.  +) 10 times.

Statistical processing of data was carried out using SPSS and STATISTICA packages. Nonparametric correlation analysis (Spearman's coefficient), multidimensional statistical methods (multidimensional regression analysis and binary logistic regression) and ROC analysis were used.

Results.Patients from the comparison groups were comparable in terms of sex, age and duration of COPD (p<0.05), the mean class of stable angina according to the Canadian classification (1976) (2.1 ± 0.6) in group 1 versus (2.3 ± 0.5) in group 2, (p>0.05).  Patients from the comparison groups had no significant differences in total cholesterol levels (5.1 mmol/L versus 4.9 mmol/L, p>0.05), the proportion of smokers in the first group was 66% and in the second group 68%, respectively.  When analyzing the Doppler ultrasound indices characterizing the left ventricular (LV) diastolic function and reflecting the state of the blood flow in the pulmonary veins and the left atrium, namely, the ratio of early to late diastolic filling velocity of the left ventricle (E/Atmk), it was established that in both groups there were signs of moderate LV diastolic dysfunction: E/Atmk 0.96 in group 1 and 0.87 in group 2 (p>0.05). In our case, this was of fundamental importance, since it indicated the absence of pulmonary hypertension due to the pathology of the left heart and allowed us to regard the increase in pulmonary artery pressure as a consequence solely of COPD, and attribute pulmonary hypertension to group 3 (due to lung diseases) according to the 2009 classification of PH.  When analyzing the data obtained, it was found that in a group of PH patients, a significantly greater number of COPD exacerbations was observed for the year (1.76 ± 0.44 in group 1 versus 0.97 ± 0.56 in group 2, p<0.01), which is considered a factor in the unfavorable prognosis of COPD. The score on the mMRC scale was statistically significantly higher (2.6 ± 0.8 versus 2.1 ± 1.0, p<0.5), which indicates a lower exercise tolerance. 

In patients of the main group who showed a clinically significant increase in pulmonary artery pressure, a strong negative correlation of the MPAP with the 6-minute walk test results (r=-5.68, p<0.01) and oxygen saturation level (r=-5.02, p<0.05). Patients of group 2 had significantly higher exercise tolerance - 375 ± 74.6 m compared to patients of group 1 - 280.4 ± 34.3 m; p<0.05, which corresponded to the 2 and 3 functional classes of pulmonary hypertension according to the WHO, respectively. In addition, the given exercise was more easily tolerated by patients (the score on the Borg scale in the second group was reliably lower than in the first group (3.4 ± 1.5) and (4.7 ± 1.4), p<0.05, respectively).

When analyzing the relationship between the level of osteopontin and a number of clinical and functional indices for the whole sample, it was found that its level did not correlate with the severity of bronchial obstruction (r=0.11 p>0.05). An average correlation was established between the level of osteopontin and MPAP for the whole sample - (r=0.31, p=0.07). Analyzing the cohort of patients with COPD and IHD, we found that osteopontin negatively correlated with the age of patients (r=-0.24, p<0.02;), which can be explained by the need of a certain time for the development of pulmonary hypertension in patients with COPD and IHD. 

As a result of a comparative analysis of the relationship between the level of osteopontin and a number of other parameters in the groups with pulmonary hypertension and without it, it was found that in the PH group (main) osteopontin was statistically significantly negatively correlated with the age of patients (r=-0.42; p<0.05), directly correlated with the right atrial area (r=0.45, p<0.05) and the plasma level of interleukin 2 (IL-2) (r=0.44, p<0.05). According to the literature, IL-2 is a pro-inflammatory agent and is involved in endothelial dysfunction. On the other hand, interleukin 4 (IL-4), which is a marker of anti-inflammatory plasma activity, does not correlate with either pulmonary hypertension or osteopontin level. These results indicate that there is a chronic inflammatory process against a background of oxidative stress, with a predominance of pro-inflammatory cytokines, which in turn leads to remodeling of the vessels of the pulmonary bed. The correlation analysis did not establish a close association between the level of osteopontin and the level of FEV1 (r=0.24), duration of COPD (r=0.28, p<0.05), IHD (r=0.19; p<0.05), or smoking experience (r=0.44, p<0.05).
Table 1 - Correlation of osteopontin in the main group

	
	r-Spearman
	p-level

	Osteopontin, ng/ml & Age
	0.422870
	0.001444

	Osteopontin, ng/ml & Right  Atrial Area, cm2
	0.460133
	0.006179

	Osteopontin, ng/ml & Interleukin 2 
	0.542874
	0.079717


In both study groups, the level of osteopontin was 43.2 [33.4; 62.4] ng/ml in the main group and 36.1 [22.3; 40.9] ng/ml in the comparison group. In patients with PH it was statistically significantly higher than in the group without PH, and its increase was proportional to the increase in mean pulmonary artery pressure. Correlation analysis allowed to reveal that there is a statistically significant association between MPAP and the concentration of osteopontin.

