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ABSTRACT: Degradation of extracellular matrix components is central to many pa-
thological features of chronic destructive lung disorders. Desmosine and isodes-
mosine are elastin-derived cross-linked amino acids whose urine levels are considered
representative of elastin breakdown.

The aim of this study was to apply a novel methodology, based on high-performance
capillary electrophoresis, to the quantification of desmosine and isodesmosine in 11
patients with stable chronic obstructive pulmonary disease (COPD), 10 with an exa-
cerbation of COPD, nine with a1-antitrypsin deficiency, 13 with bronchiectasis, and 11
adults with cystic fibrosis, in comparison to 24 controls.

It was found that, in patients with stable COPD, urinary desmosine levels were
higher than in controls (p=0.03), but lower than in COPD subjects with an exacerba-
tion (p#0.05). The highest desmosine levels were found in subjects with a1-antitrypsin
deficiency, bronchiectasis and cystic fibrosis (p<0.001 versus stable COPD). In a short-
term longitudinal study, five stable COPD patients showed a constant rate of des-
mosine excretion (mean coefficient of variation <8% over three consecutive days).

In conclusion, the present method is simple and suitable for the determination of
elastin-derived cross-linked amino acid excretion in urine, giving results similar to
those obtained using other separation methods. In addition, evidence is presented that
urinary desmosine excretion is increased in conditions characterized by airway in-
flammation, such as exacerbations of chronic obstructive pulmonary disease, bronchi-
ectasis and cystic fibrosis. Results obtained in subjects with a1-antitrypsin deficiency
suggest that this method might be used to evaluate the putative efficacy of replacement
therapy.
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Chronic obstructive pulmonary disease (COPD), with or
without inherited deficiency of a1-antitrypsin (AAT), dis-
seminated bronchiectasis (Bx) and cystic fibrosis (CF) are
destructive lung disorders characterized by chronic and
irreversible airflow limitation. Irrespective of the aetiolo-
gical factors implicated, there is a solid body of evidence
suggesting that degradation of the extracellular matrix
component, mainly elastin, due to an imbalance between
proteinases and their naturally occurring inhibitors, is cen-
tral to many of the pathological features of these conditions
[1±4].

Excess lung elastin degradation results in the excretion
of elastin-derived peptides containing desmosine (DES)
and isodesmosine (IDES) in urine [5]. Since these cross-
linked amino acids are unique to mature elastin, their
urine levels are considered to be representative of body
elastin breakdown. Urinary excretion of DES and IDES
has been reported to be increased in patients with COPD,
current smokers with normal lung function [6] and adults
with CF [7] compared to appropriate controls.

There are two validated means of detecting DES and
IDES in body fluids: a separation method, based on iso-
tope - dilution/high - performance liquid chromatography
(HPLC) [8], and a method based on radioimmunoassay
(RIA) [9]. Recently, however, high-performance capillary
electrophoresis (CE) (HPCE) has been applied to study-
ing different aspects of proteinase activity [10±12]. In its
micellar electrokinetic chromatographic modality, HPCE
has been successfully applied to the quantification of uri-
nary DES and IDES in both COPD patients and healthy
controls [13]. Following these preliminary results, a clini-
cal study of urinary DES and IDES determination by
means of micellar electrokinetic chromatography (ME-
KC) was planned in patients with a variety of chronic
destructive lung diseases, including patients with COPD
(either stable or during an exacerbation), disseminated Bx
of unknown origin, pulmonary emphysema associated
with inherited deficiency of AAT and CF. The results
were compared with those obtained in healthy nonsmok-
ers and smokers with normal lung function.
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Materials and methods

Design of the study

This investigation was designed as a cross-sectional
study, with the exception of a short-term lungitudinal study
in stable COPD (see below), of consecutive patients ad-
mitted to the authors' hospitals or followed as outpatients
in specialist clinics. All individuals studied (patients and
controls) gave their informed consent prior to entering the
study, which was approved by the local Ethical Commit-
tees of the institutions involved.

Patients

A total of 54 individuals divided into five groups were
studied. Details of the patients' characteristics are reported
in table 1.

