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The extracellular CIRP as a predictive marker
for the endothelial dysfunction in chronic
obstructive pulmonary disease combined
with pulmonary hypertension

Yun Yao', Haibo Jiang', Dalin Xu', Bing Zhang? Feng Yao®> " and Wei Guo'""

Abstract

Background Pulmonary hypertension (PH) is a serious complication of chronic obstructive pulmonary disease
(COPD), distinguished by pulmonary endothelial dysfunction. The extracellular cold-inducible RNA-binding protein
(eCIRP) is a damage-associated molecular pattern (DAMP) that triggers inflammation and causes vascular endothelial
dysfunction in COPD-PH.

Methods The expression levels of CIRP were compared in peripheral lung tissues among 40 individuals. Moreover, A
prospective analysis was conducted on serum levels of eCIRP, interleukin (IL) 183, IL-33, endothelin-1 (ET-1), and nitric
oxide (NO) in 150 COPD patients and 50 healthy control individuals at Jiangsu Taizhou Peoples Hospital. The study
aimed to compare these serum levels and correlations among COPD-PH group, COPD non-PH group and the normal
group.

Results We found higher CIRP levels in COPD-PH compared to COPD non-PH and the normal in lung tissue samples.
A prospective analysis showed higher serum levels of eCIRP, IL-14, IL.-33, and ET 1 in COPD-PH, while a noticeable
reduction in NO levels. There exists a correlation between the severity of COPD-PH and elevated levels of eCIRP,
proinflammatory cytokines like IL-13 and IL-33, along with indicators of endothelial dysfunction like endothelin-1 ET-1
and NO. Moreover, the serum eCIRP level demonstrated a notable positive correlation with the levels of IL-1(3, IL-33,
PCT, and ET-1, while displaying a negative correlation with NO and Peripheral Oxygen Saturation (SpO,). Moreover,
the serum eCIRP level demonstrated a notable positive correlation with the levels of IL-13, IL-33, PCT, and ET-1,

while displaying a negative correlation with NO and SpO,. Moreover, an assessment of independent risk factors for
COPD-PH with ROC curve analysis, gauged the predictive value of serum eCIRP, IL-13, IL-33, ET-1, and NO levels in
diagnosing COPD-PH. Elevated eCIRP, IL-33, and ET-1 levels significantly correlated with COPD-PH, highlighting eCIRP’s
strong predictive value for this condition.
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Conclusion eCIRP levels could serve as a valuable biomarker for predicting endothelial dysfunction in COPD-PH.
Keywords COPD, PH, Inflammation, Endothelial dysfunction, eCIRP

Introduction

Chronic obstructive pulmonary disease (COPD) is a
clinically common respiratory disease with high morbid-
ity and mortality [1]. Pulmonary hypertension (PH) is
an important complication of the natural progression of
COPD, characterized by endothelial dysfunction, pulmo-
nary vasoconstriction and vascular remodeling, leading
to a poor prognosis [2, 3]. It was well known that dis-
ruption of endothelial homeostasis and barrier integrity,
typically induced by proinflammatory cytokines, is an
important factor contributing to morbidity and mortality.
A study for secondary PH indicated that systemic inflam-
mation and endothelial dysfunction play an important
role in the pathogenesis of PH [4, 5]. It has found that
erythrocyte sedimentation rate (ESR), high-sensitivity
C-reactive protein (hsCRP), procalcitonin (PCT) and
Neutrophil-to-lymphocyte ratio (NLR) have been studied
in acute exacerbations of COPD (AECOPD) patients as
prognostic markers [6, 7]. Another study has confirmed
that serum levels of interleukin (IL)-2, IL-4, IL-8, IL-10,
IL-12 p70, IL-1B, IL-6, and TNF-a are elevated in patients
with idiopathic and familial PH [8]. These findings not
only confirm the presence of inflammation in COPD or
PH but also underscore the necessity to investigate addi-
tional biomarkers that might more accurately reflect the
inflammatory status in individuals with COPD combined
with PH (COPD-PH).

