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Abstract
Background: The receptor for advanced glycation end-products (RAGE) is highly expressed in the lung, where it is
believed to have a homeostatic role. Reduced plasma levels of soluble RAGE (sRAGE) have been reported in patients
with chronic obstructive pulmonary disease (COPD). The aim of the present study was to evaluate the association
of plasma sRAGE levels with a longitudinal decline of lung function. We have also measured plasma levels of high
mobility group box 1 (HMGB1), a RAGE ligand which has been associated with chronic inflammatory diseases
including COPD.
Methods: Baseline plasma concentrations of sRAGE and HMGB1 were measured in non-smokers (n = 32), smokers
without COPD (n = 212), and smokers with COPD (n = 51), and the associations of the plasma sRAGE and HMGB1
levels with longitudinal declines of lung function during a 4-year follow-up period were analysed.
Results: The plasma levels of sRAGE were significantly lower in smokers without COPD and in smokers with COPD,
as compared to those of non-smokers. Plasma sRAGE levels positively correlated with FVC and FEV1 and inversely
correlated with BMI and pack-years. Lower sRAGE levels were associated with greater declines of FEV1/FVC over
4 years in all participants. Moreover, multivariate regression analysis indicated that the baseline plasma sRAGE
concentration was an independent predictor of FEV1/FVC decline in all groups. A subgroup analysis showed that
decreased sRAGE levels are significantly associated with a more rapid decline of FEV1/FVC in smokers with COPD.
There was no significant correlation between plasma HMGB1 levels and longitudinal decline of lung function.
Conclusions: Lower plasma concentrations of sRAGE were associated with greater progression of airflow limitations
over time, especially in smokers with COPD, suggesting that RAGE might have a protective role in the lung.

Background
The receptor for advanced glycation end-products (RAGE)
is a cell-surface receptor belonging to the immunoglobulin
superfamily [1]. RAGE is a pattern-recognition receptor
that binds multiple ligands, and in most normal tissues it
is typically expressed at low levels or is undetectable. However, in the lung, RAGE is highly expressed even under
normal physiological conditions, and it is believed to have
a homeostatic function [2]. We have previously reported
that the expression of RAGE is significantly decreased in
the COPD lung, especially in severe disease [3]. Recent
cross-sectional studies, including one conducted by our
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group, have consistently shown that circulatory levels of
the soluble isoform of RAGE (sRAGE) are reduced in
COPD patients [4-8]. Additionally, reduced circulatory
sRAGE levels are associated with more severe airflow limitation [8,9], reduced diffusion capacity, and emphysema
[6,8] in COPD patients.
High-mobility group box 1 (HMGB1) is a chromatin
protein that is released from necrotic cells or activated
immune cells [10]. Extracellular HMGB1 is capable of
interacting with RAGE or Toll-like receptor and activating a pro-inflammatory cascade [11]. It has recently been
shown that HMGB1 is up-regulated in COPD lung tissue
and co-localised with RAGE [12]. Furthermore, circulatory HMGB1 levels are elevated in patients with COPD,
especially in those with more severe airflow limitation or
in cases complicated by comorbid lung cancer [13-15].
The findings of these recent cross-sectional studies
have supported an association of RAGE and its ligand
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HMGB1 with the progression of COPD. However, little
is known about the correlation of these molecules and
pulmonary function decline over time. The aim of the
present study was to perform a longitudinal cohort study
to evaluate plasma levels of sRAGE and HMGB1 in
non-smokers, smokers without COPD, and smokers with
COPD, and to estimate the predictive value of sRAGE
and HMGB1 levels for decline of lung function over
time. We examined the association between longitudinal
changes of spirometric variables during 4 years and baseline plasma levels of sRAGE and HMGB1 along with
demographic variables at the baseline visit including age,
BMI, smoking status, and spirometric measurements.
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Plasma samples

Peripheral whole venous blood was collected in EDTA
tubes. Plasma was prepared by centrifugation for 10 to
15 min at 1500 rpm and stored at −80°C until analysis.
Measurement of plasma sRAGE and HMGB1 concentrations

Plasma levels of sRAGE and HMGB1 were measured by
commercially available ELISA kits (R & D Systems,
Minneapolis, MN, USA and Uscn Life Science Inc, Wuhan,
China, respectively) according to the manufacturer instructions. The detection limits for sRAGE and HMGB1
were 78 pg/mL and 0.238 ng/mL, respectively.
Statistical analysis

