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Summary
Rationale—Cystic fibrosis (CF) lung disease is characterized by structural changes and
remodeling in airway architecture and lung parenchyma. Neutrophilic inflammation and infection
lead to injury and breakdown of airway matrix constituents, including elastin. The non-invasive
measurement of urinary desmosine (UDes), a breakdown product of elastin, may be reflective of
ongoing lung injury and may serve as a biomarker of active short-term damage during pulmonary
exacerbation. Our objectives were to measure desmosine in the urine of CF patients hospitalized
for treatment of a pulmonary exacerbation and to explore the correlation between desmosine
concentration and other markers of clinical improvement, including lung function and
inflammatory mediators.

Methods—Urine and blood samples plus lung function measurements were collected at up to
three points during hospitalization for treatment of a CF pulmonary exacerbation. We used a
repeated measures model, adjusted for age and time between measurements, to compare log
transformed urine desmosine concentrations across multiple time points and to correlate those
concentrations with related clinical variables. Change in UDes concentration was investigated
using a statistical model that incorporated normalization factors to account for variations in
urinary concentration.

Results—Desmosine was measured by radioimmunoassay in 155 spot urine samples from 53 CF
patients hospitalized for 63 pulmonary exacerbations (range of results: 0–235 pmol Des/mL).
Specific gravity adjusted UDes concentration decreased significantly during admission for CF
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pulmonary exacerbation, p<0.01 (average length of stay = 11 days). No correlation was observed
between UDes concentration and lung function or inflammatory markers.

Conclusions—Urinary desmosine decreased significantly following treatment for an acute
pulmonary exacerbation and may be a useful biomarker of short-term injury to the CF lung.
Further investigation is needed to evaluate the utility of UDes concentration in the long-term
progression of CF lung disease.
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Introduction
Progressive, obstructive lung disease remains the leading cause of morbidity and mortality
in cystic fibrosis (CF) patients (1). Impaired cAMP-regulated chloride transport in CF
respiratory epithelial cells results in a vicious cycle of airway obstruction, chronic
endobronchial infection and neutrophilic inflammation (2). Neutrophils and neutrophil
products, including neutrophil elastase (NE), are abundant in the CF airway, resulting in the
proteolytic destruction of lung connective tissue and eventual permanent fibrotic change (3).

Elastin is a major component of the extracellular matrix of the lung, largely responsible for
its architectural foundation and elastic recoil properties (4). Mature elastin is cross-linked by
the small molecule desmosine, forming a delicate latticework throughout the respiratory
system (4). Lung injury that involves extracellular matrix catabolism is associated with
elastin destruction and the release of quantifiable desmosine cross-links. Desmosine has
characteristics that render it attractive for use as a biomarker of elastin catabolism: 1) There
is limited absorption of dietary desmosine, 2) Desmosine is not metabolized by the body
after its release from elastin, 3) Desmosine is unique to mature elastin, and 4) Desmosine is
excreted by the kidney in measurable quantities (5,6). Given that CF lung disease is
characterized by the proteolytic degradation of elastin, urinary desmosine (UDes)
concentration has long been identified as a potential surrogate marker of active lung injury
and remains a target of continued investigation (7).

The natural course of CF lung disease is a progressive decline of lung function compounded
by intermittent pulmonary exacerbations. Pulmonary exacerbations are characterized by an
increase in pulmonary symptoms, a decrease in lung function, loss of energy, weight loss
and changes in chest physical findings; although a standardized definition of a CF
pulmonary exacerbation is currently unavailable (8,9). Previous studies have shown that
aggressive treatment of a pulmonary exacerbation decreases sputum bacterial burden,
improves pulmonary function and decreases acute airway markers of inflammation and
infection (10–12). However, up to 25% of CF patients may not return to baseline forced
expiratory volume in one second (FEV1) after treatment for an exacerbation, increasing the
risk for permanent loss of lung function (13,14). Short-term evaluation of disease
progression remains difficult in this population and the relationship between an exacerbation
and lung injury is currently not known.

