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The multiple facets of alpha-1-antitrypsin
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Abstract: Alpha-1-antitrypsin (AAT) is recognised as a potent inhibitor of serine proteinases. Genetic deficiency is

associated with several neutrophilic diseases including severe emphysema. This is believed to reflect the loss of inhibition

of neutrophilic serine proteinases that then result in local tissue damage (the proteinase/antiprotease hypothesis). In

recent years the role of AAT in the control of inflammatory and immunological processes has become identified.

Although in some instances this may reflect its ability to control pro-inflammatory effects of serine proteinases it

has also become recognised that it has non proteolytic mediated functions. This poly functional role is starting to

become recognised offering a possibility of its use as a therapeutic agent in many clinical disease areas. The current

review explores both the traditional and non-traditional function of AAT through published literature.
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Introduction

Alpha-1-antitrypsin (AAT) was first identified as an inhibitor
of the proteinase trypsin (and hence its early name) in
the 1950’ (1). Its’ importance emerged following the
description of five blood samples in which the al protein
band was weak to absent on paper electrophoresis. Clinical
assessment showed that three of the patients identified
with this abnormality had severe, early onset of pulmonary
emphysema (2), a condition that generally presents in
late middle life. Subsequent family studies confirmed the
association with chronic lung disease and the hereditary
nature of the al protein deficiency.

These observations were described at the same time
as an animal model of emphysema induced by the plant
proteinase papain (3). These two independent observations
led to the assumption that an enzyme or enzymes, normally
controlled by AAT, was responsible for a tissue breakdown
process in the lung that resulted in destruction of alveolar
integrity resulting in emphysematous change.

Molecular studies indicated that AAT was not only
an inhibitor of serine proteinases but that its inhibitory
function and specificity was limited to an inhibitory loop
and a critical amino acid at position 342 near the carboxy
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terminus. In the native protein this is methionine and leads
to it being most active against human neutrophil elastase
(NE) (4). This critical methionine residue can be readily
oxidised leading to major reduction in its ability to inhibit
proteinases like elastase (4). Interestingly a natural variant
in which the active site methionine is replaced by arginine
converts AAT into an inhibitor of thrombin resulting in
a spontaneous bleeding diathesis when an acute phase
response increases the concentration (5). Alternatively active
site mutation replacing the methionine with valine can lead
to an oxidant resistant form of elastase inhibitor (4).

As these studies were underway purification of purified
elastase from the neutrophil (6) and subsequently one of the
other neutrophilic serine proteinases, proteinase 3 (7) were
shown to produce emphysema like lesions in animal models.
These observations led to the proteinase/antiproteinase
theory of the development of emphysema [later applied to
the more generic clinical syndrome of chronic obstructive
pulmonary disease (COPD)]. The concept was simple, in
that serine proteinases were the mediators of the tissue
damage in emphysema. In AAT deficiency this occurred
because of a lack of tissue protection by the inhibitor.
However an alternative in subjects with normal AAT levels
was that an overwhelming and excessive release of the
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cognate enzyme overcame the normal inhibitory protection,
providing two mechanisms of disruption to the proteinase/
proteinase balance required for health (8). A third
alternative proposed was that the active site methionine was
oxidised by cigarette smoke producing a localised functional
deficiency.

Indeed two early studies of AAT in lavage fluid from
smokers confirmed a reduction in function (9,10). These
studies formed the basis of an entrenched concept to
explain a tip in the proteinase/anti proteinase balance in
the lung and other inflamed sites like the gingival cleft (11).
Nevertheless this observation failed to explain why only
a proportion of smokers developed COPD as it reflects
(at best) a simple chemical interaction that should affect all.

However subsequent studies failed to confirm these
observations showing no difference in AAT function in
smokers (12-14) and indeed no significant evidence of
oxidised methionine in the lung (15). Thus the simple
pathway of release of serine proteinases by neutrophils
in the lung leading to lung damage when AAT was
quantitatively or functionally deficient failed to solve the
pathophysiological processes that lead to the development
and progression of COPD and emphysema.

Meanwhile other classes of enzymes such as the
metalloproteinases (16) and the cysteine proteinase
cathepsin B (17) have been implicated as causative in the
development of COPD. In particular the former class of
enzymes has been implicated in airflow obstruction due
to damage of the small airways (18) and the latter in the
development of emphysema. Since both processes are a
feature of the lungs of patients with both centrilobular and
the panlobular emphysema, more typical of AAT deficient
subjects (19), the link to AAT and its deficiency seems
more tenuous. However it is now apparent that there is a
complex cascade of interacting proteinases and inhibitors
whereby neutrophilic proteinases active precursors of other
proteinase classes whilst inactivating their inhibitors leading
to amplification which may add to the cycle by inactivating
AAT thereby perpetuating the activity of the serine
proteinases and so on.

