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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 alphal-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
polimerizacion de la proteina en los hepatocitos. La polimerizacion de la proteina
mutada podria estar en relacién tanto en la enfermedad hepatica como pulmonar que
causa la enfermedad. Por lo tanto, esta tesis se enfoca en el estudio del papel de la
polimerizacion del alfa-1 antitripsina en la patogénesis de la enfermedad. Ademas en los
ultimos afios, ha habido un incremento en el interés sobre el cribado de la enfermedad
hepética causada por el déficit, por lo que parte de la tesis se enfocara en demostrar la

utilidad de la elastografia hepatica para el diagndstico de la afectacion hepaética.



1. INTRODUCTION




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
SERPINAL 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.



Emphysema secondary to AATD is the most common congenital life-threatening

disease in adult life (figure 1).

A

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 espafiol 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

11



composed of three - 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 B- sheet and the base of the mobile reactive loop. The mutation opens the -
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* 1Z
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.
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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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1.14.2.1 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*M2),
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 FEV: 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).

19



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

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

AATD genotypes.

e 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.

e 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.

e 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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Abstract

Background: Alpha-1 antitrypsin deficiency (AATDY is considerad one of the most common genetic diseases and i
characterised by the misfolding and polymerisation of the alpha-1 antitrvpsin (AST) protein within hepatocytes. The
relevance of droulating phlymers (CP) of AAT in the pathogenesis of lung and liver disease is not completely under-
stood. Therefore, the main objective of our study was to determine whether there is an association between the levals
af CP of AAT and the severity of lung and liver disease.

Method: This was a cross-sectional study in patients with different phenotvpes of AATD and contrals. To quantify CR,
a sandwich ELISA was performed using the 201 monoclonal antibody against AAT polymers. Sociodemographic data,
clinical characteristics, and liver and lung parameters were collected.

Results: A cohort of 70 patients was recruited: 32 Pi*ZZ (11 on augmentation therapy); 29 Z-heterozygous; 9 with
ather genotypes. CF were compared with a control group of 47 individuals (35 Pi*MM and 12 Pi*M5). 27 patients had
the highest concentrations of CP (p < 0.001) followed by 7 heterozygous. The control group and patients with Pi®s5
and Fi*3l had the lowest CP concentrations. Pi*ZZ also had higher levels of liver stiffness measurements [L5M) than
the remaining AATD patients. Among patients with one or two Z alleles, two patients with lung and liver impair-
ment showed the highest concentrations of CP (47 5 pg/miL), followed by those with only liver abnormality (n=6,
CP=34 pa/mL), only lung (n=18, CP =265 pg/mL) and no abnormalities (n=23, CP = 14.3 pg/mL). Differences were
highby significant (p=0.004).

Condlusions: Mon-augmentad Pi*Z7 and Z-patients with impaired lung function and increased lver stiffness pre-
sented higher levels of CF than other dinical phenatypes. Therefore, CF may help to identify patients more at risk of
developing lung and liver disease and may provide some insight into the mechanisms of diseaze.

Keywords: Alpha-1 antitrypsin deficiency, Circulating polymers, Emphysema, Liver disease

Background

Alpha-1 antitrypsin deficiency (AATD) is considered one

of the most common genetic disorders in adults [1], with

a prevalence of 1 in 2000 to 2000 live births in Europe
*CONESpONGENCE: MErCMgSEDares [2]. AATTY is characterised by low circulating levels of
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been described, and of these, 60 are deficient variants [3,
4]. The normal allele present in 95% of healthy individu-
als is defined as the M allele, and the most common defi-
cient variants are 5 and Z [5, 6]. The alleles of SERPINA T
are codominant, therefore, individuals heterozygous and
homoeygous for the Z allele have AAT plasma concentra-
tions of 50% and 10 to 15% of normal, respectively.

