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Reduced soluble receptor for advanced
glycation end-products in COPD

D.J. Smith**, S.T. Yerkovich®*, M.A. Towers**, M.L. Carroll*,
R. Thomas' and J.W. Upham**

ABSTRACT: The soluble receptor for advanced glycation end-products (sRAGE) has anti-
inflammatory properties, and deficiency of circulating sRAGE is associated with various human
diseases. Whether sRAGE concentrations are reduced in chronic obstructive pulmonary disease
(COPD) has not been determined. The aim of this study was to determine plasma levels of SRAGE
in COPD patients and establish whether sRAGE varies in relation to forced expiratory volume in
1 s (FEV1) and other inflammatory markers.

61 COPD patients and 42 healthy controls were recruited. Plasma sRAGE, C-reactive protein
(CRP) and serum amyloid A (SAA) were measured in patients with stable COPD. A subgroup had
measurements during acute exacerbations of COPD (AECOPD).

sRAGE was significantly lower in stable COPD than in healthy controls (p<0.001), while CRP
(p<0.001) and SAA (p=0.015) were higher in stable COPD than in healthy controls. Multiple linear
regression confirmed that COPD was negatively associated with sRAGE (p<0.001). Plasma
sRAGE was positively correlated with FEV1 (r?=0.530, p<0.001), while CRP and SAA were
inversely proportional to FEV1. Multiple linear regression analysis showed that only sRAGE was a
strong predictor of FEVi. AECOPD were associated with even lower sRAGE levels that increased
with convalescence.

Circulating sRAGE is lower in COPD and shows a strong correlation to the degree of airflow

limitation.

KEYWORDS: Biomarker, chronic obstructive pulmonary disease, inflammation, soluble receptor

for advanced glycation end-products

hronic obstructive pulmonary disease
‘ (COPD) is closely linked to the inhala-

tion of noxious agents, especially cigarette
smoke, and is an increasing cause of morbidity
and mortality throughout the world [1, 2]. While
COPD is predominantly a disease of the lungs,
there is growing awareness that COPD is asso-
ciated with clinically relevant, extra-pulmonary
complications including atherosclerosis, osteo-
porosis and skeletal muscle wasting [3]. Some of
these complications of COPD are undoubtedly
driven by shared risk factors such as smoking,
though systemic inflammation may also play an
important role [3-5].

There has, therefore, been considerable interest
in identifying new molecules in the blood that
distinguish COPD patients from healthy control
subjects. Such biomarkers might provide novel
insight into inflammatory pathways in COPD, and
have the potential to predict disease progression

and the risk of comorbidities. Several studies have
reported increased blood concentrations of C-
reactive protein (CRP), fibrinogen, inflammatory
cytokines and other novel biomarkers in stable
COPD, relative to healthy control subjects [4, 6].

The receptor for advanced glycation end-pro-
ducts (RAGE) mediates responses to cell injury
induced by a variety of stimuli including hyper-
glycaemia, oxidative stress, ageing and hypoxia
[7, 8]. The ligands for RAGE include not only
advanced glycation end-products, but also serum
amyloid A (SAA) and members of the S100
protein family, and when these ligands bind
RAGE, a pro-inflammatory cascade is initiated.
RAGE has been implicated in the complica-
tions of diabetes, as well as atherosclerosis and
rheumatoid arthritis [7-9]. RAGE has several
isoforms including a soluble form known as
sRAGE that appears to acts as a decoy receptor,
binding RAGE ligands in the extracellular fluid
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and thereby protecting against inflammation and tissue injury.
Treatment with sSRAGE can successfully reverse inflammation
in a variety of animal models [9, 10] while in humans, coronary
artery disease [11] and rheumatoid arthritis [12] are both
associated with lower blood levels of sRAGE relative to
healthy control subjects. It has therefore been proposed that
decreased circulating sSRAGE may be a marker of deficient
inflammatory control [12].

