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 alpha 1-Antitrypsin (AAT) deficiency, also known as alpha 1-antiprotease inhibitor 

deficiency, is a disease caused by genetically determined AAT deficiency. It occurs 
as a result of inheritance of two protease inhibitor (PI) deficiency alleles from the 
AAT gene locus (designated PI) on chromosomal segment 14q32.1. The most 
common deficiency allele is PI*Z and a large majority of individuals with severe 
AAT deficiency are PI type ZZ. The disease occurs predominantly in white persons 
of European origin and its frequency in Europe and North America is comparable to 
that of cystic fibrosis (1 in 2000 to 1 in 7000.) Persons with AAT deficiency may 
have no clinical manifestations. Chronic obstructive pulmonary disease (COPD) with 
a high frequency of panacinar emphysema is the most prevalent clinical disorder 
associated with AAT deficiency and the most frequent cause of disability and death. 
Tobacco smoking is the major risk factor for developing COPD, which generally 
begins by the third decade of life, much earlier than "usual" COPD that occurs in 
AAT-replete individuals. Liver disease, the second most frequent clinical 
manifestation of AAT deficiency, typically presents as cholestasis in infancy but is 
usually not severe and generally remits by adolescence. Chronic liver disease 
develops infrequently, although AAT deficiency is the commonest cause of chronic 
liver disease in childhood. Cirrhosis and carcinoma of the liver affect at least 25% of 
AAT-deficient adults over the age of 50 years. AAT deficiency appears to be widely 
underdiagnosed and based on predicted gene frequencies even in the most intensely 
studied populations, only a small proportion of those predicted to have AAT 
deficiency have been diagnosed. Human AAT is available in limited quantity for 
augmentation therapy. This Memorandum summarizes the discussions and 
recommendations made by participants at a WHO meeting held in Geneva on 18-20 
March 1996 to review existing knowledge about this highly prevalent genetic 
disorder, develop a strategy for enhancing awareness of it among health-care-givers 
and the general public, and explore new case-finding and disease-prevention 
strategies.  
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 Abstract:  Alpha-1-antitrypsin deficiency is a common, underrecognized disorder 
manifested by emphysema in adults and liver disease in children. Early diagnosis and 
subsequent prevention of lung inflammation due to cigarette smoking, infection, and 
airborne irritants form the most rational approach to slow the progression of the lung 
destruction associated with alpha 1AT deficiency. Currently, liver transplantation is 
the only therapy available to patients with severe liver disease due to alpha 1AT 
deficiency. Less commonly, many inflammatory and/or immune-mediated diseases 
have been described in association with alpha 1AT deficiency. These observations are 
probably related to the role that alpha 1AT plays in the immune response both as a 
target for modulation by cytokines and as a modulator of the immune response. At 
present, therapy for the emphysema associated with alpha 1AT is limited to weekly 
augmentation therapy with recombinant alpha 1AT. Future therapeutic modalities 
include aerosol alpha 1AT, secretory leukocyte proteinase inhibitor, low molecular 
weight inhibitors of neutrophil elastase, and gene transfer via viral vector. 

 
Brantly, M., T. Nukiwa, et al. (1988). "Molecular basis of alpha-1-antitrypsin 

deficiency." Am J Med 84(6A): 13-31. 
 Abstract:  Alpha-1-antitrypsin (A1AT) deficiency is an autosomal hereditary 

