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Abstract
Background: Increased serum desmosine (DES) and isodesmosine (IDES) levels occur in individuals with alpha-1 antitrypsin deficiency (AATD). Small series have 
confirmed the association with emphysema in moderate COPD. 

Methods: The QUANTitative lung CT UnMasking emphysema progression in AATD (QUANTUM-1) study was a multicenter, prospective 3-year study of 49 
PiZZ individuals with normal lung function. All received serial chest computed tomography (CT), spirometry and serum collection. VIDA analysis software defined 
the baseline 15th percentile density (PD15). Least squares regression of FEV1 values defined FEV1 slope. We analyzed correlations between demographics, FEV1 
decline (n = 49), and PD15 slope (n = 31). 

Results: The 49 participants had six study visits during which DES/IDES was measured. Despite normal FEV1% predicted, mild emphysema was present on visual 
analysis. Baseline serum DES/IDES did not correlate with baseline PD15 (r2 = 0.02, p = 0.32). Baseline and average DES/IDES were highly correlated with patient 
age (r2 = 0.29 and 0.42, p < 0.0001 for both). The mean DES/IDES averaged per patient over 3 years was 0.30 ng/ml, higher than historical controls from the normal 
population (0.19 ng/ml). The mean DES/IDES over 3 years trended in the same direction as PD15 slope (r2 = 0.06, p = 0.16). 

Conclusions: Mean DES/IDES was higher than normal in PiZZ individuals with FEV1 ≥ 80%. DES/IDES failed to correlate with baseline PD15, PD15 decline, 
or FEV1 slope. The consistency of the 6 DES/IDES measurements in each patient adds knowledge about test to test variability of DES/IDES despite study 
limitations that include small size and lack of concurrent PiMM controls. Despite the presence of near normal pulmonary function in alpha-1 antitrypsin deficient 
patient’s elevations of DES/IDES indicate increased elastin degradation which can progress and warrants preventive therapies.
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Introduction
Alpha-1 antitrypsin deficiency (AATD) is a genetic disorder 

resulting in the development of pulmonary emphysema. While 
emphysema is the most common pulmonary manifestation in AATD, 
bronchitis, asthma, and bronchiectasis also occur. AATD presents 
at a younger age compared to usual COPD, and have enhanced 
susceptibility to effects of tobacco, dusts, and fumes [1]. 

The serum level of alpha-1 proteinase inhibitor, otherwise known 
as alpha-1 antitrypsin (AAT) is determined by each of the inherited 

alleles on SERPINA1, the gene for AAT. The function of AAT is to 
inhibit the proteolytic enzyme neutrophil elastase (NE), increased 
levels of which are observed with smoking, inflammation, infections, 
and inhaled fumes. NE is produced by neutrophils and can degrade 
elastin connective tissues in the human body. Unopposed NE activity 
occurs in AATD because of deficient inhibition offered by AAT. 

Elastin is a major component of the lung alveolar and airway 
structure and its degradation alters lung matrix structure and lung 
mechanics. Desmosine (DES) and isodesmosine (IDES) are amino 
acids that are released during degradation of mature elastin fragments 
in humans. DES/IDES are two crosslinking amino acids which occur 
only in elastin and are released into the circulation when mature elastin 
is degraded.

Animal studies have correlated urinary DES levels and airspace 
enlargement in models of emphysema [2,3]. Subsequently, human 
studies using urine, and blood DES/IDES in COPD [4,5] have shown 
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correlations with disease progression. Prior research established that 
DES/IDES levels are elevated in individuals with COPD and smokers. 
Small series have confirmed the association with emphysema presence 
and progression in patients with moderate COPD, both AATD-
associated [6] and AATD-replete. Subsequent studies confirmed 
stronger relationships between DES and several lung function variables 
in COPD individuals compared to those without COPD diagnosis after 
adjustments for age, sex, height, body mass index (BMI), and smoking 
were made [7]. Additionally, in a subgroup of individuals with stable 
COPD but reduced lung diffusing capacity, serum DES was elevated 
[8]. COPD exacerbations also raise urinary DES levels [8]. 