Both RAGE and sRAGE are constitutively expressed in normal
lung tissue [13-15], though their functional roles have not been
clearly defined. Acute lung injury is associated with increased
concentrations of RAGE in bronchoalveolar lavage (BAL) fluid
and plasma [16, 17]. In contrast, membrane RAGE and sRAGE
are reduced in patients with idiopathic pulmonary fibrosis [14,
18], and RAGE may have a protective role in animal models of
pulmonary fibrosis [14, 18]. A recent study has shown that
membrane RAGE is overexpressed in the airways of COPD
patients, though circulating SRAGE was not measured in that
study [19]. Circulating concentrations of the RAGE ligand SAA
are elevated during acute COPD exacerbations [20].

We hypothesised that plasma sRAGE would be reduced in
patients with stable COPD, relative to healthy control subjects.
The study also examined whether plasma sRAGE varied in
relation to the extent of airflow obstruction, and to the
concentrations of CRP and SAA. In a subset of COPD patients,
sRAGE was measured during acute exacerbations and later
during convalescence.

METHODS

Study subjects

Patients met joint European Respiratory Society (ERS)/
American Thoracic Society (ATS) criteria for a clinical
definition of COPD [21]. All were current or former smokers
with fixed airflow obstruction, forced expiratory volume in 1 s
(FEV1)/forced vital capacity (FVC) ratio of <0.7 and post-
bronchodilator FEV1 <80% predicted. Severity of COPD was
graded as per the global initiative for chronic obstructive lung
disease (GOLD) criteria [2]. Exclusion criteria included co-
existent pulmonary disease (e.g. interstitial pulmonary fibrosis,
bronchiectasis or granulomatous lung disease), malignancy,
long-term oral corticosteroid therapy and renal impairment
[22]. Patients with cardiac disease and diabetes mellitus were
not excluded.

Cases with “stable” COPD were recruited from the outpatient
clinic at a single tertiary referral hospital, while cases with an
“acute” exacerbation of COPD (AECOPD) were recruited
within 48 h of hospital admission. Control subjects (both
nonsmokers and smokers) were spouses or partners of COPD
cases, or were recruited by advertisement. All control subjects
had no prior or current symptoms of lung disease, and normal
spirometry with an FEV1 and FVC within the predicted range.
All participants provided written informed consent. This study
was approved by the Human Research Ethics Committee,
Princess Alexandra Hospital, Brisbane, Australia (EC00167).

Clinical definitions

Stable COPD was defined as no change in exercise tolerance,
sputum colour or volume in the previous 6 weeks, and no oral
corticosteroid use or increased treatment above maintenance in
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the preceding 2 weeks. AECOPD was defined as per ATS/ERS
criteria as two out of three of increased sputum production,
increased dyspnoea or change in sputum colour [2, 21]. No
limitations were placed on medications used for AECOPD by
treating clinicians. AECOPD patients returned to the out-
patient clinic after completing treatment with antibiotics and/
or oral steroids.

Assessment

Patients completed a questionnaire documenting current and
prior smoking, history of respiratory and cardiovascular
disease, diabetes and use of medications. Post-bronchodilator
spirometry was performed according to ATS criteria and FEV1,
FVC and FEV1/FVC ratio were recorded as % pred. One
fasting blood sample was obtained from stable COPD patients,
while AECOPD patients had two blood samples, one within
48 h of hospital admission, and a second convalescent sample
when clinically stable.

Measurement of sRAGE, SAA and CRP

As sRAGE may vary in relation to diabetes and hyperlipidae-
mia [23], fasting lipids, glucose and CRP were analysed by the
hospital pathology service using commercial auto-analysers.
Plasma was stored at -20°C for later batch analyses of sSRAGE,
SAA and S100A12 levels. sSRAGE (R&D Systems, Minneapolis,
MN, USA), SAA (Anogen, Mississauga, ON, Canada) and
S100A12 levels (Cyclex, Nagano, Japan) were analysed by
ELISA according to manufacturer’s directions. Detection limits
for the sSRAGE, SAA and S100A12 assays were 19.5 pg-mL'l,
1.25 ng'-mL™" and 78 pg-mL™, respectively. The sRAGE intra-
assay and interassay coefficients of variation are reported to be
<6% and <8%, respectively [11].

