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SUMMARY 

Alpha-1 antitrypsin deficiency is a genetic condition that is characterized by low 

circulating levels of the alpha-1 antitrypsin (AAT) protein and by the misfolding and 

polymerisation of the protein within hepatocytes. The polymerization of the mutated 

protein may be in relation with the pathogenesis of the liver and lung disease, therefore 

this thesis focuses in the polymerization of alpha1-antitripsin. Moreover, since in the 

past years there has been increasing interest in the screening of liver disease in patients 

with alpha-1 antitrypsin deficiency, this thesis also focuses in demonstrating the utility 

of transient liver elastography for the diagnosis of liver impairment.  

 

 

RESUMEN 

El deficit de alfa-1 antitripsina es una enfermedad genética rara que se caracteriza por 

presentar concentraciones séricas bajas de alfa-1 antitripsina y por el pliegue y  

polimerización de la proteína en los hepatocitos. La polimerización de la proteína 

mutada podría estar en relación tanto en la enfermedad hepática como pulmonar que 

causa la enfermedad. Por lo tanto, esta tesis se enfoca en el estudio del papel de la 

polimerización del alfa-1 antitripsina en la patogénesis de la enfermedad. Además en los 

últimos años, ha habido un incremento en el interés sobre el cribado de la enfermedad 

hepática causada por el déficit, por lo que parte de la tesis se enfocará en demostrar la 

utilidad de la elastografía hepática para el diagnóstico de la afectación hepática.  
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1. INTRODUCTION 
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1.1 Alpha- 1 antitrypsin deficiency             

1.1.1 Definition                         

Alpha-1 antitrypsin deficiency (AATD) is a genetic condition that is characterised by 

low circulating levels of the alpha-1 antitrypsin (AAT) protein. AATD is an inherited 

codominant recessive condition and the gene is located in chromosome 14. The 

SERPINA1 gene is highly polymorphic with at least 120 mutations described, out of 

them 60 are deficient variants (1, 2). The group of variants is known as the Pi (protease 

inhibitor system). The normal allele present in 95% of healthy individuals is defined as 

Pi*M and the most common deficient variants are Pi*S and Pi*Z. Individuals with 

heterozygosis and homozygosis for the Z allele can present plasma levels of AAT of 

50% and 10 to 15% of normal, respectively (3, 4).  

In normal condition, the AAT is mostly produced and secreted by the hepatocytes, and 

in least amount by macrophages and monocytes. The main function of AAT is to protect 

lung tissue from damage caused by proteolytic enzymes such as neutrophil elastase.  

In the presence of the Z allele, most of the AAT synthesized accumulates as inclusion 

bodies in the endoplasmic reticulum (ER) lumen of liver cells (5). The accumulation of 

this protein leads to apoptosis of the hepatocytes and a compensatory hepatocyte 

proliferation that progressively produces liver fibrosis evolving into cirrhosis or 

hepatocellular carcinoma. On the other hand, low concentrations of circulating AAT 

predispose to early onset panlobular emphysema, especially in individuals with a 

history of smoke exposure (6-8). 

Therefore, clinically, AATD can be mainly manifested as emphysema and liver 

diseases: neonatal cholestasis, juvenile hepatitis, cirrhosis and carcinoma in children 

and adults, and less frequently as neutrophilic panniculitis and systemic vasculitis. 
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Emphysema secondary to AATD is the most common congenital life-threatening 

disease in adult life (figure 1).  

  

 

 

Figure 1. Chest computed tomography scan showing emphysema in a patient with 

AATD 

 

1.1.2 Epidemiology 

AATD is considered one of the most common genetic diseases in adults (9) with an 

estimated prevalence of 1 in 2000 to 3000 live births in Europe (10). Although more 

than 50 deficient alleles associated to AATD are known, in the clinical practice 96% of 

individuals with AATD present Pi*ZZ genotype and only 4% combinations of Z, S, rare 

and null variants (11, 12). The distribution of worldwide frequencies of Pi*Z is 

represented on figure 2. 
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Figure 2. Distribution of worldwide frequencies of Pi*Z (3) 

 

Among European countries there is a high variation in the prevalence of the Z allele, 

being more frequent in the Northwest of the continent while the S allele is more 

prevalent in the Iberian Peninsula. In Spain the prevalence of the S and Z alleles is 104 

per 1000 inhabitants and 17 per 1000 inhabitants respectively. It is estimated that 

approximately 12 000 individuals present Pi*ZZ genotype and 145 000 Pi*SZ. As for 

Pi*MZ and Pi*SS, it is predicted almost one and a half million of individuals with these 

genotypes (13). Finally, regarding rare and null variants, in the Spanish Registry of 

AATD (REDAAT for the Spanish acronym: Registro español de deficit de alfa-1 

antitripsina), they constitute the 4.5% of the registered cases (14). 