Methods
Participants

The participants in the present study were part of a longitudinal cohort survey of smokers and non-smokers
conducted in northern Finland. The details of the project and the inclusion and exclusion criteria have been
published elsewhere [16,17]. In brief, the exclusion criteria were presence of lung disease or other disease; use
of regular medication; risk factors for lung disease such
as allergies, infections, and exposures; history of asthma
or any previous lung infection including pneumonia or
bronchiectasis; malignancy; and viral infection during
the previous 2 months [16]. Based on a detailed selfreported questionnaire, all participants considered themselves healthy.
All of the smokers in the study had a cigarette smoking history of ≥10 years. The diagnosis of COPD was defined according to the Global Strategy for the diagnosis,
management, and prevention of COPD (GOLD) criteria,
i.e. FEV1/FVC <70% and bronchodilator effect <12% related to long-term smoking [18,19]. All COPD diagnoses
in the study cohort were confirmed during the study
period; none of the participants had any previously prescribed medications for COPD or other diseases.
The non-smoking study participants (non-smokers)
were enrolled if they were >40 years of age, were healthy
and not taking any medications, and had normal lung
function according to the GOLD criteria for obstruction
described above.
From 2007 to 2008, we collected baseline spirometric
measurements and plasma samples from 345 participants. Follow-up spirometric measurements were taken
4 years later, from 2011 to 2012, and there were 295 participants with a baseline blood sample as well as baseline spirometry and follow-up spirometry. Post-bronchodilation
values were used for the assessment of longitudinal change
of lung function. The study was approved by the Ethics
Committee of Lapland Central Hospital (4th June 2003
and 31st October 2006), and all participants provided written informed consent.

The results are expressed as mean ± standard deviation
(SD) if not stated otherwise. The analyses of variance
(ANOVA) and t-test for independent groups were used
to check for statistical significance in differences in participant characteristics and plasma levels of sRAGE and
HMGB1 among the study groups. Spearman’s rank correlation was used to evaluate the associations of plasma
sRAGE and HMGB1 concentrations with other variables. To estimate the independent effects of explanatory
variables for the changes in lung functions during the
4 years, multivariate regression analysis was performed
for each dependent lung function. The data were analysed
with a statistical software package (SPSS for Windows,
version 21.0; SPSS Inc; Chicago, IL).

Results
Participant characteristics

The baseline demographic and clinical characteristics of
participants in each of the study groups (non-smokers,
smokers without COPD, and smokers with COPD) are
shown in Table 1. The smokers without COPD were significantly younger than the non-smokers and the
smokers with COPD. There were no significant differences in BMI among the three groups. FEV1 was significantly lower in smokers with COPD than in the other
two groups. FEV1/FVC was also significantly lower in
smokers without COPD than in non-smokers (p = 0.014)
and further reduced in smokers with COPD in comparison with that in smokers without COPD (p < 0.001).
Baseline plasma sRAGE and HMGB1 concentrations

The baseline plasma levels of sRAGE (mean ± SD) were
significantly lower in smokers without COPD and
smokers with COPD (973.4 ± 426.5 pg/mL and 969.1 ±
406.0 pg/mL, respectively) than in non-smokers (1201.1 ±
483.6 pg/mL) (Figure 1). There was no significant difference in mean plasma HMGB1 concentrations among the
three groups (non-smokers, 1.8 ± 1.1 ng/mL; smokers
without COPD, 1.9 ± 1.1 ng/mL; smokers with COPD, 1.8 ±
1.7 ng/mL; figure not shown). There was no significant

Iwamoto et al. BMC Pulmonary Medicine 2014, 14:68
http://www.biomedcentral.com/1471-2466/14/68

Page 3 of 7

Table 1 Baseline characteristics of study participants
Subjects, n

All

Non-smokers

Smokers without COPD

Smokers with COPD

295

32

212

51

M/F

161/134

10/22

109/103

42/9

Age years

53.7 ± 9.3

56.0 ± 9.1

52.1 ± 8.8

58.9 ± 9.0

BMI

27.0 ± 3.8

27.0 ± 3.9

26.9 ± 3.8

27.3 ± 3.9

Former smoker n (%)

