HEOHATOJNOrIA, XIPYPTISi TA NEPUHATANBHA MEAULUHA
NEONATOLOGY, SURGERY AND PERINATAL MEDICINE

T. XV, Ne3(57), 2025
voL. XV, Ne3(57), 2025 KEY TITLE: NEONATOLOGIA, HIRURGIA TA PERINATAL'NA MEDICINA (ONLINE)
ABBREVIATED KEY TITLE: NEONATOL. HiR. PERINAT. MED. (ONLINE)

ISSN 2226-1230 (PRINT) ISSN 2413-4260 (ONLINE)

UDC: 616.248-036.12-06:616.24-036.12-07:577.1 ASTHMA—-CHRONIC OBSTRUCTIVE

DOI: 10.24061/2413-4260. XV.3.57.2025.23 PULMONARY DISEASE OVERLAP:
IMMUNOBIOCHEMICAL MARKERS,
OXIDATIVE STRESS, KLOTHO PROTEIN

AND THEIR ROLE IN OPTIMIZING
PULMONARY HYPERTENSION DIAGNOSTICS

N. Fayzullaeva', T. Aripova', A. Raufov',
A. Kayumov', Sh. Mukhtorov',
B. Khamdamov?, S. Davlatov*

Institute of Human Immunology and Genomics of the
Academy of Sciences of the Republic of Uzbekistan'
(Tashkent, Uzbekistan),

Bukhara State Medical Institute named after Abu Ali ibn
Sino? (Bukhara, Uzbekistan)

Summary.

The overlap of bronchial asthma and Chronic obstructive pulmonary disease (COPD) is associated with more severe disease
progression and earlier onset of pulmonary hypertension (PH), necessitating novel diagnostic approaches.

Objective. To optimize the diagnosis of pulmonary hypertension in patients with asthma—COPD overlap (ACO) using
immunobiochemical markers, oxidative stress parameters, and Klotho protein measurement.

Materials and Methods. A total of 120 patients were examined (asthma, n = 45, COPD, n = 50, ACO, n = 25) using clinical,
instrumental, and immunobiochemical assessment (IL-4, IL-18, TNFa, VEGF-A, Klotho, SOD).

Compliance with ethical standards. Written informed consent was obtained from all patients prior to their participation
in the study. All procedures were approved by the Ethics Committee of the Institute of Immunology and Human Genomics of
the Academy of Sciences of the Republic of Uzbekistan (Protocol Ne . 2025-0003) and were conducted in accordance with the
principles of the Declaration of Helsinki adopted in October 2024 at the 75th General Assembly of the World Medical Association.

Statistical analyses were performed using SPSS 26.0. Data are presented as arithmetic mean (M) + standard deviation (SD)
or standard error of the mean (m). Differences were evaluated using Student’s t-test and the Mann—Whitney U-test. A p-value <
0.05 was considered statistically significant.

Funding: This work was carried out within the framework of the research plan of the Bukhara State Medical Institute
(05.2022 DSc.135) entitled «Development of new approaches to early diagnosis, treatment, and prevention of pathological
conditions affecting the health of the population of the Bukhara region after COVID-19 (2022-2026)», as well as on the basis of
baseline funding of the research project of the Institute of Immunology and Human Genomics of the Academy of Sciences of the
Republic of Uzbekistan «Immunobiochemical and molecular-genetic diagnostics of the cardiorespiratory system in patients with
overlapping bronchial asthma and chronic obstructive pulmonary disease in the experimental setting» (Protocol No. 2, 2024).

Results. In ACO patients, mean pulmonary artery pressure was 1.8-fold higher compared with asthma patients (24.0 + 2.1
vs 13.3 £ 1.7 mmHg, p<0.01). IL-18 levels were 3.4-fold higher than in controls (252.6 = 12.3 vs 73.8 + 6.4 pg/mL, p<0.001).
Klotho protein concentration in ACO with PH exceeded control values by 6.4-fold (42.3 £ 3.1 vs 6.54 = 0.72 pg/mL, p<0.001),
indicating a compensatory response.

Conclusion. The combined clinical and immunobiochemical data confirm the hypothesis that the overlap of bronchial asthma
and COPD is associated with the most severe course and rapid development of pulmonary hypertension. Immunobiochemical
markers, including cytokine profiles, oxidative stress indicators, and Klotho levels, provide valuable tools for improving the
accuracy of diagnosis and prognosis in asthma—COPD overlap patients.

