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which suggests that it may be used as a potential novel inflammatory

biomarker in COPD. Further studies should be performed to clarify the

exact role of CTRP-5 on the pathogenesis and outcomes of COPD.
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Abstract: Local and systemic inflammation often present in chronic

obstructive pulmonary disease (COPD). Adipokines are secretory

protein mediators by adipose tissue, which have been found to involve

in inflammatory responses in many chronic inflammatory diseases.

Therefore, we performed this preliminary clinical study to investigate

the possible association between 2 adipokines, C1q/tumor necrosis

factor-related protein-3 and -5 (CTRP-3 and CTRP-5), with lung

function and other markers of inflammation in COPD. Serum CTRP-

3 and CTRP-5 levels were measured in 73 COPD patients and 54 health

controls, together with lung function and levels of adiponectin, CRP,

TNF-a, and MPO in both groups. Pearson’s partial correlation was used

to analyze the correlations between CTRPs and other serum markers or

lung function. Serum CTRP-5 was significantly elevated in COPD

patients (0.41� 0.35 versus 0.29� 0.28 mg/ml, P¼ 0.01) and correlated

inversely with FEV1/FVC ratio in all patients (r¼�0.31, P¼ 0.001). In

COPD patients, CTRP-5 was also correlated negatively with FEV1%

predicted (r¼�0.464, P< 0.001) and had a positive association with

CRP levels (r¼ 0.262, P¼ 0.04). However, serum CTRP-3 levels were

not correlated with measures of lung function or systemic inflammation.

In conclusion, circulating CTRP-5 was associated with the severity of

airflow obstruction and systemic inflammation in patients with COPD,
Xue Zhang, MD, H Tao Wang, PhD,
un Shen, MD, and Fuqiang Wen, MD, PhD

(Medicine 94(36):e1503)

Abbreviations: BMI = body mass index, COPD = chronic

obstructive pulmonary disease, CRP = C-reactive protein, CTRP

= C1q/tumor necrosis factor related protein, ELISA = enzyme-

linked immunosorbent assay, FEV1 = forced expiratory volume in

1 second, FVC = forced vital capacity, MPO = myeloperoxidase,

TNF-a = tumor necrosis factor-a.

INTRODUCTION

C hronic obstructive pulmonary disease (COPD), character-
ized as persistent airflow limitation with numerous extra-

pulmonary complications and comorbidities, remains 1 of the
leading causes of morbidity and mortality worldwide.1 Apart
from local inflammatory responses in the lungs, patients with
COPD often show increased systemic inflammation, which is
associated with the pathogenesis of comorbidities present in
COPD,2–4 especially for those whose disease is severe or who
are experiencing exacerbations. Whether systemic inflam-
mation is the ‘‘spill-over’’ of local inflammation in the lungs
or is attributable to some comorbid conditions that affect the
lungs remains controversial.3,5 It has been suggested that smok-
ing, tissue hypoxia, lung hyperinflation, and skeletal muscle
dysfunction could be possible factors that participate in the
pathogenesis of systemic inflammation in COPD.6 Recently,
adipose tissue has also been reported to interfere with systemic
inflammation in COPD patients. In addition to functioning as
the energy storage site, the adipose tissue is an active producer
of mediators involved in inflammation, and the so-called adi-
pokines are examples.7

Adipokines are protein mediators secreted by the adipose
tissue and they are now known to involve in inflammatory
responses in many chronic inflammatory diseases.8,9 Adipo-
nectin is a well-known adipokine that has antidiabetic and anti-
inflammatory effects. An increasing number of evidence has
demonstrated a significant role of adiponectin in the inflam-
matory processes in COPD.10 Lately, members of the C1q/
tumor necrosis factor-related protein (CTRP) family have been
reported to share structural homology with adiponectin, but are
expressed in a wide variety of tissues and appear to have diverse
functions.11 CTRP-3 is expressed and secreted by adipocytes
and monocytes and circulates in human plasma.12,13 Recent data
indicate that CTRP-3 is a potent anti-inflammatory adipokine
that inhibits proinflammatory pathways induced by lipopoly-
saccharides (LPS), toll-like receptor (TLR) ligands, and fatty
acids in monocytes and adipocytes.14,15 Meanwhile, circulating
CTRP-3 showed significant negative correlations with meta-
bolic risk factors, indicating the promising roles in inflam-
m.16 CTRP-5, another CTRP family
in adipocytes, myocytes, ciliary epi-