56 (19%)

0

44 (21%)

12 (23%)

Current smoker n (%)

207 (70%)

0

168 (79%)

39 (77%)

Pack-years

26.8 ± 16.7

0

28.3 ± 14.1

37.6 ± 14.1

Smoking status

Symptom
Only Cough n (%)

17 (5.9%)

0 (0%)

13 (6.1%)

4 (7.8%)

Only Sputum n (%)

58 (20.1%)

6 (23.1%)

47 (22.2%)

5 (9.8%)

Both Cough and sputum n (%)

97 (33.6%)

2 (7.7%)

71 (33.5%)

24 (47.1%)

Pre-bronchodilator
FVC L
FVC % predicted
FEV1 L

3.9 ± 0.9

3.7 ± 0.8

4.0 ± 0.9

3.9 ± 0.9

96.2 ± 12.5

102.6 ± 13.4

96.6 ± 11.5

90.9 ± 14.1

3.0 ± 0.8

3.2 ± 0.7

3.2 ± 0.8

2.5 ± 0.7

FEV1 % predicted

90.8 ± 16.9

108.1 ± 13.5

94.6 ± 13.0

70.4 ± 15.5

FEV1/FVC %

76.8 ± 9.3

81.4 ± 5.3

79.5 ± 6.1

62.9 ± 9.4

Post-bronchodilator
FVC L
FVC % predicted
FEV1 L

4.0 ± 1.0

3.7 ± 0.8

4.0 ± 1.0

4.1 ± 1.0

96.7 ± 12.6

105.0 ± 9.9

96.5 ± 12.4

95.2 ± 13.4

3.1 ± 0.8

3.1 ± 0.6

3.3 ± 0.8

2.6 ± 0.7

FEV1 % predicted

93.3 ± 16.3

110.6 ± 13.6

96.8 ± 12.8

74.3 ± 14.8

FEV1/FVC %

78.7 ± 9.3

84.3 ± 5.3

81.6 ± 5.5

62.9 ± 7.7

Values are mean ± SD unless stated otherwise.
BMI, Body mass index; COPD, Chronic obstructive pulmonary disease; FEV1, Forced expiratory volume in 1 s; FVC, Forced vital capacity.

correlation between plasma sRAGE and HMGB1 levels in
any of the subjects or in any of the groups in the present
study (p > 0.05).
Correlation of sRAGE and lung function

Plasma sRAGE levels were inversely correlated with
BMI and pack-years and positively correlated with FVC
and FEV1 (Table 2). In a subgroup analysis, there were
weak but statistically significant correlations between
plasma sRAGE concentrations and BMI and FVC and
FEV1 only in smokers without COPD. There was a similar trend in smokers with COPD, but the p-value did not
reach statistical significance (p > 0.05). There was no significant correlation between presence of chronic cough
and/or sputum at the baseline visit and the plasma levels
of sRAGE and HMGB1 in any of the subjects or among
any of the study groups (p > 0.05). There was no significant association between plasma HMGB1 levels and
baseline cross-sectional parameters in any of the groups
(data not shown).

Correlation between reduced sRAGE and progression of
airflow limitation

Longitudinal changes of FEV1 (mean±SEM) in nonsmokers, smokers without COPD, and smokers with COPD
during the 4-year study period were −243 ± 37 mL, −325 ±
18 mL, and −355 ± 41 mL, respectively. The lower plasma
sRAGE concentrations in all groups were significantly associated with longitudinal decline of FEV1/FVC (ΔFEV1/
FVC) (Table 3, Figure 2), while there was no significant
association between longitudinal changes of lung function
and demographic characteristics or plasma HMGB1 levels
(data not shown). Additionally, a subgroup analysis showed
that a lower sRAGE concentration was significantly
associated with a greater decline of FEV1/FVC in smokers
with COPD (Table 3, Figure 2). For smokers with COPD,
a trend became evident between a decreased plasma
sRAGE level and a longitudinal decline in FEV1 (Table 3,
Additional file 1: Figure S1). There were 13 smokers with
COPD who had started an inhaled medication, i.e. a bronchodilator and/or corticosteroids, at the follow-up visit. In
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independent predictor for a more precipitous decline of
FEV1/FVC even after adjusting for all other variables
(p = 0.019) (Table 4). Age (p < 0.001), baseline FEV1/FVC
(p = 0.013), and current smoking (p = 0.014) were also
independent predictors for ΔFEV1/FVC.