Long term intravenous augmentation therapy for severe AATD 
has been licensed since 1987 based on the evidence that it restores the 
protective levels of AAT in blood and lung epithelial fluid [9]. Studies 
evaluating the effects of augmentation therapy on the DES/IDES levels 
have reported various results [10-13]. One study using a new method 
of analysis of DES/IDES showed statistically significant reductions 
of DES/IDES in plasma and bronchoalveolar lavage fluid in patients 
receiving augmentation therapy [12]. The RAPID study has revealed 
that augmentation therapy delays the progression of radiographic 
emphysema in AATD [14]. Further confirmation has come from the 
evaluation of the RAPID serum DES/IDES levels as correlations of CT 
density decline and these biomarkers were clearly demonstrated [15].

Most of the available data supports the notion that DES/IDES 
levels are robust biomarkers in specific subgroups of individuals. These 
subgroups include those actively smoking, COPD with higher symptom 
burden, and AATD individuals. In Evaluation of COPD Longitudinally 
to Identify Predictive Surrogate Endpoints (ECLIPSE), differences in 
DES levels between healthy individuals and COPD individuals were 
present after adjustment for smoking, gender, age, and BMI [16]. Most 
agree that AATD-COPD has the highest levels of DES/IDES [17] even 
when adjusted for the degree of smoking and spirometric impairment. 

However, little is known about the DES/IDES levels when lungs 
are near normal in early AATD. Additionally, longitudinal variability 
in DES/IDES has been incompletely studied. We analyzed a large 
serum AATD biorepository “QUANTitative computed tomography 
UnMasking emphysema progression in alpha-1 antitrypsin deficiency” 
(QUANTUM-1) study. This multicenter 3-year prospective study 
collected serum every 6 months from individuals in whom Forced 
Expiratory Volume in 1 second (FEV1) % predicted was > 80%. 
We sought to correlate serial DES/IDES with CT density decline as 
measured by PD15, FEV1 decline, and determine the intra-subject test 
to test variability of DES/IDES.

Methods
Study design and population

QUANTUM-1 (NCT00532805) was funded to enroll 50 individuals. 
49 participants were enrolled between 09/19/2007 and 12/11/2008 after 
an informed consent was obtained at one of the 7 U.S. participating 
study centers (1 individual was a screen-fail). Institutional board review 
at all enrolling institutions approved the study. All participants were 
protease inhibitor ZZ (PiZZ) with normal lung function at baseline visit 
as defined by post-bronchodilator (post-BD) FEV1 % predicted ≥ 80% 
by National Health and Nutrition Examination Survey III (NHANES 
III) [18]. None were smokers during the study. All participants had 
telephone calls every two months to report exacerbations and serial 
site visits were completed (at baseline, 6, 12, 18, 24, and 36 months) 
with chest CT, pulmonary function tests (spirometry, lung volumes, 

and diffusing capacity of the lung for carbon monoxide (DLCO)), and 
serum collection to explore the biomarker levels and their variability in 
the three year interval. 

The exacerbation frequency for the year prior to the study was 
determined at the baseline visit using the AlphaNet exacerbation 
questionnaire [19,20]. This questionnaire was specifically developed to 
define exacerbation type and frequency by a variety of definitions and 
has been used in large cohorts of AATD individuals who have been 
receiving augmentation therapy through AlphaNet. 

CT acquisition and analysis
In accord with the study protocol, 18 mcg of tiotropium was 

administered with 180 µg of albuterol for maximal bronchodilation 
at the time when the CT scan was performed (within 4 hours). 
Contiguous non-overlapping 0.6-1.0 mm slice thickness multi-
detector row CT scans were acquired at 80 mAs, 120 kVp. These images 
were reconstructed using a medium spatial frequency reconstruction 
algorithm (GE: Standard, Philips: B, Siemens: B45f, Toshiba: FC86). 
All acceptable baseline and 36-month CT scans that could be analyzed 
using Apollo Image Analysis software (VIDA (Volumetric Imaging 
Display and Analysis) Diagnostics Inc.) were included in the analysis. 
Briefly, the lungs were segmented in three-dimensions from the chest 
wall and mediastinal components using Apollo. The CT-derived total 
lung volume (TLC), mean lung density and the lowest 15th percentile 
density (PD15) corrected for lung volume were measured reflecting 
current practices [21]. Of the original 49 participants, 7 had missing 
data, and 11 had CT scans that did not follow the specific acquisition 
protocol. Thirty one (31) individuals remained eligible for analyses to 
correlate DES/IDES and emphysema progression. Baseline emphysema 
and DES/IDES levels were analyzed in 47 participants. Baseline 
PD15, PD15 slope, and the values adjusted for TLC were assessed as 
continuous variables. 