 

1.1.3 Pathophysiology of AATD  

1.1.3.1 Molecular and genetic basis of AATD 

The AAT is a 52kDa circulating glycoprotein of medium size, water soluble, with a 

plasma half-life of 5 days. The molecule is encoded on chromosome 14q31 32.1, and is 
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composed of three β- sheets (A-C) and presents a mobile reactive loop. Within the loop, 

there are The P1-P1´residues of methionine serine and act as a pseudosubstrate for 

neutrophil elastase (15). After the cleavage between the enzyme and the P1-P1´ peptide, 

the proteinase is inactivated and posteriorly this conformation of AAT bound is 

recognised by hepatic receptors and cleared from the circulation.  

Although this “bait” action performed by AAT is an effective inhibitor of serine 

proteases, it also constitutes the main point of mutations.  

Regarding the Z mutation of AAT (Glu342Lys), it is produced at residue P17 at the 

head of the β- sheet and the base of the mobile reactive loop. The mutation opens the β- 

sheet A and favors the insertion of the reactive loop of a second AAT molecule to form 

a dimer (16-19). Posteriorly, this formation of dimers can extend to the formation of 

polymers within the endoplasmic reticulum of the hepatocytes and form inclusion 

bodies. 

 

1.1.3.2  Polymerization and liver disease in AATD  

In the presence of AATD, the RNA messenger transfers the genetic information to the 

ribosomes where the abnormal AAT is codified and posteriorly dimerises and 

polymerises (20). In extreme cases, these polymers can form inclusion bodies in the 

hepatocytes which activate cytoplasm and nucleus mechanisms and stimulate apoptosis 

and accelerated repair in response to cellular stress. This continued cellular stress 

conducts to liver fibrosis, cirrhosis and hepatocarcinoma.  

In the Z mutation, 85-90% of the AAT suffers intracellular polymerisation in contrary 

to the S mutation where polymerization only occurs in the 60%. Moreover, the 

polymerization of the S protein is slower and can be degraded easier without forming 
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inclusion bodies. Homozygous individuals to the S allele do not develop liver disease 

due to the lack of polymer inclusions in their hepatocytes.  

In Pi*SZ individuals, it has been described heteropolymers formed by S and Z proteins. 

For this reason, Pi*SZ individuals can develop liver pathology as severe as homozygous 

to the Z allele. Liver heteropolymers have also been described in individuals with Pi* IZ 

genotype and are considered to be associated to the development of cirrhosis (21).  

Regarding the Pi*MZ genotype, hepatocytes present lower polymer accumulation and 

therefore are less likely to develop liver diseases (22).  

 

1.1.3.3 Polymerization and emphysema in AATD 

It is well known that tobacco exposure constitutes the main risk factor for the 

development of emphysema. However the mechanism of lung injury in AATD is not 

completely understood.  It has been accepted that the retention of mutated AAT in the 

liver is the first step of injury. The polymerization of AAT within the hepatocytes 

induces the drop of AAT serum and tissue levels, which in combination with its reduced 

inhibitory capacity, generates an imbalance of protease-antiprotease in the lung.  This 

disequilibrium allows an abnormal overexpression of neutrophil elastase which 

perpetuates a chronic inflammatory process and posteriorly induces irreversible 

destruction of pulmonary alveoli (22).  

In the past years, it has been demonstrated that not only the hepatic polymerization of 

the mutated AAT is implicated in the pathophysiology of emphysema. Currently, it is 

considered that in order to the develop emphysema, the interaction of other proteinases 

than the neutrophil elastase is needed. However, the neutrophil elastase remains the 

main proteinase of the cascade and the regulator of the expression of other proteases 

(23). 
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Among other mechanisms of lung injury, it is known that the AAT loses its 

antiapoptotic capacity when mutated. In normal conditions, the AAT prevents the 

apoptosis of pulmonary endothelial cells through the inhibition of caspases and the 

reduction of oxidative stress. However, when mutated, the AAT losses its antiapoptotic 

capacity leading to high levels of oxidative stress and therefore contributing to the 

development of emphysema (24).  

Moreover, it has been described the presence of polymers of mutated AAT within 

endothelial bronchial cells. These extracellular polymers act as chemotactic and 

stimulate human neutrophils which favour the inflammation of the airway and 

posteriorly cell apoptosis and tissue injury (25, 26). In addition, it has been 

demonstrated that cigarette smoke also increases the concentration of AAT polymers 

within alveolar lavage (27, 28).  