*
(pg/ml)

Plasma sRAGE

*

Nonsmokers
(n = 32)

Smokers
without COPD
(n = 212)

Smokers
with COPD
(n = 51)

Figure 1 Plasma levels of soluble receptor for advanced glycation
end-products (sRAGE). The boxes represent the 25th to 75th
percentiles; the solid lines within the boxes show the median values;
the whiskers are the 10th and 90th percentiles; and the points
represent outliers. *: p < 0.05 and **: p < 0.01 (between 2 groups, t-test).

the remaining 38 smokers with COPD, there was still a
significant correlation between baseline sRAGE levels and
decline of FEV1/FVC (r = 0.362, p = 0.025). Finally, multiple stepwise regression analysis was performed in order
to investigate the association of FEV1/FVC decline with
sRAGE levels together with previously reported predictors
of lung function decline, including age, sex, BMI, current
smoking status, and baseline lung function [20-22]. In this
multivariate analysis, lower baseline sRAGE levels were an

Discussion
In the present study, we evaluated plasma concentrations of sRAGE and HMGB1 in non-smokers, smokers
without COPD, and smokers with COPD, and we subsequently examined the association between these two
markers using baseline demographic data and the longitudinal decline of lung function during a 4-year followup period. Baseline plasma sRAGE levels were significantly lower in smokers with and without COPD than in
non-smokers. Moreover, plasma sRAGE concentrations
were significantly associated with longitudinal declines
of FEV1/FVC, and this association remained significant
even after controlling for demographics and baseline
lung function. In contrast, there was no significant difference in plasma HMGB1 levels among the three
groups, nor were there any significant associations
among plasma HMGB1 concentration, baseline lung
function, and decline in lung function during the followup period in any group.
To the best of our knowledge, this is the first study to
demonstrate that reduced plasma sRAGE levels are associated with progression of airflow limitation. Interestingly, this association was apparent in smokers with
COPD, but we could not perform a subgroup multiple
regression analysis for the COPD group because of its
limited sample size. Previously, circulating sRAGE in patients with COPD has been associated with emphysema
severity, impaired diffusion capacity, and airway neutrophilic inflammation [5-8], supporting a possible role of
RAGE in alveolar integrity and the anti-inflammatory
properties of sRAGE [23-25]. A recent longitudinal

Table 2 Correlations between plasma sRAGE concentrations and baseline demographics
All

Non-smokers

Smokers without COPD

(n = 295)

(n = 32)

(n = 212)

r

p-value

r

p-value

r

Smokers with COPD
(n = 51)

p-value

r

p-value

Age

−0.053

0.362

0.106

0.563

−0.110

0.109

−0.061

0.670

BMI

−0.139

0.017*

0.260

0.151

−0.162

0.018*

−0.272

0.053

Pack-year

−0.149

0.010*

-

-

−0.072

0.295

−0.262

0.063

FVC

0.130

0.026*

0.119

0.518

0.140

0.042*

0.131

0.360

FVC % predicted

0.190

0.001**

0.042

0.829

0.189

0.006**

0.163

0.252

FEV1

0.126

0.030*

0.116

0.526

0.133

0.054

0.151

0.291

FEV1 % predicted

0.136

0.020*

0.044

0.821

0.164

0.017*

0.176

0.217

FEV1/FVC

−0.029

0.620

0.070

0.245

−0.064

0.353

0.138

0.335

*: p < 0.05; **: p < 0.01 (correlation with plasma sRAGE levels by Spearman’s rank correlation coefficient).
BMI, Body mass index; COPD, Chronic obstructive pulmonary disease; FEV1, Forced expiratory volume in 1 s; FVC, Forced vital capacity.
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Table 3 Correlations between plasma sRAGE concentrations and longitudinal changes in lung function
All

Non-smokers

Smokers without COPD

(n = 295)

(n = 32)

(n = 212)