Statistical analysis

SPSS (SPSS Inc., Chicago, IL, USA) was used for data analysis
and group differences were assessed by Mann-Whitney U-test,
Fischer’s exact test or ANCOVA. ANCOVA controls for the
influence of confounding variables on a test variable that is
being compared between two subject groups. Paired samples
were compared by Wilcoxon signed-rank test. Correlations
between variables were determined using Spearman’s rho. For
simple and multiple linear regression analysis, variables were
examined for normal distribution and if necessary were
natural log-transformed before further analysis. Simple linear
regression analysis was initially used to evaluate the relation-
ship between variables and sRAGE. Those variables in which
p<0.1 were then subjected to multiple linear regression
analysis followed by interaction and residual analyses.
Simple and multivariate logistic regressions were used to
assess the relationship between plasma levels of sSRAGE, CRP
or SAA and COPD.

RESULTS

Subject characteristics

Between February 2008 and March 2009, 61 patients with
COPD and 42 healthy controls were recruited into this case-
control study. The characteristics of the subjects are outlined in
table 1, and additional clinical information is provided in the
online supplementary material in table I. As a group, the
COPD patients were older than the healthy controls, were
more likely to be male and had a lower body mass index (BMI).
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1):\:{B55 1 Subject characteristics

Healthy Stable COPD p-value
controls patients
Subjects n 42 61
Age yrs 61.6 (57.6-71.3) 70.0 (63.0-74.3) 0.009
Males 17 (40) 37 (61) 0.048
BMI 27.1 (25.5-31.2) 25.7 (21.8-29.9) 0.005
Ever smoker 14 (33) 61 (100) <0.001
Current smoker 0 (0) 17 (28) <0.001
Smoking pack-yrs 9.5 (5-22) 52.5 (36-75) 0.001
FEV1 % pred 95 (87-105) 37 (23-49) <0.001
Inhaled steroids 0 (0) 45 (74) <0.001

Data are presented as median (interquartile range) and n (%), unless otherwise
stated. COPD: chronic obstructive pulmonary disease; BMI: body mass index;
FEV1: forced expiratory volume in 1's; % pred: % predicted.

As expected, more of the COPD patients had smoked and they
demonstrated lower FEV1 values than the healthy controls
(p<<0.001; table 1). 74% of the COPD patients were prescribed
inhaled steroids. Based on the GOLD criteria, 14 patients
had moderate COPD, 28 had severe COPD and 19 had very
severe COPD (supplementary table I). The COPD group re-
ported a history of cardiovascular disease more frequently
than control subjects (p=0.014), while hypertension, hyperli-
pidaemia and diabetes were present to a similar extent in both
COPD and healthy control groups (supplementary table I).
There were no significant inter-group differences in relation
to fasting concentrations of glucose, low-density lipoprotein
(LDL) cholesterol, high-density lipoprotein (HDL) cholesterol
and triglycerides, or to the use of lipid-lowering medications
(supplementary table I).
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Plasma sRAGE in stable COPD

Median plasma sRAGE was significantly lower in stable COPD
patients (400.2 pg~mL’1) than in healthy control subjects
(783.3 pg-mL"; p<0.001), as shown in figure la. Even when
the data was corrected for age and sex using ANCOVA,
plasma sRAGE levels remained significantly lower in COPD
than in healthy control subjects (p<<0.001). Given that age and
sex were not identical between the two groups, a subset of 28
pairs of patients and healthy control subjects matched for these
characteristics were blindly selected by an independent
observer with no knowledge of the sRAGE results. In this
subset, plasma sRAGE was still significantly lower in the
COPD patients than in the control subjects (supplementary
fig. 1), confirming the findings of the ANCOVA analysis.
Similarly, when subjects were separated on the basis of
smoking status, plasma sRAGE remained significantly lower
in the COPD patients compared to controls, irrespective of
current smoking status (fig. 1b). A significant correlation was
noted between FEV1 and plasma sRAGE (r*=0.530, p<<0.001)
as shown in figure 2. Note that this figure contains data for all
103 subjects in the study, both COPD patients and healthy
control subjects. When the analysis was restricted to COPD
patients alone, a nonsignificant trend for lower sRAGE levels
with lower FEV1 remained (r>=0.224, p=0.082). Carbon mono-
xide gas transfer was measured in 36 (59%) of the COPD
patients in the study, but neither the diffusing capacity of the
lung for carbon monoxide (DL,CO) nor the diffusing capacity
per unit alveolar volume (KCO) varied significantly in relation
to plasma sRAGE (data not shown).

