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ABSTRACT: We investigated whether MR889, a synthetic cyclic thiolic elastase
inhibitor, administered for a period of 4 weeks to chronic obstructive pulmonary
disease (COPD) patients, is well-tolerated, and whether it modifies biochemical
indices of lung destruction.

The study was a double-blind, randomized, placebo-controlled clinical trial in
COPD patients. Thirty subjects were administered MR889 orally at a dose of 500
mg b.i.d. for 4 weeks, and 30 received placebo following the same schedule. In addi-
tion to safety parameters, MR889 efficacy was checked by a pretreatment/post-
treatment evaluation of levels of plasma elastin-derived peptides and urinary desmosine.

There were no statistically significant differences between pretreatment and post-
treatment efficacy parameter levels either in the control group or in the treated
group. However, in a subset of treated patients with a short disease duration, the
level of urinary desmosine dropped significantly with respect to pretreatment val-
ues (p=0.004).

We conclude that MR889 is safe to administer to COPD patients for a period of
at least 4 weeks. During this time, MR889 does not modify biochemical markers of
lung destruction in unselected COPD patients. Nevertheless, a subset of treated
patients with fairly short disease duration showed a post-treatment reduction of
desmosine urine levels, thus justifying the need for further studies to prove the effi-
cacy of MR889 in modulating indices of lung destruction in COPD.
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The imbalance between α1-proteinase inhibitor (α1-
PI), the major naturally occurring plasma serine protein-
ase inhibitor [1], and neutrophil elastase (NE), the potent
proteinase discharged by triggered neutrophils, is the
basis of the so-called proteinase/ inhibitor hypothesis of
the pathogenesis of chronic obstructive pulmonary dis-
ease (COPD) [2]. Pulmonary emphysema in α1-PI suffi-
cient COPD patients is believed to develop from the
unrestrained digestion of lung interstitial elastin by NE,
due to an impairment of α1-PI by either oxidants or pro-
teinases [3–5].

The proteinase/inhibitor hypothesis represents, in turn,
the basis of COPD therapeutic strategies specifically
directed at the underlying cause of the disease [6, 7].

Administration of synthetic NE inhibitors is one of the
possible strategies to be pursued in treating α1-PI suffi-
cient COPD patients. Tight-binding, reversible inhibitors
are believed to have greater therapeutic potential, com-
pared to more efficient, but also more toxic inhibitors
[8], since they are less likely to react in vivo with other
proteins or nucleophils.

The cyclic thiolic compound MR889 (Midesteine; 3-
[3-thiophencarboxythio]-N-[ dihydro-2(3H)-thiophenone-
3-il]-propionamide), a derivative both of homocysteine
lactone and thiolactic acid, is a reversible, slow-binding,
fully competitive serine proteinase inhibitor, with a spe-
cific activity towards NE (Ki=1.38 µM) [9–11]. The
MR889 three-dimensional structures studied by X-ray
diffraction and nuclear magnetic resonance (NMR) tech-
niques in solution and in the solid state show conforma-
tions displaying a fully accessible electrophil C(1) atom
[12]. At the onset of the acylation reaction, the cyclic
thiolic compound C(1) atom is properly reached by the
target enzyme SER195 OG atom and the acylenzyme
adducts contain the thiophenecarbonyl moiety of the
inhibitor covalently bound to the SER195 OG atom [13,
14].

The elucidation of the inhibition mechanism of NE by
cyclic thiolic compounds, coupled to the absence of sig-
nificant toxic effects [9], prompted us to perform a clini-
cal trial in COPD patients with two goals in mind, both
crucial in designing a study on a NE inhibitory agent
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[15]. Firstly, to test the safety and the tolerability of this
inhibitor in COPD patients. Secondly, to evaluate the
possible in vivo proteinase inhibitory activity of MR889
by measuring changes in blood and urine concentration
of elastin-derived peptides (EDP) and desmosine (DES),
respectively, both indices of elastolysis and possibly related
to lung destruction in vivo .

Material and methods

Study design

The study was designed as a randomized, double-blind,
placebo-controlled clinical trial with a pretreatment/post-
treatment analysis of a group of patients. For the pri-
mary response variables assumed, i.e. plasma elastin-derived
peptides and urine desmosine, it was estimated that 30
patients in each group was an adequate sample size. In
fact, this number would allow detection of changes in
plasma elastin-derived peptides no smaller than 28% for
probabilities of type I and II errors of 0.05 and 0.20, res-
pectively. For urine desmosine, 30 patients would be ade-
quate to detect differences as small as 32% at power=0.8.

The study protocol was approved by the Ethics Commit-
tees of all Institutions involved.

