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ABSTRACT

Aggravation of the chronic obstructive pulmonary disease (COPD) often leads to a slew of
complications, but the correlation between COPD aggravation and the complications on the
basis of molecular level remains unclear. In this study, gene expression profiles of COPD in
patients at early and aggravation stages were collected and differentially-expressed genes were
selected. Meanwhile, gene expression data implicated in COPD complications were analyzed to
establish a regulatory network of COPD aggravation and COPD related complications. In addition,
the gene enrichment function of DAVID6.7 was utilized to evaluate the similarities between COPD
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aggravation and COPD complications in term of biological process. By analyzing the genes of shared gene
COPD aggravation and the COPD complications, we found 18 genes highly related to COPD

aggravation, among which haptoglobin (HP) was correlated with 14 complications, followed by

ADRB2, LCK and CA1, which were related to 13, 11 and 11 complications, respectively. As far as

the complications concerned, obesity was regulated by 17 of the 18 genes, which indicated that

there was a close correlation between COPD aggravation and obesity. Meanwhile, lung cancer,

diabetes and heart failure were regulated by 15, 15 and 14 genes, respectively, among the 18

selected genes. This study suggested the driver genes of COPD aggravation were capable of

extensively regulating COPD complications, which would provide a theoretical basis for develop-

ment of cures for COPD and its complications.
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Introduction

Chronic obstructive pulmonary disease (COPD) fea-
tures chronic bronchitis. It is a disease caused by
airflow obstruction and is attributable to cigarette
smoking. Since 2010, it has been the third leading
cause of deaths in the world [1], and its death toll has
been rising year by year [2]. COPD is also one of the
main burdens on the public health system in China
[3], with an average COPD incidence higher than 8%
among residents aged 40 and above. COPD has
a long pathogenesis which usually features an
ongoing and incompletely reversible development.
It causes lung failure, pneumothorax and dyspnea
and requires regular medication. If not treated in
time, COPD will deteriorate into lung failure, spon-
taneous pneumothorax and heart failure. Worse still,
critically-ill patients with COPD often suffer a high
mortality rate because the disease usually turns irre-
versible in the late stage. Existing data show 50% of
COPD aggravation cases are caused by respiratory
infection, 10% of which are attributed to environ-
mental pollution (dependent on the season and geo-
graphical location), while 30% to 50% result from
unknown causes [4]. At present, the screening of
COPD candidate genes is often through meta-
analysis or genome-wide association studies, and
these methods have identified some genomic asso-
ciations between COPD and lung cancer.Hence,
seeking significant clinical indicators from patients
in the early stage of COPD aggravation will deepen
our understanding of the causes and development of
COPD and its aggravation.

COPD complications are defined as concurrent
diseases, and their incidence is higher among the
COPD/COPD aggravation patients than among
healthy individuals. Besides, it has a marked
impact on the treatment or prognosis of COPD
patients. For instance, COPD patients are suscep-
tible to diseases such as cardiovascular disease,
myasthenia, lung cancer, osteoporosis and meta-
bolic syndrome [5-7], which usually increase the
incidence of acute COPD aggravation, affect the
patients’ regular life and reduce their chance of
survival. The pathogenesis of COPD complications
remains unknown, but the chronic inflammation
of COPD has been proved to be likely to cause
some complications [8]. Currently, the screening
of COPD candidate genes is often carried out

through meta-analysis or genome-wide association
studies, and these methods have identified some
genomic associations between COPD and lung
cancer, but there are still great challenges for the
treatment of COPD and its complications, such as
how to strictly control bronchitis reactions
through medication. This can reduce the risk of
COPD complications, but the inflammation alle-
viation rate of COPD remains low. Controlling
inflammation alone cannot effectively reduce the
danger of COPD complications.

Is there a causal or coincidental relationship
between COPD complications and COPD devel-
opment? What factors play a role in this relation-
ship? These are the questions to be answered.
COPD shares the same pathogenesis with many
concurrent diseases. By analyzing the driver genes
of COPD pathogenesis and those of COPD com-
plications, this study aims to find out if the con-
current diseases are caused by the complications
or by COPD, with the hope of contributing to the
prospective multi-target and multi-channel inter-
vention in the occurrence and development of
diseases and the treatment of COPD and its com-
plications. This study selected key driver genes of
COPD complications with the gene regulation net-
work and analyzed how the abnormal expression
of COPD aggravation genes resulted in the com-
plications, thus shedding a new light on the patho-
genesis, genetic relationship and key targets of this
disease to benefit the design of drugs and thera-
pies. With information collected about 16 compli-
cations related to COPD from websites such as
NCKI and PubMed, this paper delved into the
molecular biological relationship between the
complications and COPD aggravation. The patho-
genesis of COPD and its complications is yet to be
explored, but it is certain that the factors and
mechanisms shared by the two may play
a potential role in their correlation. A new rela-
tionship between COPD and diseases like obesity
and diabetes was established in the analysis of
these genes. Ultimately, this study adopted
DAVID6.7, an online analysis tool for gene enrich-
ment, and utilized bioinformatics to further eval-
uate the connection in biological processes
between COPD and its complications. This will
facilitate further research on the role that COPD
complications play in COPD aggravation. In



summary, this article uses online databases and
online analysis tools to pinpoint the key genes of
COPD aggravation and its complications, thereby
providing a theoretical basis for development of
cures for COPD and its complications.