pigment.17–21 Similar to adiponectin,
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CTRP-5 enhances glucose uptake by GLUT4 through inducing
phosphorylation of AMP-activated protein kinase.21 Further-
more, CTRP-5 stimulates fatty acid oxidation in rat myocytes
by the phosphorylation of acetyl-CoA carboxylase.21

Despite of the findings above, nothing is known whether
COPD is also associated with elevated CTRP-3 or CTRP-5
levels. Therefore, a preliminary clinical study was performed to
examine whether a possible relationship exist between these
adipokines and other markers of inflammation, lung function in
COPD patients.

MATERIAL AND METHODS

Subjects and Research Design
The study protocol conforms to the principles of the

Declaration of Helsinki and was approved by the Institutional
Review Board for Human Studies of West China Hospital of
Sichuan University, China. Written consent was obtained from all
subjects. COPD patients were recruited from the Outpatient
Department of West China Hospital from September 2014 to
January 2015, whereas healthy controls, irrespective of smoking
habits, were recruited from the hospital’s physical examination
center. Lung function tests were performed in all control subjects
using standardized methods according to the American Thoracic
Society guidelines.22 COPD diagnosis was based on Global
Initiative for Chronic Obstructive Lung Disease (GOLD) strategy
paper,23 and inclusion criteria were: (a) postbronchodilator
FEV1/FVC< 70%; (b) reversibility of FVC or FEV1 induced
by b-agonist (200 mg salbutamol)< 12% or 200 ml; (c) no
exacerbation within the last 12 weeks before recruitment. No
COPD patients had received standard COPD treatments, such as
inhaled corticosteroids. Patients were excluded if they had a
diagnosis or history of asthma and conditions known to affect
serum levels of adipokines, including coronary heart disease and
metabolic syndrome.

Blood Sampling and Analysis
Subjects were asked to fast overnight from 21:00 the night

before, after which venous blood samples were collected and
serum was separated immediately and stored at �80 8C until
analysis. Levels of CTRP-3 and CTRP-5 were analyzed using
an enzyme-linked immunosorbent assay (ELISA; AdipoGen,
Incheon, Korea). Adiponectin, CRP, TNF-a, and MPO were
analyzed using Human Magnetic Luminex Screening Assay
(LXSAHM; R&D Systems China Co., Ltd Shanghai, China) on
the Bio-Plex 200 detection platform (Bio-Rad, CA) by the
Department of Laboratory Medicine of West China Hospital.
All the measurements were carried out strictly according to the
manufacturer’s instructions. The detection sensitivities were 1
ng/ml for CTRP-3 and CTRP-5, 148 pg/ml for adiponectin,
116 pg/ml for CRP, 26.2 pg/ml for MPO, and 1.2 pg/ml for
TNF-a. Technicians performing tests were blinded to the
clinical details of the subjects.

Statistical Analysis
All statistical analyses were performed by SPSS 18.0 for

Windows (IBM, Chicago, IL). Variables with skewed distri-
butions such as adiponectin, CTRP-3, CTRP-5, CRP, TNF-a,
and MPO were log transformed before further analysis. Com-
parisons of characteristics between groups were performed by
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unpaired Student’s t or Chi-square tests when appropriate.
Pearson’s partial correlation adjusting for age, BMI, pack-years
smoked, and current smoking status was used to analyze the
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correlations between CTRPs and other serum markers or lung
function. All continuous data were presented as mean� stan-
standard deviation (SD), whereas categorical data were pre-
sented as frequency and percent. A 2-sided P value <0.05 was
considered statistically significant.

