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Introduction. ldiopathic pulmonary arterial hypertension (IPAH) is a subtype of pulmonary arterial
hypertension (PAH). IPAH is characterized by a progressive increase in pulmonary vascular resistance (PVR),
which can lead to right ventricular heart failure and even mortality. The aim was to study the levels of C-reactive
protein (CRP), endothelin-1 (ET-1) and interleukin-6 (IL-6) in patients with IPAH, as well as to assess their
relationship with clinical and hemodynamic parameters.

Materials and methods. Expression of CRP, ET-1 and IL-6 in blood serum samples of patients with IPAH
(n=53) and control group (n=52) of the appropriate age/gender was determined using enzyme immunoassay
(ELISA). Demographic, clinical characteristics and hemodynamic parameters were studied in patients with
IPAH according to catheterization of the right heart (CRH).

Result and discussion. The average age range of patients with IPAH was 35.0-51.0 years, there were 46
(86.8%) women in this group. The average age of the participants in the control group was 31.0-42.0 years,
there were 46 (88.5%) women. The levels of ET-1 (p < .016) and IL-6 (p < .001) were higher in patients
with IPAH compared to patients in the control group, whereas the level of CRP (p = .270) was no different.
Meanwhile, the level of ET-1 positively correlated with the average pressure in the right atrium (r = .728, p <
.001) and pulmonary vascular resistance (r = .360, p = .008), while IL-6 positively correlated with the functional
class of heart failure according to the classification of the New York Heart Association (NYHA FC).

Conclusion. Levels of IL-6 and ET-1 can be included in the diagnostic algorithm for assessing the severity
and prognosis of the disease.
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INTRODUCTION
Pulmonary arterial hypertension (PAH) is a

treatment options, to monitor treatment response or
disease progression [8]. Therefore, early diagnosis

progressive pulmonary vascular disease with high
morbidity and mortality [21]. Idiopathic pulmonary
arterial hypertension (IPAH) corresponds to a
sporadic disease without any family history of PAH
or a known provoking factor. The prevalence of PAH
among the adult population was registered in the
range of approximately 15-26 cases and 4.6-9 cases
per million, respectively. About half of patients with
PAH worldwide have hereditary, idiopathic, or drug-
induced PAH [18]. Despite the fact that this disease
is rare, the 5-year survival rate is only 65% even with
modern treatment, which underlines the importance
of prognostic assessment. Risk stratification is
necessary to inform about the prognosis, to select
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is crucial to improve the prognosis in patients with
IPAH. One of the solutions to this problem may be the
search for new biomarkers to predict the risk of IPAH
development.

IPAH is characterized by proliferation of smooth
muscle cells, fibroblasts and endothelial cells in the
walls of small pulmonary arteries. Some scientists
suggest that the inflammatory response and
inflammatory pathways play the important role in the
pathogenesis of PAH [3]. Perivascular inflammation
is an important feature of the pathogenesis of PAH,
but the exact role of the inflammatory pathway
remains controversial. Many studies have confirmed
the role of interleukin-6 (IL-6) in the pathogenesis of
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pulmonary hypertension (PH). One study described
that lung function in patients with PAH is inversely
correlated with increased blood serum concentrations
of IL-6 [5]. IL-6 is a small molecular glycoprotein
encoded by the 7p15-21 chromosome, which consists
of four a-structures and usually exists in the form of
a monomer [10]. IL-6 is also a pleiotropic cytokine,
which is known to play a crucial role in the progression
of PAH. Blood plasma levels of IL-6 are increased in
both patients and animal models of PAH [20].