Chronic obstructive pulmonary disease exacerbation.
This group comprised 10 patients (one female and nine
males) with a diagnosis of COPD made according to Am-
erican Thoracic Society criteria [14]. Consecutive patients
were studied when admitted with an acute exacerbation of
their disease, defined as an increase in two or three of the
symptoms of dyspnoea, sputum volume and/or sputum
purulence (type 2 or type 1, according to ANTHONISEN et al.
[15]). All patients were exsmokers, with a smoking his-
tory of 38�8 pack-yrs (mean�SD). None of these patients
had received antibiotics or oral corticosteroids prior to
hospital admission. Urine specimens were collected dur-
ing the first 24 h of the patients' hospital stay.

Stable chronic obstructive pulmonary disease. This group
consisted of 11 male patients with COPD, diagnosed as
above, who had not had an exacerbation for $3 months
preceding the study. The patients were enrolled consec-
utively from a rehabilitation programme. All patients were
exsmokers, with a smoking history of 30�6 pack-yrs. Five
of the 11 patients were followed by sampling urine speci-
mens from three consecutive days in a short-term longi-
tudinal study aimed at evaluating the intrapatient daily
variation in urinary DES and IDES levels.

a1-Antitrypsin deficiency. This group consisted of nine
patients (two females). All had COPD related to AAT
deficiency status, ascertained by serum isoelectric focusing
(all subjects selected displayed the PiZ phenotype). None
had received AAT replacement therapy or had a recent

history of an acute exacerbation. Seven of the nine AAT
deficient patients were exsmokers (six had smoked for a
mean of 30�5 pack-yrs daily and one had smoked for only
1.5 pack-yrs), and two had never smoked.

Disseminated bronchiectasis. This group consisted of 13
patients (11 females). The Bx involved more than one lung
lobe and was diagnosed by bronchography or high-reso-
lution computed tomography scan. None had an identi-
fiable cause for their disease (serum immunoglobulin and
AAT levels were normal, the sweat test was negative and
there was no evidence of primary ciliary dyskinesia).
Eleven of the patients were studied in the stable clinical
state, although all regularly produced purulent secretions
and two were admitted for an acute exacerbation. In five of
the 13 patients, sputum culture showed only a mixed nor-
mal flora, whereas Haemophilus influenzae was isolated
from four patients, Pseudomonas aeruginosa from three,
and Branhamella catarrhalis and both H. influenzae and
Staphylococcus aureus from one each. Seven patients had
never smoked, whereas five were exsmokers and one a
current smoker.

Cystic fibrosis. This group was composed of 11 patients,
three females and eight males. The criteria for the diagnosis
of CF were positive sweat chloride testing and typical
clinical manifestations of CF. Seven of these 11 CF patients
were seen as outpatients, whereas four were hospitalized
for subacute exacerbations of their lung disease and under-
going treatment with i.v. antipseudomonal antibiotics. All
patients had typical bronchiectatic changes on their chest
radiographs, with a mean radiograph score of 56.5�28.3
using the University of Wisconsin scoring system, ranging
from 0 (best appearance) to 100 (worst appearance) [16].
All patients but one were colonized by P. aeruginosa,
alone (five subjects) or in combination with other patho-
gens (S. aureus two, Aspergillus fumigatus one, H. in-
fluenzae one, H. influenzae plus A. fumigatus one). One
patient was colonized by S. aureus, H. influenzae and A.
fumigatus.

Controls. The control group consisted of 24 subjects re-
cruited consecutively during a cross-sectional respiratory
survey performed in Rovescala (a small rural village in the
province of Pavia) [17]. Twelve of the subjects (three fe-
males) had never smoked (healthy nonsmokers), whereas
12 (10 males) were current lifelong smokers with normal
lung function (smokers with normal lung function), with a
smoking history of 14�8 pack-yrs.

Table 1. ± Clinical characteristics of the subjects investigated

Healthy
nonsmokers

Smokers with
normal lung

function

Exacerbated
COPD

Stable
COPD

AAT
deficiency

Bronchiectasis Cystic
fibrosis

Subjects n 12 12 10 11 9 13 11
Age yrs 42�16 (25±69) 45�18 (23±76) 70�8 (56±79) 68�7 (60±84) 55�5 (52±67) 62�10 (41±77) 30�12 (18±51)
Height cm 170�5 166�8 167�4 170�3 170�9 161�5 175�9
Weight kg 72�14 67�12 68�7 77�10 70�16 67�11 65�12
BMI kg.m-2 24.8�4 24.4�3 24.2�1 26.8�3 24.2�4 26�5 21.1�3
FEV1 % pred 101�13 105�6 36�11 62�10 29�10 60�21 56�33
FVC % pred 96�11 98�6 54�9 71�6 80�19 84�27 73�22