In normal conditions, the protein is mainly synthesised
and secreted by hepatocytes and its main function 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 synthesised polymerises
and accumulates in the lumen of the endoplasmic reticu-
lom (ER) of liver cells as inclusion bodies. These inclu-
sions are associated with neonatal hepatitis, cirrhosis
and hepatocellular carcinoma [7]. In addition, lower con-
centrations of circulating AAT predispose to early onset
panlobular emphysema in individuals with smoking his-
tory [8-10].

Polymers of AAT have also been identified in the bron-
choalveolar lavage fluid and alveolar walls of carriers
of the Z allele [11]. In a study by Alam et al. [12], it was
observed that cigarette smoking accelerated polymeri-
sation of AAT in patients homozygous for the Z allele,
leading to = greater depletion of the protection against
neutrophil elastase in the lung. Later, other authors found
that these circulating polymers (CP) of AAT were present
in serum samples of AATD Pi*ZZ and mixed phenotypes
patients, probably due to secretion to the circulation
from liver cells [13, 14].

However, little is known about the role of CP of AAT
in the pathogenesis of disease in patients with AATD.
Therefore, the aim of our study was to determine CP
concentrations in individuals with different genotypes
of AAT and to investigate the assodation between CP
and the severity of lung and liver disease in patients with
AATTY homozygous and heterozygous for the Z allele.

Methods
This was a cross-sectional study performed in the Vall
d'Hebron Hospital Campus (Bareelona, Spain), which is
a reference centre for AATD [15]. Patients with moder-
ate and severe deficiency (genotypes Pi*Ss, MZ, 52, ZZ
and rare variants) were consecutively included from the
AATT outpatient clinic of the Pneumology Department
between January and December 2019, A control group of
adults, older than 18 years with Pi*MM and Pi*MS geno-
types wore also consecutively recruited during the same
period among those attending routine medical check-
ups in the Proventive Medicine outpatient clinic in our
centre.

The study was carried out according to the principles of
the Declaration of Helsinki and the prevailing norms for
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performing investigation in humans. Data confidential-

ity was ensured according to the Law of Data Protection
2016/679. The study was approved by the Ethical Com-
mittee and Clinical Investigation of the Vall d'Hebron
University Hospital (Barcelona, Spain) number PR (AG)
156/2016, and all the participants provided written
informed consent.

Variables

Sociodemographic data and clinical characteristics were
collected from all patients. Comorbidities were regis-
tered according to the Charlson comorbidity index [16].
Patients performed spirometry and values for forced
expiratory volume in the 1st second (FEV,), forced vital
capacity (FVC) and the FEV/FVC ratio were registered.
Chronic obstructive pulmonary disease (COPD) was
diagnosed when the post-bronchodilator FEV/FVC ratio
was below 0.7,

Liver stiffness measurement (LSM) was performed
using transient elastography (Fibroscan 502 Touch,
Echosens, Paris, France) in a fasting state according to
the usual standard procedure [17]. Quality criteria were
at least 10 valid measurements and an interquartile to
medizn ratio =30%. Only valid assessments were con-
sidered for the analysis. Data were expressed in kilopas-
cals (kPa). Normal LEM values vary between 4-6 kPa.
L5M = 6 kPa were considered abnormal and suggestive of
liver disease/mild fibrosis,

Laboratory testing

Biochemical tests included determination of liver
enzymes: aspartate-aminotransferase (AST), alanine-
aminotransferase (ALT), gamma-glutamyl transferase
and alkaline phosphatase. In addition, two fibrosis bio-
markers were assessed: the fibrosis-4 (FIBE-4) score and
the enhanced liver fibrosis (ELF) test. The FIB-4 score
was calculated as age (years) = AST [IU/L)/(platelet
count [10°/L] = + ALT [IU/L]). The ELF test (Siemens
Healtheare Diagnostics, Vienna, Austriz) consists of
three components: type 11 procollagen peptide, hyalu-
ronic acid and tissue inhibitor of metalloproteinase-1 and
is a marker of liver fibrosis [18]. In addition, fibrinogen
and C-reactive protein (CRP) were determined as mark-
ers of systemic inflammation.

