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Take home message:

The COPD susceptibility SNP rs2070600 affects the levels of the COPD biomarker sRAGE in sputum as
well as splicing of AGER. Moreover, we demonstrate large differences in sRAGE levels between

serum and sputum.
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To the editor:

Several studies found that the systemic soluble receptor for advanced glycation end-products
(sRAGE) levels are decreased in chronic obstructive pulmonary disease (COPD) patients and strongly
correlate with lung function decline, emphysema and disease progression.”® Therefore, the COPD
Biomarker Qualification Consortium and the Biomarker Development Center recently put sRAGE
forward as the most promising biomarker for COPD.’ sRAGE is anti-inflammatory decoy receptor for
the pro-inflammatory innate immune receptor RAGE, which is transcribed from the AGER gene. It
was shown that one particular single nucleotide polymorphism (SNP) decreases the circulating levels
of SRAGE in COPD patients.? This SNP, rs2070600, causes an amino acid (AA) change from glycine into
serine at the 82" AA of RAGE, removing one of the two glycation sites at the ligand-binding domain
and subsequently increases the ligand-binding capacity of RAGE.? Recently, we showed that AGER
expression was lower in lung tissue from smokers compared to never smokers, and that smoking of
three cigarettes severely decreased the serum levels of SRAGE within two hours.* Furthermore, we
showed that smokers display increased alternative splicing of AGER into the endogenous soluble
splicing form.® Interestingly, we also showed that unlike the plasma sRAGE levels, the levels in
induced sputum did not correlate with COPD status.” To date, no studies were performed
investigating the differences between sRAGE levels in serum versus induced sputum. Here, we
measured sRAGE in serum and induced sputum of healthy individuals and investigated if these levels
were affected by age, smoking or the presence of the minor allele of rs2070600. Additionally, we

studied whether rs2070600 can influence the production of sSRAGE by affecting splicing of AGER.

In the present study, we obtained serum, induced sputum, and bronchial biopsies from 37 active
smokers and 40 never smokers without airway obstruction, which were matched based on age, sex,
body mass index, and lung function (ClinicalTrials.gov Identifier: NCT00848406)."° The study was
approved by the medical ethics committee of the University Medical Center Groningen (UMCG),

Groningen, The Netherlands, and all subjects provided written informed consent. Soluble RAGE levels



were measured in serum and sputum supernatant using ELISA (R&D Systems, Minneapolis, USA;
Human RAGE Duoset ELISA, DY1145) according to the manufacturer’s protocol. Messenger RNA
levels and splicing of AGER was measured in bronchial biopsies as described before.’ In short, mRNA
expression analysis was performed using raw counts of AGER and analyzed using the R-package
DESeq2.>" For every read spanning an intron in the alignment, the first and last intron base were
recorded. Next, the number of reads for all observed splice junction positions across alignment files
from all samples were determined. The genotype for rs2070600 was determined from RNA-Seq
mapped reads, with each patient requiring >5 reads to be successfully genotyped. The GA
heterozygous genotype for rs2070600 was present in five smokers and six never smokers, and no
subjects displayed the homozygous AA genotype. Clinical characteristics were similar for smokers
and never smokers: age (smoker 3812, never smoker 41+3) and lung function (FEV;, smoker 99+1,

never smoker 100.9+2), presented as mean+SEM.

In the current study, we observed that the serum levels of SRAGE are independent of subjects being
either homozygous for the major allele of rs2070600 or heterozygous (P=0.67, Figure 1A).
Interestingly, the levels of SRAGE in sputum are strongly affected by rs2070600 (P=0.004, Figure 1B).
Here, heterozygous individuals showed significantly lower levels of SRAGE compared to individuals
homozygous for the major allele. This indicates a location-dependent effect, which is not reflected in
the circulation. Interestingly, the mRNA expression of AGER in bronchial biopsies is not affected by
rs2070600 (P=0.59, Figure 1C). Next, the impact of rs2070600 on alternative splicing of AGER in
bronchial biopsies was studied. The splicing out of intron 6 and 7 was significantly higher in
heterozygous individuals (P=0.016, P=0.036, Figure 1D) compared to subjects homozygous for the
major allele, indicating an increased presence of splice variants possessing exons 6-8. Interestingly,
the splice variant leading to the production of endogenous sRAGE, lacking the trans-membrane

domain, which accounts for approximately 10% of all soluble RAGE, was not altered by rs2070600.