Data are presented as mean�SD (range). COPD: chronic obstructive pulmonary disease; AAT: a1-antitrypsin; BMI: body mass index;
FEV1: forced expiratory volume in one second; FVC: forced vital capacity; % pred: percentage of the predicted value.
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Biochemical evaluation

Chemicals. Sodium phosphate (NaH2PO4/Na2HPO4
2; used

as a background electrolyte) was purchased from Bio-Rad
(Richmond, CA, USA). Doubly distilled water was obtain-
ed from a Millipore Milli-Q purification system (Millipore;
Bedford, MA, USA). All other chemicals were of analytical
grade and were used without further purification.

Urine collection and treatment. Urine samples were col-
lected into sterile plastic bottles and started in the morning,
until a volume of 100 mL was obtained, which was stored
at -208C until processed. Each sample was concentrated
under reduced pressure using a heated rotary evaporator
(508C). A sample of urine (0.8 mL) was then concentrated
by ultracentrifugation at 13,0003g at 208C in microcon-
centrators Microcon 30 (Millipore), transferred to pyrex
hydrolysis tubes, evaporated to dryness and hydrolysed in
vacuo with 6 N HCl for 24 h at 1068C. Hydrolysed samples
were lyophilized and the residue dissolved in deionized
water (repeated twice in order to remove the HCl com-
pletely). Finally, the samples were dissolved in 0.4 mL
distilled water and submitted to HPCE. The DES and IDES
content was expressed in mg.g creatinine-1.

Capillary electrophoretic instrumentation and running
conditions. All runs were performed using a Bio-Rad Bio-
focus 3000 system equipped with a high-speed ultraviolet/
visible (UV-Vis) scanning detector. Fused silica capillaries
of 57 cm (50 cm effective length from inlet to detector)350
mm inside diameter were obtained from Beckman (Palo
Alto, CA, USA). The procedure followed was essentially as
described previously [13], with one major modification.
Briefly, endogenous creatinine, IDES and DES were sep-
arated using 100 mM sodium phosphate as background
electrolyte, and their quantification in each urine sample
was accomplished by comparing the peak areas with those
of authentic compounds. A calibration curve was obtained
by applying scalar amounts of each standard to the cap-
illary. The temperature was maintained at 15�0.18C and
the applied electrical potential was 1.5 kV. Samples were
injected hydrodynamically for 2 s at 0.068 MPa to give a
volume of ~18.6 nL. Analytes were monitored simultan-
eously at 200 and 268 nm, and migration was from the
positive to the negative pole. Between runs, the capillary
was rinsed with 0.5 M NaOH for 2 min followed by water
for 3 min and electrophoretic buffer for 2 min. A typical
electrophoretogram is shown in figure 1. This method
complies with the assay validation requirements of the
Journal of Chromatography, Biomedical Sciences and
Applications [18].

Statistical analysis

Data are presented as mean�SD. Differences in quantita-
tive variables among groups were tested by one-way analy-
ses of variance (ANOVA) adjusted for age. Relationships
between urinary DES and IDES levels and pulmonary
function indices were investigated by means of the Pearson
correlation coefficient. A p-value of #0.05 was taken as
statistically significant. Analyses were performed with Stat-
istica for Windows1 software (StatSoft Inc., Tulsa, OK,
USA). The body mass index (BMI) is the weight in kilo-
grams divided by the square of the height in metres.

Results

All five groups with chronic destructive lung diseases
showed a significant level of lung function impairment,
compared to the healthy nonsmokers and smokers (table
1). The patients with stable COPD had better lung func-
tion than those with an exacerbation (forced expiratory
volume in one second (FEV1) p<0.001, forced vital cap-
acity (FVC) p=0.027), although the two groups had a
similar mean age (70 versus 68 yrs) and smoking history.
The AAT-deficient patients had worse lung function than
the nondeficient COPD patients in the stable state despite
their younger mean age. Their lung function was not
different, however, from that in COPD patients with an
exacerbation. The FEV1 of patients with disseminated Bx
was similar to that of stable COPD or CF patients, and
significantly higher than that of the COPD patients with
an exacerbation or the AAT deficiency group (p=0.0017
and p<0.001, respectively). All comparisons were con-
ducted with an adjustment for age. The mean BMI was
within the desirable range (20±24.9) for most groups,
although the CF patients tended to be at the lower end
(BMI 21.1), and the stable COPD patients (BMI 26.8)
and those with Bx (BMI 26) were considered to be over-
weight (grade 1: BMI 25±29.9).