Other inflammatory markers in stable COPD

Median serum CRP was significantly higher in stable COPD
patients (5.0 mg~L'1) than in healthy control subjects (2.0 mg-L'1 ;
p<0.001), as shown in figure 3. Plasma concentrations of the
RAGE ligand SAA were also significantly higher in stable
COPD patients (7.9 pg-mL™) than in healthy control subjects

NS
b) - o
- NS
1
_#
7 _#
_1
T T T T
Healthy Healthy COPD COPD
control control patient patient
Ever smoker No Yes Yes Yes
Current smoker No No No Yes

FIGURE 1. Plasma soluble receptor for advanced glycation end-products (SRAGE) in healthy subjects and chronic obstructive pulmonary disease (COPD) patients. a)
sRAGE was measured in plasma from healthy control subjects (n=42) and stable COPD patients (n=61). ***: p<<0.001. b) Healthy control subjects were divided into those
who have never smoked (n=28), and those with a history of smoking (n=14). Stable COPD patients were divided into ex-smokers (n=44) and current smokers (n=17). The
data was first analysed by the non-parametric Kruskal-Wallis test for multiple groups with p<<0.001, allowing multiple group comparisons to be assessed by Mann-Whitney
tests. Box and whisker plots represent medians, interquartile ranges and range. *: p<0.001 versus healthy never-smokers; ¥: p<0.001 versus healthy former smokers.

Ns: nonsignificant.
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FIGURE 2. Correlation between plasma soluble receptor for advanced
glycation end-products (sRAGE) and forced expiratory volume in 1 s (FEV1) % of
predicted. Plasma sRAGE was correlated with FEV1 % of pred using Spearman’s
rho in the total cohort (n=103) with r?=0.530 and p<0.001.

(4.1 ug'mL'1 ; p<<0.015), as shown in figure 3. Significant inverse
correlations were noted between FEV1 and CRP (r2= -0.333,
p=0.001) and between FEV1 and SAA (r*= -0.251, p=0.011; data
not shown). Plasma concentrations of the RAGE ligand S100A12
were similar in COPD patients and control subjects (supple-
mentary fig. 2).

Variables associated with plasma sRAGE and FEV1

Simple univariate linear regression analysis of data from all
study subjects showed that plasma sRAGE was lower in
relation to having COPD, to having ever smoked, to a history of
cardiovascular disease and using inhaled steroids, and inversely
proportional to the total pack-yrs of cigarette exposure, plasma
CRP and plasma SAA, and directly proportional to FEV1
(p<<0.05, table 2). These variables were then used in a multi-
variate linear regression analysis, with the exception of FEV1
and pack-yrs of smoke exposure which were removed from the
model as they showed a very high degree of collinearity with
COPD and ever smoking, respectively. Plasma sRAGE was
not linearly associated with age, sex, BMI, history of diabetes,
hypertension and hyperlipidaemia and fasting levels of trigly-
cerides, and LDL and HDL cholesterol. Multiple linear regres-
sion with plasma sRAGE as the dependent variable showed
that COPD was independently and negatively associated with
sRAGE (p<0.001; table 2). When all three inflammatory markers
(SRAGE, CRP and SAA) were evaluated via multiple logistic
regression analysis with COPD as the dependent variable, only
sRAGE was a good predictor of COPD (p<<0.001) (table 3).
Plasma sRAGE was similar in COPD patients with a history of
cardiovascular disease (median 427.6, interquartile range (IQR)
309.1-623.7; n=22) and in COPD patients without a history of
cardiovascular disease (median 399.0, IQR 326.0-516.6; n=32;
p=0.718).