Characteristics of patients

The clinical trial was performed with out-patients at
the Divisione di Pneumologia, Istituti Ospedalieri C.
Poma of Mantova (Italy). Sixty COPD patients, diag-
nosed according to American Thoracic Society (ATS)
standards [16], were recruited if they fulfilled the fol-
lowing criteria: 1) irreversible airflow obstruction, defined
as forced expiratory volume in one second (FEV1) less
than 70% predicted and less than 20% reversible; 2) for-
mer cigarette smokers who had ceased for at least 1 yr;
3) aged 40–75 yrs; 4) absence of COPD exacerbations
within the last 2 months, i.e. stable disease; 5) absence
of other significant diseases, such as diabetes and severe
heart, renal or hepatic failure; and 6) no use of either
systemic or inhaled corticosteroids, antibiotics and non-
steroidal anti-inflammatory agents within the last 2 months.
In addition, COPD patients with inherited α1-PI defi-
ciency were excluded from the study.

The duration of the disease, based on the onset of res-
piratory symptoms, was carefully recorded, together with
smoking history.

Timing of events and treatments

At the time of enrolment, patients underwent a com-
plete physical examination (including measurement of
heart and respiratory rates and blood pressure), pulmonary
function testing, blood gas analysis, chest radiograph,
electrocardiogram, complete blood and urine laboratory
tests (including red and white cell and platelet counts,
haemoglobin, haematocrit, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), blood urea, γ-
glutamyl transferase (γ-GT), bilirubin, creatinine, alkaline

phosphatase, glucose, plasma electrolytes, α1-PI level
and complete urine analysis). A signed informed consent
form was obtained from all patients prior to entering the
study. Patients enrolled in the programme were placed
on a standardized bronchodilating therapy, including oral
theophylline 300 mg every 12 h, and inhaled salbutamol,
200 µg every 8 h, for a 7 day run-in period.

Seven days after the enrolment, patients underwent a
second examination to verify the adherence to standar-
dized therapy. Pretreatment urine samples for DES analy-
sis (see below) were collected 2 and 1 day(s) before, and
on the morning of the examination. A plasma sample
was also collected for pretreatment EDP evaluation (see
below). Patients were randomized according to a ran-
domization list, balanced in groups of 10. Drug-treated
patients received tablets containing MR889 500 mg b.i.d.;
and the control, placebo-treated group, received lactose-
filled tablets b.i.d.

A third examination was conducted 4 weeks after the
start of the trial to check the patients' compliance, adher-
ence to protocol and any adverse events. Urine samples
were collected 2 and 1 day(s) before and on the morning
of the third examination for post-treatment DES measure-
ments and a plasma sample was collected for post-treat-
ment EDP evaluation. All enrolment assessments were
repeated.

Urinary desmosine (DES) measurement

Two millilitre samples of the first morning urine were
collected and stored in tightly-sealed screw-cap plastic
vials at -20°C. The DES analysis was performed in trip-
licate on 50 µL of urine using a radioimmunoassay (RIA)
as described previously [17–19]. Urine creatinine was
determined by standard automated methodology.

Plasma elastin-derived peptide (EDP) measurement

Blood was drawn into a vacutainer containing ethyl-
enediamine tetra-acetic acid (EDTA) 0.25 M and ε-amino
caproate 1 M dissolved in saline pH 7.0. The vacutainer
was centrifuged and 4 mL of cell-free plasma collected
and transferred to a plastic tube containing N-methyl-
maleimide 0.35 M and phenylmethyl-sulphonyl-fluoride
(PMSF) 0.25 M dissolved in diemethyl sulphoxide (DMSO).
The inhibited plasma samples were then frozen at -70°C
until needed. The plasma EDP were measured by an
enzyme-linked immunosorbent assay (ELISA) as described
previously [20].

Statistical analysis

Data are presented as mean±SD. Statistical analysis was
performed with analysis of variance (ANOVA) to com-
pare pre- and post-treatment values within drug groups.
For between-group comparisons, a multivariate analysis
of covariance (MANOVA) was used to adjust for dif-
ferences in baseline variables. At a p-level equal to or
less than 0.05 the difference was taken as being signi-
ficant.



Results

There were no significant differences between the con-
trol and treated populations that entered the study. The
control group consisted of 27 males and 3 females,
mean±SD age 65±7 yrs (range 45–75 yrs); and the group
of treated patients consisted of 28 males and 2 females,
mean±SD age 65±7 yrs (range 45–75 yrs). There were no
differences between the two groups as far as mean dura-
tion of disease (13±6 yrs for control group and 13±7 for
treated group ), FEV1 values (1.30±0.41 L for control
group and 1.31±0.48 L for treated group) and vital capac-
ity (VC) values (2.62±0.66 L for control group and
2.74±0.73 L for treated group) at entry were concerned.
Also, the two groups did not differ as far as smoking
history was concerned (36±9 yrs for control group and
36±9 for treated group).