Materials and methods
Collection of gene expression profiles of COPD

The differentially-expressed genes were obtained
from NCBI. The first step was to input ‘COPD’
and ‘COPD aggravation’ as keywords onto the
search engine of the GEO database. After the
data sets that were inconsistent with the research
topic were removed, three data sets of COPD
patients in the early stage and one data set of
COPD in the aggravation stage were kept. The
following keyword combinations were searched
for on PubMed: COPD/chronic obstructive pul-
monary disease aggravation and gene; chronic
obstructive pulmonary disease/chronic obstructive
pulmonary disease aggravation and differentially-
expressed gene; chronic obstructive pulmonary
disease/chronic obstructive pulmonary disease
and gene expression profile. This method was
also adopted to further select differential genes
from Web of Science and China National
Knowledge Infrastructure (CNKI). From the col-
lected COPD data set, 2000 genes with a fold
change difference greater than 5 were randomly
selected as the sample data set for gene compar-
ison and enrichment analysis.

Collection of gene expression profiles of COPD
complications

To identify some common COPD complications,
this study searched the following keyword combi-
nations on PubMed: chronic obstructive pulmon-
ary disease/chronic obstructive pulmonary disease
aggravation and complication; COPD/COPD
aggravation and complication. Then, the correla-
tion between the abstracts and the objectives was
evaluated, and relevant articles were selected.

To obtain more information about the types of
COPD complications, this study conducted a search
in the following categories: metabolic diseases,
respiratory system diseases, cardiovascular diseases,
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and musculoskeletal diseases. The keyword combi-
nations for the search were as follows: chronic
obstructive disease/chronic obstructive pulmonary
disease aggravation and metabolic disease; chronic
obstructive disease/chronic obstructive pulmonary
disease and respiratory system disease; chronic
obstructive disease/chronic obstructive pulmonary
disease aggravation and cardiovascular disease;
chronic obstructive disease/critical chronic obstruc-
tive pulmonary disease aggravation and musculos-
keletal disease. Relevant articles were chosen
according to the assessment of the retrieved article
abstracts. For the retrieved articles with a strong
correlation, ‘Related citation’ on PubMed was uti-
lized to acquire more related literature. The same
method was applied on Web of Science and CNKI
to retrieve relevant literature. The correlation of all
the retrieved abstracts was evaluated to select the
articles connected with this study.

To gather as many gene expression profiles of
COPD complications as possible, this study under-
took a well-rounded assessment of the literature
about COPD/COPD aggravation and COPD com-
plications, and then chose 16 most common
COPD complications for the follow-up research.
Later, an attempt was made to obtain the in-situ
tissue or peripheral blood mononuclear cell
(PBMC) gene expression profiles of these 16 com-
plications from NCBI's GEO database and com-
pare them with normal samples to analyze the
differential genes. After that, the standards of
selecting differentially-expressed genes were made
as follows: precedence was given to the differen-
tially-expressed genes from PBMCs; for the com-
plications with a stronger correlation with COPD/
COPD aggravation and a larger number of differ-
ential genes, the P value was set as lower than
0.005; for the ones with a smaller quantity of
data in the GEO database, the P value was set as
lower than 0.05.

Statistical analysis

DAVID6.7 and DEG were employed for the anno-
tation and analysis of the biological genes. Data of
COPD genes were randomly selected three times
for analysis, and the average value of three parallel
tests was taken. When comparing the number of
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biological processes, biological processes involving
less than three genes should be eliminated.

The following method was used to select highly
expressed genes related to COPD comorbidities:
search for the gene name in PubMed, and if
there are literatures that the expression of a gene
is directly involved in the regulation of COPD
comorbidities, this gene is considered to be
strongly related to COPD comorbidities. If there
are literatures that do not clearly indicate that the
expression of this gene is directly involved in the
regulation of COPD comorbidities, but there are
many similarities between the biological processes
involved by genes and this disease, such as invol-
vement in cell apoptosis, inflammation, etc., then
the gene is considered to be slightly related to
COPD comorbidities. Otherwise, the gene is con-
sidered unrelated to the disease.

Results

Differentially-expressed genes in the early and
aggravation stages of COPD

40,314 healthy differential genes in the early and
aggravation stages were obtained from online
databases including GEO, PubMed, Web of
Science and CNKI. Then, 600 differential genes
with the greatest change were selected, including
200 obtained from the comparison between the
early stage of COPD and the healthy state, 200
from the comparison between the aggravation
stage of COPD and the early stage, and 200 from
the comparison between the aggravation stage of
COPD and the healthy state. Out of 600 genes, 18
potential genes highly related to COPD aggrava-
tion were selected.

Genes implicated in COPD complication

By reviewing the literature, the study selected 16
COPD complications with the highest incidence
(Table 1), including diabetes, metabolic syndrome,
obesity, myasthenia, osteoporosis, pulmonary
hypertension, sleep apnea, lung cancer, heart fail-
ure, atrial fibrillation, myocardial infarction,
ischemic heart disease, stroke, depression, cachexia
and anemia.The reasons for choosing these 16

diseases are as follows: on the one hand, there
are many literatures showing that these diseases
are the most common comorbidities in COPD
patients,and on the other hand, it is difficult to
collect gene expression profiles on other complica-
tions of COPD. Metabolic syndrome and osteo-
porosis ranked top among these complications.
109 groups of genes were obtained through strati-
fied sampling from the GEO database. The differ-
entially-expressed genes related to COPD
complications were chosen, and their quantity
was shown in Table 1. The number of differential
genes related to heart failure was the largest
(1968), while that of differential genes related to
sleep apnea was the smallest (882). Differential
genes from each complication were compared to
the differential genes of COPD aggravation which
were twice more in quantity (the COPD aggrava-
tion genes were randomly obtained from the above
databases and the quantity of the shared differen-
tial genes was shown in Table 1). To some extent,
the quantity of shared genes reflects the degree of
genetic correlation between the complications and
COPD aggravation. The results revealed that lung
cancer, diabetes, pulmonary hypertension and
obesity were the four complications with the
strongest correlation with COPD aggravation,
and the number of shared genes was 217, 217,
212 and 195, respectively. Correspondingly, the
genes shared by these four complications and
COPD aggravation accounted for the highest per-
centage in the complication genes respectively.
This indicates that there was a strong correlation
in the pathogenesis of gene regulation between
these four complications and COPD aggravation.
Metabolic syndrome, depression and sleep apnea
were the three complications which shared the
least genes with COPD aggravation. These shared
genes might cause complications by regulating
COPD aggravation or lead to COPD aggravation
through complications.