Keywords: Asthma; Chronic Obstructive Pulmonary Disease; Overlap, Pulmonary Hypertension, Cytokines; Klotho
Protein; Oxidative Stress; Diagnostics.

Introduction

The overlap of bronchial asthma (BA) and chronic
obstructive pulmonary disease (COPD) represents
a significant challenge in modern pulmonology. This clinical
phenotype combines the features of both conditions and is
associated with a more severe course and poorer prognosis.
Patients with BA/COPD overlap experience frequent
exacerbations, accelerated decline in lung function, and an
increased risk of disability [1-4]. Diagnostics is complicated
by overlapping clinical and functional characteristics of
the diseases. These factors highlight the need for novel
biomarkers and methods to assess pathogenesis in order to
optimize diagnostics and therapy [5, 6].

Immunobiochemical studies have demonstrated that
systemic inflammation, characterized by activation of
proinflammatory cytokines, increased oxidative stress, and
disruption of the antioxidant system plays a central role in
the development of BA/COPD overlap. Oxidative stress
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contributes to the progression of broncho-obstruction,
endothelial injury, and the development of pulmonary
hypertension. Recently, the Klotho protein has attracted
considerable attention due to its antioxidant, anti-
inflammatory, and cytoprotective properties [7-10].
Reduced Klotho levels are associated with impaired
lung function, vascular dysfunction, and an increased
risk of pulmonary hypertension. Consequently, Klotho
measurement may serve as a novel diagnostic and
prognostic tool for BA/COPD overlap [11-14].
Pulmonary hypertension in BA/COPD overlap patients
arises from chronic inflammation, hypoxia, and endothelial
dysfunction. Evaluation of immunobiochemical markers
in this context enables early diagnosis and guides the
selection of optimal therapy [15-18]. Assessment of
cytokine profiles, oxidative stress levels, and Klotho
concentration can support risk stratification and facilitate
a personalized approach. This strategy can reduce the
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incidence of complications and improve the effectiveness
of pharmacotherapy [19, 20]. Consequently, investigating
the pathogenetic mechanisms of BA/COPD overlap
remains a critical task in contemporary medicine.

Obijective of the study: To optimize the diagnosis of
pulmonary hypertension in patients with bronchial asthma—
COPD overlap based on analysis of immunobiochemical
markers, assessment of oxidative stress, and Klotho
measurement.

Materials and methods of the study

The study included 120 patients treated in the
pulmonology and allergology departments of the Bukhara
Regional Multidisciplinary Medical Center between
2021 and 2024, divided into three groups: Group I (n =
45) — patients with bronchial asthma (BA); Group II (n =
50) — patients with COPD; Group III (n = 25) — patients
with BA/COPD overlap. Inclusion criteria were age
18-70 years and a clinically and instrumentally confirmed
diagnosis. Exclusion criteria included oncological diseases,
decompensated cardiovascular conditions, and acute
infections.

Clinical and functional diagnostics were performed
according to GINA and GOLD 2022 recommendations,
including spirometry, bronchodilator testing, and
echocardiography for pulmonary hypertension assessment.
Pulmonary hypertension (PH) severity was classified
according to Rybakov M. K., 2008: mean pulmonary artery
pressure (MPAP) of 20-40 mmHg indicated moderate PH,
40-60 mmHg — significant PH, and >60 mmHg — severe PH.

Immunobiochemical analyses included measurement
of IL-4, IL-18, TNF-a, VEGF-A, Klotho, and superoxide
dismutase (SOD) levels.

Cytokines and Klotho protein in blood serum were
measured using a three-stage «sandwich» ELISA
method with Vector-Best reagents (Novosibirsk, Russian
Federation).

Statistical analyses were performed using SPSS 26.0.
Data are presented as arithmetic mean (M) + standard
deviation (SD) or standard error of the mean (m).
Differences were evaluated using Student’s t-test and the
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Mann—Whitney U-test. A p-value < 0.05 was considered
statistically significant.

Compliance with ethical standards. Written
informed consent was obtained from all patients prior
to their participation in the study. All procedures were
approved by the Ethics Committee of the Institute of
Immunology and Human Genomics of the Academy
of Sciences of the Republic of Uzbekistan (Protocol
Ne. 2025-0003) and were conducted in accordance with
the principles of the Declaration of Helsinki adopted in
October 2024 at the 75th General Assembly of the World
Medical Association.