The level of circulating IL-6 in patients with PAH
may be prognostic marker, because some studies
have demonstrated the correlation between IL-6
levels and long-term survival outcomes [9]. Although
IL-6 may be a poor predictor of hemodynamics in
patients with PAH, and a strong correlation has been
shown between IL-6 levels and right ventricular
dysfunction [2]. In addition, the recent study showed
that pulmonary artery endothelial cells from patients
with IPAH have increased regulation of membrane-
bound IL-6 receptors [6]. Increased expression of
IL-6 contributed to the antiapoptotic phenotype in
pulmonary artery endothelial cell dysfunction in
patients with IPAH, but not in the control group.
Simpson et al. [16] demonstrated that the increased
concentration of IL-6 in the blood is associated
with remodeling of pulmonary vessels in patients
with PH. It has been proven that IL-6 can become
the potential therapeutic target for early diagnostic
markers of diseases and treatment of PAH, including
PAH associated with connective tissue diseases
(CTD-PAH). Increased levels of IL-6 can predict
mortality and have been associated with the survival
of patients with PAH of group 1 [11].

C-reactive protein (CRP) has both pro-
inflammatory and anti-inflammatory effects. Quarck et
al. demonstrated that CRP levels in patients with PAH
or chronic thromboembolic pulmonary hypertension
(CTPH) were higher than in control subjects, and
CRP level in patients with PAH correlated with NYHA
functional class, right atrial pressure, 6-minute walking
time, response to therapy and overall survival [11].

Endothelin-1 (ET-1) is a peptide that acts as a
powerful vasoconstrictor and has a wide range of both
physiological and pathological functions [2]. ET-1 is
a mediator of functional and morphological vascular
abnormalities of pulmonary hypertension, expressed
basally in pulmonary epithelial cells [4, 12]. In recent
years, the focus has been on the contribution of
the ET-1 annex. This has led to the development of
various ET receptor antagonists, some of which are
approved for the treatment of PAH [1, 15].

The aim of the study was to consider the levels
of CRP, IL-6 and ET-1 in patients with IPAH and to
assess the relationship with clinical and hemodynamic
parameters of the disease.
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MATERIALS AND METHODS

Participants. The study included 53 patients with
IPAH examined at the specialized National Scientific
Cardiac Surgery Center (Astana city) in the period
from 2016 to 2022. All patients were over the age of
18. The diagnosis of IPAH in all patients was confirmed
by catheterization of the right heart (CRH) after the
comprehensive clinical examination and exclusion
of pulmonary hypertension caused by other causes
(left heart defects, lung diseases, thromboembolism,
etc.). Demographic and clinical characteristics of all
examined persons were studied. The severity of heart
failure was assessed in accordance with the criteria
of the functional class according to the classification
of the New York Heart Association (NYHA FC). All
participants signed the informed consent regarding the
purpose and procedure of the study. The control group
consisted of practically healthy individuals (n=52)
comparable in age and gender with no personal or
family history of PAH or other cardiovascular diseases
(such as congenital heart defects, coronary heart
disease, chronic heart failure, arterial hypertension).

Ethics statement. The scientific study was
approved by the Ethics Committee of Karaganda
medical university NC JSC (Protocol No. 62 dated
12.04.2021).

Molecular analysis. Blood plasma samples of
all patients with IPAH and the control group were
analyzed by enzyme immunoassay (ELISA) for
biomarkers: CRP, endothelin-1 and interleukin-6. The
analysis was performed using kits for endothelin-1
(ELISA — CEA482Ni), CRP (Vector Best A-9002),
interleukin-6 (Vector Best A-8768). Biomarker levels
were measured in peripheral venous blood samples
taken from patients with IPAH. Peripheral venous
blood samples were collected, stored on ice and
centrifuged for 30 minutes. Samples were stored
at the temperature of -80 °C prior to analysis. The
biochemical study was conducted on the basis of
Shared laboratory of Karaganda medical university
NC JSC (Karaganda city).

