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ABSTRACT

Objectives: Chronic obstructive pulmonary disease (COPD) is a medical condition defined by persistent air-
flow limitation and respiratory symptoms caused by airway and/or alveolar abnormalities. Pulmonary hyper-
tension (PH) is one of the cardiovascular comorbidities associated with COPD. We investigated the correlation
of NLRC3 levels in patients with COPD with prognostic and surrogate parameters of PH on echocardiography
and examined whether it could be used to predict PH in this patient population.

Methods: A total of 80 patients diagnosed with COPD and 40 healthy volunteers as the control group were in-
cluded in the study. The COPD group was further divided into two subgroups according to the systolic pul-
monary artery pressure (sPAP) as follows: sPAP<35 mmHg and sPAP>35 mmHg. The enzyme-linked
immunosorbent assay (ELISA) method was used to determine the levels of NLRC3 in peripheral blood.
Results: Patients with sSPAP>35 mmHg had a lower mean NLRC3 level than those with sSPAP<35 mmHg
(P=0.006). The NLRC3 levels showed a significant negative correlation with sPAP, tricuspid regurgitation ve-
locity, right atrium, and pulmonary artery diameter. For NLRC3, the cut-off value was found to be 271,486
ng/L, with a sensitivity of 74%, and specificity of 63% in distinguishing patients with sSPAP>35 mmHg from
all patients with sSPAP<35 mmHg.

Conclusion: Our study results suggest that NLRC3 levels measured from peripheral blood are predictive of
PH in patients with COPD. Although the exact function of NLRC3 in the lungs, COPD, and PH have not been
completely understood, we believe these findings will serve as a model for future studies.
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is one of the leading causes of morbidity and
mortality worldwide [1]. Cardiovascular enti-
ties are the most frequent comorbidities in patients
with COPD. Pulmonary hypertension (PH) is a signif-

Chronic obstructive pulmonary disease (COPD)

icant cause of disease prognosis and is associated with
an increased risk of exacerbation and decreased sur-
vival [2].

Potential mechanisms leading to PH in COPD; hy-
poxia-hypercapnia, inflammation, endothelial shear
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stress, and endothelial dysfunction cause pulmonary
vascular remodeling [2,3].

Nucleotide-oligomerization domain (NOD)-like
receptor subfamily C3 (NLRC3) is a recently discov-
ered member of the Nucleotide-binding oligomeriza-
tion domain-like receptors (NLR) family that
negatively regulates inflammatory responses [4, 5].
NLRs are a family of intracellular proteins that play
important roles in inflammation and immunity [6].
Some researchers have recently shown that NLRC3
has a role in cell antiproliferation and promoting
proapoptotic signals by inhibiting cell proliferation
and inflammation [7].

The study aimed to determine the correlation of
NLRC3 levels with the prognostic and supportive pa-
rameters of PH in echocardiography in COPD patients
and to determine its clinical utility in the prediction of
PH in these patients.

METHODS

Study Design and Population

This single-center, cross-sectional was conducted at
the Department of Chest Diseases of a tertiary care
center between June 2020 and November 2020. A total
of 80 patients with stable COPD over 40 years of age
who were spirometrically diagnosed with COPD ac-
cording to the 2020 Global Initiative for Chronic Ob-
structive Lung Disease (GOLD) guidelines and met
the inclusion criteria were included. The control group
consisted of 40 healthy volunteers. Inclusion criteria
for the patient group were age >40 years, a diagnosis
of COPD, post-bronchodilator FEV1/FVC <70%, and
giving consent for participation in the study. Patients
having a recent COPD exacerbation or pneumonia
within the previous four weeks, having coronary artery
disease, obstructive sleep apnea diagnosis by
polysomnography, bronchiectasis, asthma, malignan-
cies, diabetes, and known chronic liver and/or kidney
disease were excluded from the study. The COPD
group was divided into two groups according to the
systolic pulmonary artery pressure (sPAP) as follows:
41 patients with sSPAP <35 mmHg and 39 patients with
sPAP >35 mmHg. For the healthy control group, 40
individuals were selected and divided into two groups
smokers and non-smokers, including 20 individuals in
each group.