Funding: This work was carried out within the
framework of the research plan of the Bukhara State Medical
Institute (05.2022 DSc.135) entitled «Development of new
approaches to early diagnosis, treatment, and prevention of
pathological conditions affecting the health of the population
of the Bukhara region after COVID-19 (2022-2026)», as
well as on the basis of baseline funding of the research
project of the Institute of Immunology and Human Genomics
of the Academy of Sciences of the Republic of Uzbekistan
«Immunobiochemical and molecular-genetic diagnostics of
the cardiorespiratory system in patients with overlapping
bronchial asthma and chronic obstructive pulmonary disease
in the experimental setting» (Protocol No. 2, 2024).

Results of the study

The mean age of patients with bronchial asthma
was 41.2 + 2.4 years, which was significantly lower
by a factor of 1.17 compared with patients with COPD
(48.3 £ 2.1 years). Comparison between the BA group
and the BA/COPD overlap group, where the mean age
was 53.4 + 2.6 years, showed that patients with overlap
were 1.30 times older than those with BA and, on average,
1.11 times older than those in the COPD group.

Analysis of gender distribution revealed a predominance
of females in the BA and overlap groups, whereas a higher
proportion of males was observed in the COPD group. This
pattern may be associated with higher smoking prevalence
among men (Fig. 1).

ACO

Female

Fig. 1. Gender distribution of patient groups (%), (*P<0.05)
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The duration of the disease in BA patients was
15.2 + 1.4 years, which was 1.74 times higher (p < 0.05)
than in the COPD group (8.71 £ 0.9 years) and 2.08 times
(p<0.001) higher in the BA /COPD overlap group
(7.32 + 0.8 years), indicating a longer course of asthma
compared with other phenotypes.

Analysis of complaints revealed that in patients with
BA/COPD overlap, the frequency of dyspnea was 72.0%,
1.70 times higher than in BA (42.2%, p<0.05) and slightly
higher than in COPD (68.0%, 1.06 times). Skin pallor in the
ACO group was observed in 64.0%, exceededing BA by 1.20
times (53.3%) but not significantly different from COPD
(62.0%). Cyanosis of the nasolabial triangle was 2.05 times
more frequent than in BA (64.0% versus 31.1%, p<0.05), and
1.14 times more frequent than in COPD (56.0%). Chest pain
in patients with decussation was observed in 52.0%, 3.33
times more frequent than in BA (15.6%, p<0.001) and 1.37
times more frequent than in COPD (38.0%). Complaints of
weakness were noted in 68.0% of ACO patients, 2.79 times
higher than in BA (24.4%, p<0.001) and 1.09 times higher
than in COPD (62.0%). Sweating was observed 4.95 times
more often than in BA (44.0% versus 8.89%, p<0.001) and
1.47 times more often than in COPD (30.0%). Appetite
decrease was most pronounced in ACO (80.0%), 2.25 times
higher than in BA (35.6%, p<0.001) and 1.60 times higher
than in COPD (50.0%, p<0.05).

Analysis of concomitant pathology in patients
with overlapping asthma and COPD revealed that the
frequency of concomitant hypertension (HT) reached
68.0%, 4.36 times higher than in BA (15.6%, p<0.001)
and 1.31 times higher than in COPD (52.0%). Coronary
heart disease (CHD) was also observed predominantly
in BA (68.0%), 2.04 times more common than in asthma
(33.3%, p<0.01) and 1.48 times more common than in
COPD (46.0%). Gastrointestinal diseases were identified
in 44.0% of ACO patients, exceeding BA by 1.98 times
(22.2%, p<0.05) and COPD by 1.16 times (38.0%).
ENT pathology was more common in BA (66.7%) and
ACO (60.0%), whereas in COPD it was significantly
less frequent (46.0%). Anemia in overlap patients was
detected 2.31 times more often than in BA (36.0% versus
15.6%, p<0.01), and 1.20 times more often than in COPD
(30.0%). Among endocrine disorders, prevalence was
highest in COPD (38.0%), 2.44 times higher than in BA
(15.6%), while ACO patients had an intermediate rate
(28.0%). The smoking factor was of particular importance:
it was present in the majority of ACO and COPD patients
(84.0%), 12.6 times higher than in BA (6.67%, p <0.001),
confirming its key role in the pathogenesis of COPD and
bronchial asthma overlap.

In patients with BA/COPD overlap, complications were
detected significantly more often than in isolated forms of
the diseases. Thus, respiratory failure in BA/COPD overlap
occurred in 80.0%, 2.00 times more frequently than in BA
(40.0%, p<0.001), and 1.54 times more frequently than in
COPD (52.0%, p<0.05).