 
 

1.1.3.4 Circulating polymers of AAT 

 

Extracellular polymers of AAT have been described in lung lavage, in skin in patients 

with panniculitis and in the kidney in patients with vasculitis (29). Moreover, in the past 

years, it has been demonstrated the presence of polymers in serum samples of 

homozygous and heterozygous patients. These circulating polymers (CP) are formed 

within the ER and traffic through this organelle to posteriorly be secreted by the Golgi 

compartment (30) and become undetectable after liver transplantation (31).  

In the study performed by Tan et al, they observed the presence of CP of AAT in serum 

samples of AATD Pi*ZZ patients and mixed phenotypes after secretion to the 

circulation from liver.  



15 
 

Although the presence of CP have been demonstrated, little is known about the 

association of the concentration of CP and the severity of the liver and lung disease in 

patients with AATD.  

 

1.1.4 Diagnosis  

1.1.4.1 Laboratory diagnosis 

AATD is one of the most common hereditary diseases diagnosed in adulthood, 

however, it continues to be under diagnosed given to its varied form of clinical 

presentation and to the lack of knowledge of the disease by physicians (32).  

According the World Health Organization (WHO), AATD should be ruled out in every 

patient with Chronic Obstructive Pulmonary Disease (COPD) (33).  

The laboratory diagnosis is performed by a combination of quantitative measurement of 

AAT by nephelometry and phenotype characterisation by isoelectric focusing (34). In 

the past years, the molecular analysis of the AAT gene or genotype has been the 

reference standard for identifying rare variants associated with AATD (35). Recently, 

Belmonte et al. (36), have proposed a new diagnostic algorithm according to AAT 

serum concentrations (figure 3).  
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Figure 3. Belmonte et al proposed algorithm for the diagnosis of AATD (36) 

 
 
 

1.1.4.2 Clinical diagnosis and follow-up 

 

AATD predisposes to the development of different diseases along the patient´s life, 

however, the most common clinical manifestations are pulmonary and liver diseases: 

pulmonary emphysema and liver diseases such as neonatal cholestasis, juvenile 

hepatitis, liver cirrhosis in children and adults and hepatocarcinoma (37, 38).  

The clinical manifestations may vary according the AATD phenotype. It is known that 

Pi*ZZ patients are more prone to develop liver and lung disease, followed by Pi*SZ 

individuals and rare variants (12).  
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1.1.4.2.1 AATD and lung disease 

 

The clinical manifestations of lung disease can be variable among patients. Firstly, 

patients with AATD and lung disease were described as young individuals with early 

onset COPD with basal emphysema as the most common radiological finding.  

However, in the past years this heterogeneity has lead to the WHO and Scientific 

societies to recommend testing every patient with the diagnosis of COPD or adult-onset 

asthma (33, 39).  

After performing the diagnosis of AATD, annual measurement of lung function post-

bronchodilator Forced Expiratory Volumen in the first second (FEV1) and gas transfer 

should be carried out in patients in order to detect disease progression. Imaging tests 

such as computerized thoracic (CT) scan as part of routine follow-up still requires 

further validation (39).   

 

1.1.4.2.2 AATD and liver disease 

 

 

Liver damage is then caused by this protein accumulation, inducing apoptosis of the 

hepatocytes and a compensatory hepatocyte proliferation that eventually produces liver 

fibrosis that can evolve to cirrhosis or hepatocellular carcinoma (40, 41). Most patients 

with liver disease are homozygous for the deficient Z allele (Pi*ZZ), although different 

degrees of liver involvement have been described in heterozygotes (Pi*SZ and Pi*MZ), 

especially if associated with other co-factors such as alcohol consumption or metabolic 

syndrome (42, 43). 

Currently there is no non-invasive gold standard technique for the screening and early 

diagnosis of liver disease in patients with AATD (44). In clinical practice, liver 
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enzymes are routinely checked, while liver ultrasound is performed if necessary. 

However, it has been observed that transaminase levels have a low sensitivity to 

identify liver disease, and they correlate little with the degree of liver disease, especially 

in adulthood (45). Serum biomarkers and image devices based on elastography 

technique have been developed to overcome this problem and to assess the presence of 

fibrosis in liver diseases of different etiologies (46, 47). 

Recently, there has been increasing interest in the use of elastographic methods, such as 

transient elastography, for screening liver disease in AATD patients (48, 49, 50). 

However, the screening and management of asymptomatic liver disease in AATD may 

differ among centers due to a lack of consensus or guidelines. 

 

1.1.5 Treatment 

 

Since 1987 a purified preparation of AAT from donor plasma is available for 

intravenous administration (51). The aim of this treatment is to raise AAT serum levels 

and in lung tissue in order to prevent the destruction of the lung and therefore to slow 

the progression of emphysema.  

It has been demonstrated that augmentation therapy can achieve and maintain protective 

AAT levels in both blood and lung tissue (52). Moreover, large studies have shown that 

patients treated with augmentation therapy have a slower decline in FEV1 and a 

reduction in mortality compared to those not receiving this treatment (52, 53). In 

addition, other studies have shown a reduction in lung density decline in treated patients 

when compared to those untreated (54, 55). 