Cold-inducible RNA-binding protein (CIRP) was
found predominantly in the nucleus under physiologic
conditions and acts as an RNA chaperone to coordinate
stressor-related translational reprogramming [9, 10].
When cells are in stressful conditions such as hypoxia
or inflammation, CIRP is released into the extracellu-
lar space [11]. Recent studies found extracellular CIRP
(eCIRP) functions as a newly identified damage-associ-
ated molecular patterns (DAMP) to promote and amplify
the inflammatory response [10, 12, 13]. It has been shown
that CIRP expression was significantly increased in the
bronchi of COPD patients [14]. Another study has also
shown that CIRP was highly expressed in patients with
COPD and in rats with chronic airway inflammation [15].
It has been reported that eCIRP promoted the expression
of inflammatory genes in the bronchial epithelial cells
to promote cold-induced exacerbation of COPD [16]. In
addition, eCIRP stimulates proinflammatory cytokine
release in hemorrhage and sepsis [10, 17]. These stud-
ies indicated that eCIRP could participate in the COPD
process by promoting inflammation. More importantly,
intravenous injection of recombinant murine CIRP
induced vascular leakage and proinflammatory cytokine

production in the lung tissue to cause lung injury in mice
[12]. It also found that eCIRP induced mouse lung vas-
cular endothelial cell pyroptosis by promoting the acti-
vation of NLRP3 inflammasome and caspase-1 and the
release of IL-1p [12]. These results demonstrated the
release of CIRP could directly activate endothelial cells
and induced endothelial dysfunction to promote the
occurrence and progression of inflammatory disease.
However, the association between eCIRP and endothelial
dysfunction in COPD-PH has not been investigated.

In summary, this study focused on the association
between eCIRP and endothelial dysfunction in COPD-
PH. Human lung tissue samples were collected to
observe the expression of eCIRP in the normal, COPD,
and COPD-PH. Following this, the serum levels of eCIRP,
proinflammatory cytokines including IL-1B and IL-33,
and markers of endothelial dysfunction such as endothe-
lin-1 (ET-1) and nitric oxide (NO) were measured and
analyzed in patients with the normal, COPD and COPD-
PH. Furthermore, independent risk factors for COPD-
PH were analyzed, and receiver operating characteristic
(ROC) curve analysis were utilized to assess the predic-
tive value of serum eCIRP, IL-1p, IL-33, ET-1 and NO in
COPD-PH diagnosis.

Materials and methods

Research objects and grouping

A total of 150 COPD patients admitted to Jiangsu
Taizhou Peoples Hospital from February 2023 to August
2023 were analyzed prospectively, of which 39 patients
combined with PH were enrolled in the COPD-PH group
by cardiac ultrasound results. Propensity score matching
(PSM) was used to reduce the bias of treatment selection
of four confounders, age, sex, length of hospital stays, and
treatment regimen. 50 patients in the group without PH
with COPD were selected as COPD non-PH group from
the remaining samples using PSM. In the same period,
50 healthy individuals who underwent physical examina-
tions in our hospital were selected as the normal group.
40 human peripheral lung tissue samples were obtained
from the Department of Pathology at Jiangsu Taizhou
Peoples Hospital. These samples were categorized into
three groups of the normal, COPD non-PH, and COPD-
PH. The research was approved by the Ethics Commit-
tee of Jiangsu Taizhou Peoples Hospital, file number KY
2023-074-01. Moreover, all the patients agreed to partici-
pate in the experiment and signed the informed consent
form.
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Inclusion criteria and exclusion criteria

All the COPD patients fulfilled the criteria proposed
by Global Initiative for Chronic Obstructive Lung Dis-
ease (GOLD) guidelines and patients (to be enrolled in
the COPD-PH group) meeting the diagnostic criteria in
2009 European Pulmonary Hypertension Guidelines.
The diagnosis of COPD combined with PH meets the
echocardiographic assessment criteria for PH diagnosis
outlined in the 2015 European Society of Cardiology/
European Respiratory Society (ESC/ERS) guidelines for
the diagnosis and treatment of pulmonary hypertension.

Mild (36 mmHg<PASP<50 mmHg).

Moderate (51 mmHg<PASP<70 mmHg).

Severe (PASP>70 mmHg).