Cardiovascular pathology deserves particular attention:
pulmonary heart disease was most pronounced in ACO
(68.0%), 4.36 times higher than in BA (15.6%, p<0.001),
and 1.36 times higher than in COPD (50.0%). Chronic heart
failure (CHF) was recorded in 76.0% of COPD patients,
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2.44 times higher than in BA (31.1%, p<0.001), while in
ACO its frequency was 56.0%, occupying an intermediate
position relative to BA. It is noteworthy that radiographic
signs of emphysema were more often recorded in COPD
(68.0%), minimal in BA (13.3%, 5.11 times less, p<0.001),
and 52.0% in ACO, indicating pronounced remodeling of
lung tissue. These results demonstrate that in BA/COPD
overlap, complications develop more frequently than in
isolated BA, with cardiovascular pathology (pulmonary
heart disease and CHF) acting as the leading component
in the clinical picture.

Next, we analyzed echocardiographic data of
the right heart in the examined patient groups.
Mean pulmonary artery pressure was lowest in
the control group (10.0 £ 0.61 mm Hg) and patients
with BA (13.3 £ 0.72 mm Hg), whereas in COPD
(26.0 £ 1.21 mm Hg) and ACO (24.0 £ 1.13 mm Hg)
it increased by 1.95 and 1.80 times compared with BA
(p < 0.05), reflecting the development of pulmonary
hypertension. Pulmonary artery diameter in COPD patients
(26.0 £ 0.81 mm) was 1.32 times higher than in the control
group (20.0 = 0.52 mm) and 1.17 times higher than in BA
(22.2 £ 0.63 mm). In ACO (24.0 + 0.72 mm), expansion
was also observed compared to the control (1.21 times).
Right atrial dimensions showed similar changes: height in
COPD and ACO (44.0 £ 1.22 mm) exceeded the control
(40.0 £ 1.00 mm) by 1.12 times. The transverse dimension
was highest in COPD (34.0 + 1.01 mm), 1.17 times greater
than in BA (28.9 £ 0.62 mm) and 1.13 times greater than in
the control (30.0 + 0.71 mm). The parasternal dimension
of the right ventricle in COPD (30.0 = 1.0 mm) was
1.2 times larger than in the control (25.0 £ 0.62 mm), and
the apical dimension increased to 38.0 £ 1.17 mm versus
35.0 = 0.94 mm in the control (1.09 times). Interestingly,
right ventricular wall thickness decreased: in COPD and
ACO (4.01 £ 0.24 mm), it was 1.25 times lower than the
control (5.02 + 0.34 mm), indicating dystrophic myocardial
changes due to chronic overload (Fig. 2).

Thus, the most pronounced structural and functional
changes in the right heart and signs of pulmonary
hypertension were detected in COPD (46%, n=23) and
ACO (56%, n=14), whereas in BA (28.9% n=13) these
changes were minimal.

The next stage of our research was to conduct an
immunological examination of the patient groups.

Cytokine profile analysis showed that the IL-4 levels
in the BA group (25.3 + 1.21 pg/mL) were significantly
higher than in the control values (9.36 + 0.62 pg/mL) by
2.7 times (p<0.001), and in BA complicated by pulmonary
hypertension (29.3 £ 1.43 pg/mL); they further increased
by 1.16 times compared to BA without complications. This
reflects the activation of the Th2 component of immunity,
contributing to the maintenance of chronic inflammation
and remodeling of the airways.

IFN-y showed opposite dynamics: in BA
(13.5+0.84 pg/mL), levels decreased relative to the control
(17.5 £ 0.92 pg/mL) by 1.30 times, and in BA with PH
(11.3 £0.71 pg/mL) by 1.55 times (p < 0.05). A decrease
in IFN-y indicates weakening of the Th1 response, shifting
the balance toward Th2-mediated reactions.
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Fig. 2. Analysis of echocardiography data in the examined subjects, (*P<0.05)

IL-18 increased significantly: in the BA
group (193.2 £ 9.4 pg/mL), it exceeded the control
(73.8 £ 5.11 pg/mL) by 2.62 times (p<0.001), and in BA
with PH (237.5 + 11.2 pg/mL) by 3.21 times (p<0.001),
confirming the role of IL-18 in activating inflammatory
cascades and endothelial dysfunction.

TNF-0 showed a significant increase: in BA
(36.8 £ 1.8 pg/mL), levels were 2.02 times higher than
in the control (18.3 £ 1.1 pg/mL) (p<0.001), and in BA
with PH (48.8 £2.3 pg/mL), 2.71 times higher (p<0.001).
This cytokine promotes chronic inflammation, apoptosis
activation, and lung tissue remodeling.

