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Introduction

Alpha-1 Antitrypsin (AAT) deficiency is a ge-
netic disorder, most commonly observed in Cau-
casian individuals of European origin [1]. The two
most prevalent deficiency alleles are PI*S and
PI*Z, both expressing abnormal proteins which
fail to fold properly and tend to polymerize in he-
patocytes. Thus, 90% of Z and 40-50% of S pro-
teins are retained in the liver. Liver deposits and
decreased secretion of AAT into blood can result
in serious lung diseases in adults (COPD) and liv-
er diseases in children and adults (from neonatal
hepatitis to hepatic cirrhosis and hepatocarcinoma)
[2]. Another reported diseases related to AAT de-
ficiency are systemic vasculitis, bronchial asthma,

bronchiectasis and necrotizing panniculitis We-
gener-type [2]. In clinical practice, 96% of AAT
deficiency patients with adverse health issues have
ZZ phenotype, the remaining 4% mostly belong-
ing to SZ and other rare deficiency or null pheno-
types [1-3].

Case report

A Caucasian 27-year old cleaning lady started
with recurrent dyspnoea, wheezing, cough and
chest tightness. A totally reversible and variable
spirometric airflow limitation was evidenced, and
she was diagnosed with bronchial asthma (fig. 1).
In the following years, she was also diagnosed
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A young Caucasian female with severe bronchial
asthma and Alpha1-antitrypsin (AAT) deficiency, MZ
phenotype, experienced a quick and severe limitation of
her physical capacity, which negatively affected her psy-
chological state and social life, though she was under a
strong antiasthmatic treatment. Given her declining
health status and the significant chronic corticoid admin-
istration-related side-effects (including high reduction of
muscle mass and bone density), a clinical trial with com-
mercial intravenous AAT was proposed by the patient’s
doctors, and accepted by the Spanish Ministry of Health,

although it this therapy was not approved for MZ pheno-
types yet. This new therapy quickly stopped lung function
decline rate, dramatically reduced the number of hospital
admissions of the patient, suppressed the oral administra-
tion of prednisone, reversed the corticosteroid-related
health adverse effects, significantly improving her quality
of life.

Thus, although AAT replacement therapy is not ap-
proved nor indicated for the treatment of bronchial asth-
ma in MZ patients, its favourable effects observed in this
isolated case support the hypothesis that bronchial asthma
could be due to pathogenic mechanisms related to a pro-
tease-antiprotease imbalance, what which could open new
perspectives for future research on the field.
Monaldi Arch Chest Dis 2008; 69: 4, 178-182.
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with nasal polyps and Aspirin-Sensitive Asthma
(ASA). Education for asthma management, avoid-
ance of aspirin, tobacco smoking and second-hand
smoke were strongly encouraged and taken into
practice. A series of studies to rule out other con-
ditions, mimicking or worsening bronchial asthma,
were carried out. These studies included: pul-
monary function (spirometry, lung volumes, lung
diffusion capacity corrected for alveolar ventila-
tion, and flow-volume curve); chest and paranasal
sinus computed axial tomography; nasal en-
doscopy; blood D-dimer; IgE and anti-Aspergillus
IgG serum levels; thyrotropin-releasing factor
(TRF), T3 and T4; Anti-Neutrophil Cytoplasm
Antibody (ANCA); skin prick and sweet test, to-

gether with other routine image and laboratory
tests. The results of these studies were normal or
negative, except for immune mediated hyperthy-
roidism. The patient was treated with suppressive
thyrostatics medication (carbimazole), and later
radioisotope therapy, causing iatrogenic hypothy-
roidism, easily managed with levothyroxine. Asth-
ma continued, however, to be poorly controlled,
with frequent night symptoms, daily attacks of
dyspnoea and limitation of physical exertion. Pul-
monary function significantly worsened, and the
patient needed to visit the emergency services fre-
quently for her asthma attacks, even experiencing
several asthma-related hospital admissions (fig. 1).
She was prescribed long-term daily prednisone