Smokers with COPD
(n = 51)

r

p-value

r

p-value

r

p-value

r

p-value

ΔFVC

−0.043

0.466

−0.142

0.438

−0.033

0.637

−0.031

0.828

ΔFVC % predicted

−0.047

0.432

−0.187

0.540

−0.033

0.632

−0.014

0.922

ΔFEV1

0.061

0.294

−0.115

0.529

0.008

0.907

0.240

0.090

ΔFEV1 % predicted

0.059

0.332

−0.215

0.481

0.029

0.680

0.269

0.056

ΔFEV1/FVC

0.149

0.010*

0.259

0.153

0.053

0.445

0.326

0.019*

*: p < 0.05; (correlation with plasma sRAGE levels, by Spearman’s rank correlation coefficient).
COPD, Chronic obstructive pulmonary disease; Δ: changes from baseline after 4 years; FEV1, Forced expiratory volume in 1 s; FVC, Forced vital capacity; sRAGE,
Soluble receptor for advanced glycation end-products.

study found significant associations between circulatory
sRAGE levels and decline of lung density in CT scans in
patients with moderate to severe COPD, suggesting the
possible association between RAGE and disease progression [26]. The present study showed that lower plasma
sRAGE levels were predictive for progression of airflow
limitation, which further supports the theory that RAGE
might have a protective role against progression of
COPD. Further investigation is needed to clarify the
mechanism of this association.
In the present study, the differences in plasma sRAGE
concentrations between smokers with COPD and
smokers in whom post-bronchodilator spirometry results did not meet the COPD criteria were not significant. It should be noted that most of the participants in
the COPD group had only mild to moderate airflow
limitation in the present study. Recent cross-sectional
studies have shown that plasma sRAGE levels are

decreased especially in COPD patients who have severe
disease [4,8,9], and circulatory sRAGE levels were significantly reduced in accordance with advanced GOLD
stage in the COPD patients of the ECLIPSE cohort [8].
On the other hand, Boschetto et al. did not find a significant difference in plasma sRAGE levels between healthy
volunteers and COPD patients with mild to moderate
airflow limitation, which is in agreement with the findings of the present study [14]. Therefore, although we
did not observe a significant difference in circulatory
levels of sRAGE between smokers with COPD and
smokers without COPD, our results could still indicate
that an sRAGE deficiency might be associated with more
advanced COPD. A future large-scale study will be warranted to determine whether plasma sRAGE would be
useful as an early diagnostic marker for COPD. Furthermore, we believe that the assessment of emphysema by
CT scans or diffusion capacity should be further

Figure 2 Relationship between plasma sRAGE levels at baseline and the change of FEV1/FVC during a 4 year follow-up. sRAGE: soluble
receptor for advanced glycation end-products.
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Table 4 Multivariate stepwise analysis of all participants
with ΔFEV1/FVC as the dependent variables*
β

t test

p value

Age

−0.258

−4.295

<0.001

Baseline FEV1/FVC

−0.160

−2.494

0.013

Current smoking

−0.140

−2.466

0.014

Plasma sRAGE

0.134

2.364

0.019

Δ: changes from baseline after 4 years; FEV1, Forced expiratory volume in 1 s;
FVC, Forced vital capacity; sRAGE, Soluble receptor for advanced glycation
end-products.
*(n = 295). The other independent variables included in the model were sex
and BMI.

investigated, because these parameters seem to be significantly associated with sRAGE levels independently of
airflow limitation in patients with COPD [6-8].
We found no difference between plasma HMGB1
levels among non-smokers, smokers without COPD and
smokers with COPD, and there was no significant association between plasma HMGB1 levels and spirometric
measurements. These findings varied from those of the
recent reports that indicated plasma HMGB1 levels were
elevated in patients with COPD, especially in those with
severe airflow limitation [13]. Hou et al. found significantly elevated plasma HMGB1 levels using ELISA in
COPD patients in comparison with normal controls
[13]. We used the same ELISA method in our study, and
the HMGB1 levels in the controls were comparable with
those in the previous study [13]. However, a striking difference is that Hou et al. included COPD patients with
severe airflow limitation (mean %FEV1, 34.99%), and the
HMGB1 levels of those COPD patients were higher than
those of the control group. Shang et al. measured serum
HMGB1 levels by western blot in patients with nonsmall cell lung cancer and in patients with COPD [27].
In their study, the serum HMGB1 levels were higher in
COPD patients with more severe airflow limitation
(mean %FEV1, 49%) when compared with the results in
the present study, and they found that patients with lung
cancer had even higher levels of serum HMGB1. In another recent study that has reported elevated plasma
HMGB1 levels in patients with mild to moderate COPD,
82% of the COPD patients had comorbid lung cancer
[15]. In fact, our study is the first to compare circulatory
HMGB1 levels between never-smokers, a control group
of smokers without COPD, and smokers with early stage
COPD and no comorbidities, and the inconsistencies of
the HMGB1 levels in the COPD patients in the present
study and those of the previous studies are probably related to the differences in the background characteristics
of the study participants.
There were several limitations in the present study.
First, the number of participants in the non-smoker and