Two patients from the control group withdrew from
the study because of mild side-effects, whereas no patient
from the MR889-treated group experienced any adverse
events.

The value of all the safety parameters were compara-
tively evaluated before and after the treatments. No statis-
tically significant differences were found in vital parameters
(i.e. respiratory and heart rates and blood pressure), blood
and urine analysis, electrocardiogram, and pulmonary
function tests.

Changes in the level of urinary DES and plasma EDP
after treatment were used as putative efficacy parameters.
It was found that levels of urinary DES were unchanged
at the end of treatment both in controls and in the MR889-
treated group (p=0.64). The same results were obtained
when plasma EDP levels were considered before and
after the treatments (p=0.83) (table 1).

Although there were no changes in urinary DES and
plasma EDP before and after treatments, inspection of
individual variations suggested that in some subjects
marked changes did occur, especially in urinary DES
concentrations. The data were further analysed as a func-
tion of the disease heterogeneities. No statistically sig-
nificant differences were found when patients were
analysed either by age or by initial value of FEV1 or
smoking history (data not shown ). Patients were also
analysed according to the duration of their disease and
divided into two subsets, i.e. patients with a disease dura-
tion shorter or longer than the mean value (13.7 yrs for
controls and 13.3 yrs for the MR889 treated group). The
four subsets were homogeneous, with no significant dif-
ferences with reference to the mean age and initial FEV1
values, but the latter were slightly higher in the subsets
of patients with shorter disease duration (table 2). There
was no significant difference in the four groups as far
as initial and final values of plasma EDP were concerned.
In contrast, the values of urine DES dropped significantly
at the end of the treatment in the subset of COPD indi-
viduals treated with MR889 with a shorter disease dura-
tion (p=0.004). Such a change was not seen in the subset
of MR889-treated subjects with a longer disease dura-
tion, nor in any of the subsets of placebo-treated COPD
subjects (table 2).

Discussion

In this study, we have attempted to evaluate the safety
and efficacy of a bench proven effective NE inhibitor in
a clinical trial in COPD individuals. To our knowledge,
this is the first attempt ever made using a NE synthetic
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Table 1. –  Elastin breakdown studies: values of urinary desmosine (DES) and plasma elastin-
derived peptides (EDP) at entry and at the end of the study.

Controls (n=28) Treated (n=30)
Urinary DES Plasma EDP Urinary DES Plasma EDP

pMol·mg-1 creatinine ng·mL-1 pMol·mg-1 creatinine ng·mL-1

Entry Final Entry Final Entry Final Entry Final

64.3 65.6 38.8 38.5 70 66.6 35.1 36
±31.6 ±34.3 ±8.9 ±8.8 ±29 ±30.6 ±8.1 ±9.6

Values are presented as mean±SD.  All comparisons NS.

Table 2.  –  Characteristics and elastin breakdown markers in the two subsets, < and ≥ mean duration of the disease
(13.7 yrs for control and 13.3 yrs for MR889-treated subjects).

Subjects Age Sex Duration FEV1 Plasma EDP Urine DES
yrs M/F of disease baseline ng·mL-1 pMol·mg-1 creatinine

n yrs % pred Entry Final Entry Final

Controls

Subset <13.7 yrs 13 65 11/2 8.4 52 38.4 38.7 73.8 68.1
±9 ±2.3 ±15 ±8.7 ±9.4 ±37.6 ±33.2

Subset ≥13.7 yrs 15 67 14/1 18.3 47 38.9 38.3 59.1 63.4
±6 ±4.2 ±12 ±9.1 ±8.5 ±26.6 ±36.2

MR889-treated subjects

Subset <13.3 yrs 16 65 14/2 7 51 36.5 34.8 70.7 55.9*
±8 ±3.4 ±15 ±7.8 ±10.2 ±33.4 ±28.6

Subset ≥13.3 yrs 14 67 14/0 19.6 41 33.6 37.4 69.1 79.0
±5 ±4.6 ±12 ±8.4 ±9 ±24.1 ±29.1

Values are presented as mean±SD.  M:  male;  F:  female;  FEV1:  forced expiratory volume in one second;  % pred:  percentage
of predicted value;  EDP:  elastin-derived peptides;  DES:  desmosine.  *:  p=0.004, compared to level at entry.
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inhibitor. The most definitive means of evaluating the
effectiveness of an agent felt to retard or prevent the pro-
gression of COPD would be an "outcome study", i.e. a
study looking at the reduction of morbidity or mortali-
ty. The prohibitive cost, the number of patients involved
and the length of such a trial makes this kind of study
with a NE inhibitor unreasonable until there is some evi-
dence of its efficacy and safety in humans [21–23]. Such
evidence may be gained by looking at changes in the
process imputed to cause COPD: the load of NE in the
lungs, and the markers of direct elastin destruction [15,
21]. Two of the markers thought to best reflect elastin
breakdown are the urine level of elastin-specific desmo-
sine cross-links and plasma EDP fragments [24].