As these concepts developed, the pro-inflammatory
functions of proteolytic enzymes and the “anti-inflammatory
effects” of their inhibitors resulted in a new paradigm
exploring the anti-inflammatory properties of AAT.

Role of AAT in the inflammatory pathway

The generation, maintenance and resolution of
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inflammation is a complex sequence of events involving
the release and balance between pro and anti-inflammatory
cytokines and inflammatory cell infiltration.

The key effector cell in the pathophysiology of
emphysema remains the neutrophil. The lungs of subjects
with AAT deficiency demonstrate an increased neutrophil
burden (20) in response to the chemoattractant interleukin
8 (CXCLS) and especially leukotriene B4 (21). Both of these
chemoattractants can be produced by the action of NE
on epithelial cells (22) and macrophages (23) respectively.
Since neutrophils are the source of NE the presence of AAT
deficiency would facilitate enzyme activity in the lung and
hence chemoattractant production and release from these
airways cells and thereby perpetuate neutrophil recruitment.

Indeed these cytokines (especially LTB4) are increased
in the lungs of patients with AAT deficiency and
inflammation is generally increased compared to non-
deficient COPD (24). This difference is retained during
episodes of acute infective exacerbations (25) and
augmentation with regular infusions of AAT reduced the
inflammation, I'TB4 and the NE activity in the lung (26).
Indeed such an approach has also been demonstrated
in the inflamed lungs of non-deficient subjects with
excessive neutrophilic infiltration and free NE activity
such as cystic fibrosis (27) and pneumonia (28) where AAT
inhalation leads to elastase inhibition and a reduction in the
downstream effects of inflammation.

Another feature of inflammation is the associated oxidant
stress which can not only lead to tissue damage but also
stimulate a pro-inflammatory response (29). As indicated
above methionine is a powerful antioxidant and AAT has
four methionine residues. It is therefore possible that part
of its efficacy in these inflamed tissues is the inactivation
of some of the free oxygen species by AAT, although there
are of course more specific molecules to fulfil this role.
However, studies have shown that AAT also suppresses
superoxide production by activated neutrophils (30)
thereby potentially reducing oxidant driven amplification of
inflammation.

A third factor in the inflammatory cascade is the
activation and recruitment of inflammatory cells. AAT
reduces neutrophil chemotaxis iz vitro (31) which may well
reflect its ability to inhibit cellular cathepsin G activity. This
mechanism would modulate the recruitment of neutrophils
and hence the downstream inflammatory response driven
by these cells and their products.

A more generic anti-inflammatory role has been assessed
by studying the effect of AAT on the production and
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release of TNFa. This pro-inflammatory cytokine has a
multitude of functions including neutrophil activation, up
regulation of adhesion molecules and stimulation of the
production and release of other cytokines. In animal models
AAT prevents the lethal effects of TNFa administered to
mice (32) and TNFa induced apoptosis (33). In addition,
studies have shown that although endothelial cells
stimulated with TNFa increase TNFa gene expression
in the presence of AAT, subsequent TNFa secretion
was reduced, probably as a result of inactivation of cell
membrane tumor necrosis factor alpha-converting enzyme
(TACE) required to cleave pro TNFa releasing it into the
supernatant (34).

In similar studies AAT also blocks TNFa (and other
cytokines) release from monocytes and neutrophils (35)
and lung epithelial cells (36) in response to endotoxin. In
addition, more recent studies have examined the response
of neutrophils from AAT deficient subjects and controls
in vitro to exogenous TNFa in the absence and presence
of AAT (34). The data showed AAT deficient neutrophils
had an enhanced response to exogenous TNFa resulting in
increased degranulation and TNFa production. Addition of
AAT markedly inhibited these responses in the control cells
but although the same trend was seen in AAT deficient cells
this failed to achieve statistical significance over 20 minutes
perhaps because of the increased baseline activation.
Nevertheless, consistent anti TNFa effects of AAT have
been verified by others (37,38).