Table 1 shows some information about COPD
complications, including the incidence of the dis-
eases, the number of genes related to the diseases,
the number of genes shared by the diseases and
COPD aggravation, and the percentage of shared
genes in the original genes. The incidence of the
diseases was confined to certain intervals
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according to databases like PubMed and Web of
Science, and the gap between the upper and lower
limits was no higher than 5%.

Genes mediated in crosstalk of COPD
aggravation and complications

Meanwhile, it was found that the 18 genes highly
correlated with COPD aggravation were related to
at least three COPD complications. The degree of
the correlations between the selected 18 genes and
the complications is shown in Figure 1. The net-
work shows the relevance in gene between the
complications and COPD aggravation, and
a thicker blue line implies stronger relevance. Of
these 18 genes, 13 (in the red circles) are notice-
ably relevant to the COPD pathogenesis. The
remaining five (in the green circles) showed
abnormal expression in COPD/COPD aggrava-
tion, although their connection to the process
remains to be confirmed. In particular, heptoglo-
bin (HP) was correlated with 14 complications and
was the gene connected to the largest number of
complications. HP was followed by ADRB2, LCK
and CAl, which were related to 13, 11 and 11
complications, respectively. As far as the compli-
cations are concerned, obesity was regulated by 17
of the 18 genes, which indicates that there was
a close tie between COPD aggravation and obesity.
It was followed by lung cancer, diabetes and heart
failure, which were regulated by 15, 15 and 14
genes, respectively. The results were also related
to the number of genes COPD aggravation shared

Muscle Heart
failure

Metabolic
syndrome
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with obesity, lung cancer and diabetes respectively.
This further revealed that these complications
were strongly related to COPD aggravation
molecularly.

The biological path linking COPD aggravation
and complications

Figure 1 shows the degree of relevance between the
selected 18 genes and the complications: This net-
work reveals the correlation between the diseases
and the genes, and a thicker blue line indicates
a higher degree of relevance. Two colors, pink and
green, were utilized to represent these 18 genes:
a pink gene means that there is a proven signifi-
cant correlation between it and the COPD patho-
genesis; a green gene implies that it has not been
proved to be the pathological gene of COPD/
COPD aggravation but it showed an abnormal
expression in  COPD/COPD  aggravation.
A purple complication is a COPD-related one
selected by clinical experts. There were 14 compli-
cations in total.

Figure 2 shows the degree of relevance in bio-
logical processes between COPD aggravation and
complications, indicating information on the
number of the original biological processes, the
number of the shared biological processes, and
the percentage of shared biological processes in
the original biological processes of complication.
Of these complications, obesity had the largest
number of shared biological processes, followed
by diabetes, pulmonary hypertension and lung
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Figure 1. Correlations between the 18 selected genes and COPD complications.



cancer. In addition, the top four complications in
terms of the percentage of shared biological pro-
cesses in the original ones were pulmonary hyper-
tension (99.5%), obesity (98.1%), cachexia (91.9%)
and diabetes (90.9%).

Based on gene enrichment analysis, Figure 2 shows
the biological correlation between COPD aggravation
and complications. In this study, the biological paths
involving at least three genes were selected, and the
number of the biological processes related to each
COPD complication is shown in Figure 2.
Specifically, obesity shared 567 biological processes
with COPD aggravation, being the complication shar-
ing the largest number of biological processes with
COPD. It was followed by diabetes, pulmonary hyper-
tension and lung cancer, which shared 441, 431 and
361 biological processes with COPD respectively.
Interestingly, the four complications sharing the lar-
gest number of biological processes with COPD
aggravation were the ones sharing the largest number
of genes with COPD aggravation. This further indi-
cates the correlation in gene expression that COPD
shared with obesity, lung cancer, diabetes and pul-
monary hypertension. Moreover, the percentages of
the biological processes that the complications shared
with COPD aggravation in all of the complication’s
original biological processes were calculated. The
results show that the complications with the highest
percentage were pulmonary hypertension, obesity,
cachexia and diabetes. This coincides with the percen-
tage of shared genes in the original genes of the
complications, as shown in Table 1. In addition,
metabolic syndrome shared fewer biological processes
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with COPD than other complications, but the shared
biological processes occupied a high percentage of the
original biological processes of metabolic syndrome.
This demonstrates that there may be a stronger cor-
relation between metabolic syndrome and COPD
aggravation.

Discussion

As a severe incident, COPD aggravation has a high
fatality rate and would prompt a series of compli-
cations. By analyzing the genes involved in COPD
aggravation and complications, this study found
a genetic correlation between the two. The find-
ings show that HP, ADRB2, LCK and CA1 could
extensively regulate COPD complications. Obesity,
lung cancer, diabetes and pulmonary hypertension
were the four complications that correlated the
strongest with COPD aggravation. Emphasis will
be placed on how the major genes of COPD aggra-
vation regulate the occurrence of the complica-
tions. In this way, it is hoped that the findings of
this study will provide a theoretical basis for the
prospective multi-target and multi-channel inter-
vention in the occurrence and development of
diseases and the future treatment of COPD and
its complications.

