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ALPHA 1 ANTITRYPSIN DEFICIENCY 

 Alpha-1-antitrypsin deficiency (A1ATD, OMIM #613490) is a genetic

autosomal recessive disease characterized by low serum levels of A1AT,

predisposing to chronic obstructive pulmonary disease (COPD) or

emphysema, liver disease and, rarely, multi-organ vasculitis and

necrotizing panniculitis

 A1ATD is generally an under-recognized disease because it is considered

a rare condition, typically and generically categorized as COPD.

CO-DOMINANT
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* ATS/ERS statement: standards for the diagnosis and management of individuals with alpha-1 antitrypsin deficiency. Am J Respir

Crit Care Med 2003; 168:818-900

**Alves Costa C., Santos C. Alpha-1 antitrypsin deficiency. The experience of Pulido Valente Hospital with augumentation therapy.

Rev Port Pneumol. 2009; XV(3): 473-481

Properties *:

 52 kDa plasma glycoprotein

 produced by hepatocytes contributes to almost all of the 
circulating AAT, although it is also produced in smaller 
quantities by other cells such as monocytes, macrophages, 
pulmonary alveolar cells and intestinal epithelial cells

 characterised primarily by its function as an extracellular 
protease inhibitor of neutrophil elastase (NE) 

 AAT is abundant in the plasma with a mean concentration of 
1.3 g/L (range 0.9–1.75 g/L) and a plasma half-life of 4–5 
days
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Genetic

 encoded by the SERPINA1 on chromosome 14q32.1-32 

 SERPINA1 is also polymorphic with over 200 mutations recognised to date that 

reduce plasma AAT levels by altering protein production and folding, or influencing 

the glycosylation status of AAT 

 mutations are classified by their phenotypic expression and electrophoretic 

mobility during isoelectric focusing; PiM (medium), PiS (slow), and PiZ (very slow) 

 The most severe deficiency states are defined by AAT plasma levels less than 

35% of the mean expected value (11 μM or 50 mg/dL measured by 

nephelometry). This is commonly as a result of a point mutation causing an amino 

acid change from glutamic acid to lysine at position 342 (Glu342Lys), which is 

referred to as the Z allele. 

 Additionally reported are the PiSZ, PiSS, and rare or null allel
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Worldwide PI Z variant Gene Frequency Distribution

The countries of Northern and 

Western Europe have the highest

prevalence of the PI Z variant. This

mutation appears to have

originated in southern Scandinavia
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Worldwide PI S variant Gene Frequency Distribution

The population of southern Europe 

(peak in the Iberian peninsula) has the 

highest prevalence of the PI S variant

Genetic, epidemiology and clinical features of Alpha 1 Antitrypsin Deficiency



Mean Gene Frequency in the main geographic regions of the world

Genetic, epidemiology and clinical features of Alpha 1 Antitrypsin Deficiency



 Frequency of severe deficiency (PiZZ) in 
Europe1:  approx. 1:5,000

 To date, only 10 to 15 % of all carriers of 
homozygosis have been diagnosed 

 A mean 6-8 years delay occurs from 
symptoms onset to final diagnosis2

10-15%

85-90%

Nessun 
segno o 
sintomo

Sintomi, ma 
non 

diagnosticati

1Blanco I et al., Eur Respir J 2006 ;  
2Khonlein T et al., Ther Adv Respir Dis, 2010

Alpha 1 antitrypsin deficiency: an 

underdiagnosed  condition
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Lack of knowledge and awareness 
between the health care providers 

Unveiling the hidden cohort of alpha 1 deficient subjects



Prevalence of rare diseases with clinical 

manifestations in the lungs
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Test Strenghts Limitations

Nephelometry, radial

immunodiffusion, 

Rocket 

immunoelectrophoresis

Measurement of circulating A1AT 

Inexpensive, available in most 

local areas, automated, good 

reliability

It does not detect 

heterozygous individuals. It 

can overestimate the AAT 

levels

Phenotyping (IEF) It identifies many alleles of AAT 

based on the electrophoretic 

migration pattern

It does not identify null 

alleles and M-like alleles, 

laborious, difficult to 

interpret

Genotyping Molecular identification of PI Z 

and PI S variants. Semi-

automation possible

It does not identify some 

rare null variants. Long 

analysis times (3-4 days)

Sequencing Identification of rare variants Expensive and with long 

analysis times

Nefelometry

Phenotyping (IEF)

Genotyping

Sequencing

Unveil the hidden cohort of alpha 1 deficient subjects

Diagnostic workflow
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Is there any room for population screening?

Conclusions: A composite algorithm primarily based on

the 1-globulin fraction could effectively identify carriers

of Pi*M gene mutation. This approach, not requiring 

clinical

evaluation or AAT serum determination, seems suitable

for clinical and epidemiological purposes.



Intravenous infusion of alpha1-proteinase inhibitor, prepared from a human plasma pool of normal

donors, has the following objectives:

1. increase and maintain serum AAT levels above the threshold of 50mg / dl *

2. slow down the progression of emphysema

3. reduce the number of exacerbations

4. improve the duration and quality of life

To date, replacement therapy has only been approved in adults with clinical evidence of

obstructive pulmonary disease due to DAAT and is currently indicated for those phenotypes that

are most likely associated with lung disease (e.g. PiZZ, PiZ (null), Pi (null ) (null) and PiSZ and

rare variants).