Exclusion criteria: acute inflammatory diseases such
as pulmonary and upper respiratory tract infections and
other site infections. Rheumatic immune diseases, auto-
immune diseases, bone metabolism related diseases and
other serious systemic inflammatory diseases. Pulmonary
hypertension caused by other diseases: such as interstitial
lung disease, pulmonary embolism. Left heart disease,
congenital heart disease, portal hypertension, sleep-
disordered breathing, connective tissue disease, lung
tumors, human immunodeficiency virus (HIV) infec-
tion, liver and kidney failure, hepatitis and other diseases.
Long-term oral administration of drugs affects endothe-
lial function, such as hormones, statins, ACE inhibitors,
antiplatelets, or anticoagulants.

Data and laboratory test indices collection

General information of the research subjects including
gender, age, body mass index (BMI), SI smoking index
(SI), course of COPD, blood pressure (including systolic
blood pressure and diastolic blood pressure), the pres-
ence of diabetes and coronary heart disease, serum cre-
atinine (Scr) and blood urea nitrogen (BUN), aspartate
transaminase (AST), alanine transaminase (ALT) lev-
els and coagulation function data such as PLT, PT, INR,
APTT, TT, Fbg and D dimer levels were collected.

Blood gas samples were analyzed using a blood gas
analyzer (Wofin, GEM Premier). Various blood routine
indexes were examined using the Unicel DxH800 auto-
matic blood analyzer (Beckman Coulter, Miami, FL,
USA). The blood CRP was performed with the H7600
automatic biochemical.

analyzer, and B-Type Natriuretic Peptide (BNP) was
detected using Alere Triage MeterPro quantitative fluo-
rescence immunoassay.

Color doppler echocardiography was used to mea-
sure the pulmonary artery systolic pressure (PASP). All
patients underwent the assessment of pulmonary artery
pressure using color Doppler echocardiography while
in a peaceful supine position. Four-chamber images of
their apical muscular region were captured with the

Page 3 of 11

sample lines maintained parallel to regurgitation. The
patients’” PH was calculated according to the Bernoulli
simplified formula: PASP=4V? (maximum  tricuspid
regurgitation rate)+5 mmHg [18]. Based on the echo-
cardiography results, the study subjects in the COPD-
PH group were divided into mild, moderate, and severe
COPD-PH groups according to the severity of pulmonary
hypertension.

5 mL of fasting venous blood taken in the next morning
after admission was centrifuged at 3000 r/min and stored
at -80 °C for later detection. When measuring indicators,
remove the cryopreservation tube and place it at room
temperature. Allow for a gradual thawing process, ensur-
ing that the specimen thaws evenly and thoroughly. The
levels of eCIRP, ET-1, NO, IL-3 and IL-1B were deter-
mined by ELISA.CIRP, ET-1, IL-3, and IL-1p ELISA kits
were acquired from China Jiangsu Meimian Industrial
Co, Ltd, while NO ELISA kits were sourced from China
Hebei Yancheng Biotechnology Co, Ltd. All procedures
were meticulously conducted in strict adherence to the
kit instructions.

Processing of human lung tissue

Lung tissue samples were obtained from 40 patients dur-
ing lobectomy through resection of the adjacent noncan-
cerous lung tissues. Partial samples were fixed in 10%
formalin solution at room temperature for 12 h and cut
into 5 pm paraffin-embedded sections, which processed
for immunohistochemical analysis.

The tissue samples were fixed with 4% paraformalde-
hyde for 30 min, permeabilized with 0.3% Triton X-100
for another 30 min, and then blocked with goat serum for
1 h at room temperature. Subsequently, the tissue slides
were incubated with rabbit anti-CIRP antibody (dilu-
tion 1:200) at 4 °C overnight. The tissue slides were then
exposed to biotinylated secondary antibody (goat anti-
rabbit antibody, dilution 1:200) for 30 min and strepta-
vidin-peroxidase complex (dilution 1:100) for another
45 min. The tissue slides were observed and imaged
under an ultrahigh resolution laser confocal microscope
(Leica, Germany).

