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  Pref ace   

 Alpha-1 antitrypsin defi ciency is an inherited condition that leads to lung disease in 
adults and liver disease in children and adults. The condition has a prevalence that 
varies from country to country, ranging from one in 2750 to one in 4500 live births, 
and currently is the only known genetic mutation fi rmly associated with chronic 
obstructive lung disease in adults. While the mechanisms underlying the clinical 
manifestations of alpha-1 antitrypsin defi ciency have been largely clarifi ed, specifi c 
treatment currently is only available for the lung disease. A growing interest of aca-
demic investigators and industry in fi nding new therapeutic solutions for lung and 
liver disease likely will lead to better clinical outcomes in the foreseeable future. 
This will necessitate a better effort to detect the condition, which is broadly under-
diagnosed at present. The purpose of this book is to summarize what is known about 
the biology of alpha-1 antitrypsin and its defi ciency, the clinical manifestations of 
alpha-1 antitrypsin defi ciency, and the currently available therapeutic options. 

 The book begins with a chapter on the biologic role of serine protease inhibitors 
(SERPINS) including alpha-1 antitrypsin in general, followed by a chapter focusing 
on alpha-1 antitrypsin in particular. The next two chapters address the process of 
alpha-1 antitrypsin protein misfolding and polymerization, and their pathogenetic 
consequences in the liver and the lung, the principal sites of alpha-1 antitrypsin 
defi ciency-related disease. 

 The condition is then characterized from a clinical perspective in the following 
three chapters that review the methods of and challenges to the detection of alpha-1 
antitrypsin defi ciency, and the manifestations and management of lung disease in 
adults, and liver disease in children and adults. With these three chapters we intend 
to provide clinicians with useful information on the diagnosis and treatment of 
alpha-1 antitrypsin defi ciency. 

 The last two chapters cover topics that reach beyond alpha-1 antitrypsin defi -
ciency per se. One chapter reviews what is currently known about the potential for 
using alpha-1 antitrypsin therapeutically in diseases not associated with alpha-1 
antitrypsin defi ciency. The fi nal chapter addresses the important role of voluntary 
health organizations in the rare disease space, with a focus on alpha-1 antitrypsin 
defi ciency. Voluntary health organizations raise awareness of the condition, support 
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research, promote new drug development, and bring the patient perspective to the 
table. 

 This book was conceived to provide the readership of health professionals and 
scientists with a comprehensive overview of alpha-1 antitrypsin defi ciency. 
International authorities, who are widely recognized for their contributions to the 
basic and clinical science of alpha-1 antitrypsin defi ciency, wrote the chapters. 
Certain difference of opinion may exist between authors. We have taken the posi-
tion to allow for such differences and potential controversies and give the readers 
the opportunity to form their own conclusions.  

   Miami, FL    Adam     Wanner, MD       
Denver, CO    Robert     A. Sandhaus, MD, PhD       

Preface
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    Chapter 1   
 Alpha-1-Antitrypsin and the Serpins       

       Robin     Carrell    

            How α-1-Antitrypsin Became an Archetype 

 The identifi cation in 1963 of the inherited defi ciency of α-1-antitrypsin established 
its place as a model genetic disease [ 1 ]. This status as  a   model partly refl ects the way 
in which this defi ciency of a plasma protein results in both a loss of function, with 
the onset of emphysema [ 2 ], and a gain of function, in the form of progressive liver 
damage culminating in cirrhosis [ 3 – 5 ]. Interest in the defi ciency was furthered by 
its common occurrence and from the realisation that the lung degeneration in α-1- 
antitrypsin defi ciency resulted from a loss of lung elasticity exacerbated by tobacco 
smoking [ 6 ,  7 ]. This last focused attention on α-1-antitrypsin’s action as a protease 
inhibitor and specifi cally as an antielastase [ 8 – 10 ]. Thus, early research addressed 
two prime questions. First and obviously, what was the molecular basis of this 
inherited defi ciency? But it was a second subtler question that opened wider under-
standings. What was the special functional advantage of α-1-antitrypsin as com-
pared to the apparently equal inhibitory effi ciency of the much smaller protease 
inhibitors present in plants and other organisms? 

