EXPERIMENTAL CARDIOVASCULAR AND LUNG RESEARCH

DOI: 10.5114/kitp.2016.62614

Selected metabolic aspects of elastin and collagen
fiber proteolysis in diseases of the respiratory system
- the significance of al antitrypsin deficiency

Agata Dzeljiljit, Wojciech Rokicki?, Krzysztof Karus3

INational Institute of Tuberculosis and Lung Diseases, Warsaw, Poland
2Department of Thoracic Surgery, School of Medicine with the Division of Dentistry in Zabrze, Medical University of Silesia

in Katowice, Poland
3Center of Pulmonology and Thoracic Surgery, Bystra, Poland

Kardiochirurgia i Torakochirurgia Polska 2016; 13 (3): 242-247

Abstract

The process of elastin and collagen fiber destruction was pre-
sented based on the example of the changes taking place in
the course of chronic obstructive pulmonary disease and pri-
mary spontaneous pneumothorax. In 1963, when analyzing
patients with al antitrypsin deficiency, Dr Laurell and Dr Eriks-
son hypothesized that elastolysis plays a role in the pathogen-
esis of emphysema, which marked the beginning of studies
aimed at analyzing this process. The present work concerns
new scientific reports regarding the hypothesis. The most im-
portant risk factors include protease-antiprotease imbalance
and al antitrypsin protein deficiency.
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Introduction

Alpha-1 antitrypsin (AAT) is a potent antiprotease pro-
tecting lung tissue from the destructive influence of pro-
teolytic enzymes. It is estimated that emphysema is caused
by congenital AAT deficiency in 1-5% of cases [1], but no
precise data are available. Full verification of an AAT defi-
ciency diagnosis is only possible at the molecular level. The
AAT protein is encoded by the SERPINA 1 gene, located on
the long arm of chromosome 14 (14g32.1). Over 130 vari-
ants of AAT have been identified to date (Tab. ), the nor-
mal variant being PiIMM. The main deficiency phenotypes
causing severe AAT deficiency were labeled as PiMS, PiMZ,
PiSZ, PiSS, and PiZZ. The occurrence of spontaneous pneu-
mothorax is often the first symptom of AAT deficiency. The
AAT deficiency is conducive to recurrent pneumothorax. Lin
et al. presented a case of a 33-year-old pilot with pneumo-
thorax as the first symptom of AAT protein deficiency. The
AAT blood concentration was also significantly lowered,
and further molecular diagnostics pointed to a mutation in
the SERPINA 1 gene; the PiZZ genotype was established [2].

Streszczenie

Proces destrukcji wtékien elastynowych i kolagenowych zostat
przedstawiony na przyktadzie zmian w przebiegu przewle-
ktej obturacyjnej choroby ptuc i samoistnej pierwotnej odmy
optucnowej. W 1963 r. Laurell i Eriksson, analizujac chorych
z niedoborem al antytrypsyny, zaproponowali hipoteze ela-
stolityczng w patomechanizmie rozedmy ptuc. Byt to poczatek
badan, ktérych cel stanowita analiza tego procesu. Prace po-
Swiecono nowym doniesieniom naukowym dotyczacym hipo-
tezy elastolitycznej. Do najistotniejszym czynnikéw ryzyka na-
lezy m.in. zaburzenie réwnowagi proteazowo-antyproteazowej
oraz niedobdr biatka al antytrypsyny.

Stowa kluczowe: a1 antytrypsyna, zaburzenie réwnowagi pro-
teazowo-antyproteazowe;j.

Sotcan et al. described a case of a 40-year-old woman, who
was a tobacco smoker suffering from chronic obstructive
pulmonary disease (COPD). Blood AAT was 72 mg/dl (lab-
oratory norms: 200-300 mg/dl) [3]. Miravitlles et al. pre-
sented the results of enhanced diagnostics conducted in
a 39-year-old woman, who was a former tobacco smoker
(8 pack-years) with early-onset emphysema. A new variant
of the AAT protein was found — YBARCELONA — PiYM. Dur-
ing a 6-year follow-up, no deterioration (clinical or radiolog-
ical) occurred in the patient, who refrained from smoking
tobacco in that period [4]. Early diagnosis of AAT deficiency
can improve the patients’ quality of life and extend their
survival.