In the RAPID study, patients with AATD were recruited and randomized to receive 

either augmentation therapy or placebo and followed for over 2 years by CT 
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densitometry. This study showed that augmentation therapy was effective in reducing 

loss of lung tissue. Moreover, patients that received placebo during two years, agreed to 

receive augmentation therapy for the next two years, and once again a reduction in the 

rate of decline in lung density was also observed. However, the initial loss of long tissue 

during the two years of placebo was not recovered (56). 
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2. HYPOTHESIS 
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The polymerization of mutated AAT is involved in the pathogenesis of the lung and 

liver disease, therefore the CP of AAT could be helpful as a biomarker of the severity of 

the damage produced.  

The utilization of transient liver elastography could be useful for the diagnosis of liver 

disease of patients with AATD. 
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3. OBJECTIVES 
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3.1 Main objective 

 

To investigate the role of the polymerization of the mutated AAT in the pathogenesis of 

liver and lung disease. 

 

3.2 Secondary objectives 

 

• To determine the concentrations of CP of AAT in individuals with different 

AATD genotypes. 

 

• To investigate the association between CP of AAT and the severity of lung 

disease in patients with AATD homozygous and heterozygous for the Z allele. 

 

• To describe the association between CP of AAT and the severity of liver disease 

defined by transient elastography in patients with AATD homozygous and 

heterozygous for the Z allele. 

 

• To evaluate the utility of transient elastography for the identification of liver 

disease in individuals with AATD and its association with biomarkers of liver 

function.  
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5. OVERALL SUMMARY OF RESULTS 
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5.1 Circulating polymer concentrations in the different AATD genotypes 

 

A total of 70 patients with different AAT genotypes were included. Among them, 32 

(46%) were homozygous Pi*ZZ, of whom 11 were on augmentation therapy; 29 (41%) 

were heterozygous for the Z allele (13 Pi*MZ, 13 Pi*SZ, 1 Pi*MmaltonZ, 1 

Pi*PLowelZ, 1 Pi*FZ); 4 (6%) carriers of the S allele (3 Pi*SS, 1 Pi*SI); and 5 (7%) 

rare variants (1 Pi* Q0mattawa, 2 Pi*MMmalton, 1 Pi*SMmalton and 1 Pi*MMvall 

d´Hebron) (Table 1).  The control group consisted of 47 individuals, 35 had a normal 

genotype Pi*MM and 12 had a Pi*MS genotype.    

Considering the different genotypes individually, the highest values were observed in 

augmented Pi*ZZ patients (42.9 g/mL (SD= 16) and one Pi*FZ with 42.1 g/mL, very 

close to the 34.5 g/mL (SD=16.2) obtained in untreated Pi*ZZ patients. The lowest 

values were observed in controls (1.04 g/mL (SD=1.73) for Pi*MM and 0.9 g/mL 

(SD=1.7) for Pi*MS) and in patients with the Pi*SS and Pi*SI genotypes. Patients 

heterozygous for the Z allele and other rare variants had intermediate values (Table 3 

and Figure 1). The distribution of CP in percentage followed a similar distribution 

among genotypes (Table 3).     
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5.2 Correlation between circulating polymers and parameters of lung and liver 

impairment in untreated Pi*ZZ and Z- heterozygous patients. 

 

In order to determine the possible relationship between CP concentrations and lung and 

liver alterations, we selected homozygous or heterozygous patients carrying the Z allele, 

excluding those on augmentation therapy. A negative, significant and weak linear 

relationship was found between CP concentrations and parameters of airflow 

obstruction; FEV1/FVC r= -0.32, p=0.026 and FEV1 (%) r= -0.31, p=0.029 (Figure 2).  
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Similarly, a positive and weak linear relationship was found between CP and LSM and 

ELF (r= 0.39 p=0.005 and r=0.38 p=0.007, respectively) (Figure 3). 
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5.3  Circulating polymers concentrations in patients according to the combined 

presence of lung and liver disease 

 

The same group of unaugmented patients with one or two Z alleles was divided into 4 

subgroups according to lung and liver impairment, using the cutoff of FEV1/FVC< 0.7 

as diagnostic of COPD and LSM ≥6 kPa cut-off as suggestive of mild liver fibrosis. One 

patient was excluded from analysis due to missing data of LSM.  