The angiogenesis factor VEGF-A in BA
(170.3 = 8.22 pg/ mL) exceeded the control
(154.8 £ 7.91 pg/mL) by 1.12 times, whereas in PH
(195.6 £ 9.1 pg/mL), its concentration was 1.26 times
higher, indicating activation of angiogenic mechanisms as
a compensatory response to hypoxia.

The endothelial marker EN1 in BA (1.53 £ 0.08 pg/mL)
was 1.92 times higher than in the control (0.82 + 0.05 pg/mL)
(p<0.001), and in BA with PH (2.53 £ 0.12 pg/mL) it
was 3.11 times higher (p<0.001), indicating pronounced
endothelial dysfunction.

Of particular interest is the Klotho protein, the
concentration of which in BA (17.6 £ 0.92 pg/mL)
exceeded the control (6.54 + 0.41 pg/mL) by 2.72 times
(p<0.001), and in BA with PH (21.3 + 1.13 pg/mL) by
3.31 times (p<0.001). Its increase can be interpreted as an
adaptive protective mechanism aimed at reducing oxidative
stress and slowing vascular remodeling.

Superoxide dismutase (SOD) activity in the
BA group (1203.7 £ 45.6 pg/ mL) and BA with PH
(1002.5 + 41.8 pg/mL) was reduced compared with the
control (1503.7 + 52.4 pg/mL) by 1.25 and 1.5 times,
respectively (p<0.05), reflecting depletion of antioxidant
protection and increased oxidative stress processes (Fig. 3).

CODb >l<1503,7 1203,7 1002,5

Klotho protein 6,54 1*7,6 213*
EN1 0,82 1*,53 2,53
VEGF-A 154,8 170,3 195,6

TNFa 18,3 3>16<,8 48,8

IL-18 73,8 193,2>l< 237,5 "

IFNy i 17,5 13,5 11,3

1L-4 9,36 25*,3 29,3 *
Control m“BA 1« BA with PH

Fig. 3. Imnmunobiochemical markers in the examined groups with BA (pg/mL, P<0.05)
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Thus, BA, especially when complicated by pulmonary
hypertension, is accompanied by a shift in the immune
response towards anti-inflammatory reactions, activation
of angiogenesis, endothelial dysfunction, and decreased
antioxidant potential. An increase in the Klotho levels
can be considered a compensatory mechanism aimed at
limiting the damaging effects of inflammation and hypoxia.

Immunological studies were then conducted by dividing
each group into subgroups with or without pulmonary
hypertension.

Analysis of the cytokine profile revealed that
the IL-4 concentration in patients with COPD was
15.5 + 0.92 pg/mL, 1.66 times higher than in the control
group (9.36 = 0.61 pg/mL) (p<0.05). In the COPD
subgroup with pulmonary hypertension, it increased to
to 18.6 = 1.12 pg/mL, 1.99 times higher than the control
(p<0.001).

Conversely, [FN-y levels tended to decrease: in COPD
(12.2 £ 0.72 pg/mL), they were 1.43 times lower than in
the control (17.5 £ 0.91 pg/mL), and in COPD with PH
(10.6 £ 0.62 pg/mL) 1.65 times lower (p<0.05).

IL-18 increased significantly: in the COPD group,
levels were 215.6 + 10.4 pg/mL, 2.9 times higher than
in the control (73.8 + 5.15 pg/mL, p<0.001), and in PH
272.3 £ 12.2 pg/mL, 3.71 times higher than the norm
(p<0.001).

A significant increase was also noted for TNF-a: in
COPD (42.3 + 2.12 pg/mL), levels exceeded the control
(18.3+1.11 pg/mL) by 2.31 times (p<0.001), and in COPD
with PH (64.7 = 3.21 pg/mL) by 3.52 times (p<0.001),
confirming the role of TNF-a in maintaining inflammation,
cellular damage, and vascular wall remodeling.

VEGF-A, akey angiogenesis factor, increased moderately:
in COPD 201.4 + 9.32 pg/mL, 1.31 times higher than the
control (154.8+7.93 pg/mL), and in PH 257.6 + 11.5 pg/mL,
1.67 times higher than the control values (p<0.05).

The endothelial activation marker EN1 in COPD
patients was 2.12 + 0.12 pg/mL, 2.62 times higher than
the control (0.82 + 0.04 pg/mL, p<0.001). In COPD with
PH, it reached 3.42 + 0.17 pg/mL, 4.24 times higher than
the norm (p<0.001), reflecting progression of endothelial
dysfunction.