Plasma sRAGE and other inflammatory markers in AECOPD
During the study, 24 patients in the COPD group had paired
blood samples taken during an AECOPD requiring hospitalisa-
tion, and again when they were clinically stable (median 8 weeks
later). Figure 4 shows that median plasma sRAGE was lower
during the acute exacerbation (252.0 pg-mL']) than during
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FIGURE 3. a) C-reactive protein (CRP) and b) serum amyloid A (SAA) in
healthy subjects and chronic obstructive pulmonary disease (COPD) patients.
Serum CRP and plasma SAA from healthy control subjects (n=42) and stable
COPD patients (n=61). Box and whisker plots represent medians, interquartile
ranges and range. *: p=0.001; *: p=0.015.

convalescence (344.7 pg'mL™; p<0.001). In contrast, plasma
CRP (median 12.0 mg-L™" versus 6.5 mg-L", p=0.007) and SAA
(63.5 ug-mL’1 versus 8.8 pg-mL’l, p<0.001) were higher during
the acute exacerbation than during convalescence.

DISCUSSION

The key findings to emerge from this study are that plasma
concentrations of the anti-inflammatory molecule sSRAGE are
reduced in patients with stable COPD, relative to healthy control
subjects, and that plasma sRAGE is correlated with the severity
of airflow obstruction as measured by FEVi1. Furthermore,
plasma sRAGE was even lower during AECOPD than in stable
COPD. To the best of our knowledge this is the first study that
has investigated plasma sRAGE in COPD.

An emerging body of literature has shown similar links
between reduced levels of sSRAGE and other chronic inflam-
matory diseases, such as rheumatoid arthritis and coronary
atherosclerosis [11, 12]. However, it seems unlikely that our
findings of reduced plasma sRAGE in COPD can be attributed
to cardiac disease or diabetes, as neither of these were
independent predictors of sRAGE levels in our cohort by
multivariate linear regression analysis (table 2). Furthermore,
the strong statistical association between reduced sRAGE and
COPD remained even when we corrected for a history of
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1)-\:18 58 |inear regression analysis of all 103 subjects with 1)-\:18 S8 | ogistic regression analysis of inflammatory
plasma soluble receptor for advanced glycation markers in all 103 subjects with chronic
end-products (sSRAGE) levels as the dependent obstructive pulmonary disease as the dependent
variable variable

Analysis B se  t-test p-value 95% CI for p Analysis [} SE p-value OR (95% CI for B)

Univariate Univariate

COPD -0.604 0.088 -6.831 <0.001 -0.780--0.429 SRAGE* -3.0701 0.6261 <0.001 0.0464 (0.0136-0.1583)
FEV1 % pred# 0.457 0.073 6.235 <0.001 0.311-0.602 SAA* 0.5378 0.2106 0.011 1.7128 (1.1333-2.5872)
Ever smoker -0.486 0.108 -4.508 <0.001 -0.700--0.272 CRP# 0.6116 0.1946 0.0017 1.8434 (1.2589-2.6994)
Cigarette exposure -0.006 0.001 -4.806 <0.001 -0.009--0.004 Multivariate

pack-yrs SRAGE” 2.7626 0.6254  <0.001 0.0631 (0.0185-0.2150)
History of cardiovascular -0.232 0.116 -2.001 0.048  -0.463--0.002

disease sRAGE: soluble receptor for advanced glycation end-products; SAA: serum
Use of lipid-lowering -0.152  0.081 -1.875 0.064 -0.313--0.009 amyloid A; CRP: C-reactive protein. *: variable was natural log-transformed.

medication
Use of inhaled steroids -0.541 0.091 -5.928 <0.001 -0.722--0.360
CRP” Slar i) siesy <O g2l sy smoked (fig. 1b), and significantly higher (p<<0.001) than in
SAn” “hilek BEee =gl @R GAs LY COPD patients. Although the univariate analysis suggested a