Statistical analysis

In the study, SPSS 27.0 software was adopted for statisti-
cal analysis of experiment data. Metric data conforming
to a normal distribution are expressed as mean+SD, but
are presented as mean+SEM in the graphs. The inde-
pendent sample t-test is used for comparing two groups,
one-way analysis of variance (one-way ANOVA) is uti-
lized for comparing three groups, and further pairwise
comparisons are conducted using the Bonferroni test.
Non-normally distributed metric data are represented as
median (interquartile range), with the Mann-Whitney U
test employed for comparisons between two groups, the
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Kruskal-Wallis H test for three-group comparisons, and
the Nemenyi test for subsequent pairwise comparisons.
The count data cases, presented as the number [n (%)],
involve between-group comparisons conducted using the
chi-square test. Correlation analysis was conducted using
Spearman’s rank correlation test. Logistic multivariate
analysis was performed for risk factors of PH.

Results

CIRP expression is upregulated in lung tissues from
COPD-PH patients

The results of immunohistochemical experiments are
presented in Fig. 1. The brown areas (positive areas
stained by the CIRP antibody) indicated CIRP expres-
sion. The results showed that CIRP was highly expressed
in the lung tissues from COPD-PH (Fig. 1a). AOD (aver-
age optical density) of the positive area for the lung tis-
sues from the COPD-PH group was higher than normal
and COPD non-PH group (Fig. 1b). Therefore, CIRP
expression is upregulated in lung tissues from COPD-PH
patients.

Patient characteristics and clinical data

The general data of subjects in the three groups are
shown in Table 1. The sex, age, blood pressure, the pres-
ence of diabetes, the presence of coronary heart disease,
liver function, and renal function of the subjects in the
3 groups were not significantly different. The average
COPD course and coagulation function in the COPD
non-PH group and the COPD-PH group were not sig-
nificantly different. The BMI of the COPD-PH group was
significantly lower than that of the other two groups, and
the SI of the COPD-PH group was significantly higher
than that of the other two groups. Analysis of Blood
oxygen saturation and related blood gas index detection
showed that SpO, was statistically significantly lower in

Normal
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COPD-PH than in COPD non-PH. PaCO, was statisti-
cally significantly higher in COPD-PH than in COPD
non-PH. PaO, in the COPD-PH group was lower than
in the COPD non-PH group, but there was no significant
significance. BNP were significant higher in the COPD-
PH group compared with the COPD non-PH group.

Comparison among the three groups in serum eCIRP, IL-1f,
IL-33, ET-1 and NO levels

ELISA assays revealed a significant increase in serum
eCIRP levels in the COPD-PH group compared to both
the normal and COPD non-PH groups. (Fig. 2a). More-
over, serum IL-1P, IL-33 and ET-1 levels were signifi-
cantly increased in the COPD non-PH and COPD-PH
group compared with the normal group, and serum
IL-33 and ET-1 levels were significantly increased in the
COPD-PH group compared with the COPD non-PH
group (Fig. 2b, ¢ and d). In addition, serum NO level was
significantly decreased in the COPD non-PH and COPD-
PH group compared with the normal group (Fig. 2e).

The serum levels of eCIRP, IL-1, IL-33, CRP, PCT, ET-1, NO
and SpO2 correlated with the severity of COPD-PH

A comparison was conducted among patients in the
COPD-PH group who exhibited varying degrees of PH.
There were significant differences observed in the levels
of eCIRP, IL-1p, IL-33, CRP, ET-1, NO, and SpO, between
the mild COPD-PH group and the severe COPD-PH
group (Fig. 3). However, significant differences were
observed only in the serum eCIRP levels among the mild,
moderate, and severe COPD-PH groups (Fig. 3a). With
an escalation in the severity of pulmonary hypertension,
a noteworthy increase in eCIRP levels is observed, high-
lighting a strong correlation between eCIRP levels and
the severity of PH.
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Fig. 1 CIRP expression is upregulated in lung tissues from COPD-PH patients. The lung tissues were stained with immunohistochemistry. (a) Representa-
tive images of CIRP immunostaining of lung specimens. (b) CIRP expression level in lung tissues with AOD. Image quantification was performed using