In the study, HP was found to be involved in
the occurrence of 14 COPD complications. The
HP in blood plasma originates from the lungs,
the second main organ where HP forms [9].
Lung HP works in immune adjustment in the
inflammatory process of the respiratory system,
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Figure 2. Similarities between COPD aggravation and COPD complications in biological processes.
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protecting the lungs from inflammatory injury
caused by the inflammation mediator [10].
COPD is a disease rising from inflammation and
involving many cytokines and mediums. It can
cause systematic inflammatory reactions, including
the activation of C-reactive protein (CRP), IL-6,
fibrinogen, leukocyte, and tumor necrosis factor
(TNF)-a3, thereby markedly increasing the HP of
the lung tissues and peripheral blood of COPD
patients [11-13]. HP is an acute phase protein,
and consequently, it would rise more significantly
in COPD aggravation. Meanwhile, some studies
have shown that the HP level correlates positively
with systemic adverse reactions and oxidative
stress of COPD patients [14]. These are also con-
sistent with the results of this study. Besides, HP
deficiency would injure lung tissues, thus trigger-
ing emphysema and COPD. To a large extent, HP
can reflect the inflammatory reaction and severity
of COPD [10] and is thus strongly related to
COPD complications.

In this study, ADRB2 was correlated with 13
COPD complications. Responsible for coding the
B-2-adrenergic receptor on the surface of cells, it
plays a role in the relaxation of smooth muscles
and in the dilation of airway smooth muscles,
protecting the lungs from long-term bronchos-
pasm [15]. A damaged ADRB2 may result in
a narrower airway and increase vulnerability to
COPD [16,17]. Besides, it can reduce mucosal
lesions by promoting the conveyance of microvilli
of bronchial epithelial cells [18,19]. Meanwhile,
ADRB?2 has been reported to be involved in cardi-
ovascular diseases (heart failure and myocardial
infarction), diabetes, lung cancer and obesity [20--
20-23]. A similar relationship between receptor
expression and function is also found in vascular
myocardium [24]. The expression of ADRB2 in
myocardial cells can strengthen muscular contrac-
tility, inhibit apoptosis in heart failure, and protect
cardiac muscles form damages [25]. Therefore,
damaged ADRB2 in COPD may reduce systematic
ADRB2 expression, affect its myocardial protec-
tion in myocardial cells and thus lead to heart
failure. The signaling cascade of ADRB2 cAMP/
pka can have direct effects on the protein at neu-
romuscular joints and respond to adrenergic sig-
nals, thus maintaining the stability of the nervous
system [26]; hence, the abnormal expression of

ADRB2 would result in systemic myasthenia. In
addition, ADRB2 can dilate the coronary artery
and skeletal muscle [27] and assist the pancreas
in secreting insulin [28].

LCK has been found to be mainly related to
metabolic and cardiovascular diseases [29,30]. It
is an essential constituent of the T-cell receptor
(TCR) [31]. TCR identifies the antigen of patho-
gens [32] to generate an immune response, while
LCK controls the initiation and proliferation of
TCR signals [33]. Increasing evidence suggests
that adaptive  immunity dominated by
T lymphocytes is involved in COPD pathogenesis,
with an obvious increase in the number of CD8
T cells of COPD patients [34-36]. CD8 T cells can
drive autoimmunity through cytotoxic activities
and result in tissue injury [37-40]. In addition,
the LCK of COPD patients seems to decline,
which would lead to the dysfunction of T cells
and inadequate infection response [33], thus
resulting in recurrent airway infection of COPD
patients and COPD aggravation [41]. As for the
LCK regulation on the cardiovascular disease
mechanism, some research reports showed that
the LCK activation could play a role in protecting
the heart during ischemia [42]. It is worthy of
attention that T lymphocyte plays a key role in
acute myocardial infarction and myocardial injury
and may influence the clinical results of patients
with coronary artery diseases [43]. The reason is
that the immune response of patients with acute
myocardial infarction is out of control and their
regulatory T cells become less active, which results
in more effector T cells, less anti-inflammatory
cells, more severe inflammatory reactions and
damaged organs. The findings of this study
showed that obesity, lung cancer, diabetes and
pulmonary hypertension were the four complica-
tions with the strongest correlation in the genetic
and biological process with COPD aggravation.
Both obesity and diabetes are metabolic complica-
tions, and moderate and severe COPD would
increase the risk of diabetes [44]. The airway
inflammation of COPD patients is the pathological
and physiological foundation of diabetes. Airway
obstruction is related to concentric obesity.
Besides, patients with diabetes face a relatively
higher risk (HR = 1.22) of suffering COPD than
those without [45]. Diabetes also influences COPD