smoker with COPD groups was relatively small. A larger
sample size for the COPD group would be necessary to
confirm the association between sRAGE and decline of
lung function in a subgroup analysis. Additionally, because there were only 9 female participants in the COPD
group, we could not analyse gender-related differences
in longitudinal decline of lung function in the COPD
group. Secondly, we did not perform high-resolution
computed tomography or diffusion capacity studies.
Thirdly, the follow-up period of 4 years was relatively
short, but this was due to the study design of a longitudinal analysis among apparently healthy middle-aged to
elderly populations. On the other hand, this study had
significant strengths. None of the participants had any
other exposures and no participants in any of the
groups, including those chronic smokers who were diagnosed with COPD, had any comorbidities and were not
taking any medications at the time of enrolment [16].

Conclusion
In conclusion, we have demonstrated that decreased
plasma sRAGE levels are associated with the progression
of airflow limitation, especially in smokers with COPD.
This suggests that RAGE might have a protective role
against the progression of smoking-induced lung damage, although further studies are warranted to confirm
the present observation and to clarify the relationships
between the RAGE/HMGB1 pathway and its role in the
pathophysiology of COPD.
Additional file
Additional file 1: Figure S1. Relationship between plasma sRAGE levels
at baseline and the change of FEV1 during a 4 year follow-up. sRAGE:
soluble receptor for advanced glycation end-products.
Abbreviations
COPD: Chronic obstructive pulmonary disease; FEV1: Forced expiratory
volume in one second; FVC: Forced vital capacity; HMGB1: High mobility
group box 1; sRAGE: Soluble receptor for advanced glycation end-products.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
HI participated in the design of the study, performed part of the statistical
analysis and drafted the manuscript. JG carried out the ELISA measurements
and participated in the preparation of the manuscript. VP contributed in the
interpretation of the results and in the writing process. TT participated in the
recruitment and interview of the subjects and their characterization and was
responsible for the lung function analyses. PN contributed to the statistical
analyses and interpretation of data. WM conceived the study, and
participated in its design and coordination, and helped to draft the
manuscript. All authors have read and approved the final manuscript.
Acknowledgements
We would like to thank Vuokko Kinnula for her substantial contribution to
the manuscript prior to her death on 17th November 2012. Tiina Marjomaa,
Tinja Kanerva, Eeva-Liisa Stefanius, Marjo Kaukonen, and Merita Salmela are
acknowledged for their help, excellent technical assistance, or both. This

Iwamoto et al. BMC Pulmonary Medicine 2014, 14:68
http://www.biomedcentral.com/1471-2466/14/68

work was financially supported by the EVO funding of the Helsinki University
Central Hospital, Research Funds of the University of Helsinki, Finnish
Anti-tuberculosis Association Foundation, and partly by the SalWe Research
program for IMO (Tekes - the Finnish Funding Agency for Technology and
Innovation grant 648/10). Jing Gao is further supported by the China
Scholarship Council (CSC), CIMO, and HES-Foundation.
Author details
1
Heart and Lung Center, Division of Pulmonary medicine, University of
Helsinki and Helsinki University Central Hospital, 00014 Helsinki, Finland.
2
Department of Molecular and Internal Medicine, Graduate School of
Biomedical Sciences, Hiroshima University, 734-8551 Hiroshima, Japan.
3
Department of Pulmonary Medicine, Lapland Central Hospital, Rovaniemi,
Finland. 4Medical Informatics and Statistics Group, University of Oulu, Oulu,
Finland.
Received: 26 October 2013 Accepted: 17 April 2014
Published: 24 April 2014

