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ABSTRACT
Rationale The influence of COPD exacerbation on the
endothelium is not completely understood. Circulating
endothelial microparticles (EMPs) are membrane vesicles
in circulating blood that are shed by activated or
apoptotic endothelial cells.
Objective To compare EMP numbers in stable COPD
patients with those during and after exacerbation.
Methods We examined the EMP numbers in 80 stable
COPD patients, 27 patients with exacerbated COPD, and
20 healthy non-COPD volunteers. EMPs were defined as
CD144+ MPs (VE-cadherin EMPs), CD31+/CD41 MPs
(PECAM EMPs), CD146 MPs (MCAM EMPs) and CD62E
+ EMPs (E-selectin EMPs) as analysed by FACS. Von
Willebrand factor (vWF) expression was utilised to
identify the origins of the EMPs.
Results VE-cadherin, PECAM and E-selectin EMP
numbers were significantly higher in the stable COPD
patients than in the non-COPD volunteers, and they were
significantly higher in the patients with exacerbated
COPD than in the stable COPD patients. The majority of
these increased EMPs were vWF-negative, indicating
a pulmonary capillary origin. Baseline E-selectin EMP
levels were significantly higher in COPD patients who
experienced frequent exacerbations than in those who
did not have frequent exacerbations (p<0.001).
Twenty-eight days after the onset of exacerbation,
E-selectin EMP levels returned to those observed in
stable COPD patients, whereas PECAM EMP levels
remained high. MCAM EMP numbers were not elevated
in stable or exacerbated-COPD patients.
Conclusions Endothelial damage, mainly in pulmonary
capillaries, occurs during exacerbation and continues
even after clinical symptoms disappear. Higher baseline
E-selectin EMP levels may indicate COPD patients who
are susceptible to exacerbation.
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Exacerbation of COPD appears to accelerate the
decline in lung function1 and increase the risk of
death in COPD patients.2 Thus, frequent exacerbations play a key role in disease prognosis,3 and
preventing exacerbation is a key component of
COPD management strategies.4 In recent years,
increased evidence has demonstrated that endothelial damage is closely connected to the pathophysiology of COPD. Abnormalities in the
endothelium have been recognised in both the
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Key messages
What is the key question?
< The influence of COPD exacerbation on the

endothelium is not completely understood. We
evaluated the influence of COPD exacerbation on
the endothelium by measuring circulating EMPs,
which are markers of endothelial damage in
patients with vascular disorders.

What is the bottom line?
< Pulmonary capillary-derived VE-cadherin, PECAM

and E-selectin EMPs were significantly increased
in stable COPD patients when compared with
non-COPD volunteers, and were further significantly increased in exacerbated COPD patients.
The baseline E-selectin EMP levels in COPD
patients who frequently underwent exacerbation
were significantly higher than those in COPD
patients who did not have frequent exacerbation.
Although the clinical symptoms of exacerbation
disappeared after treatment, PECAM EMP levels
remained high.

Why read on?
< The monitoring of EMP numbers is useful for

evaluating endothelial damage in COPD patients,
and for identifying patients who are susceptible
to exacerbation.
pulmonary and systemic vasculatures in COPD.5e8
Several animal studies have suggested that endothelial injury in the pulmonary vasculature is the
underlying mechanism of alveolar destruction.9
Furthermore, endothelial damage is speculated to
occur during exacerbation. Inﬂammatory responses,
such as platelet aggregation, are upregulated during
exacerbation, which is speculated to lead to further
endothelial damage in COPD.10 Impairment of
endothelial function in systemic arteries, such as
the forearm arteries, during exacerbation has also
been reported.11 However, the inﬂuence of COPD
exacerbation on the endothelium is not completely
understood.
Circulating endothelial microparticles (EMPs) are
shed membrane vesicles (100 nme1 mm in diameter) in circulating blood that originate from activated and apoptotic endothelial cells.12 13 The
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METHODS
Additional methodological
supplementary data.

details

are

provided

in

the

Patient population
Eighty COPD patients in stable condition (no exacerbation
within the previous 3 months prior to sample collection), 27
COPD patients with exacerbation (COPD patients who experienced exacerbation of their COPD) and 20 healthy non-COPD
volunteers were enrolled in this study. All subjects provided
written informed consent, and the study was approved by the
Ethics Committees at Tohoku University School of Medicine
and the Japanese Red Cross Ishinomaki Hospital, Japan. This
study was registered in the University Hospital Medical Information Network Clinical Trials Registry Clinical Trial (Trial
Number: UMIN000005168). All patients had dyspnoea, chronic
cough or sputum production and smoking history. Airﬂow
limitation was determined by spirometry and deﬁned as a postbronchodilator FEV1/FVC <0.70, and severity was classiﬁed in
accordance with the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) criteria.22 Patients diagnosed with respiratory disorders other than COPD, such as asthma or bronchiectasis were excluded.23 All subjects had ceased smoking for
more than 2 months before the enrolment. We excluded subjects
with conditions known to be associated with an increase in
circulating EMPs, including chronic renal failure,16 metabolic
diseases, such as diabetes mellitus24 and hyperlipidaemia17 and
vasculitis.25 We also excluded COPD patients with past histories
of cardiovascular disease within 1 year prior to sample
collection.

Exacerbation criteria
Exacerbation was diagnose based on the presence of an increase
in any two major symptoms (dyspnoea, sputum purulence and
sputum quantity), or an increase in one major and one minor
symptom (wheeze, sore throat, cough and nasal congestion/
discharge) for at least two consecutive days according to previously accepted criteria.1 26 We deﬁned an exacerbation as deterioration in respiratory symptoms requiring treatment with
antibiotics and/or systemic corticosteroids. The severity of
1068

exacerbation was assessed according to the criteria modiﬁed
from Anthonisen and colleagues27; severe exacerbation was
deﬁned as the occurrence of all three major symptoms, moderate
exacerbation as the occurrence of two of these three major
symptoms and mild exacerbation as the occurrence of one major
and one minor symptom.