Statistical analysis. Descriptive statistics were
calculated and presented as medians (Mdn) and
interquartile range (/IQR) for continuous data with
non-normal distribution. Distribution of the data was
evaluated by analyzing Skew and Kurtosis, as well
as the visual inspection of histograms. Levene’s test
was utilized to assess the assumption of homogeneity
of variance. Frequencies (n) and percentages (%)
were presented for categorical data. For continuous
data, Mann — Whitney U-test was used to compare
median values of two data series. Whereas Kruskal-
Wallis test was employed for multiple comparisons.
Wilcoxson Rank Sum test was utilized for pairwise
comparisons. Univariate association with IPAH was
examined with Pearson’s Chi-Square test. Odd ratio
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was used as an index of effect size. Spearman's rank
correlation coefficientis used to assess the relationship
between two continuous variables. Statistical level of
significance was accepted as p < .05. The probability
values, which fall in the range = 0.05 to < 0.10, were
regarded as a trend towards statistical significance.
Statistical analysis was performed utilizing R version
4.4.1 (R Core Team, 2024).

RESULTS

Clinical characteristics of IPAH patients.
In total, 105 persons were included in the study:
53 (50.5%) with IPAH and 52 (49.5%) relatively
healthy people. The age range of patients with IPAH
was 35.0-51.0 years, 46 (86.8%) of them were female.
At the same time, the age of the surveyed in the control
group was 31.0-42.0 years, 46 (88.5%) of them
were female. According to the results of the study,
the relationship of IPAH with age was determined
(OR = 1.09, 95%CI = [1.04-1.14]), although no
relationship between IPAH and gender was registered
(OR = 1.17, 95%CI = [0.36-3.74]). Among patients
with IPAH, NYHA functional class | (FC I) of chronic
heart failure (HF) was diagnosed in 3 patients
(5.7%), FC Il —in 17 (32.1%), FC lll — in 28 (52.8%),
FC IV — in 5 (9.4%). At the same time, the median
values of mPAP and mRAP were 33.0 (28.0-45.0)
and 4.0 (5.0-6.0) mmHg, respectively. The average
PVR was 6.0 (10.6-14.6) WU, whereas the average
Cl value according to Fick was 2.3 (1.9-2.7)
I/min/m? (Table 1).

CRP, ET-1 and IL-6 expressions in IPAH
patients and controls. The results show that there
was no significant difference in the level of CRP
between patients with IPAH (Mdn = 3.45) and the
control group (Mdn =4.79), U=1205.5, p=0.270. The
ET-1 value was significantly higher in patients with
IPAH (Mdn = 17.09) than in the control group (Mdn =
15.53), U=1754.5, p = 0.016. In addition, it was found
that patients with IPAH had significantly higher level
of IL-6 (Mdn = 4.97) than practically healthy people
(Mdn = 3.26), U = 1954.0, p <0.00022. The data is
shown in Figure 1 (A, B, C).

Correlation of Il-6, CRP and ET-1 with clinical
characteristics in IPAH patients. Table 2 presents
the assessment of the association of CRP, ET-1, IL-6
and the characteristics of patients with IPAH.

The results demonstrated that there was no
significant correlation between CRP and the clinical
characteristics of patients with IPAH. The same
pattern was observed for IL-6 level, which did not
correlate with the clinical characteristics of patients
with IPAH. However, the ET-1 level was significantly
associated with mRAP (r = 0.728, p <0.001) and PVR
(r=0.360, p = 0.008).

We also determined the effect of NYHA FC in
patients with ILPAH on CRP and ET-1 levels. It was
found that NYHA FC HF did not affect CRP level
(H (3) = 471, p = .194) and ET-1 (H (3) = 5.87,
p = .118). However, NYHA FC significantly affected
IL-6 level of (H (3) = 16.12, p = 0.001). The results of

Table 1 — Clinical characteristics of IPAH patients and controls

Characteristic Patients with IPAH (n=53) Controls (n=52) p
Age, Mdn (IQR) 45.0 (35.0-51.0) 33.5(31.0-42.0) <.001
Sex, n (%)

Male 7 (13.2%) 6 (11.5%) 295
Female 46 (86.8%) 46 (88.5%)

NYHA FC, n (%)

5.7%) - -

1

(
(32.1%)
(52.8%)

\

3
7
28
5 (9.4%)

mPAP (mmHg), Mdn (IQR)

33.0 (28.0-45.0)

PVR (WU), Mdn (IQR)