References
1. Fritz G: RAGE: a single receptor fits multiple ligands. Trends Biochem Sci
2011, 36(12):625–632.
2. Buckley ST, Ehrhardt C: The receptor for advanced glycation end products
(RAGE) and the lung. J Biomed Biotechnol 2010, 2010:917108.
3. Ohlmeier S, Mazur W, Salmenkivi K, Myllarniemi M, Bergmann U, Kinnula VL:
Proteomic studies on receptor for advanced glycation end product
variants in idiopathic pulmonary fibrosis and chronic obstructive
pulmonary disease. Proteomics Clin Appl 2010, 4(1):97–105.
4. Smith DJ, Yerkovich ST, Towers MA, Carroll ML, Thomas R, Upham JW:
Reduced soluble receptor for advanced glycation end-products in COPD.
Eur Respir J 2011, 37(3):516–522.
5. Sukkar MB, Wood LG, Tooze M, Simpson JL, McDonald VM, Gibson PG, Wark
PA: Soluble RAGE is deficient in neutrophilic asthma and COPD. Eur Respir J
2012, 39(3):721–729.
6. Miniati M, Monti S, Basta G, Cocci F, Fornai E, Bottai M: Soluble receptor for
advanced glycation end products in COPD: relationship with emphysema
and chronic cor pulmonale: a case–control study. Respir Res 2011, 12:37.
7. Iwamoto H, Gao J, Koskela J, Kinnula V, Kobayashi H, Laitinen T, Mazur W:
Differences in plasma and sputum biomarkers between COPD and
COPD-asthma overlap. Eur Respir J 2014, 43(2):421–429.
8. Cheng DT, Kim DK, Cockayne DA, Belousov A, Bitter H, Cho MH, Duvoix A,
Edwards LD, Lomas DA, Miller BE, Reynaert N, Tal-Singer R, Wouters EF,
Agusti A, Fabbri LM, Rames A, Visvanathan S, Rennard SI, Jones P, Parmar H,
MacNee W, Wolff G, Silverman EK, Mayer RJ, Pillai SG, Tesra; TESRA and
ECLIPSE Investigators: Systemic soluble receptor for advanced glycation
endproducts is a biomarker of emphysema and associated with AGER
genetic variants in patients with chronic obstructive pulmonary disease.
Am J Respir Crit Care Med 2013, 188(8):948–957.
9. Cockayne DA, Cheng DT, Waschki B, Sridhar S, Ravindran P, Hilton H,
Kourteva G, Bitter H, Pillai SG, Visvanathan S, Muller KC, Holz O, Magnussen
H, Watz H, Fine JS: Systemic biomarkers of neutrophilic inflammation,
tissue injury and repair in COPD patients with differing levels of disease
severity. PLoS One 2012, 7(6):e38629.
10. Klune JR, Dhupar R, Cardinal J, Billiar TR, Tsung A: HMGB1: endogenous
danger signaling. Mol Med 2008, 14(7–8):476–484.
11. Ulloa L, Messmer D: High-mobility group box 1 (HMGB1) protein: friend
and foe. Cytokine Growth Factor Rev 2006, 17(3):189–201.
12. Ferhani N, Letuve S, Kozhich A, Thibaudeau O, Grandsaigne M, Maret M,
Dombret MC, Sims GP, Kolbeck R, Coyle AJ, Aubier M, Pretolani M:
Expression of high-mobility group box 1 and of receptor for advanced
glycation end products in chronic obstructive pulmonary disease. Am J
Respir Crit Care Med 2010, 181(9):917–927.
13. Hou C, Zhao H, Liu L, Li W, Zhou X, Lv Y, Shen X, Liang Z, Cai S, Zou F: High
mobility group protein B1 (HMGB1) in Asthma: comparison of patients
with chronic obstructive pulmonary disease and healthy controls.
Mol Med 2011, 17(7–8):807–815.
14. Boschetto P, Campo I, Stendardo M, Casimirri E, Tinelli C, Gorrini M, Ceconi
C, Fucili A, Potena A, Papi A, Ballerin L, Fabbri LM, Luisetti M: Plasma sRAGE
and N-(carboxymethyl) lysine in patients with CHF and/or COPD. Eur J
Clin Invest 2013, 43(6):562–569.