Blood sampling
Peripheral blood was collected from a peripheral vein into
heparinised tubes. Samples were centrifuged to isolate plateletfree plasma as previously described.28

Characterisation of EMPs
EMP subpopulations were determined by ﬂow cytometry in
platelet-free plasma according to the expression of membranespeciﬁc antigens. Four EMP phenotypes were deﬁned in the
following manner: VE-cadherin EMPs: CD144+ (FITC) MPs,
PECAM EMPs: CD31+ (FITC)/CD41- (PE) MPs, MCAM EMPs:
CD146+ (PE) MPs and E-selectin EMPs: CD62E+ (PE) MPs.
Alveolar capillaries are negative for von Willebrand factor (vWF)
(supplemental ﬁgure 1), whereas, arterioles and venules in
the lungs and endothelial cells in other organs are positive for
vWF.29 30 We deﬁned EMPs derived from pulmonary capillary
endothelial cells as vWF-negative (vWF: APC) EMPs.

Pulmonary function tests
Spirometry measurements were conducted by a well-trained
technician following the ATS/ERS guidelines after inhalation of
a bronchodilator before sample collection.31 Pulmonary function
testing was performed in duplicate. The best FEV1 and FVC
values were recorded from acceptable manoeuvres.32

Visual assessment of low-attenuation areas (LAA) by chest CT
imaging
We assessed LAA using high-resolution CT according to the
Goddard classiﬁcation.33 LAA was scored for the right and left
Table 1 Characteristics of 80 COPD patients in stable condition and 20
healthy non-COPD volunteers

Age, years
Sex, male/female
Body mass index, kg/m2
Lung function
FEV1, L
FEV1/FVC ratio, %
Predicted FEV1, %
LAA scores (n¼83), median (range)
Physiological parameters
Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
PaO2, mm Hg (at sample correction)
Traditional risk factors
Pack-years smoking index,
median (range)
Total cholesterol, mg/dl
Fasting glucose, mg/dl
Inflammatory markers
CRP, mg/dl
Leucocyte counts, /ml

Non-COPD
volunteers
(n[20)

Stable COPD
(n[80)

69.0611.0
17/3
24.263.44

73.0610.0
65/15
22.164.47

0.126
0.696
0.051

2.7260.58
77.366.20
97.6616.1
4 (1e10)

1.6661.00
56.4625.2
71.6640.9
13 (2e24)

<0.001
<0.001
<0.001
<0.001

118.0621.0
61.0611.0
82.364.00

122.0621.0
68.0612.5
80.0610.5

0.425
0.319
0.379

27.75 (1e100)

40 (0e90)

0.372

189.5633.5
104.5618.5

193.0637.8
100.0615.5

0.607
0.505

0.10060.000
610061820

0.20060.300
630062000

0.084
0.613

p Value

Bold denotes values: p < 0.05.
Values are the median6IQR unless stated otherwise.
Difference in the distribution of gender between the two groups was analysed using the c2
test. Differences in other parameters were analysed using ManneWhitney U test.
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number of EMPs increases in patients with vascular disorders,
such as acute coronary disease,14 15 renal failure16 and metabolic
diseases,17 and it reﬂects endothelial damage occurring in these
patients. In addition, the number of EMPs is a sensitive marker
of pulmonary capillary endothelial damage induced by smoking
in healthy active smokers.18 We hypothesised that the number
of EMPs is elevated in stable COPD patients and becomes
further elevated during exacerbation.
EMPs are deﬁned according to the expression of endothelial
membrane-speciﬁc antigens, such as VE-cadherin (CD144),
PECAM-1 (CD31), MCAM (CD146) and E-selectin (CD62E).
These markers do not colocalise, and their expression changes
according to physiological conditions. VE-cadherin localises to
adherence junctions, whereas PECAM-1 and MCAM are located
outside of adherence junctions.19 E-selectin is rapidly inducible
on activated endothelial cells after inﬂammatory stimuli,
whereas, VE-cadherin, PECAM-1 and MCAM are constitutively
expressed on endothelial cells.20 We decided to examine the
number of EMPs in stable and exacerbated COPD patients, and
to evaluate the correlations between these molecules and disease
progression.
Some of the results from this study have been previously
presented in abstracts.21

Chronic obstructive pulmonary disease

sides of the upper, middle and lower lung ﬁelds. Zero represented
no abnormality, 1 designated up to 25%, 2 up to 50%, 3 up to
75% and 4 indicated almost total involvement. The possible
scores ranged from 0 to 24. The assessment was independently
performed by two chest physicians (HK and MY) in a blinded
fashion.

Statistical analysis
All data are presented as the median6IQR (25the75th IQR).
Difference in the distribution of the sexes between non-COPD
volunteers and stable COPD patients were analysed using the c2
test. Differences in age, body mass index, lung functions, LAA
scores, physiological parameters, PaO2, traditional risk factors or
inﬂammatory markers between the two groups were analysed
using ManneWhitney U test. The KruskaleWallis test was used
to compare EMP numbers among the four GOLD stages. The
differences in EMP numbers between stable COPD without
frequent exacerbation and before exacerbation were also
Table 2 Relationships between EMP numbers and various variables in
non-COPD volunteers and stable COPD patients (univariable analysis)
VE-cadherin
EMPs
rs

PECAM EMPs

p Value rs

Age
0.13
0.173
Body mass index
0.21
0.029
Pack-years smoking index
0.08
0.383
FEV/FVC ratio
0.61 <0.001
FEV1
0.62 <0.001
Predicted FEV1%
0.67 <0.001
LAA scores
0.46 <0.001
Leucocyte counts
0.15
0.119
CRP
0.03
0.740
0.12
0.201
PaO2