UDes concentration may reflect ongoing lung injury and may serve as a biomarker of active
short-term damage during pulmonary exacerbation. Desmosine is known to be excreted in
the urine and has been shown to be elevated in patients with CF (3,15–17). Sputum
desmosine concentration is also known to decrease during the first week of hospitalization
for CF pulmonary exacerbation (18). We hypothesized that pulmonary exacerbation in
patients with CF would result in active lung injury and that inpatient treatment would cause
a significant decrease in UDes concentration. We sought to explore the use of desmosine as
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an objective biomarker in CF through determination of its concentration in urine and by its
correlation with known markers of improvement during exacerbation.

Materials and Methods
Study Population

Fifty-three patients with a confirmed diagnosis of CF were identified on admission to The
Children’s Hospital, Denver for treatment of a pulmonary exacerbation and recruited into
our study (19). A pulmonary exacerbation was defined as an increase in pulmonary
symptoms (i.e. cough or sputum production), a >10% decrease in FEV1 compared to
baseline and/or attending physician clinical judgment. Patients were required to have two or
more intravenous (IV) antibiotics administered for treatment of a pulmonary exacerbation to
enroll in the study. All study protocols were approved by the Colorado Multiple Institutional
Review Board (COMIRB#05–0690) and informed consent and/or assent were obtained from
each of the subjects and/or their parents or guardians.

Study Design
This was a prospective cohort study of patients with CF who were hospitalized for treatment
of a pulmonary exacerbation. All patients received standard-of-care therapies including
airway clearance, nutritional support and IV antibiotics. Standard doses of IV antibiotics
were used and blood levels were monitored where appropriate. Each subject provided a spot
urine sample (16,20) and blood sample, and pulmonary function tests (PFT’s) within 72
hours of the initiation of IV antibiotics, on day 3–8 of therapy and on day 8–12. Sputum
samples were collected at similar time-points on a subset of patients who could
spontaneously expectorate, the results of which have been reported previously (18). Every
attempt was made to obtain three sample sets from each patient. Urine samples were
centrifuged and frozen immediately after collection at −80°C prior to shipment for
desmosine analysis. Sputum was processed as previously described and frozen immediately
after collection at −80°C prior to shipment for desmosine analysis (21).

Laboratory Assays
Urine Sample Analysis—Desmosine concentration was measured using a
radioimmunoassay (RIA) (16,22–24). Urinary creatinine (UCr) and specific gravity (SG)
were both measured for sample normalization purposes (25). Results are expressed as
picomoles of desmosine/milliliter of urine (pmol Des/mL) or picomoles of desmosine
normalized to either UCr or SG. The lower limit of detection for the desmosine RIA was 1
pmol.

Sputum Sample Analysis—Sputum desmosine, interleukin-8 (IL-8) and free neutrophil
elastase (NE) were measured on each specimen in duplicate as previously described (18).
Bacterial cultures were performed once during each admission.

Blood Sample Analysis—Circulating C-reactive protein (CRP) and interleukin-8 (IL-8)
were measured on each sample. CRP was measured using nephelometry (Dade Behring
BN11 instrument) and IL-8 was measured using Luminex Multiplex Beads (R&D Systems;
Abingham, Oxon, UK). The lower limit of detection for these assays was: CRP, 0.1 mg/L
and IL-8, 0.5 pg/mL.

Pulmonary Function Testing—Pulmonary function testing was attempted on each child
≥ 4 years of age, and performed according to American Thoracic Society (ATS) Guidelines
(26). Given that a number of young subjects were unable to meet ATS Guidelines, we
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looked for reproducibility in the flow-volume loops to allow for analysis. The functional
indices measured included forced expiratory volume in one second (FEV1) and forced vital
capacity (FVC).

Power Analysis—This study was powered based on the primary objective which was to
detect a decrease in urinary desmosine concentration during hospitalization for a pulmonary
exacerbation. Fifty-four patients provided 88% power to detect 56% reduction in desmosine
using an alpha level of 0.05.