Urinary DES and IDES excretion showed a wide range,
but differed markedly between individual groups, and the
interpatient coefficient of variation ranged from 15.9% for
DES in smokers with normal lung function to 40% for
DES in adults with CF (fig. 2). These data are summarized
in table 2. In healthy nonsmokers the mean DES level
was 9.31�2.75 mg.g creatinine-1 and the mean IDES level
7.34�1.95 mg.g creatinine-1, whereas in smokers with
normal lung function these levels were slightly but not
significantly higher. All five groups with chronic destruc-
tive lung diseases, however, had significantly increased
urinary DES and IDES levels. The stable COPD patients
showed greater urinary DES and IDES excretion than he-
althy controls (p=0.03 and p=0.01, respectively), whereas
the DES level was higher than that in normal smokers, but
this did not reach statistical significance. In contrast, the
COPD patients with an exacerbation showed greater DES
and IDES excretion than both the control groups, as well
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Fig. 1. ± Typical electropheretogram showing the separation of creatin-
ine (peak 1), isodesmosine (peak 2) and desmosine (peak 3) obtained
under the experimental conditions described in the Capillary electro-
phoretic instrumentation and running conditions section.
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as the patients with stable COPD. Higher DES and IDES
levels than normal were also found in the remaining three
groups with destructive lung diseases (Bx, AAT deficien-
cy and CF). Only one patient with AAT deficiency had
levels of DES and IDES (5.15 and 3.66 mg.g creatinine-1,
respectively) within the normal range (mean�1.96 SD of
levels in healthy nonsmokers). Among these three gro-
ups, the urinary DES and IDES levels did not differ sig-
nificantly, although they were also significantly higher
than those in the two groups of COPD patients (table 2).

The short-term longitudinal study, performed in five
patients with stable COPD (table 3) showed that the mean
coefficient of variation was 7.6% for DES and 7.2% for
IDES.

No significant relationship between FEV1/FVC ratio
and DES or IDES concentration could be found in the
overall group of patients with destructive lung diseases
(data not shown), although a Pearson r of -0.570 (p<
0.00001) was found for DES, and of -0.604 (p<0.00001)
for IDES when individual urine elastin breakdown marker
values were analysed as a function of FEV1 (% pred) in all
subjects investigated.

Discussion

The first aim of this work was to provide evidence in
addition to that in the previous report [13] that HPCE may
be applied to the clinical evaluation of elastin destruction
indices in chronic lung diseases. It was decided to use CE
in the micellar electrokinetic chromatographic modality
since the previously reported free solution CE mode of
separation (capillary zone electrophoresis) of DES and
IDES from hydrolysed elastin did not give satisfactory
resolution of the two peaks [19]. The addition of a mi-
cellar buffer modifier such as sodium dodecyl sulphate to
the background electrolyte provided enhanced resolution,
thus yielding almost complete separation of the two com-
pounds [13]. Since DES and IDES are isomers, IDES lev-
els do not add any further information regarding elastin
breakdown to that provided by DES levels. However,
since peak purity (fig. 1) is one of the major criteria re-
quired for validation of the assay [18], the results of both
DES and IDES determination are presented.

Results obtained by MEKC may be compared with
those obtained by the isotope-dilution/HPLC method de-
scribed by STONE et al. [8] since both involve separation
methods. In the present study, it was found that the mean
DES levels in nonsmoking controls (9.31�2.75 mg.g
creatinine-1) were only slightly higher than those found in
a previous investigation (7.5�1.4 mg.g creatinine-1) [6],
whereas the levels obtained for current smokers with nor-
mal lung function were similar (11.97�2.75 versus 11�
4.2 mg.g creatinine-1). The same trend towards higher
levels among COPD patients was also evident, although
the levels of DES in the present series of stable COPD
patients were slightly higher (14.17�2.33 mg.g creatin-
ine-1) than that described previously (11.8�5.1 mg.g creat-
inine-1) [6].
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Fig. 2. ± Distribution of individual levels of: a) desmosine; and b) iso-
desmosine in the different groups of individuals studied. Horizontal bars
represent medians. HNS: healthy nonsmokers; SNLF: smokers with
normal lung function; COPD-E: exacerbated chronic obstructive pul-
monary disease (COPD); COPD-S: stable COPD; AATD: a1-antitrypsin
deficiency; DBx: disseminated bronchiectasis; CF: cystic fibrosis.