The next step of the study was to find out whether osteopontin could be used for the purpose of differential diagnosis of pulmonary hypertension and whether other indicators were related to the development of PH. 

The binary logistic regression technique, implemented using the SPSS program, was used to solve the specified problem. This technique involves modeling the dependence of a binary variable from the independent variables x1, x2, ...,xn by determining the probability of occurrence of one of the values of the variable under investigation. Here, the probability (in this case - the probability of developing pulmonary hypertension) is calculated by the formula:
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where z = b1x1 + b2x2 + ... + bnxn + b0, x1, x2, ...., xn — the value of the independent variables b1, b2, .... bn — coefficients that are calculated using binary logistic regression; b0 — some constant.(
If the value of P is less than 0.5, then we can assume that the event (development of PH) does not occur; otherwise we can foresee the occurrence of the event.

Consequently, the task of logistic regression involves selecting the necessary from the set of independent variables (indicators that we analyze) and finding the general form of the parameter z. This parameter allows to calculate the possible probability of an event, in our case, the development of pulmonary hypertension, for each individual patient, as a complication of COPD in the background of concomitant IHD.

Binary regression "learns", so to speak, on the set of indicators studied, and then independently builds predictions of the presence/absence of disease in subsequent patients.

The algorithm described above was used to predict the presence/absence of PH by the value of a single osteopontin indicator. This method of diagnosis demonstrated a high enough (88.9%) sensitivity (the ability to correctly classify a sick person as having a disease). But the specificity (the ability to correctly classify a healthy person as healthy) was relatively low (32.1%) (Fig. 2).
	Classification Tablea

	
	Observed
	Predicted

	
	
	PH
	Correct Percentage

	
	
	0
	1
	

	Step 1
	PH
	0
	9
	19
	32.1

	
	
	1
	6
	48
	88.9

	
	Total Percentage
	
	
	69.5


Figure 2.Classification table of the binary logistic regression model for differential diagnosis based on the osteopontin level when calculated in a SPSS statistics environment (fragment of the original protocol).

In this case, low specificity is not of a fundamental importance and only indicates that to increase its level, it is necessary to include additional indicators, other than osteopontin. Since the use of osteopontin was intended solely for screening purposes, type II error is not dominant and was not addressed in this study.

In order to predict the pulmonary artery pressure (MPAP) value on the basis of the structural and functional parameters of the heart and blood vessels, the degree of bronchial obstruction, clinical and functional indices and biochemical changes, we used the multiple regression model. It is known that regression analysis is a tool for solving two tasks. The first task is to select variables that significantly affect the predicted variable. The second task is to estimate the parameters of the regression equation on the basis of observation data. In the study, we used the multiple linear regression model.

It has been shown that an increase in the level of osteopontin is a predictor of the development of pulmonary hypertension (PH) in patients with chronic obstructive pulmonary disease (COPD) and ischemic heart disease (IHD). Routine determination of the level of osteopontin in general clinical practice is not always possible and appropriate, given its cost and the need to have special laboratory equipment and reagents. Therefore, it is justified from the diagnostic point of view to find ways to predict the level of osteopontin on the basis of the structural and functional parameters of the heart and blood vessels, the degree of bronchial obstruction, clinical and functional indices and biochemical changes. This prediction was realized using the multiple regression analysis.

It is known that regression analysis is a tool for solving two tasks. The first task is to select variables that significantly affect the predicted variable. The second task is to estimate the parameters of the regression equation on the basis of observation data. In the study, we used the multiple linear regression model. A careful analysis of the associations of osteopontin with the parameters studied allowed to select the following indicators for constructing a multiple regression model: systolic pulmonary artery pressure (SPAP), right atrium area (cm2), interleukin 2, RV fractional area change (%). For the creation of a mathematical model, a general purpose statistical package STATISTICA 6 was used. 
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Figure 3. Summary tables of the linear regression model for calculations in the statistics environment STATISTICA (fragment of the original protocol)

The table in Fig. 3 contains standardized (Beta) and non-standardized (B) regression coefficients (weights), their standard errors, t-test values and the significance level. Values of Beta coefficients allow to estimate the contributions of each of the predictors to the formation of the response (the value of osteopontin). In our case, the pulmonary artery pressure indicator is the most "influential". The right atrium area and interleukin 2 (IL-2) indicators are almost identical in their "influence", the RV fractional area change (%) indicator has a lesser weight. It can be seen from the table that all indicators are statistically significant (p<0.05). The constructed regression equation has the following form:

Osteopontin = 4.9 + 0.85MPAP - 0,65RAarea - 1.14 IL-2 - 0.42 RVFAchange     (1)

The multiple correlation coefficient R, characterizing the correlation ratio between predictors and response, is 0.88 and indicates a high adequacy of the model.