Statistical Analysis—Descriptive statistics were calculated using medians, ranges, and
interquartile ranges (IQR) where specified, for continuous variables and percentages for
categorical variables. The marker variables were log transformed (base 10) and anchored at
1 to satisfy normality assumptions of the statistical tests. The UDes measurements were
investigated using both unadjusted values and values adjusted for either SG or Cr given our
previous finding that urinary Cr decreases significantly during treatment for pulmonary
exacerbation and the findings of others (25,27–29). It was determined the SG-adjusted UDes
was the optimal way to express UDes concentration, so further analysis and correlations
were performed with this measure. To estimate the means in the outcome variables for
multiple time points, a repeated measures model was fit with time between measurements
included as a covariate. This model included a compound symmetric covariance structure
for the repeated measures and contrasts testing the least square (LS) means between two
time points. To assess the correlation between UDes and other outcome variables, a bivariate
version of the repeated measures model was fit. This modeling approach is achieved by
simultaneously fitting two univariate repeated measures models, one for each outcome, and
specifying a joint multivariate distribution on the random effects and calculating their
correlation (30). Differences between a patient’s first and last log transformed measurements
were used to investigate the correlation of changes in the outcome variables, the correlation
of the differences were calculated using Spearman’s rank correlation coefficient.
Additionally, a sensitivity analysis was performed in which a nested random effect was
included in the mixed effects models to account for any correlation due to repeated
admissions. All models were fit using SAS PROC MIXED version 9.2 software (SAS
Institute Inc.: Cary, NC, 2008).

Results
Patient Demographics

Clinical characteristics from the 53 CF patients hospitalized for treatment of a CF
pulmonary exacerbation are presented in Table 1.

Sputum Desmosine Concentration
We collected 71 expectorated sputum samples from 19 CF patients during 26
hospitalizations for exacerbation. Demographic data, desmosine concentration, and
infectious and inflammatory marker levels for this cohort have been reported previously
(18).

Urinary Desmosine Concentration
We collected 155 spot urine samples from 53 patients during 63 separate hospitalizations for
treatment of a pulmonary exacerbation. The untransformed UDes concentration ranged from
0–235 pmol Des/mL. The initial median UDes concentration was 61.0 pmol Des/mL (IQR:
29.0–95.0 pmol Des/mL, n=57), the interim concentration was 45.0 pmol Des/mL (IQR:
27.5–79.7 pmol Des/mL, n=56) and the final concentration was 37.5 pmol Des/mL (IQR:
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19.0–69.0 pmol Des/mL, n=42). Unadjusted UDes concentration decreased significantly
during inpatient treatment for a CF pulmonary exacerbation (p=0.01).

Change in SG-adjusted UDes, Lung Function, Blood and Sputum Inflammatory Markers
during Hospitalization

Figure 1 illustrates the LS means of log transformed, SG-adjusted UDes measurements at
each time point. Table 2 summarizes the differences between LS means at each of three time
points in the primary outcome variables during inpatient treatment. Our patient population
improved clinically as demonstrated by a significant increase in absolute FEV1 and a
significant decrease in sputum NE, sputum IL-8 and plasma CRP. Both unadjusted and SG-
adjusted UDes values decreased significantly between the first and third measurements
(p=0.01 and p<0.01, respectively). The decrease in SG-adjusted UDes leveled off between
the second and third measurements, as did sputum NE, sputum IL-8, and plasma CRP. SG-
adjusted UDes values also decreased significantly in those patients with CF who were
unable to spontaneously expectorate sputum. These results were robust to the inclusion of
the nested random effect and sensitivity analysis performed to account for repeated
admissions.

Correlations of SG-adjusted UDes with Lung Function, Blood and Sputum Inflammatory
Markers, and Sputum Desmosine

There were no significant associations observed between SG-adjusted UDes concentration
and sputum desmosine, lung function or blood/sputum inflammatory markers. The
correlations ranged from absolute values of 0.11 to 0.56, with the largest correlation
coefficient describing the association between SG-adjusted UDes and sputum desmosine,
although this association was negative.

Correlations of Changes in SG-adjusted UDes with Changes in Lung Function, Blood and
Sputum Inflammatory Markers

There was a non-significant, negative association observed between change in SG-adjusted
UDes and change in absolute FEV1 [ρ=−0.22, p=0.16] (Figure 2). A positive, non-
significant association was observed between change in SG-adjusted urinary desmosine and
plasma CRP [ρ=0.40, p=0.10, respectively].