Table 2. ± Urinary desmosine (DES) and isodesmosine (IDES) concentrations in the study groups

Healthy
nonsmokers

Smokers with
normal lung

function

Stable
COPD

Exacerbated
COPD

AAT
deficiency

Bronchiectasis Cystic
fibrosis

DES mg.g
creatinine-1

9.31�2.75 11.97�2.75 14.17�2.33# 17.15�3.42*,1,{ 22.3�7.74**,*** 23.39�2.05{,*** 23.39�2.02##,***

IDES mg.g
creatinine-1

7.34�1.95 8.08�1.28 10.59�2.17+,++ 13.67�2.87*,1,{ 17.4�5.58**,*** 18.21�1.55{,*** 18.14�4.11##,***

Data are presented as mean�SD. Differences between groups were tested by one-way analysis of variance adjusted for age. COPD:
chronic obstructive pulmonary disease; AAT: a1-antitrypsin. *: p<0.05 versus stable COPD; +: p=0.048 versus normal smokers; ++:
p=0.011 versus nonsmokers; **: p<0.01 versus exacerbated COPD; #: p=0.003 versus healthy nonsmokers; ##: p<0.003 versus
exacerbated COPD; 1: p<0.002 versus normal smokers; {: p<0.001 versus healthy nonsmokers; {: p<0.001 versus exacerbated COPD;
***: p<0.001 versus healthy nonsmokers, normal smokers and stable COPD.
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In stable COPD patients, there was evidence that urinary
excretion of DES and IDES is relatively constant, with a
mean intrapatient coefficient of variation of <8% in five
subjects on three consecutive days (table 3). This would
suggest that, in the absence of an acute exacerbation, spot
determinations of elastin-derived cross-linked amino acid
excretion are likely to be representative of basal elastin
breakdown.

The present series and that of STONE et al. [7] yielded
identical mean urinary DES and IDES levels (23 and 18
mg.g creatinine-1, respectively) in adults with CF, al-
though the range observed for DES and IDES levels in
the series of STONE et al. [6] was much greater (the SDs
were 30.7 and 22.4 mg.g creatinine-1 for DES and IDES,
respectively) compared to the current study (2.02 and
4.11 mg.g creatinine-1, respectively). This difference mi-
ght reflect the degree of lung inflammation in the patients
in the two series, as suggested by others [20].

Both the micellar electrokinetic chromatographic mo-
dality of HPCE and isotope-dilution/HPLC are separation
methods for the detection of elastin-derived cross-linked
amino acids and, in spite of understandable differences due
to patient selection and characteristics; urine volumes and
treatments; and intrinsic technical properties, seem to give
similar results. The present method, like the isotope-di-
lution/HPLC method, is quite labour-intensive and thus
difficult to transfer to a routine clinical laboratory [21].
However, an advantage of MEKC is that it is an auto-
mated process, in the course of which a large number of
samples and endogenous creatinine (as internal standard)
together with elastin-derived cross-linked amino acids
can be analysed in a single run [13].

The second aim of the present work was to evaluate
urinary DES and IDES excretion in conditions not inves-
tigated previously. First, COPD patients with exacerbations
excrete more elastin-derived cross-linked amino acids than
patients with stable COPD. This probably reflects the in-
creased burden of neutrophils within the lungs occurring
during an acute exacerbation of COPD [22], which is re-
sponsible for the purulence of the sputum and the high
concentration of sputum serine proteinases such as neu-
trophil elastase [23]. Thus, it may be supposed that the
increased DES and IDES excretion in an exacerbation of
COPD is the result of acute damage to elastin in bronchial
and bronchiolar walls by neutrophil elastase, adding to
the "baseline" elastin degradation found in stable COPD
(table 2, fig. 2). The two COPD populations in the present
study did not differ in terms of age or smoking history,
although a significantly lower level of respiratory func-
tion was found in the group with the exacerbation (table

1). However, as this was a cross-sectional study, it is like-
ly that this difference was due to the increased pulmonary
inflammation during the acute exacerbation [24]. Further
studies after the resolution of the exacerbation may re-
solve this issue. However, it should be noted that the in-
creased levels of DES and IDES excretion during the
exacerbation are similar to those for the CF and Bx pa-
tients in the stable state, in whom the neutrophil burden is
also markedly increased [25, 26], although lung function
is better (table 1).