Augmentation therapy with alpha 1 

proteinase inhibitor

• Hatipoglu & Stoller. Clin Chest Med. 2016 set; 37 (3): 487-504

• Teschler H. Eur Respir Rev. 2015 Mar; 24 (135): 46-51

• Vidal R. et al. Arch Bronconeumol. 2006;42(12):645-59 * se misurata con Nefelometria

Augmentation therapy with alpha 1 proteinase inhibitor.



36%

Reduction of lung tissue loss vs. placebo

Stockley RA et al. Respir Res 2010; Oct 5;11(1).

Efficacy of replacement therapy : Reduction of lung tissue loss vs. placebo 

Significant reduction in the progression of emphysema

measured on CT in patients treated with replacement therapy 

Progression of emphisema



Efficacy of replacement therapy : reduction in acute exacerbation ‘s rate

Number of exacerbations

Barros T JC et al. Ther Adv Respir Dis (2012) 0(0) 1–12.



The Alpha-1-Antitrypsin Deficiency Registry Study Group.  Am J Respir Crit Care Med 1998; 158:49-59.  

Substantial difference

between the group of patients

treated with replacement

therapy and those never

treated

Highly significant survival 

advantage (p <0.001)



New insights on the physiology and pathophysiology of Alpha 1 Antitrypsin

Pleiotropic functions of alpha-1 antitrypsin



AAT enhances the magnitude of LPS-

induced specific cytokine/chemokine 

production, which may play an important 

role in amplification and resolution of 

acute-phase inflammatory reactions in 

vivo.

AAT immunomodulatory action: role in sustaining immune response to pathogens 



AAT immunomodulatory action: effects on innate and adaptive immune response 

In press



AAT homeostatic action: effects on metal regulation and lipid metabolism



AT is produced and oxidized by macrophages, 

then attached to LDL in the intimal layer of the 

arterial wall. Although AT-LDL that escapes into 

the blood stream can be cleared by hepatocytes, 

the remaining AT-LDL may be taken up by 

macrophages and contribute to the lipid 

accumulation in arterial wall cells as the early 

stage of atherogenesis.



Anti-inflammatory effect of A1AT administration 

in Pulmonary disease 

Inhalation of AAT increased AAT levels and 

decreased the levels of elastase activity, 

neutrophils, pro-inflammatory cytokines and the 

numbers of P. aeruginosa. However, it had no 

effect on lung function

Bronchial asthma could be due to 

pathogenic mechanisms related to a 

protease-antiprotease imbalance, what 

which could open new perspectives for future 

research on the field.

Non AAT deficiency associated

COPD/emphysema
Cystic Fibrosis Asthma



The potential therapeutic consequences of 

plasma exchange must be addressed. 

Prospective studies are required to assess the 

real effect of plasma exchange with fresh 

plasma replacement in patients with both 

ANCA-positive AAV and AAT deficiency

The clinical and histopathological efficacy of 

AAT-Intravenous was evidenced and should 

open new perspectives of research and 

management of AAT deficiency and FMS 

patients

Rheumatoid Arthritis Vasculites Fibromyalgia

These results present a new drug for arthritis 

therapy. Human AAT protein and gene 

therapies are able to ameliorate and delay 

arthritis development and reduce autoimmunity



Potential role of AAT in the pathogenesis of 

type 1 (and possibly type 2) diabetes and 

support efforts with the goal of examining the 

potential therapeutic benefits of AAT 

administration for reversing and/or preventing 

these disorders

graft-versus-host disease (GVHD) Diabetes Mellitus

AAT infusion produced a high proportion of 

durable clinical responses in SR-aGVHD.

AAT is associated with minimal toxicity and low 

rates of infection in patients with SRaGVHD at 

significant risk for mortality.

Usefulness in autoimmune diseases



A novel host–pathogen interaction is suggested, 

and an alternativestrategy to treat HIV-1-

related disease may be possible

AAT may be an anti-RGM host-defense factor, 

and anomalous AAT phenotypes or AAT 

deficiency may constitute risk factors for 

pulmonary disease due to Rapidly Growing 

Mycobacteria.

Bacteria Viruses Mycobacteria

AAT markedly decreases P. aeruginosa density 

in a rat model of chronic P. aeruginosa lung 

infection

Usefulness in infectious diseases

Sars-CoV-2



Conclusions

It is recognised that AAT has diverse interactions beyond protease inhibition that have been 

shown to facilitate beneficial anti-inflammatory and antiapoptotic responses. 

Uncovering the protease and novel non-protease binding properties of AAT has led to a 

deeper understanding of the function of this protein in health and disease

Knowledge of the full interaction profile of AAT as it circulates in health and in deficiency states may 

lead to a deeper understanding of its effects, uncover novel mechanisms of action, and ultimately 

lead to innovative therapeutic applications of augmentation therapy in a variety of disease states
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