AAT blood levels and genotyping

Quantitative measurement of AAT lovels was deter-
mined by immune nephelometry and genotyping was
performed using real-time polymerase chain reaction or
sequencing the entire encoding region of the SERPINAT
gene as previously described [15].
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Circulating polymers of AAT

To quantify CP a sandwich ELISA with plasma sam-
ples was performed using the 2C1 monoclonal antibody
(mAb) against AAT polymers [19]. Plates were coated
overnight at room temperature with 50 pl/well of puri-
fied 2C1 mAb at 2 pg/ml. The next day, the plates were
washed and incubated with 300 pLiwell of blocking
solution for 1 h. Standards and samples were diluted in
blocking buffer, added to the plate and incubated for 2 h
at room tempersture. Bound polymers were detected
with anti-total AAT 32C11 mAb labelled with horserad-
ish peroxidase and incubated for 75 min, and its activity
was subsequently measured in a plate reader at 450 nm
using a 3,355 -tetramethylbenzidine (TMB} substrate
solution. CP {pg/mL) concentrations were determined by
interpolation of absorbance values on the standard curve
[20]. Monodonal antibody 2C1 recognizes the pathologi-
cal polymers formed by AAT, however, in samples with
elevated AAT concentrations and the sbsence of poly-
mers, 2 minimal amount of monomeric AAT binds to
mAb 2C1 with low affinity, showing a weak background
signal. In order to reduce this noise, the proportion of
polymers versus the total levels of AAT (%) was deter-
mined in all samples together with total polymer concen-
trations (pg/mL).

Statistical analysis

Qualitative variables were described with absolute fre-
quencies and percentapges. The description of quantita-
tive variables was performed using the mean, standard
deviation (SD), median and quartiles. The Kolmogo-
rov-Smirnov test was used to assess the normality of
distributions.

The sociodemographic, clinical characteristics and CP
levels (pg/mlL and %) were compared according to the
genotypes. In the case of quantitative variables, ANOWVA
tests were carried out with Bonferroni correction for
multiple comparisons. The Chi-squared test (Fisher test
for frequencies <5) was used for the comparison of cat-
egorical variables. Linear relationships between clinical
variables and levels of CP were also analysed using the
Pearson correlation coefficient.

For all the tests, p-values<0.05 were considered sta-
tistically significant. The statistical package R Studio
(v2.5.1) was used for the analyses.

Results

Characteristics of participants

A total of 70 patients with different AAT penotypes
were included. Among them, 32 (46%) were homozy-
gous Pi*ZZ, of whom 11 were on augmentation therapy;
29 (41%) were heterozygous for the Z allele (13 Pi*MZ,

Page 3 of 3

13 Pi*SZ, 1 Pi*MmaltonZ, 1 Pi*PLowelZ, 1 Pi*FZ); 4
(6%) carriers of the 5 allele (3 Pi*SS, 1 Pi*SI); and 5 (79%)
rare variants (1 Pi*MMmattawa, 2 Pi*MMmalton, 1
Pi*sMmalton and 1 Pi*MMvall d'Hebron) (Table 1). The
control group consisted of 47 individuals with 2 mean age
of 46 years (3D =14.1) and 17 (36.2%) were male; 35 had
a normal genotype Pi*MM and 12 had a Pi*MS genotype.

Soclodemographic and cinical characteristics of patlents
according to the AATD genotype

Patients were divided into three groups according to
their AATD genotype: (1) homozygous Pi*ZZ, (2) het-
erogygous for the Z allele, (3) others: Pi*55, Pi*Sl,
Fi*MMmattawa, Pi*MMmalton, Pi*SMmalton  and
Fi*MMvall d'Hebron,

Mo differences were observed between groups in terms
of age, body mass index or sex distribution { Table 2).