prognosis. Compared with COPD patients free
from diabetes, those with diabetes have a fatality
HR value of 1.27 [46]. Another study showed that
the mortality risk of COPD patients with diabetes
was 15% higher than those without [47]. The close
pathological and physiological tie between COPD
and metabolic diseases is also revealed in the fact
that such systemic inflammation markers as CRP,
TNF-a and IL-6 would increase in diabetes and
play an important role in the development of dis-
eases. Smoking is one of the causes of inflamma-
tion, which explains the reason why smokers face
a higher risk of diabetes than nonsmokers.
Meanwhile, smoking and obesity bear a complex
relationship with COPD aggravation: the adipose
tissue is a critical place where cytokines (TNF-a
and IL-6) form; adiponectin declines as obesity
aggravates, which would enhance the resistance
of insulin, circulate radicals and oxidative stress,
and aggravate pulmonary inflammation [48-50].
Tissue hypoxia, smoking and bronchial obstruc-
tion accelerate the formation of the adipose tissue
[51]. Inflammation markers (IL-6, TNF-a and
CRP) correlate positively with weight, and the
metabolic syndrome is related to pro-
inflammation and coagulation [50]. The possible
reasons why COPD complications aggravate
COPD are as follows: obesity reduces pulmonary
elasticity and weakens respiratory muscle func-
tions through the non-enzymatic glycosylation of
tissue protein; and as the strength of the inspira-
tory muscle disappears, pathological changes of
the diabetic nerves damage the diaphragm [8].
The findings of this study showed that obesity,
lung cancer, diabetes and pulmonary hypertension
were the four complications with the strongest
correlation in gene and biological process with
COPD aggravation. Both obesity and diabetes are
metabolic complications, and moderate and severe
COPD would increase the risk of diabetes [44].
The airway inflammation of COPD patients is
the pathological and physiological foundation of
diabetes. Airway obstruction is related to con-
centric obesity. Besides, diabetes patients face
a relatively higher risk (HR = 1.22) of suffering
COPD than those without diabetes [45]. Diabetes
also influences COPD prognosis. Compared with
COPD patients free from diabetes, those with dia-
betes have a fatality HR value of 1.27 [46]. Another
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study showed that the mortality risk of COPD
patients with diabetes was 15% higher than those
without the disease [47]. The close pathological
and physiological tie between COPD and meta-
bolic diseases is also revealed in the fact that
such systemic inflammation markers as CRP,
TNF-a and IL-6 would increase in diabetes and
play an important role in the development of dis-
eases. Smoking is one of the causes of inflamma-
tion, which explains the reason why smokers face
a higher risk of diabetes than nonsmokers.
Meanwhile, smoking and obesity bear a complex
relationship with COPD aggravation: adipose tis-
sue is a critical place where cytokines (TNF-a and
IL-6) form; adiponectin declines with a higher
degree of obesity, which would enhance the resis-
tance of insulin, circulate radicals and oxidative
stress, and aggravate pulmonary inflammation [-
48-50]. Tissue hypoxia, smoking and bronchial
obstruction accelerate the formation of adipose
tissue [51]. Inflammation markers (IL-6, TNF-a
and CRP) correlate positively with weight, and
metabolic syndrome is related to pro-
inflammation and coagulation [50]. The possible
reasons why COPD complications aggravate
COPD are as follows: obesity reduces pulmonary
elasticity and weakens respiratory muscle func-
tions through the non-enzymatic glycosylation of
tissue protein; inspiratory muscle strength disap-
pears; pathological changes to diabetic nerves
injure the diaphragm [8].

A large number of epidemiological studies have
demonstrated that there is a close connection
between COPD and lung cancer. The findings
show that the morbidity of COPD among lung
cancer patients ranges from 40% to 70% [52,53]
and that the annual morbidity of lung cancer
among COPD patients is at least four times higher
than the ordinary people [54]. The mechanism for
COPD npatients’ vulnerability to lung cancer has
not been fully understood, but there are currently
two main assumptions: first, the two share sus-
ceptibility genes; second, chronic inflammation
plays a role in it. Smoking is a genetic risk factor
shared by both diseases. The genome analysis of
COPD and lung cancer patients showed that the
susceptibility locus shared by the two diseases was
found in multiple chromosomes, including 15q25,
4931 and 6p21 [55]. The result shared by the
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analysis and this study is that both diseases have
many common susceptibility genes which play
roles in detoxification, the reconstruction of extra-
cellular matrix, DNA restoration, cell proliferation
and tumor inhabitation. Conversely, the mutation
of the two genes at Locus 4q31 can protect smo-
kers from COPD and lung cancer [56]. Besides,
epigenetic alterations play a role in the pathologi-
cal change to both lung cancer and COPD. For
instance, DNA methylation, histone deacetylation,
and protein phosphorylation have been proved to
be involved in the pathological mechanism of
these two diseases [57]. The second assumption
is that chronic inflammation is mainly about
epithelial-mesenchymal transition (EMT) which
largely functions in carcinogenesis. Meanwhile,
bronchitis also promotes EMT. Many pro-
inflammatory reaction mechanisms are related to
these two diseases, such as the activation of the
transforming growth factor-b and the receptor
tyrosine kinase/RaS access. In addition, the tran-
scription factor NF-kB is the key protein in the
pathogenesis and development of COPD, promot-
ing the release of inflammation media. The genes
regulating NF-kB are also found in tumor devel-
opment and metastasis [58].

The main trigger of the occurrence of COPD
complication of pulmonary hypertension is the
long-term exposure to harmful stimulants, includ-
ing cigarette and biofuel. Existing evidence has
shown that airway stimulants contribute to
chronic airway inflammation as well as pulmonary
vascular change. The hypoxemia caused by COPD
can result in vascular reconstruction and affect
vascular dynamic and thus lead to pulmonary
hypertension [59]. COPD-related hypoxemia is
also attributed to secondary polycythemia, which
causes an alteration to pulmonary vascular tension
and then triggers pulmonary hypertension [60].
For COPD patients, an increase in the number of
their leukocytes dominated by CD8+ lymphocytes
would change the adventitia, restrain vasodilata-
tion, and thicken the artery blood vessel intima of
the pulmonary muscle. This indicates a correlation
between pulmonary hypertension and vascular
inflammation [61]. The inflammatory cytokines
rising in COPD, such as IL-6, C-reactive protein
and TNF-a, would also lead to ischemia, which
further implies that inflammation can trigger

pulmonary hypertension by changing the blood
vessels of the pulmonary cycle [62,63].