AAT deficiency, however, is another condition in which
high levels of DES and IDES excretion were found in the
present study. An early report failed to demonstrate in-
creased excretion of DES (detected by a modified RIA) in
the urine of PiZ subjects with emphysema [27], although
subsequently the isotope-dilution/HPLC method provid-
ed preliminary evidence, in 28 AAT-deficient subjects,
that urinary DES rises to approximately the same level as
that found in common COPD [28]. In the present series,
only one AAT-deficient patient had a urinary level of el-
astin-derived cross-linked amino acids within the normal
range, whereas in the remainder the levels were markedly
higher than even the COPD (non-AAT-deficient) patients,
both in the stable state and during an exacerbation. This
feature is consistent with extensive ongoing destruction
of the lung parenchyma, as supported by the more severe
lung function impairment and younger age of the AAT-
deficient patients, and probably reflects a marked disturb-
ance in the balance between proteinases and proteinase
inhibitors in the lung [2].

The relevance and clinical usefulness of elastin destruc-
tion indices is worthy of further comment. The current state
of knowledge in this area has meant that there has been
uncertainty as to whether urinary DES and IDES levels
could be used as predictive markers of the development of
pulmonary emphysema. Urinary DES levels were not fou-
nd previously to be related to the FEV1 [29], and this is
consistent with the current studies, in which the DES and
IDES levels in the obstructed subjects did not relate to the
degree of obstruction (FEV1/FVC). However, in the only
longitudinal study available, a significant correlation was
found between urinary DES levels and FEV1 decline in
smokers, irrespective of computed tomographic evidence
of emphysema [30]. This evidence, together with the pres-
ent data showing that DES and IDES levels are elevated
in patients with airway disease, including CF, Bx and
exacerbated COPD, would suggest that these markers
reflect, at the biochemical level, an accelerated break-
down of elastin occurring either in the lung parenchy-
ma or in the airways when inflammation is increased (a

Table 3. ± Daily fluctuation in urinary desmosine (DES) and isodesmosine (IDES) levels in five stabe chronic obstructive
pulmonary disease patients

Patient No. DES mg.g creatinine-1 IDES mg.g creatinine-1 CV

Day 1 Day 2 Day 3 Day 1 Day 2 Day 3 DES IDES

1 15 14.2 15.2 12.22 11.5 12.61 2.75 4.62
2 31 31.9 29.5 25.36 26.3 23.89 3.92 4.76
3 21.9 20.4 19 17.08 16.99 16.55 7.1 1.65
4 18.03 26.1 25.8 14.82 20.88 20.38 19.6 17.9
5 26.2 27.3 28.8 21.03 21.56 23 4.73 4.98

CV: coefficient of variation.
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phenomenon not easily quantified by lung function indic-
es or computed tomographic score). With these consid-
erations in mind, it is most likely that the ideal application
of these markers would be in clinical trials aimed at
evaluating treatments specifically designed to reduce the
elastase load in chronic lung disease [31]. It is likely that
direct indices of the breakdown of elastin, a major target
for elastase, are the most specific surrogate markers rele-
vant to short-term trials to demonstrate the efficacy of
drugs designed to reduce lung elastase burden [31, 32].
This strategy has been used in several studies to date [33±
36], and, interestingly, one of these studies has provided
preliminary evidence in two subjects with severe AAT de-
ficiency that AAT augmentation therapy may reduce DES
and IDES excretion [36].

Thus the use of elastin-derived cross-linked amino acid
analysis seems to be a reasonable means of testing the
efficacy of an elastase inhibitor in a short-term and re-
latively feasible study. Data reported here showing high
levels of desmosine and isodesmosine in a1-antitrypsin-
deficient subjects provide a baseline for the assessment of
the putative efficacy of replacement therapy aimed at re-
ducing elastin breakdown.
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