To test the safety and the possible beneficial effects
of the orally available NE inhibitor MR889, we chose to
design a short-term study in COPD patients, with a pre-
treatment/post-treatment evaluation of changes in mark-
ers of elastin degradation. The investigation was restricted
to ex-smoking COPD individuals, since previous exper-
ience with colchicine, an agent able to prevent neutrophil
degranulation, was effective in reducing the lung NE load
in former smokers with COPD, but not in current smok-
ers [19, 25].

MR889 may be safely given at an oral dose of 500
mg b.i.d. for a period of at least 4 weeks to COPD indi-
viduals. The drug was well-tolerated, with no major side-
effects or adverse events, and no changes in any of the
blood and urine laboratory parameters. Such evidence is
consistent with the theory that NE inhibitors belonging
to  the class of reversible, slow-binding inhibitors, would
be well-tolerated [8, 9]. Safety in long-term MR889 admin-
istration remains to be established. However, preliminary
data obtained from a study of 600 individuals treated for
8 months with oral MR889 (Media Research Ltd; data
on file) seem to confirm the good tolerability and the
lack of major adverse events.

We were unable to demonstrate that orally adminis-
tered MR889 reduced the level of plasma EDP or urine
excretion of DES in the total series of COPD patients.
This suggests that either MR889 does not modify the
breakdown of lung elastin in unselected patients with
COPD, or perhaps the negative results were linked to the
moderate and slow inhibitory activity of MR889. In fact
the Kobsd/[I] (M-1·s-1) of MR889 for human NE is 400
(J. Travis, J. Powers, unpublished results), that is about
three orders of magnitude lower, for instance, than the
value described for the derivative of 7-amino-4-chloro-
3-propoxyisocoumarin carrying a (CH3)2CHCH2CO as
7-substituent [11]. However, to our knowledge, neither
isocoumarins nor other mechanism-based or transition
state NE synthetic inhibitors have ever been administered
to humans.

The data do suggest that in a subset of COPD patients
with a relatively short duration of disease, MR889 was
able to reduce urine DES excretion. A positive result in
the same subset of treated patients was not achieved with
plasma EDP. There are no published data concerning a
possible correlation between the two markers of elastin
breakdown; however, results obtained in two previous
trials with colchicine [19, 25] seem to support the con-
cept that urine DES may be more sensitive marker of lung
destruction than plasma EDP. Urine DES values have
been shown to be elevated in cystic fibrosis patients [26],

and to drop dramatically after α1-PI replacement thera-
py in a limited number of PIZ individuals [27]. Because
of the daily fluctuations of urine DES level in some indi-
viduals, the importance of assaying consecutive days of
urine has been emphasized [26].

The series of COPD patients with shorter disease dura-
tion did not differ from the subset of COPD patients with
longer duration of disease, except for a slightly, but not
significantly, better level of initial lung function. We can
only speculate on reasons why these patients appeared
responsive to MR889 treatment. If confirmed in future
studies, it may open an important debate about the role
of NE in lung destruction in different stages of COPD,
and, more importantly, its possible modulation in early
stages, even by an inhibitor with moderate activity, such
as MR889. Incidentally, our evidence also reinforces the
long-standing concept that early therapeutic intervention
in COPD is strongly advisable.

In conclusion, this study shows that MR889, a cyclic
thiolic neutrophil elastase synthetic inhibitor, can be safe-
ly administered to humans. Although we were unable to
show a significant reduction in biochemical markers of
lung destruction after 4 weeks in unselected patients with
chronic obstructive pulmonary disease, there was a sig-
nificant post-treatment reduction in urine levels of desmo-
sine when the chronic obstructive pulmonary disease
patients with relatively short duration of their disease
were treated with MR889. Further studies in chronic
obstructive pulmonary disease patients stratified by dura-
tion of the disease should give a definitive answer as to
whether MR889 will reduce the biochemical indices of
lung destruction in vivo and whether MR889 efficacy
should be tested in a study of outcome.
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