Image J. Scale bar =50 pm. AOD=I0D (integrated optical density)/area. ‘P<0.05, “P<0.01 or
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Table 1 Analysis of the clinical data among different groups of subjects

Factor Normal COPD non-PH COPD-PH X?/F/H P

(N=50) (N=50) (N=39)

Gender, n (%) 3.089 2.869

Male 18 (72) 22 (88) 34(87.2)

Female 7(28) 3(12) 5(12.8)

Age (years), n (%) 2.167 0.338

<60 5(20) 4(16) 3(7.7)

>60 20 (80) 21 (84) 36(92.3)

BMI (kg/mz) 23.79+£2.89 23.53+£2.80 21.06+3.51 7498 0.001"

SI (pack-years) 0(0,0) 200 (0, 700) 400 (0, 600) 10.128 0.006"

Course of disease (years) & 11.08+10.996 13.21+£9.117 0.704 0.405

Blood pressure (mmhg)

Systolic blood pressure 130.84+10.131 133.04+15.358 138.08+15.964 2138 0.124

Diastolic blood pressure 79.76 +6.863 84.56+11.248 80.5+11.450 1.633 0.201

Diabetes, n (%) 0.375 0.829

Yes 2(8) 3(12) 5(12.8)

NO 23(92) 22 (88) 34 (87.2)

Coronary heart disease, n (%) 1.272 0.529

Yes 1(4) 0(0) 2(5.1)

NO 24 (96.0) 25 (100) 37(94.9)

Renal function

SCr (umol/L) 73.25+14.205 76.88+21.807 74.07+30410 0357 0.701

BUN (mmol/L) 5.84+3.151 6.03+1.771 6.35+3.176 0.557 0.757

Liver function

AST (U/L) 22.00+£3.122 21.04+£10.122 24.23+12.621 3.495 0174

ALT (U/L) 18.56+3.441 23.44+18945 19.00+15.735 4.102 0.129

Coagulationfunction

PLT (1079/L) 182.80+44.500 167.90+69.50 161.87+71514 4484 0.106

PT (s) @ 12.78+1.165 13.91+2.629 2636 0.104

INR a 1.05+0.086 1.13+0.187 2733 0.098

APTT (s) a 30.83+6.601 34.77+6913 2.029 0.154

TT (5) . 18.06£0.650 18.09+1.008 0.384 0.535

Fbg (g/L) @ 4.63£6.001 407+1.617 2.009 0.156

D dimer (mg/L) é 1.15+1.241 1.10+0.660 2250 0.134

SpO, (%) a 96.00 91.00 -3.520 <0.001"
(92.00, 98.00) (74.00, 94.00)

Pa0, (mmhg) é 86.15+4.348 84.63+4.195 -0.235 0.815

PaCO, (mmhg) a 46.80 52.10 -2.275 0.023"
(43.95, 48.60) (44.50, 59.80)

BNP (ng/L) a 27.70 2375 -2497 0013"
(18.45,52.32) (61.65, 509.60)

Data are presented as mean+SD, median (interquartile range), or NO (%). 2Patient with missing data who did not have this test. "P<0.05 was considered to indicate

a statistically significant difference

Correlation analysis of serum eCIRP, IL-1(, IL-33, CRP, PCT,
ET-1, NO, Sp0O2, PaO2 and PaCO?2 levels

Through Spearman correlation analysis, serum eCIRP
levels is positively correlated with inflammatory markers
IL-1pB, IL-33, CRP and PCT (Fig. 4a, b, c and d). Addi-
tionally, serum eCIRP levels shows a significant positive
correlation with endothelial function indicator ET-1 and
a significant negative correlation with endothelial func-
tion marker NO (Fig. 4e and f). At the same time, there is
a significant negative correlation between serum eCIRP
levels and SpO, (Fig. 4g). This further confirms the close

association between serum eCIRP levels and the inflam-
matory response and endothelial dysfunction in COPD-
PH patients, potentially contributing to the development
of PH and systemic hypoxia.