E-selectin EMPs

p Value rs

0.10
0.289
0.30
0.002
0.03
0.738
0.65 <0.001
0.62 <0.001
0.60 <0.001
0.34
0.002
0.04
0.659
0.08
0.418
0.11
0.253

Bold denotes values: p < 0.05.
Correlations were calculated using Spearman nonparametric methods.
rs: Spearman correlation coefficient.
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0.13
0.21
0.09
0.62
0.60
0.58
0.41
0.115
0.02
0.16

p Value
0.167
0.032
0.342
<0.001
<0.001
<0.001
<0.001
0.253
0.827
0.096

analysed by ManneWhitney U test. Statistical signiﬁcance of
changes in EMP numbers from each time points of sample
collection (before exacerbation, 1 day, 7 days and 28 days after
the onset of exacerbation) was assessed by Wilcoxon signed-rank
test. Correlations between EMP numbers and age, body mass
index, pack-years smoking index, lung functions, LAA scores,
leucocyte counts, CRP or PaO2 were calculated using Spearman
nonparametric methods. Multivariable linear regression analysis
was performed, with log-transformed EMPs as the dependent
outcome, to evaluate the impacts of patient characteristics on
EMP numbers. Multivariable logistic regression analysis was
used to identify independent factors associated with frequent
exacerbation history. p Values <0.05 were considered signiﬁcant.
All analyses were performed using the SAS system (V.8.2, SAS
Institute).

RESULTS
Characteristics of the subjects
The characteristics of the COPD patients in stable condition and
the healthy non-COPD volunteers are shown in table 1. The
blood pressure, total cholesterol and fasting glucose levels of all
of the subjects were at normal levels. There were signiﬁcant
differences in the spirometric pulmonary function between the
non-COPD volunteers and the COPD patients. The body mass
index in COPD patients tend to be lower than that in nonTable 3 Multivariable linear regression analysis (80 stable COPD
patients and 20 healthy non-COPD volunteers)
Parameter

Log transformed VE-cadherin EMP
per unit change in parameter

p Value

VE-cadherin EMPs*
Body mass index, kg/m2
FEV1/FVC ratio, %
LAA scores

0.02
0.60
0.14

0.742
<0.001
0.143

Bold denotes values: p < 0.05.
*|r|¼0.68, p<0.001.
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Figure 1 Comparison of the EMP
numbers between healthy non-COPD
volunteers and stable COPD patients.
(A) VE-cadherin EMPs, (B) PECAM
EMPs, (C) E-selectin EMPs, (D) MCAM
EMPs.

Chronic obstructive pulmonary disease
Table 5 Multivariable linear regression analysis (80 stable COPD
patients and 20 healthy non-COPD volunteers)

Parameter

Log transformed PECAM EMP
per unit change in parameter

p Value

Parameter

Log transformed E-selectin EMP
per unit change in parameter

p Value

PECAM EMP*
Body mass index, kg/m2
FEV1/FVC ratio, %
LAA scores

0.08
0.50
0.08

0.368
<0.001
0.445

E-selectin EMP*
Body mass index, kg/m2
FEV1/FVC ratio, %
LAA scores

0.05
0.53
0.13

0.605
<0.001
0.208

Bold denotes values: p < 0.05.
*|r|¼0.58, p<0.001.

COPD volunteers, but this difference is not signiﬁcant. We
evaluated the severity of emphysema in nine non-COPD
volunteers and 74 stable COPD patients. The LAA score was
signiﬁcantly higher in COPD patients than in non-COPD
patients, and there was a signiﬁcant correlation between the
LAA scores and the FEV1.0/FVC ratio (r¼0.53; p<0.001), as
well as with the FEV1 (r¼0.47; p<0.001) and predicted
FEV1.0% (r¼0.50; p<0.001). Eleven COPD patients had no
smoking history. We examined their backgrounds and found that
all these patients were passive smokers who had never smoked
but had lived with family members who were active smokers.

Comparison of EMP numbers between the healthy non-COPD
volunteer group and the stable COPD group
When compared with the non-COPD volunteers, the
VE-cadherin, PECAM and E-selectin EMP numbers were significantly higher in the stable COPD patients. However, their
MCAM EMP numbers were not higher (p¼0.163) (ﬁgure 1).

Associations between EMP number and continuous variables in
non-COPD volunteers and stable COPD patients
Table 2 shows the correlations between EMP numbers and
different continuous valuables. VE-cadherin, PECAM and Eselectin EMPs were all signiﬁcantly correlated with the three
lung function parameters (ﬁgure E3), the LAA scores or body
mass index. Following the results of the univariable analysis,
multivariable linear regression analysis was performed to identify parameters signiﬁcantly associated with numbers of VEcadherin EMPs, PECAM EMPs and E-selectin EMPs (tables 3e5).
The FEV1/FVC ratio was the only independent parameter (VEcadherin EMPs; |r|¼0.68, p<0.001, PECAM EMPs; |r|¼0.58,
p<0.001, E-selectin EMPs; |r|¼0.60, p<0.001).

Comparison of EMP numbers among COPD stages as defined by
the Global Initiative for Chronic Obstructive Lung Disease (GOLD)
There were no signiﬁcant differences in age, body mass index,
leucocyte counts, PaO2 at sample collection, CRP, SAA, D-dimer

Bold denotes values: p < 0.05.
*|r|¼0.60, p<0.001.

or Pack-years smoking index between the patients in different
GOLD stages (supplementary online Table E2). There were
signiﬁcant differences in the distribution of VE-cadherin,
PECAM and E-selectin EMP numbers among the GOLD stages,
with the numbers of these three EMPs increasing according to
disease stage progression (ﬁgure 2).