Pulmonary function tests

Spirometry was performed before and after (20 minutes) 
administration of albuterol and tiotropium. Spirometers were 
calibrated to a volume standard on the day of testing. All expiratory 
efforts collected for the study were of minimum 6 second duration. 
The FEV1 and forced vital capacity (FVC) used for data collection 
were from the best efforts that were reproducible by 2 separate tests 
with < 5% and < 150 ml variability. All subjects were retested serially 
on the same machines at each medical center to minimize test to test 
variability. Height was measured with shoes off at baseline visit.

Blood samples

50 ml of blood was drawn at initial study visit for serum, and 
plasma analysis. Serum samples were allowed to clot for 15 minutes 
per protocol, spun at 3500 rpm, and placed into a -80°C freezer until 
transported on dry ice to the central repository. 

DES/IDES analysis

The study individuals had longitudinal sampling of the blood for 
DES/IDES levels at all study visits. An average DES/IDES value was 
calculated for each study individual. Combined analyses of DES/IDES 
levels were performed in triplicates. The coefficient of variation of the 
method is 7% [22]. 

Statistical analysis

Continuous variables were evaluated by t-test and categorical 
variables were evaluated by chi-square test. A p-value < 0.05 
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was considered significant. We analyzed correlations between 
demographics, FEV1 decline (n = 49), baseline PD15/TLC (n = 47) and 
PD15 slope (n = 31) for those with a complete dataset. A paired t-test 
was used to compare the values of DES/IDES at the beginning and at 
the end of the study in all of the participants. Least squares regression 
of FEV1 values defined FEV1 slope over 3-year period. 

Results
Patient characteristics

The 49 participants had a follow-up > 90% for 6 study visits. 
The mean age was 51 ± 10, most were females (65%). GOLD stage 1 
obstruction was present in 10/49 individuals and FEV1/FVC post-BD 
was normal in 39/49 (mean FEV1/FVC 0.76). The mean FEV1 post-
bronchodilator was 99 ± 11% predicted and subsequent 3-year FEV1 
decline averaged 49 ml/year. 

CT of the chest was obtained in 31 study participants and 
radiographic data was used for statistical analysis. The baseline 
demographic and clinical characteristics of these resultant 2 group 
participants are summarized in table 1. The two groups did not have 
any differences despite the fact that this separation was not pre-
specified in the original study protocol. 

Longitudinal changes of DES/IDES levels

At the baseline visit, the mean and median levels of DES/IDES were 
0.31 ± 0.07 ng/ml and 0.30 ng/ml (range 0.20-0.48 ng/ml) which are 
elevated over predicted normal mean levels of 0.19 ± 0.01 ng/ml. The 
average mean and median levels of DES/IDES were 0.30 ± 0.07 ng/
ml and 0.29 ng/ml (range 0.20-0.49 ng/ml) for all visits. This value is 
higher than the normal population (0.19 ± 0.1 ng/ml) [17]. No gender 
differences were detected (p = 0.25) (Table 2).

Baseline and average DES/IDES were highly correlated with patient 
age (r2 = 0.30 and 0.44 respectively, p < 0.0001 for both). Over the 3-year 
period, intra-individual DES/IDES variability was small. A matched 
pair’s analysis at the patient level compared all potential pairs of serum 
values and found no statistical differences at any time (all p > 0.05). 

Correlation of DES/IDES with FEV1 slope and DLCO

Baseline and average DES/IDES did not correlate with FEV1 
slope (r2 = 0.0076 and 0.0099 respectively, p > 0.49 for both). Baseline 

and average DES/IDES correlated with baseline DLCO adjusted for 
hemoglobin (r2 = 0.10 and 0.17 respectively, p < 0.02 for both). Baseline 
and average DES/IDES did not correlate with DLCO at 36 months (N 
= 46) adjusted for hemoglobin (r2 = 0.01 and 0.06 respectively, p = 0.40 
and p = 0.09). 