 An initial answer to these questions became apparent in the mid-1970s, with the 
amino acid sequencing of the terminal third of α-1-antitrypsin. This revealed not 
only the S and then the Z defi ciency mutations [ 11 ,  12 ] but also identifi ed the  active 
  centre of the molecule, the site of its cleavage by elastase and with that the clue to 
its inhibitory activity. The completion of this portion of sequence came with the 
bonus of the recognition in 1979 of its close homology with the sequence of another 
plasma protease inhibitor, the natural anticoagulant antithrombin [ 13 ,  14 ]. With 
that, α-1-antitrypsin took on a new and wider signifi cance not just as a model for 
genetic disease but also as an archetype for a family of proteins controlling key 
functions of life [ 15 ].  

        R.   Carrell      (*) 
  Trinity College ,  University of Cambridge ,   Cambridge   CB2 ITQ ,  UK   
 e-mail: rwc1000@cam.ac.uk  

mailto:rwc1000@cam.ac.uk
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    α-1-Antitrypsin and the New Superfamily 

 The alignment of  the   sequences of α-1-antitrypsin and antithrombin in 1979 indi-
cated that we were looking at a new family of protease inhibitors, but the realisation 
that this was indeed a full-scale superfamily came from the subsequent alignment of 
a third family member, the egg-white protein ovalbumin [ 16 ]. The inclusion in the 
family of  ovalbumin  , a non-inhibitor, was an indication that this was indeed a pro-
tein superfamily with an ancient and diversifi ed lineage—diversifi ed in the func-
tions of its members whilst still retaining a highly conserved framework structure. 
The recognition of this new superfamily at the commencement of the 1980s was 
timely, as it coincided with the introduction of cDNA sequencing. The availability 
of a simple and quick means of determining the amino acid sequence of previously 
unidentifi ed proteins introduced a range of new members of the superfamily. These 
included the key functional proteins in human plasma, not only the protease inhibi-
tors, antithrombin, C1 inhibitor, antichymotrypsin and the plasminogen activator 
inhibitor PAI-1, but also the non-inhibitory hormone carriers, thyroxine- and 
corticosteroid- binding globulins (TBG and CBG), and the source of the angiotensin 
vasopressors, angiotensinogen. Subsequently, manifold serpins have been identifi ed 
as controlling vital intra- and extracellular functions in plants as well as in microbes 
and animals [ 17 ]. 

 The breakthrough that tipped the balance in establishing α-1-antitrypsin as an 
archetype of the superfamily [ 18 ] was the solving in 1984 of its crystallographic 
structure [ 19 ], albeit in a modifi ed physiologic form (Fig.  1.1 ). Much earlier experi-
ence with another protein family, the globins, had shown how the availability of the 
structure of just one member of a protein family allowed the accurate alignment of 
other members of the family, in a way that provides immediate insights into the 
specialist functions of each. Moreover, the study of clinical dysfunctions arising 
from  genetic   variations in any member of the family was seen to have implications 
for all [ 20 ]. Even more rewardingly, the lesson from the globins was that the identi-
fi cation of mutations in familial diseases can reveal previously unsuspected aspects, 
fundamental to the understanding of protein structure and function. The advance of 
science is overwhelmingly by vertical progression—the gradual building of one 
new increment in knowledge on another. But this stepwise approach narrows prog-
ress to preconceived concepts, which can become dogmas. The study of the conse-
quences of mutations that result in the dysfunctions of disease opens lateral thought 
and provides insights to otherwise overlooked concepts. The lesson from the early 
work with haemoglobin is that individual genetic diseases are each unique experi-
ments of nature, undertaken free of preconceptions. And similarly the story of the 
newly recognised α-1-antitrypsin superfamily is that of a series of advances in 
understanding, arising or authenticated by mutations that result in aberrant function 
and hence disease.