Before this cross-sectional study, all participants
were informed about the nature of the study and writ-
ten informed consent was obtained. The study protocol
was approved by the the Tekirdag Namik Kemal Uni-
versity, Non-Interventional Clinical Research Ethics
Committee (No: 2019.164.09.24, date: 24/09/2019).
The study was conducted on the principles of the Dec-
laration of Helsinki. Informed consent was obtained
from all individual participants included in the study

Blood samples

Blood samples from peripheral veins were cen-
trifuged at 4 °C for 20 min and stored at —80 °C until
analysis. On the analysis day, stored samples were
brought to room temperature, and NLRC3 serum lev-
els were measured by ELISA using commercially
available kits. . (Human NLR Family, CARD Domain
Containing 3 ELISA KIT, Bioassay Technology Lab-
oratory Shanghai, China # E6709Hu).

Echocardiography

Echocardiographic measurements were performed
by the same cardiologist according to ACC/AHA/ASE
2003 Guideline Update for the Clinical Application of
Echocardiography (https://doi.org/10.1161/01.CIR.00
00073597.57414.A9).

Statistical Analysis

Statistical analysis was performed using the SPSS
for Mac version 22.0 software (IBM Corp., Armonk,
NY, USA). The normality of numerical variables was
analyzed using the Shapiro—Wilk or Kolmogorov—
Smirnov test, where appropriate. Descriptive data
were presented in mean +standard deviation (SD), and
median (min—-max) for continuous numerical vari-
ables, and in number and frequency for categorical
variables. To compare the continuous variables be-
tween the groups, the independent samples t-test or
one-way analysis of variance (ANOVA) was used for
normally distributed variables, whereas the Mann—
Whitney U analysis or Kruskal-Wallis test was used
for non-normally distributed variables. The homo-
geneity of variance was checked using the Levene test.
The Welch test was used to analyze parameters with a
non-homogeneous distribution. A P-value <0.05 was
considered statistically significant. Tamhane’s T2 test
was used as the post-hoc test to determine which
groups resulted in a significant difference. A P-value
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Table 1. Demographic characteristics of patients

COPD group Control group
Variables SPAP <35 mmHg sPAP >35 mmHg Smokers Non-smokers
(n=41) (n=39) (n=20) (n=20)
Gender
Female/Male 8/35 8/31 8/12 9/11
Age (years) 61.34+8.61 65.72+7.20 59.25+8.39 59.45+7.68
(44-80) (55-82) (44-74) (48-72)
Smoking (pack/year) 48.40+24.60 49.06 £21.05 27.05 £10.93 0
(0-120) (0-100) (10-45)
BMI (kg/m?) 26.69+3.84 25.68+4.62 28.3843.89 28.26+5.13

(20.67-37.46)

(15.60-35.90)

(22.03-37.46) (20.43-41.01)

Data are shown as meantstandard deviation (minimum-maximum). COPD=Chronic obstructive pulmonary disease,
sPAP=Systolic pulmonary artery pressure, BMI=Body mass index

<0.008 was considered statistically significant for the
post-hoc analysis. The Spearman correlation analysis
was used to compare two continuous numerical vari-
ables, whereas the Pearson correlation analysis was
used to compare categorical variables. The receiver
operating characteristic (ROC) analysis was per-
formed to identify the predictors of PH with an area
under the curve (AUC) and 95% confidence interval
(CD.

RESULTS

A total of 80 COPD patients and 40 healthy individu-
als were included in this study. There was no statisti-
cally significant difference between the groups in
terms of age, sex, and body mass index (BMI). The
demographic characteristics of the patients are shown
in Table 1.