Next, we performed an exploratory analysis to identify whether sRAGE in serum and sputum were
affected by age or smoking status. Here, it was found that the serum sRAGE levels are not different
between healthy individuals who are either young (<40 years of age) or old (>40 years of age) and
who are active smokers or never smokers (Figure 1E). The sRAGE levels in sputum were significantly
higher in young individuals who were active smokers compared to the never smokers (Figure 1F).
Furthermore, the old never smokers showed significantly higher levels of SRAGE compared to young
individuals. However, these levels did not further increase in the old smoking group. These data
indicate that both smoking and aging can increase the sputum sRAGE levels without smoking having
an additive effect in subjects older than 40 years. Of note, individuals having the GA genotype for

rs2070600 were dispersed between the groups (Figure 1 E-F).

Previously, it was shown that serum and plasma sRAGE levels are decreased in COPD patients,

>12 The serum sRAGE levels in COPD patients were also

making it a potential biomarker for COPD.
decreased in individuals possessing the minor allele of rs2070600." Although, it is known that
rs2070600 is associated with serum sRAGE levels, it is possible that the SNP does not directly affect
differential splicing, because 1) the endogenous sRAGE splice variant only accounts for 10% of all
SRAGE produced or 2) a SNP in linkage disequilibrium with rs2070600 may influence the splicing. In
the current study serum sRAGE levels were not affected by rs2070600, smoking status or age in
healthy individuals, but these factors did influence the sputum sRAGE levels. Therefore, sputum
SRAGE levels may be a more sensitive biomarker compared to serum sRAGE levels. However, these
results need to be validated in a large cohort including COPD patients. A limiting factor of our study

may be that the power of our study may be too low to detect differences between the groups in

serum samples.

This is the first study to show that rs2070600 is affecting sputum sRAGE levels. Moreover, rs2070600
affects splicing of the AGER gene but does not alter the production of endogenous soluble RAGE or

the expression of AGER in bronchial biopsies. Furthermore, this study shows that the effects of



smoking, age and rs2070600 on sRAGE levels in healthy individuals are location dependent. Strong
and significant effects of smoking status, age and rs2060700 on sputum sRAGE levels were observed
in sputum while no effects were found on serum sRAGE levels and AGER mRNA expression in
bronchial biopsies. Together these results indicate that rs2070600 is a major driver for sputum sRAGE
levels and future research should investgate whether the sputum sRAGE levels are a more sensitive

biomarker for COPD progression compared to serum sRAGE levels.
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Figure 1: Rs2070600 affects sputum sRAGE levels as well as the splicing of AGER. The levels of
SRAGE are measured using ELISA in A) serum and B) sputum of healthy individuals with either the
homozygous GG (n=37) or the hetrozygous GA genotype (n=10). C) mRNA expression levels of AGER
were measured in lung tissue of healthy individuals with either the homozygous GG (n=49) or the
hetrozygous GA genotype (n=11). The effect of rs2070600 on AGER splicing was measured by
quantifying specific splice events within the AGER gene. Panel D) depicts a schematic
representatation of the AGER gene with its introns, exons and the alternative splicing event leading
to the formation of endogenous soluble RAGE as well as the quantification of the most abundant
splice sites. The levels of SRAGE were measured in E) serum and F) sputum of healthy individuals
which were either active smokers or never smokers and were either young (<45 years of age) or old
(>45 years of age). All data is shown as individual data points or as mean+SEM. Statistical significance

is tested using a Mann-Whitney U test, where p<0.05 is considered as statistically significant.
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