After selecting the major genes indicating
a correlation between COPD aggravation and com-
plications, this study analyzed the relevance of bio-
logical processes between the two through gene
enrichment. By selecting the biological paths of
COPD aggravation and complications, we found
that there are some differences in the percentage of
shared genes and shared biological processes
between metabolic syndrome and COPD. This dif-
ference also exists in cachexia, which may be caused
by the following reasons: 1. The randomness of
selecting COPD and COPD aggravation sample
genes. 2. The number of shared genes and the num-
ber of shared biological processes are not necessarily
linear. Due to the small number of metabolic syn-
drome data sets, the number of biological processes
obtained by enrichment analysis is also small. 3. In
shared biological processes, many processes involve
less than 3 genes. In Figure 2, we deleted these
biological processes in advance. At the same time,
this study found that in the biological processes
shared by COPD aggravation and complication,
471 biological paths were common between obesity
and diabetes, accounting for 39.3% of the total num-
ber of biological paths of the two. Interestingly,
other correlations found in this analysis included
the ones between depression and diabetes and
between sleep apnea and heart failure. Finally, the
biological paths of some complications were all but
irrelevant to that of other diseases, such as myasthe-
nia and sleep apnea. In summary, understanding the
relationship between COPD complications and
aggravation in biological processes is important to
comprehend the process of COPD aggravation.

Conclusion

By analyzing the genes concerning COPD aggrava-
tion and complications, this study found that there
was a genetic relevance between the two. As was
shown in the study, the driver genes of COPD
aggravation, including HP, ADRB2, LCK and
CAl, could extensively regulate COPD complica-
tions, and that obesity, lung cancer, diabetes and
pulmonary hypertension were the four complica-
tions that bore the closest relationship to COPD
aggravation at the molecular level. The findings of



this study were expected to provide a theoretical
basis for prospective multi-target and multi-
channel intervention in the occurrence and devel-
opment of diseases and the future treatment of
COPD and its complications.

Research highlights

e Identified the molecular mechanism of
COPD aggravation by an open database.

e Explored the relationship between COPD
aggravation and its complications.

® Provided a direction for development of cures
for COPD and its complications.

Data availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Disclosure statement

There is no conflict of interest associated with this work.

Funding

This work was funded by the National Natural Science
Foundation of China (Project Nos. 11761025, 11961018,
11901114), Guangdong Provincial Department of Education
Research Project (2017KQNCXO081), Guangzhou Science and
Technology Project (201904010010), Sun Yat-sen University
Open Project Fund of Guangdong Key Laboratory of
Computational ~ Science (2018001), Hainan
Innovative Scientific Research Project for Graduate Students
(Hys2019-59).

Province

Notes on contributor

Haohua Wang and Yuchen Cai conceived and designed the
research. Runhan Liu and Xinhe Lu collected and analysed
the data. Yuchen Cai wrote and edited the manuscript.
Qiming Zhang, Xinwei Wang, Huijing Lian revised the
manuscript. All authors have reviewed the manuscript.

ORCID

Haohua Wang @ http://orcid.org/0000-0001-7249-6672

BIOENGINEERED (&) 1255

References

[1] Lozano R, Naghavi M, Foreman K, et al. Global and
regional mortality from 235 causes of death for 20 age
groups in 1990 and 2010: a systematic analysis for the
global burden of disease study 2010. Lancet.
2012;380:2095-2128.

[2] Lopez-Campos JL, Tan W, Soriano JB. Global burden
of COPD. Respirology. 2016;21:14-23.

[3] Fang X, Wang X, Bai C. COPD in China: the burden
and importance of proper management. Chest.
2011;139:920-929.

[4] Ball P. Epidemiology and treatment of chronic bron-
chitis and its exacerbations. Chest. 1995;108(43):S-52S.

[5] Negewo NA, Gibson PG, McDonald VM. COPD and
its  comorbidities: impact, measurement and
mechanisms. Respirology. 2015;20:1160-1171.

[6] Barnes PJ. Senescence in COPD and its comorbidities.
Annu Rev Physiol. 2017;79:517-539.

[7] Barnes PJ, Celli BR. Systemic manifestations and comor-
bidities of COPD. Eur Respir J. 2009;33:1165-1185.

[8] Cavailles A, Brinchault-Rabin G, Dixmier A, et al.
Comorbidities of COPD. Eur Respir Rev.

2013;22:454-475.

[9] Abdullah M, Schultz H, Kahler D, et al. Expression of
the acute phase protein haptoglobin in human lung
cancer and tumor-free lung tissues. Pathol Res Pract.
2009;205:639-647.

[10] Abdullah M, Kahler D, Vock C, et al. Pulmonary
haptoglobin and CD163 are functional immunoregula-
tory elements in the human lung. Respiration.
2012;83:61-73.

[11] Arredouani MS, Kasran A, Vanoirbeek JA, et al.
Haptoglobin dampens endotoxin-induced inflamma-
tory effects both in vitro and in vivo. Immunology.
2005;114:263-271.

[12] Jelena A, Mirjana M, Desanka B, et al. Haptoglobin
and the inflammatory and oxidative status in experi-
mental diabetic rats: antioxidant role of haptoglobin.
] Physiol Biochem. 2013;69:45-58.