There was a gradient of CP concentrations, with the highest concentration in two 

patients with both lung and liver impairment (mean= 47.5 µg/ml), followed by six 

patients with liver abnormality only (mean CP=34 µg/ml) and 18 with lung impairment 

only (mean CP=26.5 µg/ml). Those with no abnormalities had the lowest CP 

concentrations (Table 4).  Differences were significant in terms of CP between the 4 

groups (p=0.004).  
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5.4  Clinical and laboratory biomarkers of liver disease  

From a total of 148 AATD patients, thirty-two patients (21.6%) had abnormal liver 

enzymes. The distribution of values showed significant differences only in AST values, 

which were significantly higher in Pi*ZZ patients (29.2 UI/L (SD: 15.4) vs. 25.0 UI/L 

(SD: 8.0; p = 0.029). The most frequent pattern was an elevation in GGT (14.9% of 

patients). Pi*ZZ patients had a higher FIB-4 score compared to heterozygous Z (1.6 

(SD: 0.8) vs. 1.2 (SD: 0.5); p < 0.001). Only 5 patients had FIB-4 > 3.25 and all were 

Pi*ZZ. The APRI score was higher in Pi*ZZ patients than in heterozygous Z (0.35 (SD: 

0.18) vs. 0.27 (SD: 0.09); p = 0.007), but most of the patients had APRI values < 0.5, 

excluding advanced fibrosis or cirrhosis, and only one Pi*ZZ patient had an APRI score 

> 1.0. The ELF score was obtained in 52 patients (27 Pi*ZZ and 25 Pi*Z patients). 

Pi*ZZ had significantly higher values compared to Pi*Z phenotypes (8.6 (SD: 0.8) vs. 8 

(SD: 0.6); p = 0.007). Only 1 Pi*ZZ patient showed values above the cut-off of 9.8 

(Table 2). 

 

5.5  Transient elastography 

The mean LSM was significantly higher in Pi*ZZ individuals than in heterozygous Z 

(5.6 (SD: 2.5) kPa vs. 4.6 (SD:1.2) kPa, respectively; p = 0.007). In total, LSM was 

>7.5 kPa in 8 (5%) individuals and ≥10 kPa in 3 (1.9%), all being Pi*ZZ (Figure 1). By 

lowering the cut-off of LSM to >7.1 kPa as suggested in other studies (11), we found 10 

Pi*ZZ patients (12.3%) and 3 heterozygous patients (4.5%), two of whom were Pi*SZ 

patients with LSM 7.3 kPa, and one was a Pi*MZ patient with LSM 7.5 kPa.  

Using the LSM > 8.45 kPa cut-off of the study by Clark et al., we would have identified 

4 Pi*ZZ patients (4.9%) suggestive of having F ≥ 3. Almost one-third of the patients 
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had severe steatosis according to CAP values > 280 dB/m, with no significant 

differences between homozygous and heterozygous patients. (Table 2) 
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5.6  Characteristics of Pi*ZZ patients according to LSM values  

 

Two thirds consumed alcohol, and all had COPD (versus 67% in patients with LSM ≤ 

7.5 kPa; p = 0.097). Elevated liver enzymes were more frequently observed in patients 

with LSM > 7.5 kPa. Twenty-five percent of patients with LSM > 7.5 kPa had elevated 

AST values compared to 2.7% in patients with LSM ≤ 7.5 kPa (p = 0.048), and 37.5% 

of patients with LSM > 7.5 kPa had elevated GGT compared to 14.1% of patients with 

LSM ≤ 7.5 kPa (p = 0.120) (Table 3). Conversely, 11/61 patients (18%) had at least one 

elevated liver enzyme but with normal LSM values (LSM < 6 kPa). Correlations 

between LSM and liver enzymes were only significant, albeit weakly, between LSM 

and AST (0.311 (p < 0.001)), and LSM and GGT (0.389 (p < 0.001)). 
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Among the 8 patients with LSM > 7.5, 3 had GGT above the normal limit and 1 also 

had a FIB-4 score > 3.25 (Figure 3). The FIB-4 score (2.2 (SD: 0.7) versus 1.5 (SD: 

0.8); p = 0.032), as well as CAP measurement (317.9 (SD: 48) dB/m vs. 249.6 (SD: 

56.5) dB/m; p = 0.004), were also higher in Pi*ZZ patients with LSM > 7.5 kPa (Table 

3). Severe steatosis, with CAP > 280 dB/m, was present in 6 patients (75%) with LSM > 

7.5 kPa compared to 20 patients (27.4%) with LSM < 7.5 kPa (p = 0.041). 

The APRI was higher in Pi*ZZ patients with LSM > 7.5 kPa than in those with LSM ≤ 

7.5 kPa (0.56 vs. 0.33, p < 0.001). The APRI had a significant correlation with LSM (r 

= 0.353, p = 0.030).  
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5.7  Comparison of liver findings between Pi*ZZ patients with or without COPD  

Fifty-seven Pi*ZZ patients (70.4%) had COPD. Pi*ZZ patients with COPD were older 

and more frequently had a history of smoking compared with non-COPD individuals. 