The heatmap illustrates the correlations among eCIRP,
IL-1B, IL-33, CRP, PCT, ET-1, NO, SpO,, PaO,, PaCO,,
and PASP (Fig. 5). This study reveals a significant positive
correlation with serum ET-1 levels and between serum
IL-1p and IL-33 levels. Moreover, SpO, shows a signifi-
cant negative correlation with the endothelial function
indicator ET-1 and a positive correlation with NO. These
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Fig.2 Comparison among the three groups in serum eCIRP, IL-1(3, IL-33, ET-1 and NO levels. Bar graphs presented serum eCIRP, IL-1(3, IL-33, ET-1,NO levels.
(a) eCIRP levels among the three groups. (b) IL-1(3 levels among the three groups. (c) IL-33 levels among the three groups. (d) ET-1 levels among the three
groups. (e) NO levels among the three groups. Data are presented as the mean+SEM. *P<0.05, "P<0.01, "P<0.001 or P <0.0001

findings suggest a potential interplay between pulmonary
vascular inflammation and endothelial dysfunction, col-
lectively contributing to the occurrence and progression
of COPD-PH.

Predictive value of eCIRP, biomarkers of endothelial
dysfunction and inflammation correlated on COPD-PH

To investigate whether eCIRP, biomarkers of endothelial
dysfunction and inflammation was related to COPD-PH,
univariate analysis were conducted. The crude odds ratios
for the influencing factors of COPD-PH occurrence are
provided in Table 2, along with the adjusted OR adjusted
for age, gender, BMI, and SI (Fig. 6). Higher expression
of eCIRP, IL-1p, IL-33 and ET-1 and lower expression of
NO and SpO, was significantly related to the occurrence
of COPD-PH on univariate analysis. After adjusting for

age, gender, BMI, and systemic inflammation (SI), mul-
tivariate logistic regression validated eCIRP, IL-33, ET-1,
and SpO, as significant independent factors associated
with an increased risk of COPD-PH.

ROC analysis of eCIRP, IL-1f3, IL-33, ET-1 and NO to COPD-PH
In terms of COPD-PH diagnosis, eCIRP sensitivity is
94.87%, specificity is 47.83%, area under the curve (AUC)
is 0.749, and cut-off value is 69.78. IL-1p sensitivity
69.23%, specificity 65.22%, area under the curve (AUC)
0.660, cut-off value 13.31. IL-33 sensitivity was 76.92%,
specificity was 82.61%, area under the curve (AUC) was
0.802, and the critical value was 22.48. The sensitivity of
ET-1 is 89.74%, the specificity is 65.22%, the area under
the curve (AUC) is 0.837, and the critical value is 79.93.
NO sensitivity is 66.67%, specificity is 73.91%, area under
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Fig.3 Theserumlevels of eCIRP, IL-1(3,L-33, CRP, PCT, ET-1,NO, SpO, and PaO, correlated with the severity of COPD-PH.*P < 0.05,**P < 0.01 or ****P <0.0001

the curve (AUC) is 0.701, critical value is 35.91. See more
details in Fig. 7.

Discussion

COPD is a respiratory disorder characterized by
impaired airflow and compromised lung tissue integrity
[4]. Airway obstruction and damage to the pulmonary
parenchyma and vasculature promote hyperplasia and
fibrosis in the lung vascular endothelium [19, 20]. This
exacerbates pulmonary artery remodeling, ultimately
culminating in pulmonary hypertension and right heart
failure [21]. The coexistence of COPD and PH represents
an irreversible pathological alteration that exerts a signif-
icant influence on the unfavorable prognosis of patients
[22]. Our study reveals elevated expression of eCIRP in
the lung tissue and serum of individuals with COPD-PH.
Further research identified a correlation between the lev-
els of eCIRP and the severity of COPD-PH. There was a
significant correlation between eCIRP and inflamma-
tory factors including IL-1p and IL-33, and indicators of
endothelial dysfunction, as evidenced by increased ET-1
levels and reduced NO. Thus, the eCIRP level can serve
as a biomarker for predicting endothelial dysfunction in
COPD-PH.