Fig. 1. - Arrows show several positive effects of long-term AAT augmentation therapy throughout the clinical history of the patient. Abbrevia-
tions: AAT: Alpha1-antitrypsin. PI: Proteinase Inhibitor. COPD: Chronic Obstructive Pulmonary Disease. ASA: Aspirin-Sensitive Asthma. AQL:
Asthma Quality of Life questionnaire. LAI B2: Long-Acting Inhaled B2-agonist. SAI B2: Short-Acting Inhaled B2-agonists. Inh cort: Inhaled 
Corticosteroid. Id.: Latin, short for “idem”, “the same”. FEV1: Forced Expiratory Volume in 1 second.
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tablets (15-30 mg a day). However, asthma con-
tinued to be out of control and bronchial obstruc-
tion became permanent; and even some side-ef-
fects of glucocorticoid drugs appeared in the fol-
lowing months, including central obesity and high
reduction of muscle mass and bone density. All
these facts made the patient experience a severe
limitation of her physical capacity, which nega-
tively affected her mental state and social activi-
ties and, thus, her personal life. Her brother and
mother also suffered from bronchial asthma,
which raised suspicions about the family story and
led to the performance of an AAT deficiency
study. Isoelectric-focusing and nephelometry
showed that the patient had an MZ deficiency
phenotype with intermediate low serum AAT con-
centrations. A second phenotyping confirmed the
previous diagnosis, and a genotyping made
through PCR, sequencing exons II-V of the AAT
gene, diagnosed a genotype M3Z. A new chest
computed axial tomography to rule out pulmonary
emphysema and/or other intercurrent complica-
tions was within the normal limits. These find-
ings, together with the unfavourable evolution of
the patient, led doctors to consider a therapeutic
trial with AAT augmentation therapy to check its
effectiveness, although it was not indicated for
MZ heterozygotes. Once the Spanish Drug
Agency (Agencia Española del Medicamento) of
the Ministry of Health gave its approval, a trial
with commercial AAT was made, with a 60
mg/Kg/week dose for the first two weeks and 120
mg/biweekly dose for 7 months. As the results of
this trial were significantly favourable, with very
good tolerance and without any drug-related ad-
verse effect, the Spanish authorities agreed with
the treatment to be continued. In the latest four
years, the uninterrupted administration of AAT in-
fusions stopped lung function decline rate. Thus,
her FEV1 (expressed by mean and standard devi-
ation) from 1991 to 1994 (period 1) was 69%
(17); in 1995-2003 (period 2) 43% (5.14)], and
from 2004 (once the AAT augmentation therapy
began) to 2007 (period 3), her FEV1 rose up to
52% (3.75). Statistical significance was found be-
tween period 1 and period 2 (p=0.000), period 1
and period 3 (p= 0.000), and between period 2 and
period 3 (p=0.001). As expected, the augmenta-
tion therapy increased the AAT serum levels of
the patient (measured by nephelometry and ex-
pressed in mg /dL) from basal values of 0.78
(0.04) to 1.08 (0.10) pre-infusions, and 2.61
(0.34) post-infusions. In addition, AAT augmenta-
tion therapy significantly reduced the number of
emergency consultations and hospital admissions
(i.e., 22 emergency consultations in 2001-2003 vs.
8 in 2004-2007; and 4 hospital admissions in
2002-2003 vs 1 in the 2004-2007). Interestingly,
AAT augmentation therapy reduced the need for
prednisone shortly after the beginning of the aug-
mentation therapy, facilitating the elimination of
chronic corticoid administration-related side-ef-
fects and progressively reducing the very high
score of Asthma Quality of Life (AQL) in 2003
from 10 to 3 points in 2007 (fig. 2).

Discussion

The only approved indication for AAT-aug-
mentation therapy with purified AAT, prepared
from donors’ serum, is severe AAT deficiency-re-
lated pulmonary emphysema (phenotypes ZZ,
Null-null, and Z-null) [1]. Although the lack of
large randomized controlled trials has precluded,
to date, the definitive demonstration of the clinical
efficacy of intravenous infusions of AAT augmen-
tation therapy, substantial evidence supporting its
use in individuals with moderate airways obstruc-
tion has been accumulated and, despite its high
cost, it remains the only US FDA-approved treat-
ment option for patients with severe AAT-deficien-
cy [4]. On the other hand, AAT-augmentation ther-
apy is considered to be safe and effective in pa-
tients with AAT deficiency and, necrotizing panni-
culitis [1]. In addition, a ZZ case with persisting
multi-organ vasculitis has been reported to dra-
matically respond to the administration of purified
AAT [1]. Lastly, a recent observation indicated
that augmentation therapy was effective for the
control of long-term fibromyalgia symptoms in a
pair of female sisters with ZZ phenotype [5].

Although MZ phenotype-related risk remains
uncertain, in a large group of subjects with AAT
deficiency registered in the Alpha-1 Foundation
Research Registry, 44.6% (N=338) reported to be
diagnosed of asthma, and asthma was three times
more prevalent in the MZ group than in the ZZ
group [6]. A recent meta-analysis about the risk of
Chronic Obstructive Pulmonary Disease (COPD)
in MZ heterozygous individuals concluded that
case-control studies showed increased odds of
COPD in MZ individuals, although this finding
was not confirmed in any cross sectional study. All
these results were consistent with a small increase
in the risk of COPD for all MZ individuals or with
a larger risk in a subset of individuals, although fu-
ture studies on smoking which include other
COPD related phenotypes are required to conclu-
sively determine the risk of COPD in MZ het-
erozygotes [7].