Discussion
Our aim was to explore UDes concentration as a potential biochemical marker of acute
structural lung injury during hospitalization for a CF pulmonary exacerbation. Pulmonary
exacerbation is associated with an increase in free neutrophil elastase activity in the CF
airway (11). Therefore, we hypothesized that increased elastin breakdown would result in an
elevation in UDes concentration with a subsequent decrease as the pulmonary exacerbation
resolves. We chose an acute pulmonary exacerbation because subjects treated with IV
antibiotics and enhanced mucus clearance generally display clinical improvement within 2
weeks. Our study demonstrates a significant decrease in UDes concentration across three
time-points during inpatient treatment for a CF pulmonary exacerbation.

UDes concentration has long been a target of biomarker research in destructive lung
diseases. The utility of UDes as a marker of lung destruction was first suggested by animal
models of lung injury and emphysema (5,31–33). Early cross-sectional studies investigating
UDes in a heterogeneous CF population revealed increased concentrations of desmosine
compared to healthy controls, with positive correlations between concentration and
proteolytic lung destruction as indicated by chest roentgenogram score (3,15). Subsequent
longitudinal studies confirmed an elevated UDes concentration in CF compared to age-
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matched healthy controls, although these studies did not involve young children (16,17,34).
UDes has also been evaluated in chronic obstructive pulmonary disease (COPD), smokers
and non-smokers with similar results (35–40). During COPD exacerbation, UDes
concentration increased significantly and decreased 2 months after discharge (41). Our study
of a large number of well-characterized pediatric and adult CF patients hospitalized for a
pulmonary exacerbation aimed to build on the foundation of previous studies and to
critically evaluate UDes concentration in an acute, pulmonary exacerbation setting.

Our study is the largest to evaluate UDes concentration in a CF population during
pulmonary exacerbation. As expected, absolute FEV1 increased significantly, and sputum
NE, sputum IL-8 and plasma CRP concentrations decreased significantly during
hospitalization. UDes concentration was positively correlated with plasma IL-8, but no
significant association was observed with inflammatory markers or absolute FEV1. There
was no correlation observed between urinary and sputum desmosine concentration. The lack
of relationship between a local (sputum) and systemic (urine) biomarker in CF is not
surprising, given that previous studies have failed to find such a correlation (42). The lack of
correlation between UDes concentration and FEV1 is also not surprising, given the lack of
such a correlation in previous studies (38,43). It is possible that FEV1 may not adequately
reflect acute changes in lung elastin composition. A physiologic parameter such as FEV1 is
likely the result of resolving mucus plugging and decreased airway inflammation, whereas
UDes concentration may better reflect a more acute, injurious process (7). In a cohort of
patients with acute respiratory distress syndrome/acute lung injury, no correlations were
observed between UDes concentration and markers of clinical disease severity; however,
higher UDes concentration was still associated with a higher risk of death (44). UDes
concentration was also associated with a higher risk of a poor outcome in a cohort of stable
patients with CF, even though no correlations were observed with any inflammatory variable
(34). In COPD, UDes concentration was found to be inversely correlated with the extent of
emphysema, suggesting that there may be a decrease in elastin catabolism secondary to
decreased lung mass in severe disease (40). This evidence suggests that UDes as a measure
of structural lung injury may be potentially valuable in determining the severity of clinical
disease. The lack of correlation with other currently collected measures indicates its
potential as an orthogonal marker measuring a different disease process (45).

Urinary concentration of any biomarker is dependent on both the biomarker excretion rate
and on the urinary flow rate. Previous studies have utilized a normalization ratio
incorporating UCr concentration to report UDes concentration (UDes/UCr) (12,15–17). The
underlying assumption to this approach is that the UCr excretion rate is constant within an
individual over time and also across individuals, which may not be the case, especially in a
sick CF population receiving nephrotoxic intravenous medications (25,27,29), We chose to
report both unadjusted and a novel, SG-adjusted UDes concentration given our finding that
UCr concentration significantly decreased during hospitalization, making the use of a UCr
normalization ratio inappropriate in this population (27). Knowing that a method of
normalization is imperative to urinary biomarker measurements, we chose to normalize
UDes concentration using a regression model incorporating specific gravity as a covariate,
as opposed to using a simple ratio with urinary creatinine (27,28). Our finding of a
significant decrease in UDes held true in the analysis of both unadjusted UDes concentration
and UDes concentration incorporating specific gravity as a normalization factor into a
statistical model (27). SG has been previously utilized as a normalization factor for urinary
biomarker measurement and may be a more appropriate measure of urinary concentration in
the CF population during exacerbation (46).