6.0 (10.6—14.6)

mRAP(mmHg), Mdn (IQR)

4.0 (5.0-6.0)

Fick CI (I/min/m?2), Mdn (IQR)

2.3(1.9-2.7)

Note: IPAH — idiopathic pulmonary arterial hypertension; IQR — interquartile range; Mdn — median; mPAP — mean
pulmonary artery pressure; PVR — pulmonary vascular resistance; mRAP — mean right atrial pressure; Cl — cardiac index,

NYHA FC — New York Heart Association Functional Classification
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Figure 1 — Comparison of CRP, ET-1 and IL-6 between
patients with IPAH and controls. A — comparison
of CRP between IPAH patients and controls; B —
comparison of ET-1 between IPAH patients and
controls; C — comparison of IL-6 between IPAH
patients and controls
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Figure 2 — Comparison of CRP, ET-1 and IL-6 levels in
patients with IPAH according to WHO-FC grade. A —
comparison of CRP between patients with IPAH and
FC grade; B — comparison of ET-1 between patients
with IPAH and FC grade; C — comparison of IL-6
between patients with IPAH and FC grade
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Table 2 — Correlation of CRP, ET1, IL6 with characteristics of patients with IPAH

Characteristic cRP ET -
r p r p r p

Age .238 .086 .067 .636 197 .158
Sex .019 .948 -.224 .351 486 .168
mPAP -.027 .849 .728 <.001 A79 201
PVR .088 .633 .360 .008 .049 726
mRAP 116 409 .036 .799 -.004 979
Fick CI .076 590 -.192 169 120 .393

Note: CRP — C-reactive protein; ET-1 — endothelin-1; IL-6 — interleukin-6; mPAP — mean pulmonary artery pressure;
PVR - pulmonary vascular resistance; mRAP — mean right atrial pressure; Fick Cl — cardiac index by Fick

pairwise comparisons of IL-6 levels between NYHA
functional classes suggested that IL-6 level did not
differ significantly in patients with FC | and FC Il
(W=21.5, p=.710). At the same time, the level of IL-6
in patients with IPAH with NYHA FC | was significantly
lower than in patients with FC Il (W = 11, p = .0415)
and FC IV (W = 0, p = .036). Also, IL-6 level was
significantly higher in patients with IPAH and FC Il
and IV (W =128.5, p = 0.011) (W =5, p = .004) than
in patients with FC II. The results of the comparative
assessment of IL-6 level depending on FC Ill and
IV showed that IL-6 level was significantly lower in
patients with IPAH and FC Il than in patients with FC
IV (W =22, p =.017). The above data is shown in
Figure 2.

DISCUSSION

Evaluation of CRP, ET-1 and IL-6 levels in
patients with IPAH and participants of the control
group showed that ET-1 and IL-6 levels were higher
in patients with IPAH compared with control subjects,
whereas the level of CRP did not differ in the two
groups. IL-6 level plays a significant role in the
emergence and development of PAH. In patients with
PAH, IL-6 level is not only the inflammatory factor,
but it also performs a dual pro-inflammatory and anti-
inflammatory function, and it is the «mediator» of PAH
progression. In our study, the severity of heart failure
was associated with the increased level of circulating
IL-6 at IPAH. IL-6 level significantly affects NYHA FC
HF, that is, the increase in severity of FC correlates
with the progression of IL-6 level. Several researchers
have shown that IL-6 level was significantly increased
in patients with IPAH and HPAH. At the same time,
IL-6 was identified as a more informative predictor of
IPAH development than such traditional criteria as the
6-minute walk test or hemodynamic parameters [17].
Increased IL-6 levels can predict high mortality and are
associated with the survival of patients with IPAH [7,
14]. In IPAH, there was the imbalance between
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vasoconstriction and vasodilation. Regardless of the
provoking factor, vasoconstriction in combination with
vascular fibrosis and proliferation of endothelial cells
leads to pathogenic remodeling characteristic of PAH.