R. Carrell
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       The Serpins as an Entity 

 By the mid-1980s, mutations in  the   plasma protein members of the family were 
known to result in multiple dysfunctions including thrombosis, haemorrhage and 
angioedema. Taken together, consideration of these mutations in terms of the tem-
plate structure of α-1-antitrypsin promised new insights into the principles of pro-
tein structure and function. And so it turned out to be. There was fi rst however a 
hurdle in encouraging the interest of the wider fi eld of investigators needed to 
achieve the correlations of mutations and dysfunctions in terms of the family as a 
whole. A problem was an international confusion in nomenclature, between the 
medically based European researchers who had established the fundamentals of the 
inherited defi ciency of  α-1-antitrypsin  [ 1 ,  15 ,  21 ] and the biochemically based 
researchers in the USA who were investigating the protease–antiprotease imbal-
ances resulting from the inherited defi ciency of the synonymous  α-1-proteinase 

  Fig 1.1    ( a ) The  serpin 
  mechanism. Cleavage of 
the reactive loop of 
α-1-antitrypsin triggers the 
archetypal serpin S-to-R 
transition: from a stressed 
active form (i) to a relaxed 
hyperstable form (ii) with 
inclusion of the cleaved 
loop as a middle strand in 
the main beta-sheet of the 
molecule. Mutations 
commonly causing 
intracellular aggregation in 
serpins occur at sites of 
hinge movements, as 
 arrowed  and  encircled . 
( b ) Serpins trap their target 
protease by exposing an 
ideal substrate (iii) with, 
on consequent cleavage, 
the spring-like S-to-R 
change fl inging the 
entrapped protease to the 
other pole of the molecule 
(iv) with disruption of its 
activity       
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inhibitor  [ 8 – 10 ]. With time, the medical common-usage title of α-1-antitrypsin has 
become universally adopted, but a reminder of the controversy is still seen in the 
diplomatically chosen name of the major charity in the fi eld—the Alpha-1 
Foundation! 

 But there was also a real problem that hindered discussion and collective research 
on the family as a whole, due to its initial naming as the  ovalbumin–antithrombin- 
III–alpha-1-proteinase inhibitor superfamily of serine proteinase inhibitors  [ 16 ]. A 
title that if repeated twice was guaranteed to turn off not only audiences but also 
young investigators  and   funding bodies. Clearly, a simpler name was needed if the 
fi eld was to progress. To meet this and with the precept of the globins in mind, the 
author proposed the name  serpins,  as an acronym for serine protease inhibitors. 
International acceptance of the new name was promptly assured in 1985 with the 
backing of the leading US investigator in the fi eld, James Travis [ 22 ]. So, the stage 
was then set for what became a period of remarkable productivity in research. Now, 
30 years later, some 60,000 serpin-based papers have been published with spin-off 
benefi ts to almost all branches of medicine and rewarding new insights in biology 
as a whole.  

    Z Mutation and Polymeric Aggregation 

 A satisfying feature of the  studies   of the serpin family is the way the fi ndings in one 
member are frequently of direct relevance to all. This is especially true of the genetic 
dysfunctions in the protein family, as became apparent with the demonstration that 
the common Z mutation led to a misfolding and intracellular polymerisation of α-1- 
antitrypsin [ 23 ]. The consequent failure in secretion explained its plasma defi ciency 
and the formation of large internal hepatocellular aggregates explained the accom-
panying liver degeneration. Several less common mutations of α-1-antitrypsin were 
also found to cause intracellular polymerisation and plasma defi ciency. The signifi -
cance of these mutations was demonstrated by alignments with other serpins [ 24 ]. 
These showed that the occurrence of identical mutations in other members of the 
family similarly resulted in intracellular aggregation, causing thrombosis when they 
occur in antithrombin, angioedema when they occur in C1 inhibitor and notably 
encephalopathy when they occur in the brain-specifi c serpin, neuroserpin. 

 The shared fi ndings and pattern of dysfunctions, found in what came to be 
labelled together as the serpinopathies [ 25 ], strongly indicated that the causative 
mutations perturbed the conformational mechanism that is central to the serpin fam-
ily.  The   realisation that this was so, motivated a switch in focus of the fi eld in the 
1990s, to the α-1-antitrypsin template and to the profound changes in conformation 
that enables the irreversible trapping of proteases. As illustrated in Fig.  1.1 , it is the 
adaptation of this inherent ability of the template to spontaneously change its shape 
that explains not only the diversity of functions of individual serpins but also how 
their activity is modulated and the consequences of mutations affecting their 
structure.  

R. Carrell