Klotho protein levels in COPD were 30.5 + 1.62 pg/mL,
4.71 times higher than the control (6.54 + 0.42 pg/mL,
p<0.001). In COPD with PH, levels increased to
37.6 £ 1.92 pg/mL, 5.73 times higher than the control
level (p<0.001).

Superoxide dismutase (SOD) activity in COPD patients
(951.6 + 42.1 pg/mL) and in those with COPD and PH
(910.7 £ 39.8 pg/ mL) was lower than in the control group
(1503.7£52.4 pg/mL) by 1.58 and 1.65 times, respectively
(p <0.05) (Fig. 4).
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Fig. 4. Immunobiochemical markers in the examined groups with COPD (pg/mL, *P<0.05)

Overall, these results demonstrate that COPD,
particularly when complicated by pulmonary hypertension,
is associated with pronounced inflammatory shifts, activation
of angiogenesis, and endothelial dysfunction, accompanied
by decreased antioxidant potential. Increased Klotho protein
reflects an adaptive response of the organism.

In patients with overlapping asthma and COPD (ACO),
IL-4 levels were 32.3 £ 1.62 pg/mL, 3.45 times higher
than in the control (9.36 = 0.61 pg/mL, p<0.001). In ACO
with PH, levels increased to 37.5 £ 1.92 pg/mL, 4.01 times
higher than the norm (p<0.001).

IFN-y concentration decreased: in ACO, levels
were 11.8 £ 0.72 pg/mL, 1.48 times lower than the
control (17.5 £ 0.91 pg/mL), and in ACO with PH,
9.34+0.62 pg/mL, 1.87 times lower than the norm (p<0.05).
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IL-18 increased significantly: in ACO, levels were
252.6 + 12.8 pg/mL, 3.44 times higher than the control
(73.8 £ 5.13 pg/mL, p<0.001). In ACO with PH,
concentration reached 312.1 + 14.5 pg/mL, 4.22 times
higher than the norm (p<0.001).

TNF-a also showed a significant increase: in ACO,
levels were 56.5 £ 2.62 pg/mL, 3.11 times higher than the
control (18.3 £ 1.13 pg/mL) (p<0.001), and in ACO with PH,
72.2+3.31 pg/mL, 3.94 times higher than the norm (p<0.001).

VEGF-A concentrations in ACO were
244.4 + 10.2 pg/mL, 1.58 times higher than the control
(p<0.05), and in PH 301.7 = 12.7 pg/mL, 1.95 times higher
than the norm (p<0.05), indicating active stimulation
of angiogenesis and remodeling of pulmonary vessels
characteristic of pulmonary hypertension.
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The endothelial dysfunction marker EN1 in ACO was
3.15 £ 0.15 pg/mL, 3.82 times higher than the control
(p<0.001), and in ACO with PH 3.81 + 0.18 pg/mL,
4.61 times higher than the norm (p<0.001).

Klotho protein levels significantly increased: in ACO,
35.9 £ 1.75 pg/mL, 5.53 times higher than the control
(6.54 £ 0.44 pg/mL, p<0.001), and in ACO with PH,

42.3 £2.03 pg/mL, 6.55 times higher than the norm
(p<0.001).

The activity of the antioxidant enzyme SOD decreased: in
patients with ACO it was 915.6 +40.1 pg/mL, 1.64 times lower
in than the control group (1503.7 + 52.4 pg/mL) (p<0.05).
In ACO with PH, levels decreased to 901.3 + 38.7 pg/mL,
1.67 times lower than the norm (p<0.05) (Fig. 5).
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Fig. 5. Imnmunobiochemical markers in the examined groups with ACO (pg/mL, *P<0.05)

Overall, the data confirm that in ACO, particularly
when complicated by pulmonary hypertension, pronounced
inflammatory and angiogenic changes occur, accompanied
by endothelial dysfunction, reduced antioxidant protection,
and compensatory increase in Klotho protein. This
indicates a complex interaction of immunobiochemical
mechanisms in disease pathogenesis and emphasizes the
need to consider them when optimizing therapy.