Page 7 of 7

15. Ko HK, Hsu WH, Hsieh CC, Lien TC, Lee TS, Kou YR: High expression of
high-mobility group box 1 in the blood and lungs is associated with the
development of chronic obstructive pulmonary disease in smokers.
Respirology 2014, 19(2):253-261.
16. Toljamo T, Kaukonen M, Nieminen P, Kinnula VL: Early detection of COPD
combined with individualized counselling for smoking cessation: a
two-year prospective study. Scand J Prim Health Care 2010, 28(1):41–46.
17. Mazur W, Toljamo T, Ohlmeier S, Vuopala K, Nieminen P, Kobayashi H,
Kinnula VL: Elevation of surfactant protein A in plasma and sputum in
cigarette smokers. Eur Respir J 2011, 38(2):277–284.
18. Viljanen AA, Halttunen PK, Kreus KE, Viljanen BC: Spirometric studies in
non-smoking, healthy adults. Scand J Clin Lab Invest Suppl 1982, 159:5–20.
19. Vestbo J, Hurd SS, Agusti AG, Jones PW, Vogelmeier C, Anzueto A, Barnes
PJ, Fabbri LM, Martinez FJ, Nishimura M, Stockley RA, Sin DD, RodriguezRoisin R: Global strategy for the diagnosis, management and prevention
of chronic obstructive pulmonary disease, GOLD executive summary.
Am J Respir Crit Care Med 2013, 187(4):347–365.
20. Han MK, Postma D, Mannino DM, Giardino ND, Buist S, Curtis JL, Martinez
FJ: Gender and chronic obstructive pulmonary disease: why it matters.
Am J Respir Crit Care Med 2007, 176(12):1179–1184.
21. O’Donnell DE, Deesomchok A, Lam YM, Guenette JA, Amornputtisathaporn
N, Forkert L, Webb KA: Effects of BMI on static lung volumes in patients
with airway obstruction. Chest 2011, 140(2):461–468.
22. Scanlon PD, Connett JE, Waller LA, Altose MD, Bailey WC, Buist AS: Smoking
cessation and lung function in mild-to-moderate chronic obstructive
pulmonary disease. The Lung Health Study. Am J Respir Crit Care Med
2000, 161(2 Pt 1):381–390.
23. Demling N, Ehrhardt C, Kasper M, Laue M, Knels L, Rieber EP: Promotion of
cell adherence and spreading: a novel function of RAGE, the highly
selective differentiation marker of human alveolar epithelial type I cells.
Cell Tissue Res 2006, 323(3):475–488.
24. Park L, Raman KG, Lee KJ, Lu Y, Ferran LJ Jr, Chow WS, Stern D, Schmidt AM:
Suppression of accelerated diabetic atherosclerosis by the soluble receptor
for advanced glycation endproducts. Nat Med 1998, 4(9):1025–1031.
25. Englert JM, Hanford LE, Kaminski N, Tobolewski JM, Tan RJ, Fattman CL,
Ramsgaard L, Richards TJ, Loutaev I, Nawroth PP, Kasper M, Bierhaus A, Oury
TD: A role for the receptor for advanced glycation end products in
idiopathic pulmonary fibrosis. Am J Pathol 2008, 172(3):583–591.
26. Coxson HO, Dirksen A, Edwards LD, Yates JC, Agusti A, Bakke P, Calverley
PM, Celli B, Crim C, Duvoix A, Fauerbach PN, Lomas DA, Macnee W, Mayer
RJ, Miller BE, Muller NL, Rennard SI, Silverman EK, Tal-Singer R, Wouters EF,
Vestbo J: The presence and progression of emphysema in COPD as
determined by CT scanning and biomarker expression: a prospective
analysis from the ECLIPSE study. Lancet Respir Med 2013, 1(2):129–136.
27. Shang GH, Jia CQ, Tian H, Xiao W, Li Y, Wang AH, Dong L, Lin DJ: Serum
high mobility group box protein 1 as a clinical marker for non-small cell
lung cancer. Respir Med 2009, 103(12):1949–1953.
doi:10.1186/1471-2466-14-68
Cite this article as: Iwamoto et al.: Soluble receptor for advanced
glycation end-products and progression of airway disease. BMC
Pulmonary Medicine 2014 14:68.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