The NLRC3 level was found to be significantly
different between the groups (P<0.001). Although

Table 2. NLRC3 levels

NLRC3 level was lower in the group with COPD with
sPAB>35 mmHg, no statistically significant difference
was found between COPD without sSPAB<35 mmHg
in post-hoc analyses (P=0.628). When the whole
COPD group was compared with the control group,
the NLRC3 level was found to be significantly lower
in the COPD group (P=0.002). When the sPAB>35
mmHg group was compared with the group that in-
cluded all patients with sPAB<35 mmHg, NLRC3 lev-
els were found to be significantly lower in the group
with sSPAB>35 mmHg (P=0.006). NLRC3 results are
shown in Table 2. In correlation analysis, a negative
correlation was observed between NLRC3 levels and
sPAB, tricuspid regurgitation velocity (TRV), right
atrium (RA) diameter, and pulmonary artery (PA) di-
ameter (Table 3).

The ROC analysis revealed a cut-off value of
271,486 ng/L, with 74% sensitivity and 63% speci-
ficity in distinguishing patients with sSPAP >35 mmHg
from all patients with sSPAP <35 mmHg (Table 4).

COPD group
sPAP <35 mmHg

sPAP >35 mmHg

Control group

Smoker Non-smoker

NLRC3
(ng/L)

387.524292.10
(163.67-1256.69)

304.09+220.16
(86.226-1047.36)

317.23+204.47
(117.04-949.05)

800.74+572.23
(264.78-1804.99)

Data are shown as meantstandard deviation (minimum-maximum). COPD=Chronic obstructive pulmonary disease,

sPAP=Systolic pulmonary artery pressure
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Table 3. The correlation between NLRC3 and
echocardiographic parameters in the overall
patient group

NLRC3
r P value
TRV -0,253 0.005
sPAP -0,299 0.001
PA diameter -0,270 0.003
RA -0,276 0.002

sPAP=Systolic Pulmonary Artery Pressure, TRV=Tricuspid
regurgitation velocity, PA=Pulmonary artery, RA=Right
atrium.

r =correlation coefficient, P<0.05

DISCUSSION

COPD is the leading cause of morbidity and mortality
worldwide. In the GOLD 2023 report, it is estimated
that the increased prevalence of smoking in LMICs
coupled with aging populations in high-income coun-
tries will result in over 5.4 million annual deaths from
COPD and related conditions by 2060 [1]. Cardiovas-
cular comorbidities are the most common comorbidity
in COPD, among which PH is a serious condition that
determines the prognosis of the disease and is associ-
ated with an increased risk of exacerbations and re-
duced survival [2]. Although the echocardiographic
examination is not a definitive diagnostic method for
PH, it is an essential, easily accessible, non-invasive
diagnostic method in the follow-up of confirmed pa-
tients by screening patients in the PH risk group, and
providing support and diagnosing clinically [2, 8].

Our results showed that the mean NLRC3 levels were
significantly different between the groups. There was
a statistically significant negative correlation between

Table 4. ROC analysis for NLRC3

NLRC3 levels and sPAP, TRV, RA diameter, and PA
diameter.

Nucleotide-binding oligomerization domain-like
receptors (NLRs) belong to an intracellular protein
family that has important roles in inflammation and
immunity [4, 5]. NLRC3 is a newly discovered mem-
ber of the NLR family and has been described as a
negative regulator of the inflammatory response [6].
It is involved in the inhibition of cellular proliferation
and the promotion of pro-apoptotic signals [7].
NLRC3 is expressed in macrophages and lympho-
cytes. Its expression in lung tissue remains controver-
sial [9, 10].

In a 2018 study by Zha et al. [7] involving 40 pa-
tients (diagnosed as having PH with RHC) and 20
healthy controls, PH patients were found to have sig-
nificantly lower NLRC3, which also negatively cor-
related with mPAP and PVR. However, ECHO
parameters did not correlate with NLRC3 levels, and
no negative correlations with WHOFC were also
found. An NLRC3 cut-off of 2.897 ng/L was found to
be 88% sensitive and 85% specific for predicting the
presence of PHT. These authors concluded that
NLRC3 concentrations could be used as a diagnostic
and prognostic tool for PHT and that their observa-
tions warranted further study [7].