disorder associated with a major reduction in serum A1AT levels. Clinically, A1AT 
deficiency is associated with emphysema in adults and, less commonly, liver disease 
in neonates. A1AT is a 52-kDa, 394-amino acid, single-chain glycoprotein normally 
present in serum at 150 to 350 mg/dl. The A1AT gene, composed of seven exons 
dispersed over 12 kb of chromosomal segment 14q31-32.3, is expressed in 
hepatocytes and mononuclear phagocytes. The A1AT protein, a member of the class 
of protease inhibitor proteins known as serpins (serine protease inhibitors), is a 
globular molecule composed of nine alpha-helices and three beta-pleated sheets. The 
major function of A1AT is to inhibit neutrophil elastase; A1AT does so through an 
active site centered around Met358 contained within an external stressed loop on the 
surface of the molecule. A1AT is a highly pleomorphic protein with greater than 75 
variants determined at the protein and/or gene level. These variants can be 
categorized into four groups according to their serum A1AT level and function: 
normal, deficient, dysfunctional, and absent. There are two important salt bridges 
within the A1AT molecule (Glu342-Lys290; Glu263-Lys387); a mutation in the 
A1AT gene causing disruption of either salt bridge causes distinct molecular 
pathology resulting in reduced serum A1AT levels. Clinically relevant variants can be 
distinguished by a combination of isoelectric focusing of serum, restriction fragment 
length analysis of genomic DNA, oligonucleotide probes, and direct sequencing of 
the variant A1AT genes. 
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 Abstract:  Alpha-1-antitrypsin (alpha 1AT) deficiency is a hereditary disorder 
characterized in adults by a high risk for the development of severe destructive lung 
disease at an early age. The present study was designed to draw conclusions 
concerning the characteristics of a referral population of 124 patients with alpha 1AT 
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deficiency and symptomatic emphysema. Typically, the alpha 1AT level was 30 
mg/dl, and the alpha 1AT phenotype was almost always PiZZ. The individuals in this 
population were most often male, caucasian, and ex-smokers, and they had become 
dyspneic between 25 and 40 yr of age. Most routine blood tests were normal. The 
chest radiographs and ventilation-perfusion studies typically showed abnormalities 
with a lower zone distribution, and about one third of the study population had 
evidence suggestive of pulmonary hypertension. Lung function tests were typical for 
emphysema; the FEV1 and DLCO were the parameters most dramatically reduced, 
and the annual rate of decline of those parameters was greater than that of the general 
population. The cumulative probability of survival of this population indicated a 
significantly shortened lifespan with a mean survival of 16% at 60 yr of age 
compared with 85% for normal persons. 
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Eden, E., D. Mitchell, et al. (1997). "Atopy, asthma, and emphysema in patients with 

severe alpha-1-antitrypysin deficiency." Am J Respir Crit Care Med 156(1): 68-74. 
 Abstract:  Bronchial asthma is characterized by episodic airway obstruction and 

associated with wheezing, a bronchodilator response, an elevation in total serum IgE, 
and atopy. To determine whether asthma is more common in subjects with severe 
alpha 1-antitrypsin deficiency (alpha 1-ATD) and airway obstruction, we compared 
38 patients who had this condition (Group 1) with 22 control patients with chronic 
obstructive pulmonary disease (COPD) (Group 2) and with five subjects with alpha 1-
ATD and normal spirometry (Group 3). Subjects were evaluated with a symptom 
questionnaire, pulmonary function testing, intradermal allergen testing, and serum 
IgE measurement. Self-reported wheezing was a common symptom in all patient 
groups, but attacks of wheezing with dyspnea were significantly more common in 
Group 1. Of those patients with airway obstruction, more than 50% showed a 
bronchodilator response whether suffering from alpha 1-ATD or not. Atopy was more 
common in Group 1 than in Group 2 (48% versus 27%). Mean serum IgE for all 
groups was similar but significantly greater in patients with atopy. We estimated the 
prevalence of asthma in the study groups on the basis of the criteria of attacks of 
wheezing, reversible airway obstruction, atopy, and that increased IgE. The 
proportion of patients with asthma in Group 1 was significantly greater than that in 
Group 2 (22% versus 5%, p < 0.05). Our study shows that with control for the degree 
of airway obstruction, asthma, as defined, is more common in patients with alpha 1-
ATD than in those without it. We suggest that a lack of alpha 1-AT in airways 
increases the propensity to develop asthma. 
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the gene and back again. Historic perspectives." Chest 95(1): 181-9. 
  