RESULTS

Subjects Characteristics
A total of 73 COPD patients and 54 healthy controls were

enrolled in this study. All the demographic data and baseline
characteristics of the study subjects are summarized in Table 1.
There were no differences with respect to the age, sex, or BMI
between the COPD patients and the controls. However, as
expected, there were significant reductions in FEV1 % pre-
dicted and FEV1/FVC ratio in COPD patients compared with
healthy controls. Meanwhile, serum levels of adiponectin,
CTRP-5, and CRP were significantly elevated in COPD patients
compared with healthy controls.

Correlations Between CTRPs and Lung Function
Parameters

Serum CTRP-5 levels in all patients were correlated
inversely with the ratio of FEV1/FVC (r¼�0.31,
P¼ 0.001), whereas CTRP-3 showed no such relationship with
FEV1/FVC ratio (r¼�0.135, P¼ 0.15). In COPD patients,
CTRP-5 levels correlated negatively with FEV1% predicted
(r¼�0.464, P< 0.001; Figure 1, Table 2). However, no sig-
nificant correlation was seen between CTRP-3 levels and
FEV1% predicted (r¼�0.217, P¼ 0.09; Table 2).

Correlations Between CTRPs and Other Serum
Parameters

Correlations between CTRPs and other serum parameters
in patients with COPD are shown in Table 2. A positive
correlation was seen between serum CRTP-5 and CRP
(r¼ 0.262, P¼ 0.04; Figure 2), whereas CTRP-3 did not cor-
relate with inflammatory mediators CRP, TNF-a, or MPO in
COPD patients. In addition, neither CTRP-5 nor CTRP-3
statistically related to adiponectin levels.

DISCUSSION
The main findings of the present study demonstrate that

levels of circulating CTRP-5, but not CTRP-3, have a signifi-
cant association with lung function decline (measured as
FEV1% predicted) in COPD patients and further, correlated
positively with systemic inflammation (CRP), which suggests
that CTRP-5 may have a role in the inflammatory processes in
COPD. To the best of our knowledge, this is the first study to
examine correlations between serum CTRPs and indicators of
lung function and inflammatory status in COPD.

Adipokines derived from adipocytes/adipose tissue were
found to be associated with the chronic low-grade inflammation
present in obesity-related metabolic disturbances and inflam-
matory diseases.24 In recent years, findings from some studies
have also linked adipokines to inflammatory lung diseases such
as COPD and asthma.25 Particularly, numerous investigations
have focused on the role of adiponectin and leptin in these
diseases and suggested that low-serum adiponectin and high-
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serum leptin concentrations predict asthma independent of
obesity, whereas high adiponectin and low leptin levels are
associated with stable COPD.10,25 However, the results on the
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TABLE 1. Subject Characteristics

Variable COPD (n¼ 73) Healthy Controls (n¼ 54) P Value

Age, years 63.83� 9.97 61.22� 11.49 0.17
Sex, male/female 50/23 29/25 0.09
Smoking status
Nonsmoker (%) 33(45.2) 36(66.7) 0.02
Former smoker (%) 17(23.3) 4(7.4)
Current smoker (%) 23(31.5) 14(25.9)
Pack-years for ever-smokers 26.93� 20.39 23.82� 13.31 0.56
BMI, kg/m2 22.88� 2.78 23.73� 3.53 0.14
FEV1/FVC ratio 57.42� 11.22 80.23� 5.71 <0.001
FEV1% predicted 78.38� 21.35 109.74� 17.16 <0.001
CRP

�
, mg/ml 2.46� 3.08 1.13� 1.21 0.002

TNF-a
�
, pg/ml 15.50� 19.93 13.13� 12.39 0.53

MPO
�
, mg/ml 0.17� 0.14 0.17� 0.09 0.23

Adiponectin
�
, mg/ml 8.24� 4.86 5.46� 2.57 <0.001

CTRP-3
�
, mg/ml 0.95� 0.66 0.82� 0.33 0.19

CTRP-5
�
, mg/ml 0.41� 0.35 0.29� 0.28 0.01

Data are presented as mean�SD. BMI¼ body mass index, COPD¼ chronic obstructive pulmonary disease, CRP¼C-reactive protein,
CTRP¼C1q/tumor necrosis factor related protein, FEV1¼ forced expiratory volume in one second, FVC¼ forced vital capacity,

val
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associations between adipokines and these lung diseases at the
current stage are confusing and frankly paradoxical in places.
Besides, novel adipokines such as CTRP-3 and CTRP-5, which
are known to be related with inflammatory process, are not
covered in previous studies.