Comparison of EMP numbers between patients with
exacerbated COPD and stable COPD
We compared EMP numbers between GOLD stage II COPD
patients in stable condition (n¼26) and those with exacerbation
(n¼17) matched for age, body mass index and smoking history
(table 6). Eight patients with exacerbated COPD were classiﬁed
into severe exacerbation, another eight were moderate exacerbation and one was mild exacerbation. Sixteen exacerbations
were bacterial associated and one exacerbation was virus associated. Antibiotics were administered to 16 patients, and
systemic corticosteroid was administered to 10 patients. Seven
patients were given supplemental oxygen during exacerbation.
Duration of exacerbations ranged from 4 to 14 days (median,
7 days). VE-cadherin, PECAM and E-selectin EMPs were significantly higher in patients with exacerbated COPD than in
patients with stable COPD (VE-cadherin; p<0.001, PECAM;
p¼0.004, E-selectin; p<0.001). The majority of the increased VEcadherin, PECAM and E-selectin EMPs were vWF-negative in
both the stable and the exacerbated COPD patients (ﬁgure 3).

Time course of EMP numbers in COPD patients during
exacerbation
We compared the EMP numbers before and 1, 8 and 28 days
following the onset of exacerbation in 18 COPD patients who
underwent exacerbation (GOLD stage I, n¼2; stage II, n¼9;
stage III, n¼3 stage IV, n¼4). Twelve patients with exacerbated
COPD were classiﬁed into severe exacerbation, ﬁve were
moderate exacerbation and one was mild exacerbation. Fifteen
exacerbations were bacterial associated and the three exacerbations were virus associated. Antibiotics were administered to 15

Figure 2 Comparison of the EMP numbers among GOLD stages. (A) VE-cadherin EMPs, (B) PECAM EMPs, (C) E-selectin EMPs.
1070
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Table 4 Multivariable linear regression analysis (80 stable COPD
patients and 20 healthy non-COPD volunteers)

Chronic obstructive pulmonary disease

Age, years
BMI, kg/m2
CRP, mg/dl
Leucocyte count, /ml
SAA, mg/ml
D-dimer, mg/ml
Pack years smoking index,
median (range)
VE-cadherin EMPs
PECAM EMPs
E-selectin EMPs
MCAM EMPs

Exacerbated COPD
(n[17)

Stable COPD
(n[26)

p Value

68.0615.0
21.867.63
0.70066.25
810068575
12.16383.6
0.87061.43
50 (20e60)

70.069.00
23.065.00
0.20060.400
660062400
5.9568.60
0.88061.47
37.5 (0e80)

0.253
0.560
0.056
0.093
0.067
0.821
0.218

434.56294.0
2691.061440.0
329.76390.1
155.06119.4

140.36174.9
1742.161570.2
26.76118.8
114.0676.1

<0.001
0.004
<0.001
0.249

Bold denotes values: p < 0.05.
Values are the median6IQR unless stated otherwise.

patients, and systemic corticosteroid was administered to 14
patients. Ten patients were given supplemental oxygen during
exacerbation. NPPV was used in one patient during exacerbation. Duration of exacerbations ranged from 5 to 14 days
(median, 8.5 days). All 18 patients had a history of frequent
exacerbation, and their E-selectin levels in stable condition were
signiﬁcantly higher than those in stable COPD patients without
a history of frequent exacerbation (p<0.001). VE-cadherin EMPs
were signiﬁcantly higher one day after the onset of exacerbation
when compared with the level before exacerbation (p¼0.042).
These EMPs continued to increase, peaked on day 8 (p¼0.012
vs day 1), and were signiﬁcantly lower by day 28 (p¼0.027 vs
day 8). PECAM EMP numbers were also signiﬁcantly higher on
day 1 (p¼0.018) and remained elevated even at day 28 (p¼0.123
vs day 1). E-selectin EMP numbers were signiﬁcantly higher on
day 1 (p¼0.027) and returned to levels similar to those of stable
COPD patients without a history of frequent exacerbation on
day 28 (p¼0.018 vs day 1). MCAM EMP numbers did not
change during or after exacerbation (ﬁgure 4).

Parameters for patients with a history of frequent exacerbation
in stable COPD
We analysed the relationships between various parameters and
having a history of frequent exacerbation (table 7). We deﬁned
patients with frequent exacerbation as those who had two or
more episodes of exacerbation every year. There were 19 patients
with histories of frequent exacerbation in the cohort of 80 stable
COPD patients. A univariable analysis showed that leucocyte

counts; GOLD stage IV; and VE-cadherin, PECAM and E-selectin
EMP levels in stable condition patients were signiﬁcantly related
to frequent exacerbation. In a multivariable logistic regression
analysis, only the E-selectin EMP level was signiﬁcantly associated with frequent exacerbation (OR 1.018, 95% CI 1.006 to
1.031, p¼0.003). E-selectin EMP levels were signiﬁcantly higher
in patients with a history of frequent exacerbation than in
patients without (191.06103.5 vs 13.8636.1, p<0.001).

Specific events in 80 stable COPD patients during 1-year followup after sample collection
Among 80 stable COPD patients, one patient died due to
respiratory failure induced by exacerbation. In two patients,
acute coronary syndrome developed and was treated with
percutaneous coronary intervention. Thirty-nine exacerbation
episodes happened in 21 patients including all 19 patients with
history of frequent exacerbation.

