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ABSTRACT
Objective: To determine the role of toll-like receptor 4 (TLR4)/ nuclear factor kappa B (NF-κB) signalling pathway in pulmonary
arterial hypertension (PAH) in patients with chronic obstructive pulmonary disease (COPD).
Study Design: An experimental study.
Place and Duration of Study: Department of Respiratory Disease, The Hospital Aﬃliated to Jiangnan University, Wuxi,
Jiangsu, China, from June 2018 to December 2019.
Methodology: Subjects included 98 COPD patients and 22 healthy individuals (control group). COPD patients were divided
into two groups as PAH group (PAH group, n=57) and normal pulmonary arterial pressure group (nPAP group, n=41). TLR4 and
NF-κB in peripheral blood mononuclear cells (PBMC) were measured by real-time polymerase chain reaction (RT-PCR); and
inﬂammatory cytokine of IL-6 and TNF-α were estimated by enzyme-linked immunosorbent assay (ELISA) of three groups.
Results: The levels of TLR4, NF-κB and inﬂammatory cytokine of IL-6 and TNF-α of PAH group were higher than those in nPAP
group and controls (all p<0.05); and controls had a lower levels of TLR4, NF-κB and TNF-α than those n PAP group patients (all
p<0.05) except for PAP and IL-6 (p=0.121 and p=0.304, respectively). The expression levels of TLR4 and NF-κB in PBMC were
positively related to that PAP and inﬂammatory cytokine of IL-6 and TNF-α in PAH patients with COPD (all p<0.05), but the positive correlation betweenIL-6 and TNF-α expression level was not established (p=0.170). All parameters in the nPAP group had
no signiﬁcant correlation to each other, it is the same in control (all p>0.05).
Conclusions: Inﬂammatory mechanisms play an important role in the development of PAH in patients with COPD. TLR4/NF-κB
signal transduction pathway is involved in the pathogenesis of PAH, and the expression levels of TLR4/NF-κB may reﬂect the
severity of PAH in patients with COPD.
Key Words: Toll-like receptor 4, Nuclear factor kappa B, Pulmonary arterial hypertension, Chronic obstructive pulmonary

disease, Inﬂammatory cytokine.
How to cite this article: Zuo ZT, Ma Y, Sun Y, Bai CQ, Zhou HY, Chen BH. Role of TLR4/NF-κB Signalling Pathway in Pulmonary Arterial
Hypertension in Patients with Chronic Obstructive Pulmonary Disease. J Coll Physicians Surg Pak 2020; 30(06):568-573 https://doi.org/10.29271/jcpsp.2020.06.568.

INTRODUCTION
Toll-like receptor 4 / nuclear factor kappa B (TLR4/NF-κB) is a
1
signal pathway which is closely related to inﬂammation. The
study showed that the appearance of pulmonary arterial
hypertension (PAH) was accompanied with inﬂammation of
pulmonary artery endothelial cells.
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The levels of inﬂammatory cytokines in PAH patients were
signiﬁcantly increased and the inﬂammatory factors were
regulated by NF-κB.2 As the upstream receptor of NF-κB, the
activation of toll-like receptors (TLRs) leads to the expression
of a large number of NF-κB, then they initiate and regulate the
expression of a series of inﬂammatory cytokines which are
involved in the inﬂammatory response. As the most important
member of the TLR family, TLR4 plays an important role in
promoting the synthesis and release of cytokines and inﬂammation, aﬀects the immune response and so on.3
The objective of this study is to detect the expression levels of
TLR4, NF-κB in peripheral blood mononuclear cells and inﬂammatory factors in serum of chronic obstructive pulmonary
disease (COPD) patients and healthy subjects, to explore the
role of TLR4/NF-κB pathway in the formation process of pulmonary hypertension in COPD patients.
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Table I: Regression analysis of COPD with PAH patients.
Correlation