Eriksson, S. (1990). "Discovery of alpha 1-antitrypsin deficiency." Lung 168(Suppl): 

523-9. 
 Abstract:  The author reviews the early history of alpha 1-antitrypsin (AAT) 

deficiency; the biochemical characterization of this inborn error of metabolism, its 
pattern of inheritance, frequency and predisposition to early, panacinar emphysema. 
The importance of the destructive element in emphysema and the gradual focusing on 
neutrophil elastase as a key enzyme in the pathogenesis of emphysema in alpha 1-
antitrypsin deficiency is emphasized. The deficiency state as a prototype of an 
endoplasmic reticulum storage disease is discussed. 
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Hutchison, D. C. (1988). "Natural history of alpha-1-protease inhibitor deficiency." Am J 

Med 84(6A): 3-12. 
 Abstract:  Alpha-1-protease inhibitor (A1PI) exists in over 30 biochemical variants 

(the Pi system), inherited as autosomal codominant alleles. Homozygotes of Pi type Z 
have only 10 to 20 percent of the normal serum A1PI concentration and have a high 
risk of developing pulmonary emphysema. A1PI is an inactivator of polymorph 
lysosomal elastase, the unopposed action of which may damage the lung. Cigarette 
smoking is an important additional risk factor. Neonatal hepatitis occurs in 10 to 20 
percent of Pi type Z persons, and cirrhosis develops in a number of them in later 
childhood or in adult life. In heterozygotes of Pi type MZ, pulmonary or hepatic 
disease may also develop, though they are at lesser risk than type Z homozygotes. 
Specific A1PI replacement therapy derived from human plasma is now available and 
has been administered to Pi type Z patients by weekly intravenous infusion without 
adverse effects. A controlled clinical trial would be desirable, though this would be 
attended by organizational and economic problems. 
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 Abstract:  Alpha 1-protease inhibitor can exist as over 70 different biochemical 
variants (the Pi system) which are inherited as autosomal-codominant alleles. The 
majority of these variants are of no clinical significance. Epidemiologically, the most 
abundant are Pi types M, S, and Z. Homozygotes of type Z have only 10%-20% of 
the normal serum concentration of the inhibitor and have an increased risk of 
developing pulmonary emphysema. Cigarette smoking is the most important risk 
factor. A minority of Pi Z homozygotes (10%-20%) develop a form of neonatal 
hepatitis and a proportion of these suffer from liver cirrhosis in adult life. 
Heterozygotes of Pi type SZ have about one third of the normal serum alpha 1-
protease inhibitor concentration but this phenotype does not in itself appear to be a 
significant emphysema risk factor. Heterozygotes of Pi type MZ are thought to have a 
moderately increased risk of developing emphysema but only if they smoke; there is 
also evidence for an increased risk of cirrhosis among subjects of type MZ. No 
excessive risk appears to be attached to the MS phenotype. Cumulative survival 
curves have suggested that type Z homozygotes have a poor prognosis but such 
estimates are based on clinic or hospital patients who already have respiratory 
symptoms. Calculations based on population frequencies however, suggest that about 
90% of the total number of type Z subjects are not accounted for in such surveys. 
Their whereabouts remains unclear at present; some will undoubtedly have died of 
liver or lung disease but it is possible that the majority escape and live undetected 
among the general population. 
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 Abstract:  We obtained questionnaire and spirometry data from 128 alpha(1)-

antitrypsin (alpha(1)AT)-deficient individuals with phenotype PI*Z to examine the 
relationship between chronic respiratory symptoms, airflow limitation, treatment 
requirements, and semiquantitative estimates of occupational exposure to dust, fumes, 
smoke, and gas. After adjusting for age, smoking, and prior lower respiratory tract 
infections, increased prevalence of chronic cough (OR = 4.69, 95% CI = 1.57-13.74, 
p = 0.006) and having left a job due to breathlessness (OR = 2.72, 95% CI = 1.07-
6.92, p = 0.036) were seen in individuals reporting high mineral dust exposure 
compared with those with no exposure. Subjects reporting high mineral dust exposure 

Revised: 10/25/2004  5



also had significantly lower FEV(1) (31% predicted for high exposure versus 36% for 
low and 40% for unexposed, p = 0.032). The excess risk of chronic cough seen with 
occupational fumes or smoke exposure disappeared after adjusting for mineral dust 
exposure, but the association with lower FEV(1)/FVC ratio persisted (p = 0.022). 
Personal tobacco use was a significant risk factor for most outcome measures, but no 
interaction with occupational exposure was seen. These results suggest that 
occupational inhalational exposures are independently associated with respiratory 
symptoms and airflow limitation in severely alpha(1)AT-deficient individuals. 
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