Protease-antiprotease imbalance

Excessive proteolysis leads to the destruction of elastin
and collagen fibers, which causes the restructuring of the
respiratory tract. Higher activity of matrix metalloproteinas-
es MMP-1, MMP-2, MMP-8, MMP-9, and MMP-12 originating
from inflammatory cells, serine proteases (neutrophil elas-
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tase, cathepsin G, and proteinase 3), and enzymes of CD8+
T-cells (perforin and granzyme) was found in patients with
emphysema [5]. Elastin and collagen degradation, however,
can also take place with the participation of other serine
and cysteine proteases as well as cathepsins. Protease-anti-
protease imbalance and loss of elastic recoil occur when the
increase in the activity of proteolytic enzymes is accompa-
nied by a quantitative or qualitative deficiency of antiprote-
ases: AAT, secretory leukocyte protease inhibitor (SLPI), tis-
sue inhibitor of metalloproteinases (TIMP), and others.

Importance of a1 antitrypsin

In patients with normal AAT concentrations, emphy-
sematous lesions are most frequently located in the up-
per sections of the lungs; as a result, the lower lung areas
are characterized by higher perfusion and, consequently,
broader distribution of antiproteases. On the other hand, in
patients with AAT deficiency, lesions of the highest severity
occur in the lower regions of the lungs, which is associated
with higher concentrations of neutrophils supplied togeth-
er with blood [6].

Alpha-1 antitrypsin owes its name to an initial theory, ac-
cording to which its main antagonist was trypsin (serine pro-
tease). It is now known that the scope of its activity is much
wider, and the literature also uses the name al antiprotease.
Its physiological activity is based on antiprotease properties
towards proteolytic enzymes, especially neutrophil elastase,
but also protease-3, myeloperoxidase, cathepsin G, serine
proteases (trypsin, kallikrein 7 and 14, urokinase, granzyme
B, tryptase, chymase, matriptase), cysteine proteases (cas-
pase-1and -3, calpain 1), and ADAM-17 (also known as TACE,
tumor necrosis factor-a-converting enzyme) [7].

Alpha-1 antitrypsin is a glycoprotein with a molecular
mass of 55 kDa, built of a single polypeptide chain and
three oligosaccharide chains (Fig. 1). It belongs to the
class of acute-phase proteins and plays an important role
in maintaining protease-antiprotease balance. Epidemio-
logical research confirms a relationship between AAT defi-
ciency and the development of chronic lung diseases. The
AAT synthesis takes place mainly in the liver, but is also
observed in neoplastic cells.

Neutrophil elastase constitutes the main proteolytic
mechanism in patients with AAT deficiency [8]. Secretory
leukocyte protease inhibitor (SLPI) has a lower affinity to
elastase than AAT and constitutes only 20% of the antipro-
teolytic activity of antitrypsin. Physiologically, the half-life
of free elastase is 0.6 ms, which is followed by its uptake
and inactivation by protease inhibitors. When the protease-
antiprotease balance is disrupted, this time is extended,
and elastase remains outside the cell longer in its free form.
Alfa-1 antiprotease contains 394 amino-acid residues, with
active position 358 occupied by methionine. The AAT inacti-
vates elastase by irreversibly binding with methionine. The
AAT inhibitor binds with a neutrophil elastase molecule at
al:1ratio. The resulting inactive AAT : NE complex diffuses
into the blood; its half-life is approximately 1 hour. Position
358 in an AAT molecule is susceptible to oxidant attacks.

Kardiochirurgia i Torakochirurgia Polska 2016; 13 (3)

Methionine oxidation inactivates AAT, leading to its proteo-
lytic degradation. The purpose of this mechanism may be
to protect elastase when its high activity is required.