DISCUSSION
To evaluate the endothelial damage induced by exacerbation in
COPD patients, we compared circulating EMP numbers and
subtypes in patients in stable condition and during and after
exacerbation. In this study, we found that VE-cadherin, PECAM
and E-selectin EMPs were signiﬁcantly more numerous in the
stable COPD patients than in the healthy non-COPD volunteers,
and their numbers further increased in the exacerbated phase.
The main population of increased EMPs was vWF-negative,
indicating particles of pulmonary capillary origin. Furthermore,
baseline E-selectin EMP levels were signiﬁcantly higher in COPD
patients with a history of frequent exacerbation than in those
without such a history. From these results, we conclude that
endothelial damage, mainly in pulmonary capillary venules,
occurs during exacerbation, and higher E-selectin EMP levels may
predict the COPD patients who are susceptible to exacerbation.
The population of EMPs found to be increased varied
according to the patient’s condition. For example, VE-cadherin
EMPs were still increasing 8 days after the onset of exacerbation
(ﬁgure 4A), whereas, PECAM EMPs and E-selectin EMPs had
already started declining at this time point (ﬁgure 4B,C).
Different stimuli induce the expression of different molecules on
endothelial cells, and thus, different subtypes of EMPs are
released.34 VE-cadherin is localised to adherence junctions,
whereas, PECAM-1 and MCAM are located mainly outside of
the adherence junctions19 suggesting that the release of VEcadherin EMPs may reﬂect the structural destruction of the
endothelium. Therefore, particular combinations of increased

Figure 3 Comparison of the EMP numbers in stable GOLD stage II patients and those with exacerbation. (A) VE-cadherin EMPs, (B) PECAM EMPs,
(C) E-selectin EMPs. *, p<0.05 vs. stable COPD.
Thorax 2012;67:1067–1074. doi:10.1136/thoraxjnl-2011-201395
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Table 6 Characteristics of GOLD II COPD patients during exacerbation
or in stable condition

Chronic obstructive pulmonary disease

EMP subtypes may become a reliable marker for predicting the
type and site of inﬂammation.
E-selectin EMP levels that were increased by exacerbation
decreased far less than the baseline level and reached the average
levels of stable COPD patients. When endothelial cells are activated, E-selectin are unregulated on the cell surface20 and
E-selectin EMPs are released,34 suggesting that inﬂammatory
stimuli activate and injure endothelial cells during exacerbation.
In addition, increased E-selectin EMP levels in COPD patients
may indicate the presence of inﬂammation even in the stable
condition. Furthermore, this increase indicates the silent
progression of an injury or susceptibility to exacerbation.
Most of the PECAM EMPs originated from pulmonary capillaries during exacerbation (ﬁgure 3B). PECAM EMPs are reported
to be released from apoptotic endothelial cells.34 In addition,
90% of these PECAM EMPs were Annexin-positive in this study
(data not shown). A sustained high PECAM EMP level, despite

a low E-selectin level after exacerbation, may reﬂect continued
injury and apoptosis in the pulmonary capillaries.
A high E-selectin EMP level indicates the silent progression of
an injury or susceptibility to exacerbation. In addition, high VEcadherin and PECAM EMP levels indicated severe airﬂow limitation in this study (supplemental ﬁgure E3). Endothelial
abnormalities have been recognised in both the pulmonary and
systemic vasculature in COPD.5e7 Therefore, high EMP levels
may indicate a role for endothelial damage in COPD progression.
Because quicker responses can be seen in circulating EMP levels
compared with an annual FEV1 decline, monitoring EMP levels
is valuable for estimating COPD progression, and can be a useful
index for drug discovery.
The plasma EMP levels were elevated in response to
early development of emphysema in healthy smokers.18
Because COPD is a heterogeneous disease characterised by
various combinations with small airway disease and

Table 7 Univariable and multivariable logistic regression analyses for independent variables of COPD
patients significantly associated with frequent exacerbation
Univariate

Multivariate

Variables

Risk value (95% CI)

Age
BMI
PaO2
Pack-years smoking index
CRP
Leucocyte counts
GOLD stages
Stage II
Stage III
Stage IV
VE-cadherin EMPs
MCAM EMPs
PECAM EMPs
E-selectin EMPs

1.005
0.866
0.958
1.012
1.287
1.000

(0.944
(0.725
(0.895
(0.991
(0.346
(1.000

to
to
to
to
to
to

1.071)
1.034)
1.026)
1.033)
4.781)
1.001)

7.200 (0.799 to 64.902)
8.571 (0.907 to 81.009)
55.999 (5.005 to 626.577)
1.006 (1.003 to 1.009)
1.001 (0.993 to 1.009)
1.000 (1.000 to 1.001)
1.022 (1.013 to 1.032)

p Value
0.871
0.112
0.223
0.254
0.706
0.016
0.078
0.060
0.001
<0.001
0.737
0.009
<0.001

Risk value (95% CI)

p Value

1.000 (1.000 to 1.001)

0.128

0.630
0.455
3.380
1.001

0.753
0.641
0.504
0.835

(0.035
(0.016
(0.094
(0.995

to
to
to
to

11.239)
12.611)
120.888)
1.006)

1.000 (1.000 to 1.001)
1.018 (1.006 to 1.031)

0.554
0.003

Bold denotes values: p < 0.05.

1072

Thorax 2012;67:1067–1074. doi:10.1136/thoraxjnl-2011-201395

Thorax: first published as 10.1136/thoraxjnl-2011-201395 on 27 July 2012. Downloaded from http://thorax.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Figure 4 Time course for the EMP
numbers before, during and after
exacerbation. (A) VE-cadherin EMPs,
(B) PECAM EMPs, (C) E-selectin EMPs,
(D) MCAM EMPs. Values shown at
‘Stable COPD’ are the means of 61
stable COPD patients without histories
of frequent exacerbation. *p<0.05, vs
Before the onset of exacerbation.
#p<0.05, versus 1 day after the onset
of exacerbation. ##p<0.05, vs 8 days
after the onset of exacerbation.

Chronic obstructive pulmonary disease
Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1.
2.
3.
4.
5.
6.
7.