As expected, they had worse lung function with a lower FEV1 (1.6 (SD: 0.8) L vs. 3.5 

(SD: 1) L; p < 0.001) and KCO (%) (43.7% (SD: 30.8%) vs. 68% (SD: 30.4%); p = 

0.003). Regarding the liver study, no differences were observed in transaminase levels, 

but the FIB-4 score was higher in COPD patients (1.7 (SD: 0.8) vs. 1.2 (SD: 0.8); p = 

0.046). More individuals in the COPD group had a LSM > 7.5 kPa (14% vs. 0%; p = 

0.097) and they also had higher CAP values (265.9 (SD: 58.3) dB/m vs. 233.5 (SD: 

55.8) dB/m; p = 0.023) (Table 3). Significant, albeit weak, correlations were found 

between FIB-4 and FEV1 (mL) (r = −0.350, p = 0.002), and CAP and FEV1 (mL) and 

FEV1(%) (r = −0.391, p < 0.001 and r = −0.306, p = 0.006, respectively). No significant 

correlations were found between LSM or ELF and measures of airflow obstruction. 
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6. OVERALL SUMMARY OF THE DISCUSION 
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The results of this thesis show that overall Pi*ZZ patients presented the highest levels of 

CP of AAT, followed by heterozygous Z patients and individuals with rare variants. The 

lowest CP concentrations were observed in controls with Pi*MM and Pi*MS genotypes 

and patients carrying the S allele, with undetectable levels in the few Pi*SS patients 

analysed. Moreover, CP concentrations were significantly higher in patients with both 

lung and liver disease and correlated with the degree of alteration in lung function and 

liver stiffness.  

Regarding the diagnosis of liver disease by transient elastography, we found that 10% 

of Pi*ZZ individuals had transient elastography results suggestive of liver fibrosis, but 

none of the heterozygous individuals reached the suggested threshold. As to liver 

biomarkers, individuals with higher transaminase levels and FIB-4 scores had higher 

LSM. However, normal levels of these biomarkers did not reliably rule out liver 

disease, since some of the patients with normal values had high LSM values. In 

addition, we observed that all patients with high LSM also had COPD. 

 

6.1 Alpha1-antitrypsin polymers 

 

Alpha1-antitrypsin polymers are aggregates of misfolded protein and are deposited 

within the ER of hepatocytes, which is the basis of the pathogenesis of liver disease in 

AATD (5, 66). Although most of the polymers remain as inclusion bodies in the ER of 

hepatocytes, some are secreted into the blood stream (30, 31). Polymers are also 

secreted by alveolar macrophages and have a pro-inflammatory and chemotactic role for 

inflammatory cells in the lung. The polymers within alveolar macrophages have no anti-

elastase activity, thereby contributing to a greater imbalance of the protease-antiprotease 

axis (21, 25). Moreover, studies have shown that, apart from inactivating AAT by 
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oxidation, cigarette smoke also increases the concentration of AAT polymers within 

alveolar macrophages (27, 28).  

 

6.2 Concentrations of circulating polymers in different AATD genotypes 

 

In our study, Z homozygous patients presented the highest concentrations of CP 

followed by Z heterozygous patients. These data were previously observed by Tan et al. 

(31), who reported the highest concentrations of CP in Pi*ZZ patients, a low signal in 

normal Pi*MM individuals and remained undetected in S-homozygous individuals. 

Other studies have also reported that, among the most frequent variants, the Z mutation 

polymerises the most and the S the least (29, 66, 67).   

Patients with the Pi*ZZ genotype on augmentation therapy presented higher CP levels 

than untreated patients, despite blood samples being taken just before the following 

dose of augmentation therapy when plasma levels of exogenous AAT are minimal. This 

observation confirms previous studies that demonstrate the presence of AAT polymers 

in the augmentation therapy preparations (68) having a direct correlation with serum 

levels of AAT (69). To avoid possible confounding effects caused by augmentation 

therapy, augmented patients were excluded from further analysis.  

Association between circulating polymers and liver and lung parameters 

In order to assess the relationship between CP and variables of liver and lung disease we 

used data from untreated homozygous or heterozygous carriers of the Z allele. We 

found a negative relationship between CP concentrations and airflow obstruction 

parameters and a significant and positive linear relationship with LSM and ELF, 

suggesting that higher concentrations of CP are related to lung and liver damage. These 

findings are in agreement with a previous study on 244 Pi*ZZ individuals, that found a 
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negative linear relationship between CP concentrations and the FEV1/FVC ratio. 