Correlation of DES/IDES with emphysema and its progression

Despite normal FEV1 % predicted, emphysema was usually present 
on visual analysis. Mean baseline PD15 in 47 participants was -937 ± 
25 Hounsfield Units (HU). Baseline serum DES/IDES did not correlate 
with baseline PD15 (r2 = 0.02, p = 0.33). The mean DES/IDES over 3 
years trended in the same direction as PD15 slope (r2 = 0.09, p = 0.09) 
in 31 individuals with a complete dataset. Baseline serum DES/IDES 
did not correlate with baseline PD15 adjusted for TLC (r2 = 0.0002, p 
= 0.92). The mean DES/IDES over 3 years did not correlate with PD15 
slope adjusted for TLC (r2 = 0.01, p = 0.57). 

Exacerbations
The exacerbation questionnaire administered during the first study 

visit revealed that 47% of individuals had at least one exacerbation in 
the year preceding the study. This data was similar to findings in the 
SubPopulations and InteRmediate Outcome Measures In COPD Study 
(SPIROMICS) cohort in which individuals had exacerbations while 
not meeting current criteria for COPD diagnosis [23]. Most (69%) 
had at least one exacerbation during the study period (7 individuals 
had missing data and were not included in the analysis). A subset of 
participants (36%) who had two or more exacerbations per year were 
evaluated for DES/IDES changes. No differences in DES/IDES levels 
were detected between the group who had frequent exacerbations and 
the group with the annual rate of exacerbation less than two. 

Discussion
This study demonstrates statistically significant increases in serum 

DES/IDES levels and stability of serial measurements of DES/IDES 
in AATD individuals with normal spirometry. DES/IDES are the 
unique products of elastin degradation, a determining component 
of emphysema development. Therefore, DES/IDES elevations are 
anticipated in emphysema progression. 

COPD and AATD are characterized by persistent progressive 
limitation of airflow and enhanced lung inflammatory response to 
variety of noxious stimuli. However, elastin is also abundant in non-

Characteristic FEV1 Slope Included Patients
N = 49 Range PD15 Slope Included Patients

(N = 31) Range P Value

Age , years† 51 ± 10 32-71 52 ± 10 32-71 0.45
Sex, number of females (%) 32 (65%) N/A 18 (58%) N/A 0.15
BMI, kg/m2† 29 ± 7 21-48 30 ± 7 21-48 0.24
FEV1 post-BD% predicted† 99 ± 11 75-123 101 ± 12 76-123 0.22
FEV1/FVC post-BD 0.76 ± 0.1 0.5-0.96 0.76 ± 0.1 0.51-0.89 0.95
Baseline PD15, HU† (N = 47) -937 ± 25 -980; -846 -93 ± 27 -980;-846 0.99
Baseline PD15/TLC (N = 47) -0.17 ± 0.04 -0.30; -0.1 -0.17 ± 0.04 -0.26;-0.1 0.31
Baseline DES/IDES, ng/ml 0.31 ± 0.07 0.2; 0.48 0.32 ± 0.07 0.2;0.48 0.45

Table 1. Baseline demographic and clinical features of the PiZZ alpha-1 antitrypsin deficiency cohort

†mean ± Standard Deviation. Definition of abbreviations: BMI-body mass index; FEV1-forced expiratory volume in 1 second; post-BD-post bronchodilator; FVC-forced vital capacity; 
PD15-percentile density at 15%; TLC-total lung capacity; DES-desmosine; IDES-isodesmosine

Characteristic FEV1 Slope Included Patients
N = 49 Range PD15 Slope Included Patients

(N = 31) Range P Value

Mean loss of FEV1, ml/year † 49 ± 86 -300; +165 58 ± 85 -298;+80 0.31
Mean DES/IDES, ng/ml 0.30 ± 0.07 0.2; 0.49 0.31 ± 0.07 0.2;0.49 0.30

Table 2. Longitudinal changes of the PiZZ alpha-1 antitrypsin deficiency cohort. †mean ± Standard Deviation
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pulmonary tissues and may result in cardiovascular disease (CVD), 
a common comorbidity of COPD [24]. CVD frequently complicates 
COPD and affects patient related outcomes, associated morbidity, 
and mortality. The ECLIPSE evaluation concluded that excess elastin 
degradation is associated with cardiovascular risk and mortality in COPD 
[25]. Similarly, about 30% of individuals with established CVD manifest 
airflow limitation and most likely have underdiagnosed COPD [26].