8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

Acknowledgements We are grateful to Dr Hideki Ota (Department of Diagnostic
Radiology, Tohoku University Graduate School of Medicine) and Professor Takuhiro
Yamaguchi (Biostatistics, Tohoku University Graduate School of Medicine) for their
advice on this work.
Contributors TT performed analyses and contributed to writing of the manuscript;
SK, TS, SS and MY obtained the informed consent from the patients and contributed
to clinical data analyses; NF, CO, MH and MY performed the experiments; SK and MY
supervised the study; HK designed and performed analyses, and contributed to writing
of the manuscript.
Funding This work was supported by a grant from the Japan Society for the
Promotion of Science (No. 22390163) to HK.
Competing interests None.
Patient consent We used a patient consent form approved by the Ethics
Committees at Tohoku University School of Medicine and the Japanese Red Cross
Ishinomaki Hospital, Japan. All consents were signed by the patients.
Ethics approval The Ethics Committees at Tohoku University School of Medicine and
the Japanese Red Cross Ishinomaki Hospital, Japan.

Thorax 2012;67:1067–1074. doi:10.1136/thoraxjnl-2011-201395

22.
23.

24.
25.
26.
27.
28.

Donaldson GC, Seemungal TA, Bhowmik A, et al. Relationship between
exacerbation frequency and lung function decline in chronic obstructive pulmonary
disease. Thorax 2002;57:847e52.
Soler-Cataluna JJ, Martinez-Garcia MA, Roman Sanchez P, et al. Severe acute
exacerbations and mortality in patients with chronic obstructive pulmonary disease.
Thorax 2005;60:925e31.
Vestbo J, Rennard S. Chronic obstructive pulmonary disease biomarker
(s) for disease activity neededeurgently. Am J Respir Crit Care Med
2010;182:863e4.
Celli BR, MacNee W. Standards for the diagnosis and treatment of patients with
COPD: a summary of the ATS/ERS position paper. Eur Respir J 2004;23:932e46.
Dinh-Xuan AT, Higenbottam TW, Clelland CA, et al. Impairment of endotheliumdependent pulmonary-artery relaxation in chronic obstructive lung disease. N Engl J
Med 1991;324:1539e47.
Das C, Roy BC, Oshima I, et al. Collagen content and architecture of the
puboischiofemoralis muscle in male chicks and broilers with different growth rates on
various nutritional planes. Br Poult Sci 2009;50:424e35.
Barr RG, Mesia-Vela S, Austin JH, et al. Impaired flow-mediated dilation is
associated with low pulmonary function and emphysema in ex-smokers: the
Emphysema and Cancer Action Project (EMCAP) Study. Am J Respir Crit Care Med
2007;176:1200e7.
Takahashi T, Suzuki S, Kubo H, et al. Impaired endothelial progenitor cell
mobilization and colony-forming capacity in chronic obstructive pulmonary disease.
Respirology 2011;16:680e7.
Kasahara Y, Tuder RM, Taraseviciene-Stewart L, et al. Inhibition of VEGF
receptors causes lung cell apoptosis and emphysema. J Clin Invest
2000;106:1311e19.
Maclay JD, McAllister DA, Johnston S, et al. Increased platelet activation in
patients with stable and acute exacerbation of COPD. Thorax 2011;66:769e74.
Marchetti N, Ciccolella DE, Jacobs MR, et al. Hospitalized acute exacerbation of
COPD impairs flow and nitroglycerin-mediated peripheral vascular dilation. COPD
2011;8:60e5.
Diamant M, Tushuizen ME, Sturk A, et al. Cellular microparticles: new players in the
field of vascular disease? Eur J Clin Invest 2004;34:392e401.
Freyssinet JM. Cellular microparticles: what are they bad or good for? J Thromb
Haemost 2003;1:1655e62.
Nozaki T, Sugiyama S, Koga H, et al. Significance of a multiple biomarkers strategy
including endothelial dysfunction to improve risk stratification for cardiovascular events
in patients at high risk for coronary heart disease. J Am Coll Cardiol 2009;54:601e8.
Lackner P, Dietmann A, Beer R, et al. Cellular microparticles as a marker for cerebral
vasospasm in spontaneous subarachnoid hemorrhage. Stroke 2010;41:2353e7.
Amabile N, Guerin AP, Leroyer A, et al. Circulating endothelial microparticles are
associated with vascular dysfunction in patients with end-stage renal failure. J Am
Soc Nephrol 2005;16:3381e8.
Pirro M, Schillaci G, Paltriccia R, et al. Increased ratio of CD31+/CD42microparticles to endothelial progenitors as a novel marker of atherosclerosis in
hypercholesterolemia. Arterioscler Thromb Vasc Biol 2006;26:2530e5.
Gordon C, Gudi K, Krause A, et al. Circulating endothelial microparticles as
a measure of early lung destruction in cigarette smokers. Am J Respir Crit Care Med
2011;184:224e32.
Bardin N, Anfosso F, Masse JM, et al. Identification of CD146 as a component of
the endothelial junction involved in the control of cell-cell cohesion. Blood
2001;98:3677e84.
Bevilacqua M, Butcher E, Furie B, et al. Selectins: a family of adhesion receptors.
Cell 1991;67:233.
Takahashi T, Kobayashi S, Kubo H. Circulating endothelial microparticles are
increased in patients with COPD; a potential novel biomarker for COPD. Am J Respir
Crit Care Med 2011;183:A5568.
Roisin R. Global Strategy for the Diagnosis, Management and Prevention of COPD
updated 2009. 2009. http://www.goldcopd.com (accessed 28 Apr 2010).
Pauwels RA, Buist AS, Calverley PM, et al. Global strategy for the diagnosis,
management, and prevention of chronic obstructive pulmonary disease. NHLBI/WHO
Global Initiative for Chronic Obstructive Lung Disease (GOLD) Workshop summary.
Am J Respir Crit Care Med 2001;163:1256e76.
Koga H, Sugiyama S, Kugiyama K, et al. Elevated levels of VE-cadherin-positive
endothelial microparticles in patients with type 2 diabetes mellitus and coronary
artery disease. J Am Coll Cardiol 2005;45:1622e30.
Erdbruegger U, Grossheim M, Hertel B, et al. Diagnostic role of endothelial
microparticles in vasculitis. Rheumatology (Oxford) 2008;47:1820e5.
Seemungal TA, Donaldson GC, Paul EA, et al. Effect of exacerbation on quality of life
in patients with chronic obstructive pulmonary disease. Am J Respir Crit Care Med
1998;157:1418e22.
Anthonisen NR, Manfreda J, Warren CP, et al. Antibiotic therapy in exacerbations
of chronic obstructive pulmonary disease. Ann Intern Med 1987;106:196e204.
Mostefai HA, Meziani F, Mastronardi ML, et al. Circulating microparticles from
patients with septic shock exert protective role in vascular function. Am J Respir Crit
Care Med 2008;178:1148e55.