It has been reported that CIRP was highly expressed
in patients with COPD and in rats with chronic airway
inflammation [23]. In this study, we further investigated
the levels of eCIRP in lung tissue and serum, which
were found to be significantly elevated in the COPD-PH
group compared to both the COPD non-PH group and
the normal group. Additionally, the serum eCIRP level

demonstrated an increase in accordance with the severity
of the disease. This implies a close association between
eCIRP and the progression as well as the prognosis of
PH. Prior investigations have indicated that prolonged
chronic hypoxia has a direct impact on endothelial cells
and epithelial cells, leading to endothelial and epithe-
lial dysfunction, as well as on pulmonary artery smooth
muscle cells. Alternatively, it can induce pulmonary vas-
cular remodeling through its influence on inflammatory
mechanisms, constituting a crucial factor in the eleva-
tion of pulmonary vascular resistance (PVR) [24-27].
This indicates that the progression of COPD-PH may
be linked to endothelial dysfunction and inflammatory
responses induced by chronic hypoxia. Moreover, our
findings further revealed a significant increase in IL-1f,
IL-33, and ET-1 levels in the COPD-PH group, with
their expression intensifying proportionally as the sever-
ity of PH advanced. The levels of NO, SpO,, and PaO,
in the COPD-PH group exhibited a significant decrease,
with their expression diminishing as the severity of PH
increased. These findings suggest a potential association
between the development of COPD-PH and hypoxemia,
along with endothelial dysfunction. It is further suggested
that the inflammatory response triggered by chronic
hypoxia may be linked to the endothelial dysfunction
observed in COPD-PH.

In the present study, we further investigated the expres-
sion of serum BNP in each group, revealing a significant
increase in the COPD-PH group. This finding is likely
attributed to elevated mean pulmonary arterial pres-
sures, subsequently leading to heightened afterload of the
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Fig.4 Correlation analysis of serum eCIRP, IL-13, IL-33, CRP, PCT, ET-1,NO, SpO2, PaO2 and PaCO?2 levels. Spearman correlation analysis was used. r, Pearson

coefficient. *P<0.05, **P<0.01, ***P<0.001 or ****P<0.0001

right ventricle (RV) and causing right heart hypertrophy.
This adaptive hypertrophy helps the heart cope with high
PVR. However, over time, this beneficial adaptive cardiac
hypertrophy can transition into maladaptive RV dilation
and eventually result in heart failure [28].

Previous studies have shown the existence of eCIRP in
different inflammatory conditions, indicating its poten-
tial as a pro-inflammatory factor [17]. However, further
investigation is needed to explore the correlation between
these factors. The correlation analysis performed in this
study revealed a significant positive association between

serum eCIRP and inflammatory factors, including CRP,
PCT, IL-1pB, and IL-33. Moreover, there was a significant
correlation between serum eCIRP and endothelial func-
tional response indicators, specifically ET-1 and NO. In
addition, this study showed that serum IL-1f and IL-33
were significantly positively correlated with ET-1, and
SpO, was significantly negatively correlated with serum
ET-1 and positively correlated with NO. These find-
ings support the notion that chronic hypoxia triggers an
inflammatory response, exacerbating endothelial. Conse-
quently, this endothelial dysfunction may be responsible
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Table 2 The risk factors of COPD-PH Protective Factors | Risk Factors
Variables Crude OR Pvalue Adjusted OR Pvalue eCIRP- I *
(95% Cl1) i (95% CI) _ IL-16- ——t
eCIRP 1.008(1.002-1013)  0.007" 1007 (1.001-1.012) 0014 L3 :
N -33= . ——
I-16 1,056 (1.001-1.114)  0.044" 1.050 (0.997-1.106) 0.063 : *
IL-33 1084 (1.029-1.141)  0002" 1.067 (1.015-1.121) 0010 CRP =
CRP 1024 (0996-1.053) 0093 1.013(0.982-1044) 0418 PCT*100-
PCT*100 1177 (0973-1424) 0093 1.120(0.912-1375) 0.281 ET-1- S S
ET-1 1125(1.059-1.196) <0001" 1144 (1.056-1.239) 0.00] NO- :
NO 0958 (0.918-0.999)  0.047" 0.954(0.908-1.002) 0.058 :
* * - ——
SpO,  0839(0.738-0954) 0007 0.829(0.732-0939) 0003 Spo2 *
PaCO,  1062(0998-1.131) 0058 1.087(0.999-1.182) 0.053 PaC02+ _
BNP 1026 (0.990,1.063)  0.164 1.069 (0.959-1.191) 0228 BNP- ——
Crude OR=o0dds ratio. Adjusted OR=crude OR adjusted for age, gender, BMI T T T 1
and S| 0.8 1.0 1.2 1.4
*P<0.05, indicates statistical significance Adjusted OR (95% CI)