Homorygous Pi*ZZ patients had a lower FVC%
(p=0.014), a lower FEV,% (p=0.07) and higher percent-
age of COPD (p=0.008) than the other genotypes. More-
over, Pi*ZZ individuals showed higher LSM (p=0.018)
and ELF levels (p=0.004) compared to the remaining
patients.

Regarding laboratory findings, as expected, Pi*ZZ
paticnts presented lower AAT levels (p<0.001). Mo
significant differences were observed for leukocytes,
platelets, liver enzymes, CRP, FIB-4 or fibrinogen con-
centrations among groups (Table 2).

Circulating polymer concentrations in the different AATD
genotypes

As a group, the Pi*ZZ patients presented higher concen-
trations of CP than heterozygous patients and those with
other penotypes (Table 2).

Table 1 Description of AAT wvariants identified in the study

population

Varlant Codon change Classification  Deficlency

M - Mormal Mot deficlent

Fil GHu3dazlys Deficient Severs

5 Huzsaia Deficient Moderate

F Arga230ys Deficient Mot deficient
Reduced
Inhibitory
activiy

| Arg3olys Deficient Moderata

Mrmalton Phis2dal (M) Deficient Severa

Muvall dhebron  Pro36a5ar Deficient Moderata

Plowed] Asp25aial (M) Deficlent Severg

Opmattawz Leu353Phefs®ad (Mgl Mu Severg

AAT alpha- 1 antitrypsin, AATD alpha-1 antitrypsin deficiency
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Table 2 Characteristics of the 70 patients included in the study

Varlables IZ n=32) I-in=19 Other n=% pwalue
Age, years 545 (15.4) 501 {135) AT (175 0335
S, males (o) IEIS) 16 (553 3[333) n.agr
EMI |}R.g-"'l'|3:l 241033 2.7 (35) 24,5 (4.3 D683
Smiokers %) o & {307 1111} 0120
Ex-smokeds (o) 18(56.1) 14 (463) 4 [24.4)

Newver srmiokers 5%} 13(41.9) Q{3 4 [24.4)

Tobacoo exposure (pack-vears) 12711468} 3Z2A4(34.7) 34 (16.7]) 0360
COPD (o) 31 [65.6) D3} 225 DDaE
Charlson index Z2{16) 15{1.3) 1501.9) 012z
W i) E3(27) 100 {19} 104 (15) o014
FE"."l [ 63 (31) 52 (313) o915} DuDar
FE'|.I'|."'F'|‘E 63 (18] 117 76 (4.E) Do3E
L5M (kP 53(12) 45{1.2 4.4 (0.9} DDOE
FIB-4 1.5{00} 1.1 0.4 1.1 (25} 0115
Augrmentation therapsy (%) 11(34) o o U000
Haermoglabin (/L) 154014) 144(13) 142013 0,008
Leukocytes (= 10%1) TH27) TE28) 7.1101.5) 05237
Platelets (= 10%1) 242 (1} 245 (34} 2E2 (31) 0163
AST UL 33027 24072 2RE(18% 12e
ALT UA) 304181} FSAN140) 245{13.7) 039z
ALP UA) E161257) TBA(292 BO.S (315} DE1R
GGETUA) 3251141} 375(51.5) 41.E{188} 0334
Prateins {g/dl) 7ins) F33) 72 (0.5} D483
AAT {mog/dL) A0 [36) T4 (25) 82 (32} 2 D00
CRF {maf1) 0202 0.3 {0.6E) 02103} D351
Fibrincoen (g/l) 3703 15 {D.E) 3907 0353
ELF EF {0 E1{0.7) BA (0.8) Do
AAT pofymess (pgfml) 374064 13.5(8) 2329 o DU
AAT pofymess, 128(732) 22N 0.3 (0.5} < Dol

Values are mean {standard deviation) unless otherwise specified. Patient group ZZ: homozygous patients to the Z allele; -Z: heterazygous patients to the I allele
(Pr*MI, Bi*5Z, B*Mmaltond, Fr*Plowel, P*FT); other: P55, PS5, Pi*MMmattawa, F*MMmaltion, B*SMmalton and Pi*MMwall dhebron)