1073

Thorax: first published as 10.1136/thoraxjnl-2011-201395 on 27 July 2012. Downloaded from http://thorax.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

emphysema, the relationships between the severity of emphysema and the numbers of EMP are also of great interest. In this
study, LAA scores had signiﬁcant correlations with VE-cadherin
EMPs, PECAM EMPs and E-selectin EMPs. However, in
multivariable regression analysis, the LAA score was not
a signiﬁcant independent factor, and only the FEV1/FVC ratio
was a signiﬁcant independent factor. Similarly, the other group
also reported that the EMP number had signiﬁcant correlation
with FEV1/FVC ratio, not LAA in healthy active smokers.18 It is
well known that the pulmonary capillary bed is signiﬁcantly
reduced in emphysematous regions. In addition, the main
populations of the increased EMPs in COPD were pulmonary
capillary derivation (ﬁgure 3). Therefore, these results
indicated that the EMP numbers in COPD patients with severe
emphysema might be inﬂuenced by the reduced pulmonary
capillary bed.
Different from the other three EMP phenotypes, circulating
MCAM EMPs did not change before or during exacerbation
(ﬁgure 4D). Similarly, other groups have reported that MCAM
EMPs do not reﬂect endothelial damage induced by INFß-1,
although PECAM EMPs do.35 MCAM is also expressed on
a subset of T- and B-lymphocytes, NK cells36 and pericytes.37
Therefore, circulating MCAM MPs may originate from cells
other than endothelial cells.
There are limitations in this study. First, we could not evaluate the relationships between cardiovascular events and EMP
numbers in COPD patients because we excluded COPD patients
with cardiovascular disease. Additional effects of cardiovascular
disease on the distribution of subtypes of circulating EMPs are
a question for future studies. Second, we did not evaluate the
other lung diseases, such as pulmonary ﬁbrosis, or the effect of
pulmonary hypertension. EMPs may increase in a range of lung
diseases; therefore, increases in circulating EMPs in this study
may not be speciﬁc in COPD. Further studies will be necessary
to clarify this issue.
In conclusion, endothelial damage, mainly in the pulmonary
capillary vasculature, occurs during exacerbation, and continues
even after clinical symptoms disappear. Higher baseline levels of
E-selectin EMPs suggest the presence of pulmonary inﬂammation and may predict COPD patients who are susceptible to
exacerbation. The diagnosis of COPD exacerbation and its
degree are mainly based on clinical symptoms; however, clinical
parameters are not speciﬁc and are difﬁcult to quantify. Monitoring the number and the combination of circulating EMPs is
useful for evaluating the patient’s condition and can be a useful
indicator for the effectiveness of medications.
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METHODS
Blood Sampling
Peripheral blood (20 mL) from COPD patients and healthy non-COPD volunteers was
collected in heparinised tubes from a peripheral vein using a 21-gauge needle and
processed for assays within 2 hours. Peripheral blood from patients with exacerbated
COPD was collected 1, 8 and 28 days after the onset of exacerbation. The samples were
centrifuged for 10 min at 170g, and plasma was then harvested and centrifuged for 20
min at 1,500g to obtain platelet-free plasma (PFP)[1].

Characterisation of MP phenotype
Plasma samples were measured using a BD FACS Canto II flow cytometer and BD
FACS DIVA software version 1.2.6 (BD Biosciences, Erembodegem Belgium) as
previously described[1-3]. Microparticles (MPs) were defined as particles whose
diameter was less than 1 um. Four EMP phenotypes were defined: CD144+ (FITC) MPs
(VE-cadherin EMPs), CD146+ (PE) MPs (MCAM EMPs), CD31+ (FITC)/CD41- (PE)
MPs (PECAM EMPs) and CD62E+ (PE) MPs (E-selectin EMPs). Alveolar capillaries

2

are negative for von Willebrand factor (vWF), whereas arterioles and venules in the
lungs and endothelial cells in other organs are positive for vWF[4, 5]. We defined
EMPs derived from pulmonary capillary endothelial cells as von Willebrand factornegative (vWF: APC)- EMPs. All antibodies used for flow cytometry were obtained
from BD Biosciences, except that anti-CD41-PE was obtained from Beckman Coulter
and anti-vWF-APC was obtained from R and D systems (Table E1). Ten microlitres of
PFP was incubated with each specific antibody. After 30 min of incubation at room
temperature, samples were diluted in 300 µl of a 0.9% saline salt solution. Equal
volumes of sample and Flowcount beads (Beckman-Coulter) were then added and
analysed by FACS using settings with a threshold of 200. MP sizes were determined
using 1 μm beads (Fluka, Sigma), and FSC and SSC gates were drawn to include events
smaller than 1 μm (Figure E1). EMP measurements were performed twice to ensure
repeatability. Appropriate isotype control antibodies or fluorescence minus one (FMO)
controls were used to discriminate true events from noise and to increase the specificity
of MP detection.
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Pulmonary function tests
Spirometry measurements were conducted by a well-trained technician following
the ATS/ERS guidelines[6] after inhalation of a bronchodilator before sample collection
and one year after sample collection. Acceptable manoeuvres for spirometry
measurements were defined as those with a sufficient peak expiratory flow, a rapid start,
an absence of major flow fluctuations and an adequate duration of expiration.
Pulmonary function testing was performed in duplicate. The best FEV1 and FVC values
were recorded from acceptable manoeuvres[7].