Epidemiology

Alpha-1 antitrypsin deficiency is a significant clini-
cal problem. It is estimated that AATD, like cystic fibrosis
and Down syndrome, is one of the most frequent genetic
disorders found in the Caucasian race. The average age of
patients diagnosed with AAT deficiency is 54.6 (SD = 13.2)
years, but it is important to point out that in the group of
patients with the PiZZ variant it is 49.4 (SD = 14.5) years
[9-11]. The available data suggest that severe homozygous
AAT deficiency (PiZZ) in Europe is more frequent in Scandi-
navian countries (allele frequency 2.3%) than in the south
of the continent (allele frequency 1.0%), 1 in 4727 Cauca-
sian neonates in Europe on average. Poland is one of the
few European countries that does not have complete data
on the prevalence of AATD [12, 13]. Research in this field
started in Poland during the 1970s. Diagnostic procedures
were conducted in a group of 3560 healthy individuals.
A starch gel electrophoresis method was used for pheno-
type assessment; it is no longer used due to its low sen-
sitivity. The following results were obtained: prevalence of
PiZ — 1.4/1000 and PiS — 15.6/1000 [14]. The research was
resumed in the 1990s, but it mainly focused on two regions
of the country: Matopolska and Wielkopolska. The size of
individual groups ranged between 423 and 859 subjects.
The average estimated prevalence of PiZ and PiS was, re-
spectively, 14.5/1000 and 10.9/1000 and of PiZZ — 1.9110 in
a group of 2653 individuals studied with very diverse labo-
ratory methods [15-19]. The results were significantly dif-
ferent from the data obtained 20 years earlier. Information
concerning the deficiency phenotypes is recorded in a Eu-
ropean register of patients with AAT deficiency (Alpha-1 In-
ternational Registry). In 2010, a Polish register of patients
with the deficiency was created; it is maintained by the
Department of Genetics and Clinical Immunology at the
Warsaw Institute of Tuberculosis and Lung Diseases.

Fig. 1. Structure of an al antitrypsin protein molecule
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Diagnostics
Indications for diagnostics

Epidemiological research confirms a relationship be-
tween AAT deficiency and the development of chronic lung
diseases. An analysis conducted by the Canadian Thoracic
Society (CTS) enabled the identification of the group of pa-
tients with high risk of AATD. According to the CTS, diag-
nostics should be conducted among patients with COPD di-
agnosed < 65 years of age and/or a smoking history of < 20
pack-years [20-27]. The common guidelines of the Ameri-
can Thoracic Society (ATS) and the European Respiratory
Society (ERS) recommend that AATD diagnostics should be
conducted in patients with respiratory diseases in the case
of: early-onset emphysema (< 45 years of age), emphysema
not associated with smoking tobacco or environmental fac-
tors, and bronchiectasis of unclear etiology [28].

Diagnostic methods

Full verification of an AAT deficiency diagnosis and con-
firmation of the results of quantitative determination are
only possible at the molecular level. In the case of AAT defi-
ciency, such verification can only be provided by identifying
the phenotype or genotype of the inhibitor. Isoelectric fo-
cusing is a widely used method for identifying AAT variants,
facilitating the establishment of the type of the circulating
AAT protein (phenotype). An alternative to this method is
DNA analysis. The presence of a mutation in locus Pi re-
sponsible for the deficiency can be established directly
with genetic tests [29, 30]. During the last two decades, the
methods for identifying a genetic AAT deficit became sim-
plified. Another unique achievement is the implementation
of a test that enables the analysis of AAT concentration in
several drops of blood collected on filter paper.

When to collect the material

Alpha-1 antitrypsin blood concentration is subject to
fluctuations and may increase significantly during an in-
flammatory response (even 3- to 11-fold) and, to a lesser
extent, during pregnancy and the use of oral hormonal con-
traception. In order to exclude an increase of acute-phase
proteins resulting from tissue damage or an inflammatory
response, it is necessary to additionally determine the con-
centration of C-reactive protein in the collected samples.
The material should not be collected during treatment for
pneumothorax, in the early postoperative period, or if fea-
tures of infection are revealed.