The exact mechanism remains uncertain, although in the
studies by Bergin ez 4l. (39) the data suggested AAT blocked
the TNFa receptor on the cell membrane. In many studies
purified native or recombinant AAT has been used and this
retains its proteinase inhibitory properties. Therefore these
effects could potentially relate to an enzyme or enzymes
unknown that mediate the inflammatory response and hence
become inactivated in the presence of AAT. In this respect,
the studies by Bergin ez /. (39) also used antithrombin III
as an alternative serine proteinase inhibitor (though with
a difference spectrum of enzyme inhibitory activity) and
found that unlike AAT it had no effect. However other
studies have taken an alternative approach by using AAT
that had been inactivated (at least as an elastase inhibitor)
by oxidation of the active site (37) and showed the non-
functional AAT to be equally effective in preventing
TNFa responses. Perhaps the clearest example relates to
the smoking mouse model. These animals have a TNF«
response with downstream inflammation, proteinase release
and tissue destruction leading to emphysematous change.
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Administration of oxidised AAT blocked all these effects
thus acting at a high level in the inflammatory pathway (40).
More recently, Jonigk and colleagues used a recombinant
form of AAT linked to the IgG Fc fragment that also
inactivates its anti-elastase properties. This form of AAT
also abrogates endotoxin induced lung inflammation and
TNFa release in mice using a combination of iz vive and in
vitro neutrophil studies (41).

Thus AAT can have suppressive activity on the
inflammatory pathway by both an enzyme inhibitory
and a non inhibitory mechanism. The molecular domain
responsible for the latter process remains unknown. These
mechanisms and concepts are summarised in the Figure 1.

Immune modulation

In recent years the function of AAT in modulation of
disease processes, not conventionally associated with
genetic deficiency, has been explored especially diabetes
and pancreatic cell transplantation. AAT prevents the
development of overt hyperglycaemia in non obese
diabetic mice (42) and increases insulin secretion and
reduces cytokine mediated apoptosis of pancreatic B cells
in vitro (43). Indeed the anti-apoptosis activity of AAT has
also been suggested as a further mechanism whereby the
development of emphysema via an apoptotic pathway could
also be enhanced in AATD (44). However, in addition AAT
prolongs autologous cell allograft survival in mice (45) by
increasing immune tolerance (46). These data have led
to exploration of potential immune mechanism in AAT
deficiency. Certainly the increased incidence of vasculitis
in patients with AATD is associated with anti neutrophilic
cytoplasmic antigen (ANCA) auto-antibodies supporting a
role of AAT in suppressing immunity, although of course
this can also occur in non deficient subjects. Studies
assessing other auto-antibodies with a potential role in
the lung disease such as anti-elastin antibodies have been
negative (47,48). However auto-immune hypothyroidism is
also increased in AATD (49) suggesting that a reduction in
immune tolerance may have a role outside the lung.

Finally, more recently pathological studies of lungs from
AATD subjects have been compared to those from patients
with usual COPD to determine if there was histological
evidence of increased immune response (T" & B cells and
lymphoid follicles) in the deficient patients. Again, the
data has proven to be negative (50), so this role, though
of interest, needs further study to support or dismiss this
potential function.
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Figure 1 AAT in the airways acts as both an anti-oxidant (A) and anti-protease (B) thereby preventing the pro-inflammatory activity of

both on local production of cytokines and chemoattractants. In addition AAT blocks the autocrine activity of TNF also impairing cytokine

and adhesion molecule up regulation (C) AAT also down regulates Neutrophil chemotactic response (D) leading to less tissue damage by

migrating cells (E). AAT, alpha-1-antitrypsin.

Other functions

Antimicrobial activity has been explored as a function of
other proteinase inhibitors and AAT is no exception. AAT
inhibits human HIV virus type 1 (51), reduces tonsillar
B cell proliferation to moraxella catarrhalis (52) and
suppresses pseudomonas proliferation in a model of
lung infection (53). In addition AAT reduces ischaemia
reperfusion injury by the prevention of apoptosis (54)
a mechanism applicable to emphysema and diabetes as
indicated above. Finally there is some data to indicate
that AAT blocks the antigen and mediator induced airway
responses in animal models (55) and elastase levels are
increased in the sputum of asthmatic patients (56). Since
neutrophil proteinases also activate eosinophils (57) and
induce airway smooth muscle proliferation (58), it is
possible an anti-inflammatory property may also have a role
in asthma in humans. Further studies are clearly indicated.

Summary

The prime function of AAT remains its inhibitory function
against serine proteinases protecting tissues from damage.
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Data suggests that this may play both a direct and indirect
role in a proteolytic cascade. However in addition AAT may
abrogate inflammation via both an enzyme inhibitory and
non-inhibitory role. Whether AAT also plays an additional
immune modulatory role in the lung seems unlikely
but may be relevant in other diseases such as diabetes,
hypothyroidism, vascular injury and perhaps asthma.
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