Moreover, although that study was not designed to assess liver disease, patients who 

self-reported abnormal liver function, liver disease or cirrhosis had higher CP 

concentrations than those without a history of liver involvement (31). In a biopsy study, 

Mela et al. (40) found that higher polymer loads within hepatocytes were related to 

senescence of the cells and liver fibrosis. However, to the best of our knowledge, no 

other studies have related CP concentrations with LSM or ELF and this is important 

since transient elastography is increasingly used for the screening and follow-up of liver 

disease in patients with AATD (48, 70), and ELF is a systemic biomarker of liver 

fibrosis (60).  

The importance of the polymerisation of mutated AAT in the pathogenesis of liver and 

lung disease in AATD has stimulated the development of new strategies of treatment for 

AATD based on the blockade of polymer formation (70, 72). 

 

6.3 Transient elastography  

 

Transient liver elastography is a non-invasive tool that has proven to be useful in the 

diagnosis of liver fibrosis of different etiologies. More recently, its utility has also been 

explored in AATD-related liver disease with promising results (48, 49, 50, 73). 

Although different cut-offs have been proposed, there is no validated cut-off of LSM for 

AATD liver disease. In a study including 94 Pi*ZZ patients with paired LSM and liver 

biopsies, Clark et al. (73) observed that cut-offs of 5.54 and 8.45 kPa had the highest 

accuracy for detecting significant fibrosis (≥F2) and advanced fibrosis (≥F3), 

respectively. However, these cut-offs had a low specificity and a low positive predictive 

value. Hamesch et al.(49) increased the cut-off for significant fibrosis to >7.1 kPa in 



59 
 

order to increase the positive predictive value, confirming the presence of ≥F2 in 22 out 

of 23 patients with liver biopsies, while Guillaud et al. (48) suggested an LSM > 7.2 kPa 

for significant fibrosis and LSM > 14 kPa for cirrhosis. In another study in 75 patients 

with AATD, the investigators offered a liver biopsy to all individuals with a LSM > 6 or 

altered liver enzymes in combination with an abnormal ultrasound. Among the 11 

biopsies analyzed, they found that the LSM scores in patients with moderate or severe 

fibrosis were >8 kPa (50). According to these results and the cut-offs previously 

established in other etiologies, we chose an arbitrary cut-off of LSM > 7.5 kPa as 

suggestive of significant fibrosis, and LSM ≥ 10 kPa as advanced fibrosis/cirrhosis. In 

our sample, there were two Pi*SZ patients with LSM = 7.3 kPa, one of whom was 

overweight and had diabetes mellitus and increased GGT values, and the other was a 

Pi*MZ patient with LSM = 7.5 kPa without other identified risk factors of liver disease. 

Since the etiology of liver disease has an impact on LSM and the data on AATD 

induced liver disease are limited (74), further studies are needed to validate the best 

LSM cut-off for screening of liver disease in AATD.  

 

6.4 Transient elastography and AATD 

 

Ten percent of Pi*ZZ patients in our cohort had LSM > 7.5 kPa, similar to the 

prevalence of liver fibrosis reported in initial studies in AATD patients, which varied 

from 10–15% in clinical studies to 37% in autopsy studies (75, 76, 77). More recently, 

with the development of transient elastography, there has been growing interest in the 

early detection of liver disease in AATD. The study by Guillaud et al. described 5 

patients (18%) with LSM suggestive of significant fibrosis and 2 patients (7%) with 

LSM suggestive of advanced liver fibrosis/cirrhosis (48). Other studies have reported a 
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higher prevalence; Hamesch et al. described a prevalence of liver fibrosis of 23.6% 

among 403 Pi*ZZ individuals and observed that liver disease was 9 to 20 times more 

frequent in this population compared to non-AAT-deficient individuals (49).  

In a cohort of COPD Pi*ZZ patients referred for lung transplantation, Morer et al. found 

that 13% of patients had significant fibrosis (F2) and 8% advanced fibrosis (≥F3) (78). 

Similar to these numbers, 8 (14%) of our COPD Pi*ZZ patients had LSM > 7.5 kPa, 

while in 3 (5.7%) LSM was higher than 10 kPa, suggesting the presence of advanced 

fibrosis. 

In our cohort, Pi*MZ individuals had lower values of LSM compared to Pi*ZZ 

individuals. The mean LSM was 4.7 kPa for the 34 Pi*MZ patients included. None of 

these patients had values above 7.5, and only one had LSM = 7.5 kPa. In this patient, 

other co-factors for liver disease such as obesity, alcohol consumption, or metabolic 

syndrome were not found. The incidence of liver disease could be higher in 

heterozygous Z than in the general population, although some authors have 

hypothesized that while the Pi*MZ genotype acts as a disease modifier, it is not 

sufficient per se to trigger clinically relevant liver impairment (79). In a study that 

analyzed 1184 individuals with non-alcoholic fatty liver disease (NAFLD) and 2462 

with chronic alcohol misuse, the Z variant increased the risk of patients with NAFLD to 

develop cirrhosis and was more frequently present in alcohol misusers with cirrhosis 

compared to those without significant liver injury (80). In contrast, a recent analysis of 

data from the European alpha-1 liver cohort showed that 10% out 419 Pi*MZ had LSM 

values ≥ 7.1 kPa compared with 4% of non-Z carriers. After adjusting for potential 

confounders, Pi*MZ individuals still had significantly higher odds for LSM ≥ 7.1 kPa 