[13] Arellano-Orden E, Calero-Acuna C, Cordero JA, et al.
Specific networks of plasma acute phase reactants are
associated with the severity of chronic obstructive pul-
monary disease: a case-control study. Int J Med Sci.
2017;14:67-74.

[14] Brzoska K, Bartlomiejczyk T, Sochanowicz B, et al.
Carcinogenesis-related changes in iron metabolism in
chronic obstructive pulmonary disease subjects with
lung cancer. Oncol Lett. 2018;16:6831-6837.

[15] Thomsen M, Dahl M, Tybjaerg-Hansen A, et al. beta2 -
adrenergic receptor Thrl64lle polymorphism, blood
pressure and ischaemic heart disease in 66 750
individuals. J Intern Med. 2012;271:305-314.

[16] Nielsen AO, Jensen CS, Arredouani MS, et al. Variants
of the ADRB2 gene in COPD: systematic review and
meta-analyses of disease risk and treatment response.
COPD. 2017;14:451-460.



1256 Y. CAI ET AL.

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

Li JX, Fu WP, Zhang J, et al. A functional SNP
upstream of the ADRB2 gene is associated with
COPD. Int J Chron Obstruct Pulmon Dis.
2018;13:917-925.

Dowling RB, Johnson M, Cole PJ, et al. Effect of
fluticasone  propionate  and  salmeterol  on
Pseudomonas aeruginosa infection of the respiratory
mucosa in vitro. Eur Respir J. 1999;14:363-369.
Wegner CD. Novel mechanistic targets for the treat-
ment of sub-acute and chronic bronchitis. Curr Pharm
Des. 2001;7:199-212.

Kulminski AM, Culminskaya IV, Ukraintseva SV, et al.
Polymorphisms in the ACE and ADRB2 genes and
risks of aging-associated phenotypes: the case of myo-
cardial infarction. Rejuvenation Res. 2010;13:13-21.
Fang XY, Chen Z, Miao GB, et al. Expression of betal-
and beta2-adrenergic receptors in the lungs and
changes in the levels of corresponding autoantibodies
in an aged rat model of heart failure. Int ] Mol Med.
2016;38:1933-1939.

Mei L, Huang C, Wang A, et al. Association between
ADRB2, IL33, and IL2RB gene polymorphisms and
lung cancer risk in a Chinese Han population.
Int Immunopharmacol. 2019;77:105930.

Wang Q, Liu Y, Fu Q, et al. Inhibiting
insulin-mediated beta2-adrenergic receptor activation
prevents diabetes-associated cardiac  dysfunction.
Circulation. 2017;135:73-88.

Panebra A, Wang WC, Malone MM, et al. Common
ADRB?2 haplotypes derived from 26 polymorphic sites
direct beta2-adrenergic receptor expression and regula-
tion phenotypes. PLoS One. 2010;5:e11819.

Bristow M. Antiadrenergic therapy of chronic heart
failure: surprises and new opportunities. Circulation.
2003;107:1100-1102.

Armaiz-Pena GN, Allen JK, Cruz A, et al. Src activa-
tion by beta-adrenoreceptors is a key switch for
tumour metastasis. Nat Commun. 2013;4:1403.

Prior SJ, Goldberg AP, Ryan AS. ADRB2 haplotype is
associated with glucose tolerance and insulin sensitivity
in obese postmenopausal women. Obesity (Silver
Spring). 2011;19:396-401.

Lacey RJ, Cable HC, James RF, et al. Concentration-
dependent effects of adrenaline on the profile of insulin
secretion from isolated human islets of Langerhans.
J Endocrinol. 1993;138:555-563.

Xu F, Teng X, Yuan X, et al. LCK: a new biomarker
candidate for the early diagnosis of acute myocardial
infarction. Mol Biol Rep. 2014;41:8047-8053.

Vahedi S, Chueh FY, Chandran B, et al. Lymphocyte-
specific protein tyrosine kinase (Lck) interacts with
CRé6-interacting factor 1 (CRIF1) in mitochondria to
repress oxidative phosphorylation. BMC Cancer.
2015;15:551.

Jury EC, Kabouridis PS, Abba A, et al. Increased ubi-
quitination and reduced expression of LCK in

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

(46]

T lymphocytes from patients with systemic lupus
erythematosus. Arthritis Rheum. 2003;48:1343-1354.
Lin J, Weiss A. T cell receptor signalling. J Cell Sci.
2001;114:243-244.

Baniyash M. TCR zeta-chain downregulation: curtail-
ing an excessive inflammatory immune response. Nat
Rev Immunol. 2004;4:675-687.

Hogg JC, Chu F, Utokaparch S, et al. The nature of
small-airway obstruction in chronic obstructive pul-
monary disease. N Engl ] Med. 2004;350:2645-2653.
O’Shaughnessy TC, Ansari TW, Barnes NC, et al.
Inflammation in bronchial biopsies of subjects with
chronic bronchitis: inverse relationship of CD8+
T lymphocytes with FEV1. Am ] Respir Crit Care
Med. 1997;155:852-857.

Saetta M, Di Stefano A, Turato G, et al. CD8+
T-lymphocytes in peripheral airways of smokers with
chronic obstructive pulmonary disease. Am ] Respir
Crit Care Med. 1998;157:822-826.

Santamaria P. Effector lymphocytes in islet cell
autoimmunity. Rev  Endocr  Metab  Disord.
2003;4:271-280.