In the present study, we observed that serum CTRP-5
levels were negatively associated with FEV1/FVC and FEV1
% predicted in COPD patients, suggesting that CTRP-5 may
correlate with the severity of airflow obstruction. It is thought

MPO¼myeloperoxidase, TNF-a¼ tumor necrosis factor-a.�
As distributions of these parameters were skewed, log-transformed
that there are many causes contributing to the airway obstruc-
tion in COPD such as contraction of the airway smooth muscle,
mucosal edema, small airway fibrosis, and loss of parenchymal

FIGURE 1. Correlation between serum CTRP-5 levels and lung
function (FEV1% predicted) in COPD patients. COPD¼ chronic
obstructive pulmonary disease, CTRP¼C1q/tumor necrosis factor
related protein, FEV1¼ forced expiratory volume in 1 s.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
support to small airways caused by emphysema.26 The exact
role of CTRP-5 in airflow obstruction could not be elucidated,
but it would be consistent with numerous lines of indirect
evidence linking CTRP-5 with this disease. First, Park SY
et al previously reported that depletion of mtDNA resulting
in mitochondrial dysfunction leads to increased expression and
secretion of CTRP-5 in myocytes.21 As we know, COPD is a
chronic lung disease characterized not only by progressive,
irreversible airflow obstruction but also by skeletal muscle
dysfunction and abnormality of inflammatory responses in

ues were used in the statistical analyses.
lungs and circulation.27,28 Analyses of muscle biopsies showed
significant lower mitochondrial oxidative metabolism muscle
oxidative phenotype (oxphen) in patients with COPD, whereas

TABLE 2. Correlations Between CTRPs (CTRP-3 and CTRP-5)
and Other Parameters in COPD Patients (n¼73)

CTRP-3
�

CTRP-5
�

FEV1% predicted r¼�0.217 r¼�0.464
P¼ 0.087 P¼ 0.000

CRP
�

r¼ 0.198 r¼ 0.262
P¼ 0.119 P¼ 0.038

TNF-a
�

r¼ 0.166 r¼�0.128
P¼ 0.206 P¼ 0.328

MPO
�

r¼�0.049 r¼ 0.004
P¼ 0.703 P¼ 0.974

Adiponectin
�

r¼�0.149 r¼�0.082
P¼ 0.224 P¼ 0.522

CRP¼C-reactive protein, CTRP¼C1q/tumor necrosis factor-
related protein, FEV1¼ forced expiratory volume in 1 second,
MPO¼myeloperoxidase, TNF-a¼ tumor necrosis factor-a.�

As distributions of these parameters were skewed, log-transformed
values.were used in the statistical analyses.
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FIGURE 2. Correlation between serum levels of CTRP-5 and CRP
in COPD patients. COPD¼ chronic obstructive pulmonary dis-

Li et al
in cultured muscle cells, mitochondrial protein content and
mitochondrial respiration were reduced on chronic TNF-a
stimulation in a nuclear factor kappaB (NF-kB)-dependent
manner, which resulted in decreased muscle oxphen.29 There-
fore, inflammatory response in COPD may contribute to the
increase of CTRP-5 in a pathway related to mitochondrial
dysfunction. On the other hand, treatment of myocytes with
globular domain of CTRP-5 (gCTRP-5) resulted in increased
phosphorylation of AMP-activated protein kinase (AMPK),
leading to reduction of ROS accumulation and caspase-3 acti-
vation,30 which prevented myocytes from apoptosis. As AMPK
activation could effectively decrease airway smooth muscle
(ASM) cells proliferation,31 increased levels of circulating
CTRP-5 might decrease the contractility of airway smooth
muscle and be involved in a negative feedback regulation of
airflow obstruction, which is evident in COPD.