The results of our study show that the circulating
level of the endothelin 1 biomarker increases
significantly at IPAH and correlates with key
cardiopulmonary hemodynamic parameters such as
pulmonary vascular resistance and mean pressure
in the right atrium (PVR and mPAP), which affect the
prognosis of the disease. Similar results were reported
in several other studies and were characterized
by increased blood serum levels of endothelin-1
in patients with IPAH, correlated with pulmonary
hemodynamics. Rubens et al. [13] found that there
was the strong correlation between PAP, PVR, CI
and ET-1 blood plasma levels. Blood serum ET-1
level may be the prognostic factor in patients with
IPAH. The control reference ET-1 value, published by
Carmine laboratory, ranges from 5 to 12 pg/ml, but
the risk of death from IPAH increases by 10% with the
increase of ET-1 level in blood plasma by 1 pg/ml [19].
Our study has some limitations, first of all, since IPAH
is an orphan disease, the sample size in this study
was small.

CONCLUSION

IPAH correlates with higher IL-6 and ET-1levels. In
this regard, it can be assumed that these biomarkers
in patients with IPAH can be included in the diagnostic
algorithm for assessing the disease severity and
predicting.
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yn. E495, Ne2; e-mail: togzhan.tolegenkyzy@mail.ru

Beederue. Vpguonatnyeckasa nerodHasa aptepuanbHas runepteHsus (WAl — npepcraensieTr cobon
nogTun J1Al, xapakTepuayoLwmncs NporpeccmMpyoLLIMM YBENTMYEHNEM NTETOYHOIO COCYANCTOrO CONPOTUBIIEHNS
(JTCC), uTO MOXET MPUBECTU K NPABOXENy404YKOBOW CEPAEYHOWN HEQOCTAaTOMHOCTM U Jaxe cmepTHocTu. Llenb
nccnenoBaHusa — msyyeHne ypoeHsi C-peaktmBHoro 6enka (CPB), sHgotenmHa-1 (3T-1) U nHTepnenkmHa-6
(MN-6) y nauneHToB ¢ UJAT, a Takke oueHKa UX B3aMMOCBA3M C KITMHUYECKMMIN 1 rTeMOgUHAMMUYECKMMI MOKa-
3atensamu.

Mamepuarnbl u memodsl. Jkcnpeccuto CPB, 3T-1 n LI1-6 B obpa3suax cbiBOpOTkM nauneHToB ¢ UJTAT
(n=53) n kKOHTpOMNbLHON rpynMnbl (N=52) COOTBETCTBYOLLENO Bo3pacTta/norna onpeaensiny ¢ NoMoLbo UMMYHO-
depmeHTHOro aHanmsa (M®A). Y naumeHToB ¢ UJAT ndydeHbl gemorpadunyeckmne, KNMHUYeCKne xapakrepu-
CTUK/ M reMOMHaMNYeCcKme nokasaTenu no AaHHbIM katetepusaumm npasbix otaenos cepgua (KMOC).

Pesynbmambi u obcyxdeHue. Y nauneHtorB ¢ UIAIT cpegHuin Bo3pacTHol gmana3soH coctasun 35.0-51.0
roga, U3 HUX XeHLUMH 46 (86,8%), a B koHTponbHon rpynne 31.0—42.0 roga, »eHwuH 6o 46 (88,5%). 3T-1
(p <.016) 1 UJ1-6 (p <.001) 6binM yBenu4yeHsbl y nauneHToB ¢ UJTAI No cpaBHEHMIO C KOHTPONBLHOW rpymnmnon,
Torga kak ypoBeHb CPB (p = .270) He oTnuyancsa B AByx rpynnax. Mexay tem, OT-1 nonoxutenbsHO Koppe-
nunpoBarn co CpeaHMM AaBrieHnem B nNpaBom npegcepauu (r = .728, p <.001) n nero4yHo-cocygmcTbiM COnpo-
TuBnennem (r = .360, p = .008), Toraa kak MJ1-6 nonoxuTensHO KOppenupoBasn ¢ yHKLUNOHAbHbIM KITaCCOM
cepaeyvHor HegocTaTtodHocTh no knaccudukauum New York Heart Association (NYHA FC).