Discussion of the obtained results

Analysis of clinical data revealed that in patients with
bronchial asthma combined with COPD, the disease course
is more severe compared with isolated forms. In the overlap
group, more rapid decompensation of respiratory function
and earlier development of pulmonary hypertension
were observed, whereas in patients with only bronchial
asthma or COPD, this process progressed more slowly.
The presence of overlap was associated with a higher
frequency of cardiovascular complications, including
pulmonary heart disease and signs of chronic heart failure,
confirming the clinical significance of the combined lesion
and indicating high risks of disease progression.

Immunological studies have shown that patients with
overlap and pulmonary hypertension exhibited the greatest
cytokine, manifested as a sharp increase in proinflammatory
markers and a decrease in anti-inflammatory factors. IL-18
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and TNF-a were significantly higher than in the BA and
COPD groups, reflecting active maintenance of chronic
inflammation. At the same time, IFN-y levels decreased,
indicating suppression of the antiviral component of
immunity. Increased VEGF-A synthesis and elevated
expression of the endothelial dysfunction marker were
accompanied by increased pulmonary artery pressure,
directly linking immune disturbances with the development
of pulmonary hypertension.

An increase in the Klotho protein levels was also detected
in patients with overlap and PH, which can be considered
a compensatory mechanism aimed at limiting oxidative stress.
However, the magnitude of this response was insufficient, as
antioxidant activity remained below control values.

Conclusion

The combined clinical and immunobiochemical data
confirm the hypothesis that the overlap of bronchial asthma
and COPD is associated with the most severe course and
rapid development of pulmonary hypertension. Assessment
of cytokine profiles, oxidative stress indicators, and Klotho
levels allows optimization of diagnostics and enhances the
accuracy of disease prognosis in clinical practice. These
results underscore the importance of early detection of
overlap phenotypes and the search for therapeutic strategies
targeting immune and endothelial dysfunction.
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ACTMA - XPOHIYHE OBCTPYKTHUBHE 3AXBOPIOBAHHS JIETEHIB: IMYHOBIOXIMIUHI MAPKEPU,
OKCHUJIATUBHUM CTPEC, BLIOK KJIOTO TA iXHS POJIb B OIITUMIBAIIIL JIATHOCTHUKHA
JIETEHEBOI I'IIEPTEH3II

H. A. ®@aizynnacea', T. ¥. Apinosa', A. A. Payos', A. A. Karomos', III. M. Myxmopoé', b. 3. Xamoamoé®, C. C. /Jasramog*

IncrutyT iMmyHoustorii Ta reHomiku JoauHu Akajnemii Hayk Pecny6aiku Y3oekucran'
(M. TamkenT, Y30eKkucran),
ByxapcbKuii Jep:kaBHUi MeIHYHUIT iHCTUTYT iMeHi AGy Adi i6H Cino®
(M. Byxapa, Y30exkucraHn)

Pesiome.

[NepexpuTTsi OpoHXiaNBHOI ACTMU Ta XPOHIYHOTO OOCTPYKTHBHOTO 3aXBOpioBaHHs jereHs (XO3JI) moB’s3aHe 3 GBI TSHKKUM
repebiroM 3aXBOPIOBAaHHA Ta OUTBII paHHIM PO3BUTKOM JiereHeBoi rineprensii (JII'), mo BuMarae HOBUX A1arHOCTHYHUX MiIXOMIIB.

Merta. OnTuMi3yBaTy 1iarHOCTHKY JIETeHEBOI IiIlepTeH3il y MallieHTiB 3 nepekputtsiM actMu Ta XO3J1 3a gornomororo iMyHobioxiMiy-
HUX MapKepiB, MapaMeTpiB OKHCHOTO CTpecy Ta BUMiptoBaHHA Oiika KioTto.

Marepianu Ta Mmeroau. byno obcrexeno 120 mauienti (actma, n = 45, XO3JL, n = 50, ACO, n = 25) 3a 101OMOI0I0 KIiHIYHOT,
IHCTpyMeHTaJIbHOI Ta iMyHOOioxiMiuHOT oninku (IL-4, IL-18, TNFa, VEGF-A, Klotho, SOD).

JorpumaHHs eTHUHHX cTaHnapTiB. [TuceMoBy iHpopMoBaHy 3roxy OyJa0 OTpHMAaHO BiJl yCiX HAIlieHTIiB Hepex X yJacTio B TOCTi/-
keHHi. Yci nporenypu Oymu cxBaieHi ETnaanm komiteroM [HCTHTYTY iMyHOMOTIT Ta reHoMiku monuan HAH Pecnyoniku Y36ekncran
(nmpotoxoin Ne 2025-0003) i BUKOHaHI BiANOBITHO 10 NMPHHIHMIIIB [enbciHCBKOI Aekiapanii, yxBaneHoi y »oBTHI 2024 poky Ha 75-i
I'enepanbHiit acamoiei BeecBiTHROT MeMYHOT acortiartii.