Alpha-1 antitrypsin deficiency

Over 130 variants of AAT protein have been identified
so far (Tab. I); they were divided into 4 classes, depend-
ing on the concentration and function of the protein in
plasma. The first class includes M-allele proteins, consti-
tuting the most frequent variant in the Polish population
(PIMIM1 homozygotes constitute 55% of all phenotypes,
while PIM1IM2 and PiM1IM3 heterozygotes constitute from
5% to 10%). This variant ensures the proper functioning of
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AAT in plasma. The second class includes deficiency vari-
ants, which were defined as protein products accumulat-
ing inside cells or undergoing degradation in the liver. The
most common deficiency alleles are Z and S.

The homozygous PiZZ variant is characterized by
a protein concentration approximately 85% lower than
that encountered in individuals with the normal PiMM
genotype; it is associated with the most severe clinical
manifestations of AAT deficiency. In turn, PiSS homozy-
gotes exhibit approximately 40% lower AAT concentra-
tions in comparison to healthy individuals. The PiSS vari-
ant as well as the heterozygous PiMS and PiMZ variants
ensure normal inhibitor function in plasma. It is, however,
important to note that smoking tobacco significantly in-
fluences the intensity of proteolysis. The combination of
nicotinism and AAT concentrations below 40% of normal is
associated with an increased risk of respiratory diseases.
The third class is composed of null alleles (PiQO), result-
ing from the premature discontinuation of translation,
partial deletion of a gene, or intracellular protein degra-
dation. Consequently, they are not detectable in plasma.
The rare QOgranite falls, QObellingham, and QOmattawa
mutations may serve as examples. The last, fourth class
is constituted by dysfunctional variants, which may not
only be associated with the loss of physiological activity,
but may also acquire new enzymatic properties through
a specific mutation. The Pittsburgh protein is an example
of a protein product that does not contain methionine in
the active position for neutrophil elastase and loses the
ability to block it. In plasma, however, it acts as a strong
anticoagulant, leading to bleeding diathesis. Anomalies of
the AAT protein underlie numerous pathologies of both lo-
cal and systemic nature [31].

Surgical treatment of patients with
ol antitrypsin deficiency

According to a report published in 1995 by the Interna-
tional Society for Heart and Lung Transplantation, 12% of
lung transplants were conducted due to advanced emphy-
sema resulting from AAT deficiency [32]; 5-year survival
was approximately 50% [33]. In later years (1995-2014),
patients with AAT deficiency constituted 5.4% of lung
transplant recipients (n = 2459), and the average survival
was 6.5 years. Transplant failures may be influenced by the
following factors: exacerbation of inflammatory response
and release of acute-phase proteins as a result of injury
associated with the invasive surgical procedure, lack of
clear recommendations for the use of supplement thera-
py before and after the transplant, as well as the natural
course of the disease. In a prospective study, Cassina et al.
evaluated the results of surgical treatment after bilateral
lung volume reduction surgery (LVRS) in patients with con-
firmed AAT deficiency (n = 12) and emphysema associated
with long-term tobacco smoking (n = 18). The assessment
of respiratory capacity was conducted in both groups, in-
cluding the results of 6-minute walk tests, respiratory me-
chanics, and arterial blood gas. The parameters in both

Kardiochirurgia i Torakochirurgia Polska 2016; 13 (3)
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groups were statistically insignificant with the exception
of forced expiratory volume in 15t second (FEV,), which was
lower in the group of patients with AAT deficiency (24% vs.
31%, p < 0.05). After the procedures, both groups exhibited
a significant improvement in respiratory capacity. How-
ever, in the group of AAT deficient patients, the measured
parameters returned to preoperative levels after a peri-
od of 6-12 months and deteriorated significantly within
24 months [34].

Conclusions

Smoking tobacco plays a significant role in the natural
course of the disease.

In patients with AAT deficiency, this factor quickens the
onset of the first clinical symptoms and is associated with
the development of the severe form of the disease. Early
emphysema requires enhanced diagnostics.

Alpha-1 antitrypsin deficiency is not a key issue in pa-
tients at risk of spontaneous pneumothorax, but it may
constitute a significant burden leading to progressive de-
generation of lung tissue [35-37]. The above data demon-
strate the complexity of the discussed issue and point to
the need for early diagnosis of AAT deficiency in risk groups,
especially in patients qualified for surgical procedures.
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Authors report no conflict of interest.
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