= relationship between plasma sRAGE and previous smoking

COPD -0.592 0.105 -5.616 <0.001 -0.803--0.382

COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory volume
in 1's; % pred: % predicted; CRP: C-reactive protein; SAA: serum amyloid A.
#: variable was natural log-transformed, as was sRAGE. Only variables with
p<0.01 are shown in the table. r* of the multivariate linear regression=0.327.
Adjusted r?=0.316.

cardiac disease and diabetes using an ANCOVA. Very few
patients in the study had rheumatoid arthritis.

In relation to lung disease, reduced sRAGE expression has
been reported by two independent groups in idiopathic
pulmonary fibrosis [14, 18], though the relationships between
lung function and sRAGE were not examined in these studies.
In contrast, prior studies of acute lung injury have reported
high circulating sRAGE [16, 17]. The disparity between these
studies may reflect differing mechanisms of lung injury in
diverse lung diseases. FERHANI et al. [19] recently reported that
membrane RAGE is overexpressed in the airway epithelium
and smooth muscle of COPD patients, though some overlap
was noted between COPD patients and healthy smokers. The
authors did not measure sRAGE in that study. We may
speculate that high expression of membrane RAGE in COPD
lungs might be associated with low circulating concentrations
of sRAGE, and this will be an important issue for future
studies.

As both membrane and sRAGE appear to have a protective
role in a number of animal models involving the lungs and
other organs [9, 10, 14, 18], the concept has emerged that
decreased circulating sSRAGE could be a marker of deficient
inflammatory control. If this notion is correct, smokers with
decreased blood levels of sSRAGE might be predisposed to
more lung inflammation and tissue damage, and therefore
more likely to develop COPD. Our results suggest that
smoking per se does not lead to reduced circulating sRAGE,
as plasma sRAGE was similar in healthy control subjects who
had ever smoked in comparison with those who had never
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history (table 2), multiple linear regression analysis indicated
that a prior smoking history was not an independent predictor
of plasma sRAGE. This suggests that other mechanisms lead to
reduced sRAGE.

Functional polymorphisms in the AGER gene that encodes RAGE
are associated with rheumatoid arthritis [24, 25], and it was
recently reported that sSRAGE levels were strongly associated
with carriage of the rheumatoid arthritis-associated RAGE
82S polymorphism [24]. Large community-based, genome-wide
association studies have recently reported that single nucleotide
polymorphisms in the AGER gene are associated with a reduced
FEV1/FVC ratio indicative of airflow obstruction [26, 27]. Such
polymorphisms may alter the extent to which membrane bound
RAGE is cleaved to sSRAGE, though this remains to be proven.
Alternatively, reduced circulating sRAGE levels may identify
individuals exposed to high levels of RAGE ligands and other
inflammatory mediators, such that sRAGE is consumed or
“mopped-up” in the lungs or circulation. Given that alveolar
cells are a major source of RAGE in the lungs a further possible
explanation is that low sRAGE levels are a direct consequence
of alveolar cell loss due to emphysema. However, neither DL,CO
nor KCO varied significantly in relation to plasma sRAGE.

AECOPD were associated with further reductions in plasma
sRAGE and high serum CRP concentrations (fig. 4), and both
markers returned towards baseline at convalescence. COPD
exacerbations are frequently triggered by bacterial or viral
infections, and are associated with pulmonary inflammation,
hypoxia and release of cytokines and pro-inflammatory
mediators [6]. The low plasma sRAGE concentrations seen in
AECOPD may be a direct result of release of pro-inflammatory
mediators. Experimental studies indicate that tumour necrosis
factor (TNF)-o for example can down-regulate RAGE expres-
sion in lung epithelial cells and fibroblasts [18], and while we
did not measure TNF-o in the current study, others have
demonstrated that TNF-o levels are increased during AECOPD
[28]. Hypoxia can stimulate the generation of RAGE ligands
[29], and this is an additional mechanism by which AECOPD
might induce changes in plasma sRAGE.