(44). There is agreement that, in coexistence with other risk factors, and especially in 

the context of alcohol misuse or NAFLD, Z carriage is a strong risk factor for the 
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development of cirrhosis and may also lead to faster hepatic decompensations (49, 50, 

81). In our cohort, 60% of Pi*ZZ patients with LSM > 7.5 kPa had some alcohol 

consumption and had a higher BMI than those with LSM ≤ 7.5 kPa, and, therefore, 

these factors could have contributed to the progression of liver disease. 

 

6.5 Transient elastography and liver enzymes  

 

Liver enzymes have often been used to screen liver disease in AATD in clinical practice 

(82). In our cohort, elevated liver enzymes and FIB-4 were more frequently observed in 

patients with LSM > 7.5 kPa, but normal levels were also frequently present in patients 

with high LSM. In fact, liver enzyme alterations ranged from only 25% of cases for 

AST and ALT to 37.5% for GGT in Pi*ZZ patients with LSM > 7.5 kPa. Patients with 

fibrosis or even cirrhosis may present normal serum liver enzymes, and this has also 

been observed in Pi*ZZ individuals (45, 49, 83).  

On the other hand, up to 10% of AATD patients with normal liver function tests and 

ultrasound may have increased LSM values (48). Furthermore, an increase in ALT has a 

low sensitivity for identifying liver disease in AATD individuals (45, 47). In the 

European alpha-1 liver cohort, heterozygous Pi*MZ carriers also had higher serum 

transaminases compared to non-carriers, although this percentage varied from 5.4% to 

28.6% and was higher in individuals older than 50 years (44). 

 

6.6 Lung and liver disease in AATD 

The relationship between lung and liver disease in individuals with AATD is 

controversial. The first series of patients with the deficiency suggested that lung and 

liver disease rarely coexisted in AATD, and liver disease was more frequently reported 
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in AATD never smokers compared to smokers (84, 85). However, more recent studies 

using new diagnostic techniques have reported more frequent coexistence of the 

alterations in both organs (86). In this line, all of our patients with elevated LSM also 

had COPD, although the correlation between lung function and LSM was not 

significant. Moreover, recruiting patients from respiratory departments may have 

influenced the high prevalence of COPD among patients with elevated LSM; although 

they were also older, with higher BMI and with a higher frequency of alcohol misuse 

compared with patients with normal LSM. Therefore, a clear relationship between 

elevated LSM and lung disease cannot be established from our results. 
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7. CONCLUSIONS 
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• Pi*ZZ and heterozygous Z individuals present higher levels of CP than other 

AAT genotypes 

• CP of AAT were associated with the presence and severity of lung and liver 

disease. Therefore, CP concentrations may help to identify AATD patients at 

greater risk of developing lung and liver disease and may provide some insight 

into the mechanisms of the disease.  

• The assessment of liver disease in all AATD Pi*ZZ individuals and 

heterozygous Pi*Z individuals with additional liver risk factors should be 

carried out.  

• Transient elastography has shown to be a valuable tool to screen for AATD liver 

disease. 

• Due to the poor correlation between liver enzymes and other serum biomarkers 

and the underlying liver disease, all Z-allele carriers, even those with normal 

serum biomarker values, should be screened with transient elastography. 

• Since AATD is a rare disease, international collaboration in large registries is 

needed to investigate the best screening strategy for lung and liver disease.  

 

 

 

 

 

 

 

 

 



65 
 

8. APPLICABILITY TO THE FUTURE 
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As described in this thesis, the polymerization of the mutated AAT protein constitutes 

an essencial role in the pathogenesis of lung and liver disease in AATD.  

Since AATD is a rare disease, it is important to determine new biomarkers that could 

help in the early detection of patients that may be in risk of developing lung disease. 

Larger studies with larger populations should be performed in order to determine if 

these parameters could be used in the daily practice.   

In addition, in this thesis, we determined that the transient liver elastography could be 

useful to the screening of liver disease in patients with AATD. As described in this 

thesis, liver biomarkers are not always reliable in order to detect liver disease, therefore, 

transient liver elastography could be helful to determine whether the patient suffers or is 

at risk of developing liver disease. Morever, transient liver elastography could be used 

for the follow-up of patients with AATD.   
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