Visual assessment of low attenuation areas (LAAs) by chest CT images
We visually assessed the severity of lung alveolar destruction according to the
Goddard classification[8]. We used a high-resolution CT to quantify LAA. Scans were
performed in the supine position using the same CT scanner (XVigor; Toshiba, Tokyo,
Japan). LAA was scored for the right and left sides of the upper, middle and lower lung
fields. Zero represented no abnormality, while 1 was given for up to 25%, 2 for up to
50%, 3 for up to 75%, and 4 for total involvement or almost the total absence of normal
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lung tissue. The total possible scores ranged from 0 to 24. The assessment was
independently performed by two thoracic surgeons in a blinded fashion, and the final
score was calculated with the means of the scores assigned by the two readers.

PECAM-1 and vWF immunohistochemical staining of peripheral lung tissues
Human lung tissue samples from COPD patients were taken at nonemphysematous, non-fibrotic areas distant from isolated solitary nodules in lobectomy
specimens. Paraffin slides were stained with anti-human PECAM-1 (Dako) or vWF
(Dako) according to the manufacturer's protocols.

Statistical Analysis
The Kruskal-Wallis test was used to compare age, body mass index, PaO2, packyears smoking index, leukocyte counts, CRP, SAA, D-dimer or EMP numbers among
the 4 GOLD stages. The analysis of repeatability is based on the method proposed by
Bland and Altman[9] for comparing twice EMP measurements (TIME 1 and TIME 2)
of one sample. The differences in the EMP numbers between TIME1 and TIME2 were
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plotted against the average of the twice EMP measurements. The limits of agreement
were defined as the mean difference ± 1.96 SD. The regression line was used to
evaluate significant decreases or increases between the average and difference of the
twice EMP measurements. p values less than 0.05 were considered significant. All
analyses were performed using the SAS system (Version 8.2, SAS Institute, Cary, NC).
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RESULTS
Repeatability of EMP measurements
Supplementary Figure 4 shows the Bland-Altman plot representations between the
twice (Test 1 and Test 2) measurements of four EMP phenotypes. In all these plots, dots
were randomly dispersed above and below the mean of the error (Test1 –Test2) line
over a wide range of the EMP numbers, and the regression lines showed no significant
decreases or increases. These data suggested good repeatability of the measures.
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Table E 1: Antigens used for EMP identification.
Differentiation cluster

Antigen

Fluorescence

Clone

Manufacture

CD144

VE-cadherin

FITC

55-7H1

BD Biosciences

CD31

PECAM-1

FITC

WM59

BD Biosciences

CD62E

E-selectin

PE

68-5H11

BD Biosciences

CD41

GPIIb

PE

P2

Beckman Coulter

Not applicable

Von Willebrand factor

APC

210905

R&D Systems
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Table E 2: Comparison of the characteristics of 80 COPD patients in stable condition.
GOLD stage

I

II

III

IV
p value

(n = 25)

(n = 26)

(n = 19)

(n= 10)

Age

73.0 ± 12.5

70.0 ± 9.00

75.0 ± 6.50

71.0 ± 13.0

0.4685

Body mass index

23.0 ± 3.40

23.0 ± 5.00

21.3 ± 3.24

21.1 ± 6.20

0.0648

PaO2, Torr (At sample correction)

83.0 ± 7.50

80.0 ± 13.0

78.0 ± 11.5

82.5 ± 22.11)

0.1956

30 (0-90)

37.5 (0-80)

40 (0-80)

45 (5-80)

0.3503

Leukocyte count

5700 ± 1850

6600 ± 2400

6800 ± 2000

6000 ± 1900

0.2697

CRP

0.100 ± 0.200

0.200 ± 0.400

0.100 ± 0.300

0.150 ± 0.300

0.3112

SAA

4.60 ± 3.00

5.95 ± 8.60

5.00 ± 7.70

7.40 ± 21.4

0.7890

0.940 ± 0.670

0.880 ± 1.47

1.08 ± 0.448

1.46 ± 1.74

0.7895

Pack-years smoking index

D-dimer

1) Including 6 patients with long-term oxygen therapy
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FIGURE LEGENDS
Supplementary Figure 1: Expression of PECAM-1 and vWF on pulmonary capillary
endothelial cells from non-emphysematous regions in moderate COPD patients. PECAM was
clearly expressed by endothelial cells in pulmonary venules, arteries and capillary
vasculature. In contrast, vWF was rarely expressed by endothelial cells in pulmonary
capillary vasculature, although it was expressed in pulmonary venules and arterioles. Scale
bars, 50 µm.

Supplementary Figure 2: Gating strategy for EMPs. (A) 1.0 µm bead calibration. (B)
Isotype control. (C) Platelet-free plasma stained by CD31 & CD41.

Supplementary Figure 3: Correlations between predicted FEV1% and (A) VE-cadherin
EMPs, (B) PECAM EMPs, (C) E-selectin EMPs. rs: Spearman correlation coefficient.

Supplementary Figure 4: Bland-Altman plot representation between two measurements of
(A) VE-cadherin EMPs, (B) PECAM EMPs, (C) E-selectin EMPs and MCAM EMPs. Each
dot stands for one subject and the dashed lines represent the mean ± 1.96 SD interval. The
regression line showed no significant decreases or increases in all four EMP phenotypes.
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