Regression equation

r

t

p

PAP and TLR4

y = 1.464+0.024x

0.439

3.619

0.001

PAP and NF-κB

y = -0.520+0.056x

0.738

8.117

<0.001

PAP and IL-6

y = 1.679+0.027x

0.439

3.624

0.001

PAP and TNF-α

y = 1.299+0.028x

0.452

3.757

<0.001

TLR4 and NF-κB

y = 2.066+0.311x

0.432

3.554

0.001

TLR4 and IL-6

y = 1.645+0.409x

0.462

3.862

<0.001

TLR4 and TNF-α

y = 2.167+0.285x

0.326

2.555

0.013

NF-κB and IL-6

y = 1.670+0.452x

0.367

2.928

0.005

NF-κB and TNF-α

y = 1.829+0.445x

0.367

2.922

0.005

IL-6 and TNF-α

y = 2.921+0.182x

0.184

1.391

0.170

Table II: Regression analysis of nPAP group and the control group.
nPAP group

Correlation

PAP and TLR4

Control group

β

t

p

β

t

p

-0.295

-1.925

0.062

0.102

0.459

0.651

PAP and NF-κB

0.098

0.617

0.541

0.240

1.104

0.283

PAP and IL-6

-0.121

-0.764

0.450

-0.289

-1.349

0.192

PAP and TNF-α

0.087

0.547

0.587

0.337

1.600

0.125

TLR4 and NF-κB

0.009

0.056

0.955

-0.020

-0.088

0.931

TLR4 and IL-6

0.268

1.735

0.091

0.257

1.187

0.249

TLR4 and TNF-α

0.266

1.722

0.093

0.073

0.326

0.748

NF-κB and IL-6

-0.056

-0.349

0.729

-0.077

-0.344

0.735

NF-κB and TNF-α

0.115

0.725

0.473

0.335

1.591

0.127

IL-6 and TNF-α

-0.004

-0.026

0.980

-0.385

-1.867

0.077

nary arterial pressure group (n PAP group, n=41, 41.8%).
All patients met the diagnostic criteria of COPD.4 Subjects
with evidence of other chronic respiratory diseases, serious
liver, kidney, endocrine, coronary artery diseases, valvular
heart disease, systemic hypertension or primary myocardial
disease were excluded from the study. Informed consent
for sample test was obtained. The study was approved by
the Ethics Committee of The Aﬃliated Hospital of Jiangnan
University.
Figure 1: Comparison of PAP and the expression levels of TLR4
mRNA, NF-κB mRNA in PBMC and IL-6, TNF-α in serum in the three
groups.

METHODOLOGY
Patients and controls were recruited from The Hospital Aﬃliated to Jiangnan University from June 2018 to December
2019. Subjects were 98 patients with COPD and 22 healthy
individuals (control group). The pulmonary artery systolic
pressure (PAP) was measured by Doppler ultrasound
including the COPD patients, which were admitted to
hospital and the healthy individuals. When the pulmonary
artery systolic pressure was greater than or equal to 40
mmHg, it was labelled with PAH. According to pulmonary
artery systolic pressure, COPD patients were divided into
two groups: PAH group (n=57, 58.2%) and normal pulmo-

Cardiac Doppler ultrasound examinations for four chambers
of heart transection scan were done using specialised
cardiac probe with 2.0 to 2.5 MHz frequency. Backﬂow pressure of tricuspid valve was added to the right atrium pressure as the pulmonary artery systolic pressure.
Three mL of blood collection taken from the fasting elbow
vein of the subjects, as transferred into ethylene diamine
tetraacetic acid (EDTA) anticoagulant tube, centrifuged at
3000 r/minute for 10 minutes. The supernatant were
collected and tested using enzyme-linked immunosorbent
assay (ELISA), according to the protocol of ELISA reagent
kits. The ELISA kits of interleukin-6 (IL-6) and tumor
necrosis factor-α (TNF-α) were bought from United States
R&D Systems Company.
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the mean age of 71.12 ±10.73 years. Their COPD duration
was from 6 years to 46 years. The 41 n PAP group included 16
females (39.0%) and 25 males (61.0%), aged between 48 and
88, with mean age of 68.71 ±12.21 years. Their COPD duration was from 5 years to 30 years. In the 22 controls, there
were 8 females (36.4%) and 14 males (63.6%), aged between
61 and 93, with mean age of 71.68 ±8.59 years. Diﬀerence in
the gender and age of the three groups were not statistically
signiﬁcant, (p=0.969 and p=0.466) respectively.