Our findings are consistent with literature data, in-
dicating significantly lower NLRC3 levels in patients
with elevated pulmonary artery pressure. Additionally,
negative correlations of NLRC3 with TRV, sPAP, RA
diameter, and PA diameter were found.

Right atrial dilation is common in PH patients as
aresult of right ventricular failure, increased right ven-
tricular diastolic pressure, functional tricuspid failure,
and increased right atrial dimensions representing a
poor prognostic sign [11]. According to our results,
TRV and RA diameter negatively correlate with

Area Under Curve
Test result for NLRC3 variable

Area Standard error® Asymptotic Sig.

,655 ,052 ,006

95% Confidence interval for the odds ratio
Upper limit
,756

Lower limit
,554

a. Under non-parametric assumptions.
b. Null hypothesis: actual area = 0.5
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NLRC3, and we believe that this might be useful in
screening and monitoring these patients.

One of the most important mechanisms for the de-
velopment of PH in COPD patients involves chronic
inflammation and vascular remodeling. Activation of
phosphoinositide 3-kinase (PI3K) plays a critical role
in the vascular remodeling of the pulmonary vascula-
ture in PH [6, 12]. NLRC3 has been shown to inhibit
cellular proliferation and inflammation, through the
inhibition of the PI3K signals in colorectal cancer [6].
Based on these observations, Zha et al. [12] published
their study in 2019 that showed reduced levels of
NLRC3 in pulmonary arteries as well as in pulmonary
arterial smooth muscle cells stimulated with platelet-
derived growth factor -BB (PDGF-BB) in animal
models of PH. Administration of NLRC3 protein for
therapeutic purposes resulted in decreased right ven-
tricular systolic pressure, reduced pulmonary vascular
remodeling, and alleviation of proliferation, migration,
and inflammation [12]. Our results are consistent with
these results and showed reduced NLRC3 levels in pa-
tients with elevated pulmonary arterial pressure as
compared to other study groups. Since our samples
were limited to peripheral blood, we may assume that
NLRC3 may be related to the development of PH in
COPD patients, although it is obvious that further
studies are required to better understand the role of
NLRC3 in PH.

Most of the previous publications regarding
NLRC3 focused on malignant conditions and immu-
nity. To the best of our knowledge, no previous studies
examined the role and effect of NLRC3 in COPD pa-
tients or the development of PH in COPD. Therefore,
we believe that our study may represent the first of its
kind.

The disease burden associated with COPD is con-
tinuously increasing. PH in COPD patients is an es-
tablished risk factor for worse prognosis and increased
mortality, underscoring the importance of detecting
and screening PH. Our data suggest that NLRC3 levels
may be predictive of PH in COPD patients. PH occurs
via multiple mechanisms in COPD. Furthermore, the
exact function(s) of NLRC3 in COPD and PH are yet
to be elucidated. Therefore, we believe that our find-
ings may provide some guidance for future studies.

heart catheterization could not be performed in our pa-
tients, the elevation of mean pulmonary artery pres-
sure could not be definitively proven. Second, our
study had a single-center design, which precludes the
generalizability of the results. Finally, the use of bio-
markers regularly in our study would incur a certain
expense. Therefore, additional studies are warranted
to establish which groups should be screened. In our
study, those with sSPAP >35 mmHg were older on av-
erage and had a lower BMI, although no statistically
significant difference was present. In addition, DLCO
and FEV1 values were lower in this group of patients.
For screening, we recommend using our biomarker
primarily in these patients.

CONCLUSION

Our results indicate a significant reduction in NLRC3
levels measured in peripheral blood samples from
COPD patients presenting with PH. NLRC3 also was
found to have a significant negative correlation with
sPAP, TRV, RA, and PA diameter, which are ECHO
parameters supportive of a diagnosis of PH and which
also have prognostic implications. We believe that this
biomarker may be predictive of PH in this setting. The
role of NLRC3 in lungs, COPD patients, and PH is
still unknown, indicating the need for further studies.
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