CraTHCTHYHUI aHAITi3 POBOAUBCS 3a qoroMororo SPSS 26.0. [lani npeacTaBieHi y BUNSIII cepeaHboro apupmerndnoro (M) £ cTan-
napTHe BiaxuiaeHHs (SD) abo ctanmapTHa MOXHOKa cepeqHboro (m). Pi3HuIS olliHIOBaIacs 3a TOMOMOTOK0 t-KpuTepito CThIOZCHTA Ta
U-kpurepiro Manna-YitHi. 3HaueHHs p < 0,05 BBaXayocst CTaTUCTUYHO 3HAYYIIVM.
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PE3YNbTATU AUCEPTALINHUX TA HAYKOBO-0OCTIAHUX POBIT

dinancysanns. JlaHe NOCTIIKCHHS BUKOHAHO B paMKax IUIaHy HAayKOBO-IOCIHIIHHX poOiT Byxapchkoro mepxaBHOTO MEIHYHO-
ro iHcrutyTy (05.2022 DSc.135) «P0o3poOka HOBUX MiAXOMIB IO PaHHBOI AIaTHOCTUKH, JIKyBaHHS Ta MPOQIIAKTUKHU ITaTOIOTTYHUX
CTaHIB OpraHi3My, [0 BIUIMBAIOTH Ha 370poB’s HaceneHHs1 byxapcekoro periony micist COVID-19 (2022-2026)», a Takox Ha OCHOBI
6a30Boro (iHaHCYBaHHS TEMU HAyKOBO-JOCIIAHUX pobiT IHCTUTYTY iMyHOMorii Ta renomiku monuan HAH Pecny6niku Y36ekucran
«ImyHOOGiOXiMIUHA Ta MOJEKYISIPHO-TEHETHYHA A1arHOCTHKA KapAiOpecIipaTOpHOI CUCTEMH y XBOPHX i3 MOETHAHHIM OpOHXiaIbHOL
aCTMHM Ta XPOHIYHOTO OOCTPYKTHBHOT'O 3aXBOPIOBAHHS JIET€Hb B €KCIIEpPHUMEHTI» (rpoTokon Ne 2, 2024).

Pe3yabrarn. Y namientis 3 AKO cepenniit THCK y JereHeBiit aprepii OyB y 1,8 pa3za BUIIMM NOPIBHSHO 3 MalliEHTaMH 3 aCTMOIO
(24,0 + 2,1 mpotm 13,3 + 1,7 MM pr. cT., p<0,01). PiBens IL-18 OyB y 3,4 paza BumuM, HiX y KOHTPOIBHOI rpymu (252,6 + 12,3 nporu
73,8 + 6,4 ir/mi, p<0,001). KonnenTpanis 6inka Knoro y namientis 3 AKO Tta JII' nepeBuiyBaia KOHTpOJIbHI 3Ha4eHHs y 6,4 pa3a
(42,3 + 3,1 nmporu 6,54 £ 0,72 rir/m1, p<0,001), 10 CBiTYUTH PO KOMIIEHCATOPHY PEAKIIIIO.

BucnoBox. KomGiHOBaHI KIIiHIYHI Ta IMyHOO10XIMiYHI JaHi MIATBEPAXKYIOTh TilIOTE3Y, IO MEPEKPUTTSI OPOHXIANBHOI aCTMH Ta
XO3JI noB’s13aHe 3 HaWBa)KYUM I1€pediroM Ta IIBUIKUAM PO3BHUTKOM JIereHeBoi rineprensii. IMyHoOioXiMiYHI MapKepH, BKIIOYAI0UN
npoini NUTOKIHIB, HOKa3HUKHM OKUCHOTO cTpecy Ta piBHI Klotho, € miHHUMY iHCTpyMEHTaMU IS I IBUIIEHHS TOYHOCTI A1arHOCTHKHU
Ta MIPOTHO3YBaHHS Y MAILi€HTIB 3 HepeKpuTTsM actmu Ta XO3J1.

KurouoBi cj1oBa: actma; Xponiuse 06cTpyKTHBHE 3aXBOPIOBAHHS JIETeHb; EPEKPUTTS; JIETeHeBA TillepTeH3isl; IMTOKIHM; GiT0K

Kioto; okucHIOBaJbHUI CTpeC; TiarHOCTHKA.
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