Figure 2: Regression analysis of PAH patients with COPD.

The operation / separation of peripheral blood monocytes was
performed in strict accordance with the speciﬁcation of lymphocyte separation ﬂuid kit (Cedarlane, Canada). Total RNAs of
TLR4 and NF-κB of PBMC were extracted with TRIzol reagent
(American Invitrogen Company) by One Step Real-time polymerase chain reaction (RT-PCR) .With the template of the
mRNA in the total RNA, c DNA was synthesised by reverse transcription (kit purchased from TAKARA Company), and β–actin
as a reference. The PCR reaction condition was used: after pre-denaturation at 94°C for 5 min, the ampliﬁcation was done at
30 cycles, each cycle for 40 sec at 94°C, for 40 sec at 50°C,
and for 30 sec at 72°C. After the cycle, the extension was done
for 5 min at 72°C and then for 5 min at 4°C. Primers were
designed and synthesised by Shanghai Xiang Heng Biological
Technology Co. Ltd. The speciﬁc primers is: TLR4 forward: 5'-GGTGGA AGTTGAACGAAT-3', reverse: 5'-AGATGATACCGCACG
AC-3' NF-κB forward: 5'-AGAGCTAATCCGCCAAGC- 3', reverse:
5' -ACCGCCGAAACTATCCGAA-3'. Put the PCR products 8μl in
2% agarose gel (containing ethidium bromide 0.5μg /ml) and
run electrophoresis at 120V for 30min. Took pictures with Gel
imaging system. Optical density ratio of β-actin and TLR4 was
calculated as the relative expression levels of TLR4 mRNA and
NF-κB mRNA.
The results were expressed as mean ± SD. Frequencies were
expressed as percentages and compared by using Chi-square
test. Two independent samples were compared using the independent sample t-test. The normality of continuous variables
was assessed using Shapiro-Wilk’s W-test. One-Way ANOVA
was used for analysing more than two groups of sample mean
diﬀerence test. Pearson’s correlation and linear regression
analysis were used to determine the linear relationship
between parameters. SPSS 22.0 and Graphpad 5.0 were
adopted for calculation. All tests were two-tailed. The p-value
less than 0.05 was considered to be statistically signiﬁcant.

RESULTS
Among the 57 PAH patients, there were 21 females (36.8%)
and 36 males (63.2%). They aged between 52 and 97, with
570

The mean measurements were PAP of PAH patients was
(67.21 ±16.39) mmHg (24.66±8.77) mmHG in nPAP group,
and (21.23 ±7.21) mmHG in controls. As shown in Figure 1,
increasing mRNA levels of TLR4 (PAH= 3.08 ±0.90,
nPAP=2.32 ±0.64 and control=1.86 ±0.67), NF-κB (PAH=3.25
±1.25, n PAP=2.32 ±0.62 and control=1.77 ±0.68) in PBMC
and serum levels of IL-6 (PAH= 3.50 ±1.01, nPAP=2.49 ±0.88
and control=2.26 ±0.76) were seen. TNF-α (PAH= 3.20
±1.03, nPAP=2.67 ±0.96 and control=1.91 ±0.95) were also
elevated in PAH patients with COPD when compared with
nPAP group patients and controls. All p<0.001. Similarly, the
levels of TLR4 NF-κB and TNF-α were also elevated in nPAP
group patients when compared with controls (Figure 1), the
diﬀerence was signiﬁcant. P were 0.008, 0.002 and 0.004,
respectively. And there was no signiﬁcant diﬀerence of PAP
and IL-6 in serum between nPAP group and the control group
(Figure 1), p were 0.121 and 0.304, respectively.
In general, the expression of TLR4 mRNA, NF-κB mRNA in
PBMC and of IL-6, TNF-α in serum were signiﬁcantly elevated
in PAH patients with COPD.
Linear regression analysis of PAP with TLR4/NF-κB and
IL-6 TNF-α of PAH patients with COPD showed that TLR4 was
signiﬁcantly correlated with PAP (p=0.001), both of other pairwise indicators, but the linear positive correlation between
IL-6 with TNF-α was not established (p=0.170), shown in
Table I and Figure 2.
Whether the nPAP group or the control group, the strength of
association between the indicators was not signiﬁcant, as
shown in Table II.