This study confirms the significant association of age and increased 
production of DES/IDES. Age is associated with an amplified 
degradation of body elastin although the mechanisms remain unclear. 
Recent studies of usual COPD explored these associations in two 
independent cohorts with much larger samples and concur with our 
findings [25]. We also noted that the serum concentrations in our 
cohort are higher than in other normal populations. The mean DES/
IDES averaged per patient over 3 years was higher than the normal 
population, possibly reflecting that AATD is a disease in which elastin 
degradation of all tissues can be accelerated. This significant elevation 
of DES/IDES in AATD population with nearly normal spirometry is an 
important finding further stressing the ongoing disease process despite 
normal FEV1. 

Although we did not find a correlation between products of elastin 
degradation and radiographic emphysema progression, our sample 
was small, with young, non-smoking participants, and emphysema 
progression was very limited during the 3 years of observation. 
Another limitation of our study is the sample selection bias since there 
was no matched group of subjects with a PiMM genotype possessing 
the same clinical and demographic characteristics. A larger study 
of AATD individuals with more advanced airflow obstruction and 
radiographic emphysema receiving or not receiving augmentation 
therapy [14] evaluated the associations of DES/IDES and emphysema 
progression. For the first time it was shown that augmentation therapy, 
even if delayed, was associated with a decrease in elastin degradation 
and slower lung density decline [15]. DES/IDES levels were found to be 
significantly reduced after initiation of augmentation therapy at all of 
the points of the study (up to 4 years). The placebo group was found to 
have increased levels of DES/IDES from baseline at 2 years. This data 
further supports the use of DES/IDES levels as a biomarker to monitor 
the progression of emphysema and evaluate the treatment response. A 
study utilizing treatment with tiotropium aerosol also confirmed the 
role of DES/IDES as an end point of therapy [27]. 

Little is known about the natural history of exacerbations in AATD 
despite the central role they play in usual COPD outcomes. Current 
studies cannot show any impact on cost, trajectory of lung function, 
and other important patient related outcomes. Similarly, this study did 
not detect DES/IDES differences between individuals with frequent 
exacerbations and those without. 

It is noteworthy that DES/IDES plasma levels were statistically 
correlated with severity of emphysema by CT in the Randomized 
placebo-controlled trial of Augmentation therapy in alpha-1 Proteinase 
Inhibitor Deficiency study (RAPID) in AATD, where emphysema is 
a predominant lesion. This is in contrast to usual COPD where the 
presence and severity of emphysema is highly variable [24]. Further 
studies on COPD phenotypes should be evaluating DES/IDES as a 
biomarker in emphysema-predominant COPD. 

Conclusions
Mean DES/IDES levels in serum were higher in PiZZ individuals 

with FEV1 ≥ 80% predicted compared to historical cohorts of normal 
individuals. However, DES/IDES failed to correlate with baseline 

PD15, PD15 decline, or FEV1 slope over 3 years in this study. The 
consistency of the 6 DES/IDES measurements in each patient adds 
knowledge about test to test variability in early AATD. Additionally, 
low variability between individual participants was noted. In summary, 
the longitudinal performance of DES/IDES is an important finding of 
our study and adds to its validation. The imbalance imposed between 
the continued activity of neutrophil elastase and the deficient levels of 
alpha-1 antitrypsin inhibition could lead to increased levels of elastin 
degradation in the lung and other organs at later stages of AADT. 
Recognizing increased elastin degradation at the earliest stages of 
AATD therapies may be warranted at the earliest in the clinical course. 
We hope that our findings may help formulate new hypotheses and 
lead to studies with greater statistical power. 

Summary 
Desmosine (DES) and Isodesmosine (IDES) are products of elastin 

degradation that increase in emphysema individuals. Previous studies 
confirmed the significant correlation of DES/IDES with lung function 
in moderate COPD. We demonstrate that despite normal spirometry, 
individuals with severe deficiency of alpha-1 antitrypsin have higher 
than normal levels of these biomarkers. 
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