Meanwhile, we found that CTRP-5 concentrations in
serum correlated with the levels of CRP. CRP is an acute phase
protein synthesized predominantly by the hepatocytes in
response to tissue damage or inflammation.32 Circulating
CRP levels are elevated in COPD patients and are related to
the presence of airflow obstruction;33–34 thus it has been
regarded as a valid biomarker of systemic inflammation in
COPD.35 In our study, elevated serum levels of CRP in COPD
patients were observed and associated negatively with FEV1%
predicted, which is consistent with previous studies.35–36 There-
fore, the positive correlation between CTRP-5 and CRP in
COPD patients suggests that CTRP-5 may function as a bio-
marker of the severity of systematic inflammation in COPD.
Interestingly, although serum adiponectin levels were signifi-
cantly higher in COPD compared to controls, which is in accord
with results reported by Carolan37 and Tomoda,38 we have not
found any correlation between CRTP-5 and adiponectin in
COPD patients, implying that CTRP-5 might correlate with
the severity of airflow obstruction and systemic inflammation in
COPD independent of adiponectin levels.

ease, CRP¼C-reactive protein, CTRP¼C1q/tumor necrosis factor
related protein.
In contrast to CTRP-5, we did not find significant associ-
ations of serum CTRP-3 with lung function or inflammatory
parameters. The underlying mechanisms could not be clarified

4 | www.md-journal.com
in the present study, but we could suggest some hypotheses to
explain the results. First, the expression sites and biological
functions of CTRP family members are diverse. Although both
CTRP-3 and CTRP-5 participate in regulation of energy homeo-
stasis and inflammation, they may exert the effects via different
pathways. The linkage between lung function decline and
CTRP-5 levels in COPD may involve mitochondrial dysfunc-
tion of myocytes, in which CTRP-5, but not CTRP-3, has been
shown to play an important role.21 Second, the crosstalk
between CTRP-3 and CTRP-5 is still unclear. It has been
observed by Schmid et al that cellular knockdown of CTRP-
3 gene during differentiation upregulates CTRP-5 expression,
which leads to a speculation that a counter-regulatory relation
may exist between CTRP-3 and CTRP-5 under basal con-
ditions.39 However, under the COPD condition, the balance
might be disrupted, where the significant increase of CTRP-5
possibly inhibits the elevation of CTRP-3 levels. Of course,
detailed molecular experiments are needed to clarify this ques-
tion.

There are several limitations in this study. First, the
relatively small number of subjects limited our further inves-
tigation on how CTRP-5 correlates with lung function and
inflammation in different stages of COPD. Since most of our
patients presented with relatively mild COPD, it would be
necessary to verify our findings in large cohorts of patients
with more balanced distribution of disease severity. Second, as
it was a cross-sectional study, no causality between parameters
investigated could be defined, which implies that more pro-
spective or in vitro studies are needed to elucidate the potential
mechanisms under the findings presented in our study. Third,
only 3 indicators of systemic inflammation (CRP, TNF-a, and
MPO) were analyzed, so the relationship between CTRP-5 and
inflammatory responses in COPD needs further investigation.
In addition, future studies should also use computed tomogra-
phy to detect the presence of emphysema, since our results may
be biased by the different phenotypes of COPD (‘‘blue bloater’’
versus ‘‘pink puffer’’).40

In conclusion, this study demonstrated that circulating
levels of CTRP-5 had a significant negative relationship with
lung function and correlated positively with CRP concentration.
The present results introduce adipokine CTRP-5 as a potential
novel inflammatory biomarker in COPD. However, further
prospectively-designed and experimental studies should be
performed to clarify the influences of CTRP-5 and other novel
adipokines on the pathogenesis and outcomes of COPD.
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