DISCUSSION
Toll-like receptors (TLRs) are congenital immunological
pathogenic pattern recognition receptors which distribute on
the surface of immune cells and play a key role in body
defence against biological invasion. They construct a bridge
between the natural immune defence and acquired immune
system. 5 TLRs are one of the main groups of pathogen
sensors in the innate immune response. They are constituted by an extracellular domain with leucine-rich repeat
(LRR), a transmembrane region and a TLR-IL1 domain, which
is intracellular. Its extracellular domain is primarily responsible for the identiﬁcation of pathogen speciﬁc ligands and
the formation of receptor complexes with other ligands. The
intracellular domain contains a domain similar to the IL-1
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receptor (Toll-IL-1 receptor domain, TIR).TIR has the function
of homophilic interaction, when TIR binds to the speciﬁc
adaptor protein, a cascade of signaling cascades is initiated.
These speciﬁc adaptor proteins contain myeloid diﬀerentiation primary response protein 88 (MyD88), MyD88-adaptor-6-8
likeprotein (MAL), and so on.
As one of the most important members of the TLRs family,
TLR4 is discovered the earliest in mammalian TLRs, which
belongs to Class I transmembrane proteins. It is widely
expressed in many kinds of cells in the human body, mainly
distributes in monocytes / macrophages, coronary artery
endothelial cells, renal tubular epithelial cells, and peripheral
vascular bundle. TLR4 ligands contain endogenous ligands
and exogenous ligands. Endogenous ligand is a kind of
molecule releasing from injured cells or the decomposition
product from extracellular matrix including heat shock
protein, high mobility group protein (HMGBL), ﬁbronectin-EDA, low density lipoprotein modiﬁed by fetuin-A etc. It
does not need external pathogen invasion to activate the
natural immune inﬂammatory response. Exogenous ligands
contain lipopolysaccharide (LPS), microbial nucleic acids,
etc.9
NF-κB is widely present in eukaryotic cells and is a nuclear
transcription factor which belongs to the "Rel" family.10 NFκB is mainly related to the information transmission in the
cells and regulates expression of a large number of genes,
which are critical for the regulation of apoptosis, viral replication, tumorigenesis, inﬂammation, and various autoimmune
diseases. It contains a Rel homology domain (RHD), which is
usually composed of RelA (p65) and p50. This heterodimer
and its inhibitory molecules IκB (inhibitor of NF-κB) form a
melamine in the cytoplasm in inactivation state. The activation of NF-kB is thought to be part of a stress response.
When the upstream signal activates I-κB in a variety of
factors, which include cytokines, inﬂammatory mediators,
pathogens, oxidative stress, NF-κB is activated to enter the
nuclear to activate immune response and cell diﬀerentiation
11
and other processes. The NF-κB activation genes mainly
contain cytokines (TNF-α, IL-1, IL-6, interferon, etc.), adhesion molecules, viral protein growth factors, enzymes and so
on. NF-κB plays a unique role in signal transduction, neural
plasticity, neural deformation and neural development,
immunity, stress response, inﬂammation and apoptosis.
TLR4/NF-κB signalling pathway is closely related to the antiinﬂammatory and immune mechanism in recent researches.
It plays an important role in the occurrence and development of inﬂammation.12 TLRs signal transduction happens
through the dependent and non-dependent pathway of
myeloid diﬀerentiation factor 88 (MyD88). MyD88 dependent pathway is the classical pathway of signal transduction,
the process is that TLR4 combines with its speciﬁc ligand in
the cell to raise MyD88, and MyD88 gets bridge with its
speciﬁc adaptor protein (MAL), receives the associated