Fig. 6 Forest plots of the univariate regression analysis adjusted for age,
gender, BMland SI. "P<0.05, indicates statistical significance
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for the development of PH and further exacerbation of
hypoxia, creating a detrimental cycle. Hence, the involve-
ment of eCIRP in pulmonary vascular inflammatory
response and vascular endothelial dysfunction is evident.
Therapeutic strategies that reduce eCIRP expression or
block its transport to the cytosol may potentially help
manage COPD combined with PH. While such strategies
could contribute to the reduction of airway inflamma-
tion, overall inflammatory response, and endothelial dys-
function [29], it remains uncertain if these effects directly
influence COPD-PH progression.

Consequently, a univariate logistic regression analysis
was conducted on patients with COPD-PH. We recog-
nized increased levels of serum eCIRP, IL-1f3, IL-33, and
ET-1, along with reduced NO, as risk factors associated
with the development of COPD-PH. The study findings
did not demonstrate a statistically significant association
between the occurrence of COPD-PH and serum levels
of CRP, PCT, IL-1p, NO, PaCO,, and BNP. This lack of
significance may be potentially influenced by various fac-
tors, including the sample size and the specific charac-
teristics of the study population. After adjusting for age,
gender, BMI, and SI, the multivariate logistic regression
confirmed that eCIRP, IL-33, ET-1, and SpO, were sig-
nificant independent factors associated with an increased
risk of COPD-PH. Further binary logistic regression
analysis and ROC curve analyses revealed that eCIRP,
IL-33, ET-1, and NO have significant predictive value
for COPD-PH. This reinforces the notion that inflamma-
tory factors like eCIRP, IL-1p, IL-33, along with mark-
ers of endothelial dysfunction such as elevated ET-1 and
decreased NO, play a pivotal role in the onset and pro-
gression of COPD-PH.

Overall, serum eCIRP levels has a predictive value
in COPD combined with PH, though their precise role
remains to be clarified. Elevated eCIRP levels may be
associated with pulmonary vascular endothelial dys-
function, potentially linked to the body’s inflammatory
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response. However, whether this relationship directly
contributes to the initiation and progression of pulmo-
nary hypertension or merely reflects a downstream effect
of COPD-PH requires further investigation. Thus, a ther-
apeutic approach targeting eCIRP might offer some ben-
efit in modulating inflammation and endothelial function
but requires additional validation before establishing
its role in COPD-PH treatment. At the same time, it is
important to note the limitations regarding the diagnosis
of PH in our study. We acknowledge that while echocar-
diography is a widely used and non-invasive method, it
is not considered the gold standard for diagnosing PH.
Due to the study’s constraints, right heart catheterization
(RHC) was not feasible for all patients. There remains
some uncertainty in the etiology. Additionally, one limi-
tation of this study is the absence of stratification based
on COPD severity, as we did not include baseline FEV,
and FEV,/FVC ratio values for each cohort. While our
focus was specifically on endothelial dysfunction in the
COPD-PH group, stratifying patients by COPD severity
might have provided further insights into the variability
of endothelial function across different stages of disease
progression. Future studies should aim to incorporate
COPD severity stratification to better assess the impact
of endothelial dysfunction across COPD severity levels
and its potential interaction with PH. On top of that, this
study is a single-center, small observational investigation
characterized by a limited sample size and a relatively
short duration. The absence of dynamic monitoring for
the research indicators may have certain implications on
the robustness of the experimental outcomes. Hence, it
is crucial to conduct extensive multi-center, prospective
studies in order to establish a more robust foundation for
clinical practices. By incorporating a larger sample size
and involving multiple centers, these studies will offer
more reliable and comprehensive evidence for informing
clinical decisions.
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