3aknoyeHue. NIN-6 n 3T-1 MoryT GbITb BKIKOYEHbI B ANArHOCTUYECKUIA anroOpuTM OLEHKM TSKECTU U Mpo-
rHO3MpoOBaHWs 3aboneBaHus.

Knrouesbie criosa: ngnonatmdeckas rnerovyHasi aptepvanbHas rmnepTeH3us; c-peakTuBHbln 6enok; aHgo-
TenuH-1; MHTEPNENKUH -6
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©3ekmirniei. \gnonatnsnblk exnenik aptepusanblk rmnepteHsns (MOAI) oH XakK KapblHLWAaHbIH XYPeK XeT-
KinikciagiriHe keHe epTe eniMre akenyi MyMKIH ekne TamblprapbiHbiH kegepriciH (©TK) yaemeni xorapbina-
ybIMEH cunaTTanaTbiH eKnenik aptepuanablk runepteH3usaHbiH ( ©AlN) kocankel Typi 6onbin Tabbinagbl.

3epmmeydiH makcambi. C-peakTuBTi akybi3 (CPA), sHootenunH-1 (3T-1) xxaHe nHtepnenkmnH-6 (UJ1-6) nex-
reriH NOAI HaykacTapbliHAa 3epTTey, COHbIMEH KaTap onapablH KITMHUKarbIK XXeHe reMoAMHaMUKarnblK KepceT-
KiLuTepimeH 6arinaHbICbiH baranay.

Matepuangap xeHe agictep. MOAI HaykacTapbiHbIH (N=53) )kaHe »acbl/>KbIHbICbI COMKEC KeNeTiH Gakbinay
TOObIHbIH (N=52) capsblicy ynrinepiHgeri CPA, 3T-1 xoHe WUJT-6 akcnpeccuscbl UMMYHOEPMEHTTI TanaayabiH,
(NDPA) kemerimeH aHbikTangbl. MOAIT nauneHTTEpiHIH, AemorpadusanbikK, KIMMHUKAMNbIK XOHE OH >Xak >Kypek
KaTeTepmnsauunsacbl KOMeriMeH aHbiKTanfaH remoavHamMuKanblK KepCeTKILITepi cunaTTanbl.

Hamuxxenep xxoHe mankbinay. NOAI 6ap HaykacTapda opTalla xac guanasoHbl 35,0-51,0 xacTbl Kypagpl,
OHbIH, 46-cbl (86,8%) anengep, an 6akbinay TobbiHaa 31,0-42,0 xac, oHbIH 46-cbl (88,5%) anengep. 3T-1 (p
< .016) xoHe UJT-6 (p < .001) Bakbinay TobbiMeH canbicTbipFaHga MBAIT 6ap HaykacTapga xorapbl, an CPA
nenreni (p = .270) exi Ton apacbiHaa epekweneHoeni. CoHbiMeH katap, OT-1 OH XakK >XypeKLeHiH opTawla
KbICbIMbIMeEH (r = .728, p < .001) »oHe ekne TamblpriapblHbIH KapcbinbiFbiMeH (r = .360, p = .008) oH koppens-
umaga 6ongel, an UIN-6 Heto-Mopk xypek kaybimaacTbiFbiHbiH (NYHA FC) knaccudukaumsicbiHa Coikec Xypek
XKeTKinikciagiri pyHKUMoHanabIK KnaccbIMEH OH koppensauusiaa oonabi.

KopbimbiHObI. WI1-6 xaHe 3T-1 MOAI ayblprnbifbl MeH 6omkaMbiH GaFanay yLIiH AnarHoCTUKanbIK anro-
puTMre Kocyfa 6onagabl.

Kinm ce3dep: nanonatusanbik eKNenik apTepusnbik rmnepTeH3ns; C-peakTuBTi aKybl3; SHOOTENNH-1; MHTep-
NenknH-6
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