Hodge G, Nairn J, Holmes M, et al. Increased intracel-
lular T helper 1 proinflammatory cytokine production
in peripheral blood, bronchoalveolar lavage and intrae-
pithelial T cells of COPD subjects. Clin Exp Immunol.
2007;150:22-29.

Freeman CM, Han MK, Martinez FJ, et al. Cytotoxic
potential of lung CD8(+) T cells increases with chronic
obstructive pulmonary disease severity and with
in vitro stimulation by IL-18 or IL-15. ] Immunol.
2010;184:6504-6513.

Lee SH, Goswami S, Grudo A, et al. Antielastin auto-
immunity in tobacco smoking-induced emphysema.
Nat Med. 2007;13:567-569.

Hurst JR, Vestbo J, Anzueto A, et al. Susceptibility to
exacerbation in chronic obstructive pulmonary disease.
N Engl ] Med. 2010;363:1128-1138.

Baines CP, Wang L, Cohen MV, et al. Protein tyrosine
kinase is downstream of protein kinase C for ischemic
preconditioning’s anti-infarct effect in the rabbit heart.
] Mol Cell Cardiol. 1998;30:383-392.

Blum A, Yeganeh S. The role of T-lymphocyte subpo-
pulations in acute myocardial infarction. Eur ] Intern
Med. 2003;14:407-410.

Mannino DM, Thorn D, Swensen A, et al. Prevalence
and outcomes of diabetes, hypertension and cardiovas-
cular disease in COPD. Eur Respir J. 2008;32:962-969.
Ehrlich SF, Quesenberry CP Jr., Van Den Eeden SK,
et al. Patients diagnosed with diabetes are at increased
risk for asthma, chronic obstructive pulmonary disease,
pulmonary fibrosis, and pneumonia but not lung
cancer. Diabetes Care. 2010;33:55-60.

Baker EH, Janaway CH, Philips BJ, et al
Hyperglycaemia is associated with poor outcomes in
patients admitted to hospital with acute exacerbations



(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

of chronic obstructive pulmonary disease. Thorax.
2006;61:284-289.

Parappil A, Depczynski B, Collett P, et al. Effect of
comorbid diabetes on length of stay and risk of death
in patients admitted with acute exacerbations of
COPD. Respirology. 2010;15:918-922.

Shoelson SE, Lee J, Goldfine AB. Inflammation and
insulin resistance. ] Clin Invest. 2006;116:1793-1801.
Pradhan A. Obesity, metabolic syndrome, and type 2
diabetes: inflammatory basis of glucose metabolic
disorders. Nutr Rev. 2007;65:5152-156.

Fabbri LM, Luppi F, Beghe B, et al. Complex chronic
comorbidities of COPD. Eur Respir J. 2008;31:204-212.
Tkacova R. Systemic inflammation in chronic obstruc-
tive pulmonary disease: may adipose tissue play a role?
Review of the literature and future perspectives.
Mediators Inflamm. 2010;2010:585989.

Loganathan RS, Stover DE, Shi W, et al. Prevalence of
COPD in women compared to men around the time of
diagnosis  of  primary Chest.
2006;129:1305-1312.

Young RP, Hopkins R], Christmas T, et al. COPD
prevalence is increased in lung cancer, independent of
age, sex and smoking history. Eur Respir J.
2009;34:380-386.

Kiri VA, Soriano J, Visick G, et al. Recent trends in
lung cancer and its association with COPD: an analysis
using the UK GP Research Database. Prim Care Respir
J. 2010;19:57-61.

lung  cancer.

(55]

(56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

BIOENGINEERED 1257

Young RP, Hopkins RJ, Hay BA, et al. Lung cancer
gene associated with COPD: triple whammy or possible
confounding effect? Eur Respir J. 2008;32:1158-1164.
Young RP, Whittington CF, Hopkins R], et al
Chromosome 4q31 locus in COPD is also associated
with lung cancer. Eur Respir J. 2010;36:1375-1382.
Punturieri A, Szabo E, Croxton TL, et al. Lung cancer
and chronic obstructive pulmonary disease: needs and
opportunities for integrated research. ] Natl Cancer
Inst. 2009;101:554-559.

Yao H, Rahman I. Current concepts on the role of
inflammation in COPD and lung cancer. Curr Opin
Pharmacol. 2009;9:375-383.

Chaouat A, Naeije R, Weitzenblum E. Pulmonary
hypertension in COPD. Eur Respir ].
2008;32:1371-1385.

Eickhoff P, Valipour A, Kiss D, et al. Determinants of
systemic vascular function in patients with stable
chronic obstructive pulmonary disease. Am ] Respir
Crit Care Med. 2008;178:1211-1218.

Peinado VI, Barbera JA, Ramirez J, et al. Endothelial
dysfunction in pulmonary arteries of patients with mild
COPD. Am ] Physiol. 1998;274:1908-913.

Joppa P, Petrasova D, Stancak B, et al. Systemic inflam-
mation in patients with COPD and pulmonary
hypertension. Chest. 2006;130:326-333.

Chaouat A, Savale L, Chouaid C, et al. Role for
interleukin-6 in COPD-related pulmonary hypertension.
Chest. 2009;136:678-687.



	Abstract
	Introduction
	Materials and methods
	Collection of gene expression profiles of COPD
	Collection of gene expression profiles of COPD complications
	Statistical analysis

	Results
	Differentially-expressed genes in the early and aggravation stages of COPD
	Genes implicated in COPD complication
	Genes mediated in crosstalk of COPD aggravation and complications
	The biological path linking COPD aggravation and complications

	Discussion
	Conclusion
	Research highlights
	Data availability
	Disclosure statement
	Funding
	Notes on contributor
	References