EUROPEAN RESPIRATORY JOURNAL
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FIGURE 4. a) Soluble receptor for advanced glycation end-products (SRAGE),
b) C-reactive protein (CRP) and c) serum amyloid A (SAA) during an acute
exacerbation and at convalescence. Median circulating concentrations of sRAGE,
CRP and SAA during an acute exacerbation were 252.0 pg-mL™", 12.0 mg-L" and
63.5 pg'mL™" compared to 344.7 pgrmL™, 6.5 mg-L" and 8.8 ug'mL™ at con-
valescence, respectively (n=24). ***: p<0.001; #: p=0.007.

There are a number of limitations to the current study that
should be borne in mind. Despite our best efforts it was not
possible to achieve perfect matching of cases and controls.
However, when the analysis was adjusted for age and sex using
ANCOVA, there remained a significant reduction in sRAGE in
the COPD group compared to the healthy controls. While COPD
patients and healthy controls exhibited differences with regard
to smoking, the use of inhaled steroids and prevalence of
cardiovascular disease, multivariate linear regression did not
identify these as being predictors of plasma sRAGE. In addition,
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we measured sRAGE in plasma rather than lung because of the
practical issues associated with sampling BAL in a study of this
size, and because the sRAGE ELISA assay has not been
validated for use in sputum. However, it will be important for
future studies to compare the blood and lung expression of
sRAGE, membrane RAGE and RAGE ligands in COPD. Finally,
we cannot exclude an effect of systemic corticosteroids on
plasma sRAGE concentration in AECOPD. All patients with an
AECOPD had blood sampling performed within 48 h of
admission to hospital, and had therefore been treated with at
least one dose of oral prednisolone. Though this might have
biased the sRAGE data to some extent, we believe that any
effects were probably modest, given that the serum CRP at the
same time-point was high (fig. 4).

Even though plasma sRAGE was the prime focus of this study,
we also measured three other inflammatory markers in the
circulation. CRP is an acute-phase protein produced in the
liver and our finding that CRP was increased in stable COPD
relative to healthy subjects is consistent with previous reports
[6, 30, 31]. Serum CRP was inversely correlated with both
sRAGE levels and FEV1 in the current study, and we recently
noted a similar inverse correlation with sSRAGE and CRP in
rheumatoid arthritis [25]. SAA is also an acute phase protein,
but is a known RAGE ligand and can be produced in the lung
[32, 33]. Our data shows for the first time that plasma SAA is
increased in stable COPD relative to healthy subjects. It was
recently reported that SAA concentrations were similar in
stable COPD and healthy subjects [20], though that study
contained only a modest number of normal subjects and may
have been slightly underpowered. It is important to emphasise
that COPD was independently correlated with sRAGE, while
plasma SAA did not predict sSRAGE (table 2), suggesting a
relatively direct link between COPD and sRAGE, rather than
an indirect mechanism involving SAA. In contrast, plasma
concentrations of the RAGE ligand S100A12 were similar in
COPD patients and control subjects, so it is possible that
different ligands are responsible for activation of RAGE in
different disease states.

The need for better biomarkers in COPD is widely acknowl-
edged [34, 35]. Currently, CRP and fibrinogen are accepted
biomarkers, but our results suggest that sSRAGE is potentially a
better predictor of COPD compared to CRP (table 3). This pilot
study suggests that SRAGE may have a novel use as a
biomarker in COPD, warranting further investigation with
large prospective studies.

In conclusion, we have demonstrated plasma sRAGE is
reduced in patients with COPD, and that sRAGE is strongly
and independently associated with the severity of airflow
obstruction as measured by FEV1. These findings imply that
sRAGE may play a role in systemic inflammation in COPD and
that SRAGE has promise as a potential biomarker in COPD.
Future longitudinal studies will be needed to ascertain
whether sRAGE levels decline further as the disease progresses
and to determine whether sSRAGE has utility in predicting
COPD exacerbations, comorbidities and mortality in COPD.
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