An imbalance between elastase and AAT in
asthmatic subjects has been described, and airway
inflammation has been associated with high levels
of active elastase detected in induced sputum, ob-
tained from asthmatic patients compared to controls
[8]. In addition to its proteolytic properties, neu-
trophil elastase is a potent secretagogue and pro-in-
flammatory serine proteinase. Moreover, both neu-
trophils and eosinophils are abundant in chronic in-
flammatory responses to asthma, and recent evi-
dence suggests that both neutrophilic and
eosinophilic inflammation persists in the airways of
patients with severe asthma and that neutrophil pro-
teases (such as: elastase, cathepsin G and proteinase
3) activate peripheral blood eosinophils to produce
superoxide and proinflammatory cytokines, which
can further aggravate airway inflammation [9]. On
the other hand, it is well known that, apart from its
contractile properties, the Airway Smooth Muscle
(ASM) is critically involved in the pathogenesis of
asthma by producing inflammatory mediators. A
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Fig. 2. - A. FEV1 values (expressed by mean and standard deviation) in 3 chronological periods. Period 1, years 1991-1994: [69% (17)]; Period 2,
1995-2003: [43% (5.14)]; Period 3, 2004-2007: [52% (3.75)]. Statistical significance found among Period 1 vs Period 2 (p=0.000), Period 1 vs
Period 3 (p= 0.000); and Period 2 vs. Period 3 (p=0.001). B. AAT serum concentrations measured by nephelometry (reference values: 120-200
mg/dL): basal 0.78 (0.04), pre-infusions: 1.08 (0.10), post-infusions: 2.61 (0.34). C. AQL. Scores slowly decreased from 10 points in the 2
months previous to the infusions, to 6.37 at the end of the trial, and to 3.12 in December of 2007.
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study aimed at investigating the mitogenic effect of
elastase on ASM cells showed that human neu-
trophil elastase is mitogenic for ASM cells through
Extracellular signal-Regulated Kinase (ERK) sig-
nalling pathway [10]. In this sense, it has been also
demonstrated that neutrophil elastase enhances
TGF-beta1 (a protein which plays an important role
in controlling the immune system) release by up-
regulating TGF-beta1 gene [11].

Previous studies reported that the development
of Airway Hyper-Responsiveness (AHR) after
antigen challenge in an allergic sheep was associ-
ated with increased Tissue Kallikrein activity (TK)
and decreased AAT activity in Bronchoalveolar
fluid (BAL) and that the administration of AAT
might reduce TK activity and block AHR, raising
the possibility that in vivo AAT could regulate TK
activity and allergen-induced AHR [12]. Other
study showed that the allergic stimulation of air-
ways provokes the release of elastase, TK, and Re-
active Oxygen Species (ROS), which could reduce
AAT activity and contribute to AHR [13]. Howev-
er, the treatment with 10 mg of recombinant AAT
blocked the bronchoconstriction caused by elas-
tase, high-molecular-weight kininogen, and ROS,
and the AHR induced by ROS and antigen. One
milligram of AAT was ineffective. According to
the author’s comments these in vivo data suggest-
ed that AAT can be important in the regulation of
airway responsiveness [13].

In conclusion, the favourable effects of the
AAT augmentation therapy observed in the present
case, although they do not show a casual relation
between MZ phenotypes, bronchial asthma and
AAT augmentation therapy, they support the hy-
pothesis of a possible protease-antiprotease imbal-
ance in the pathogenesis of asthma and could open
new perspectives for future studies on asthma
mechanisms.

The potential therapeutic use of inhibitors of
neutrophil elastase in the inflammatory diseases of
the airway is currently controversial. In addition to
the natural inhibitors of elastase, such as AAT and
the secretory leukoprotease inhibitor, recombinant
versions of naturally occurring inhibitors and syn-
thetic small molecule inhibitors are potential ther-
apies for inflammatory respiratory diseases. For
recombinant proteins, aerosol administration could
be the preferred method of delivery, although the
inhaled mode of delivery can complicate the deter-
mination of dose responsiveness and, thus, the
evaluation of the safety and the efficacy of these
agents. In addition to the aerosolization issue,
there remain other significant barriers to the suc-
cessful deployment of these agents in clinical tri-
als. These include the need for high standards for
the purification of recombinant proteins, the lack
of understanding of the interaction with airway se-
cretions, the controversy over the role of neu-
trophil elastase in the pathogenesis of non-heredi-
tary COPD and asthma, and the remaining evi-
dence for the safety and the efficacy of new class-
es of systemically delivered small molecules  [14].
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