The fragment of the protocol, shown in Fig.  4, is also information-rich, containing the partial correlation coefficients (PCC) and the semipartial correlation coefficients (SPCC).
[image: image3.png][Variables currently in the Equation; DV: Octeonoktuk, r/un (1) (tab_Getman1x4)

bin Partial | Semipart | Tolerance | R-square | {(115) | pwvalue
Variable Cor Cor

CAMA, ww pr cr 0454354 0492720 0421274 085%85 0140315 607206 0,000000
NN nnowy.. cu2 0286837 -0.323046 0253965 0773115 0226685 366055 0,000382
irepnedicun 2 (1) -0,358861 0402198 -0,326839 08298 0170502 4.71092| 0,000007
[RVFAchange. % 0222059 0264203 0203311 0842401 0157599 293764 0003996





Figure 4. Variables in the regression model for calculations in the statistics environment STATISTICA (fragment of the original protocol)

The partial correlation coefficients show the degree of influence of one particular predictor on the response, provided that the other predictors are fixed at a constant level. Similar to the standardized Beta coefficients, they allow to rank the effect of predictors by their effect on the response. In our case, the least significant indicator from this point of view is the RV fractional area change (%) (RVFAchange).

High values of tolerance characterize the excess of the indicator in the regression equation. As one can see from Fig. 4, the RV fractional area change (%) (RVFAchange) indicator can be considered as such indicator, but in its absence the model loses its probability (perhaps, due to the limited sampling). In contrast to the PCC, the semipartial correlation coefficients (SPCC) will show how the selected predictors and the response variables correlate provided that the influence of other predictors on the selected one is controlled (fixed) (that is, the intercorrelation between the predictors), but the influence of the selected predictor on the response is not fixed. If the SPCC indicator is small, and the PCC, on the contrary, is large, this means its significant personal contribution to the prediction, which can not be explained by other predictors. In our situation, based on the PCC and SPCC ratios of all indicators, it turns out that the most "self-sufficient" indicator in this model is the pulmonary artery pressure. Summarizing, we can say that, despite the fact that the contribution of MPAP to the formation of osteopontin is the highest (its BETA value is 0.44 (Fig. 5)), it cannot be replaced by one of the other indicators. The distribution of residuals is also indicative of the adequacy of the model (Fig. 5).
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Figure 5. Regression model residuals of calculations in the statistics environment STATISTICA

The next relevant task was to determine the separation level for the osteopontin indicator. Using the obtained model for the purposes of prediction on the initial sample allowed to mark the level of 39 ng/ml as a threshold value. To confirm and illustrate this, we used the ROC analysis, which allows us to depict the interaction of the operational characteristics of this test — sensitivity and specificity (Fig.  6-7) — in order to determine the optimal separating value between the states "complications will develop" and "complication will not develop".
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Figure 6. ROC-curve of the diagnostic method based on the osteopontin indicator when calculated in the SPSS statistics environment (fragment of the original protocol).

	Area Under the Curve

	Test variable(s): Osteopontin, ng/ml (1)

	Area
	Std. Errora
	Asymptotic Significanceb
	Asymptotic 95% Confidence Interval

	
	
	
	Lower Limit
	Upper Limit

	0.722
	0.057
	0.001
	0.611
	0.833


Figure 7.Area under the curve for the diagnostic test based on osteopontin when calculated in the SPSS statistics environment (fragment of the original protocol).

With a help of the ROC-curve, the sensitivity and values, which are complementary to the specificity of the indicator, are set to one. The value of osteopontin, which is determined with zero degree of prediction, is represented by the bisector of the coordinate angle. The more the ROC-curve is bent, the more accurate is the prediction of the test results. The indicator of this analysis is the area under the ROC-curve: for the test with zero predictability, it is 0.5, and for the maximum degree of prediction — it is 1. As one can see from Fig.  8, for the model under consideration, the area is 0.722 with a 95% confidence interval [0.611; 0.833].