Our study is also not without limitation. We selected an RIA to measure UDes
concentration, given this is a validated assay that has been utilized in similar published
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clinical studies (24,34,44). However, recent methodological advances in liquid
chromatography and mass spectrometry may allow for more sensitive and specific
measurements of UDes concentration (7). We also chose to normalize our urinary desmosine
measurements to specific gravity, which differs from what has been used previously (UCr),
making cross-comparison amongst studies challenging. Finally, the specificity of UDes for
lung elastin catabolism remains a question. Since the lung is a major source of elastin in the
body and lung disease was the major disease process in these patients, it appears that higher
UDes concentration represents increased structural lung damage (44).

Desmosine measured non-invasively in urine may represent a biomarker of structural lung
injury during pulmonary exacerbation in CF. It may prove to be most useful in those patients
with CF unable to expectorate sputum, making the measurement of a non-invasive
biomarker of lung injury attractive. We have demonstrated its utility during an acute setting;
however, further investigation should be performed to compare its concentration in
clinically stable times with its concentration during pulmonary exacerbation. It would also
be useful to evaluate the association between UDes concentration and length of
hospitalization for pulmonary exacerbation or decline in FEV1 over time, to help elucidate
its usefulness as a potential long-term biomarker of lung disease progression in the CF
population.
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Abbreviation List

ATS American Thoracic Society

cAMP Adenosine 3′,5′- Cyclic Monophosphate

CF Cystic Fibrosis

COPD Chronic Obstructive Pulmonary Disease

CRP C-Reactive Protein

FEV1 Forced Expiratory Volume in One Second

FVC Forced Vital Capacity

IL-8 Interleukin-8

IQR Interquartile Range

IRB Institutional Review Board

IV Intravenous

LS Least Square

NE Neutrophil Elastase

PFTs Pulmonary Function Tests

RIA Radioimmunoassay

SG Specific Gravity

UCr Urinary Creatinine
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UDes Urinary Desmosine

WBC White Blood Cell
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Figure 1.
Least square mean values of log-transformed urinary desmosine concentration adjusted for
specific gravity for each patient hospitalized for pulmonary exacerbation at each of three
collection points. The bold lines connect the least square mean values and the bars represent
the corresponding 95% confidence intervals. Specific gravity-adjusted urine desmosine
concentration decreased significantly during treatment for pulmonary exacerbation (p<0.01).
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Figure 2.
Change in urinary desmosine concentration plotted versus change in absolute FEV1.
Reference lines divide the plot into quadrants at the zero values. Change in urinary
desmosine concentration is not statistically significantly correlated with change in absolute
FEV1, although a negative association is observed [ρ= −0.46, 95% CI (−2.10, 1.19)]. The
majority of the points lie in the lower right quadrant which corresponds to an increase FEV1
absolute and a decrease in urinary desmosine concentration over time.
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Table 1

CF patient clinical characteristics.

Median (range) or No. (%) Hospitalized CF patients

Number of subjects 53

Female 33 (62%)

Caucasian 52 (98%)

≥ 1 ΔF508 mutation 49 (92%)

Number of admissions 63

Admit FEV1 (% predicted) 65 (26 – 123)

Length of stay (days) 11 (4 – 53)

Duration of Antibiotic treatment (days) 10 (3 – 53)

Antibiotic Use

 Aminoglycoside 56 (82%)

 Fluoroquinolone 14 (21%)

 Anti-fungal 25 (36%)

 Carbapenem 18 (26%)

 Macrolide 43 (63%)

Time between IV antibiotics and first urine sample collection (days) 1 (0 – 3)

Sputum Culture Results

 > 1 pathogen 46 (68%)

 Pseudomonas Aeruginosa 33 (49%)

 Staphylococcus Aureus 21 (31%)

 Methcillin-resistant Staphylococcus Aureus 11 (16%)

 Atypical Mycobacteria 10 (15%)

 Fungus 10 (15%)

 Other 21 (31%)
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