kinase (IRAK) of signal protein IL-1 receptor and get interactions with TNF receptor associated factor 6 (TRAF6), leading
to activate the induced kinase of NF-κB, phosphorylation of IκB kinase, release NF-κB from the melamine and transfer it
to the nucleus, and initiate an inﬂammatory cascade,
Leading to the transcription and translation of related genes,
and ultimately a large number of inﬂammatory factors
released.13

PAH is a fatal disease with limited therapeutic options. It is
pathological state of pulmonary circulation pressure higher
than normal. Inﬂammatory mechanism appears to play a
major role in the pathogenesis of various types of human
PAH.14 Le et al. believed that inﬂammation and endothelial
15
16
dysfunction is a major cause of PAH. Tuder has detected
T lymphocyte, B lymphocytes, macrophages and other
inﬂammatory cells inﬁltrating in PAH patients’ plexiform
lesion of the arterial around. In the process of pulmonary
vascular remodelling in PAH, inﬂammatory cells inﬂux into
the vascular wall and the surrounding tissue, high expression of various inﬂammatory markers is found in lung tissue
17,18
and circulation.
In recent years, the study ﬁnds that PAH
is often secondary to some systemic inﬂammatory diseases,
such as systemic lupus erythematosus, systemic scleroderma, COPD, and so on. Studies have found that the serum
anti-nuclear antibodies, inﬂammatory cytokines IL-I and IL-6
were highly expressed in patients with idiopathic PAH
(IPAH), while the IL-I receptor antagonists can reduce the
degree of PAH.19 Studies suggest that inﬂammation plays an
important role in the pathogenesis of PAH, and reﬂects the
poor clinical outcome.20,21
The circulating levels of inﬂammatory cytokines in PAH
patients increased signiﬁcantly and inﬂammatory factors
are regulated by NF-κB, which in the downstream of TLR4
signalling pathways is considered to be an important initiating factor of the inﬂammatory cascade. After activation,
NF-κB, initiates and regulates a series of inﬂammatory
factor expression which participate in inﬂammatory reac22
tion. As a main upstream receptor of NF-κB, the activation
of TLRs may lead to the expression of a large number of NFκB. TLR4 mediates the signal transduction of
lipopolysaccharide (LPS) by NF-κB activation pathway, thus
it plays an important role in anti-infection in the early stage
23
of pathogen invasion. In recent years, a large number of
studies have shown that TLR4 plays an important role in
promoting the synthesis and release of cytokines, trigger
inﬂammation, promoting immune cell membrane surface
expression immune molecules, promoting immune cell maturation and function, mediateing systemic immune pathological injury, antiviral infection, regulation of the immune
24
response, and the synergistic eﬀects of the family, etc.
Our research showed that in PAH patients with COPD, the
indicators between PAP with PBMC TLR4, NF-κB and serum
IL-6, TNF-α were positively related. It suggests that the
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inﬂammatory mechanism play an important role in the
formation of PAH in patients with COPD, and the degree of
inﬂammation increased with the increase of PAP. In the
same patient group, the expression of PBMC TLR4, NF-κB
and serum inﬂammatory factor IL-6, TNF-α were also signiﬁcant linear positive correlation, suggesting that the TLR4/NF-κB signalling pathway, mediates the inﬂammatory process
of PAH. The TLR4/NF-κB signalling pathway, which regulates
the inﬂammatory mechanism, may be able to control the
inﬂammatory process and disease progression of PAH forma25
tion in patients with COPD.
As research continues, our cognition will greatly expand
about the complexity of the inﬂammatory immune response
in the formation of PAH patients with COPD. Further, it will
lay the foundation for ﬁnding new targets of drug and gene
therapy of PAH with COPD.
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