The above mentioned level of osteopontin of 39 ng/ml can be corrected to the level of 38.25 — the best combination of sensitivity (0.667) and specificity (0.643 = 1 - 0.357).

Thus, the concentration of osteopontin in the blood plasma reflects the degree of increase in the PA pressure. Osteopontin has high sensitivity and specificity in the diagnosis of PH and can be used as an early biomarker of PH in patients with COPD and concomitant IHD. Along with the traditional methods of assessing the severity of PH, determining the concentration of osteopontin in the blood plasma can be useful in choosing effective therapeutic procedures and in evaluating the effectiveness of the conducted therapy.

Conclusions: The level of osteopontin in patients with COPD and concomitant IHD in the presence of pulmonary hypertension syndrome due to COPD is significantly higher than in patients with COPD and IHD with normal values of pulmonary artery pressure. The level of osteopontin significantly correlates with the mean values of PA pressure determined by echocardiography.The concentration of circulating osteopontinabove 38.25 ng/ml can be considered as an early marker and an independent predictor of pulmonary hypertension in patients with COPD and concomitant IHD.
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The diagnostic value of osteopontin as an early marker of pulmonary hypertension affected by chronic obstructive pulmonary disease and concomitant ischemic heart disease

Hetman O.A.1, Krakhmalova E.O.1, Radzishevska Y.B.2
National Institute of Therapy named after L.T. Malaya of the National Academy of Medical Sciences of Ukraine, Kharkov, Ukraine

The article highlights the results of the study of the influence of osteopontin on the development of pulmonary hypertension in patients with COPD in combination with IHD. 121 patients with established diagnosis of COPD and IHD were randomized for the study, all patients underwent general clinical examination, spirography, ECG to determine the level of pulmonary artery pressure, a questionnaire according to the Borg and mMRC scales, and a 6-minute walk test. All patients were divided into 2 groups: group 1 (63 people) with the increased PA pressure, group 2 — comparison group — without PH (58 people). The conducted study suggests that the concentration of circulating osteopontinabove 38.25 ng/ml can be considered as an early marker and an independent predictor of pulmonary hypertension in patients with COPD and concomitant IHD. In the PH (main) group osteopontin statistically significantly positively correlated with the age of patients, the right atrial area and the plasma level of interleukin 2 (IL-2). Interleukin 4 (IL-4), which is a marker of anti-inflammatory plasma activity, does not correlate with either pulmonary hypertension or osteopontin level, which indicates insufficient  

Keywords: osteopontin, COPD, IHD, comorbidity, pulmonary hypertension syndrome.
Диагностическая ценность остеопонтина как раннего маркера легочной гипертензии на фоне хронического обструктивного заболевания легких и сопутствующей ишемической болезнью сердца

Гетман Е.А.1, Крахмалова Е.О.1, Радзишевская Е.Б.2
1 ГУ «Национальный институт терапии им. Л.Т. Малой НАМН Украины», Харьков, Украина, 2Харьковский национальный медицинский университет, Харьков, Украина

В статье освещены результаты исследования влияния остеопонтина на развитие легочной гипертензии у пациентов ХОЗЛ в сочетании с ИБС. В исследование рандомизировано 121 пациента с установленным диагнозом ХОЗЛ и ИБС, всем больным проводились общеклинические исследование, спирография, ЭХО-КС для определения уровня давления в легочной артерии, анкетирование по шкалам Борга и mMRC, тест с 6-минотной ходьбой, определялась концентрация остеопонтина в сыворотке крови. Все пациенты разделены на 2 группы- 1 группа (63 человека) с наличием повышения давления в ЛА, 2 группа- группа сравнения – без ЛГ (58 человек). В группе с наличием ЛГ (основная) остеопонтин статистически значимо положительно коррелировал с возрастом больных, площадью правого предсердия и уровнем интерлейкина-2 (ИЛ-2) в плазме. Интерлейкин 4 (ИЛ-4), который является маркером противовоспалительной активности плазмы, не коррелирует ни с легочной гипертензией, ни с уровнем остеопонтина, что сдвиге баланса интерлейкинов в сторону провоспатительных у данной категории пациентов. 

Таким образом, концентрация циркулирующего остеопонтина выше 38,25 нг/мл может рассматриваться как ранний маркер и независимый предиктор легочнойгипертезии у пациентов с ХОЗЛ и сопутствующей ИБС.
Ключевые слова: остеопонтин, ХОЗЛ, ИБС, коморбидность, синдром легочной гипертензии.
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