EM body mass index, COPD Chromic chstructive pulmonary disease, FVC forced vital capacity, FEV, forced expiratony volume in the first second, FiB-4 fibross-4 score,
L5M liwer stiffness measurement, FIB- fibrosis-4 scone, AST aspartate aminotransferass, ALT alanine aminotran sferase, ALP alialine phasphatase, GGT gamma-glutamyl
tranisferase, AAT zlpha-1 Hﬂitl'fpﬁ'l. CRP C-reactive prodein, ELF enhanced lrver fibrosis test

Considering the different penotypes individually,
the highest values were observed in augmented Pi*ZZ
patients (42.9 pp/ml (SD=16) and one Pi'FZ with
42.1 pgimL, very close to the 34.5 pg/mL (8D =16.2)
obtained in untreated Pi*ZZ patients. The lowest val-
ues were observed in controls {104 pg/mL (5D =1.73)
for Pi*MM and 0.9 pg/mL (SD=17) for Pi*MS) and in
patients with the Pi*S5 and Pi*SIl genolypes. Patients
heterozygous for the Z allele and other rare variants
had intermediate values (Table 3 and Fig. 1). The distri-
bution of CP in percentage followed a similar distribu-
tion among genotypes (Table 3).

Correlation between circulating polymers and parameters
of lung and liver Impalrment in untreated PI*ZZ and Z-
heterozygous patlents

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; FEV/FVC r=—0.32, p=0.026
and FEV) (%) r=—0.31, p=0029 (Fig. 2). 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] (Fig. 3). In contrast,
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Abstract Screening of liver disease in alpha-1 antitrypsin deficiency (AATD) is usually carried out
with liver eneymes, with low sensitivity. We conducied a multicenter cross-sectional study aiming to
describe the utility of transient elastography for the identification of liver disease in patients with
AATD. A total of 148 AATD patients were included. Among these, 5.7 % were Pi*ZZ2 and 45.3%,
wemne heterozy gous for the £ allele. Between 4.9% and 16.5% of patients had abnormal liver enzymes,
without differences among genotypes. Liver stiffiess measurement (L5M) was significantly higher in
Pi*£# individuals than in heterozygous £ (5.6 vs. 4.6 kPa; p = 0.001). In total, in & (5%) individuals
L5SM was »7.5 kPa, considered significant liver fibrosis, and =10 kPa in 3 (19%) all being Pi%2Z.
Elevated liver enzymes were more frequently observed in patients with LSM = 7.5 kPa, but in 5 out of
& of these patients all liver enzymes weme within normal range. In patients with AATD, the presence
of abnormal liver enzymes is frequent; however, most of these patients do not present significant
liver fibrosis. Transient elastography can help to identify patients with liver fibrosis even with normal
liver enzymes and should be performed in all Z-allele carriers to screen for liver disease.

Keywords: alphal-antitrypsin deficiency; liver disease; transient elastography

L Introduction

Alphal-antitrypsin deficency (AATID) is caused by a specific mutation of the SER-
PINA 1 gene which results in abnormal production and low circulating levels of alphal-
antitrypsin (AAT). It is one of the most common genetic diseases in adulthood and is
agsociated with an increased rick of developing pulmonary emphysema and liver dis-
ease [1,2).

I Chin. Med 2021, 10, 1724, https // doioong/ 10,3390, jom 10081724
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AAT is a protein synthesized and secreted mainly by hepatocytes, the main function
of which is to protect lung tissue from damage caused by proteolytic ensymes such as
meutrophil elastase [2]. AAT is a highly polymorphic protein with more than 120 variants,
including about 60 deficient alleles. The notmal allele, present in more than 95%: of norral
subjects, is called M [1,2]. The most frequent deficient alleles are 5 and &, and they are
found in 10% and 2% of the Spanish population, respectively [3-6].

The & variant presents an alteration in its tertiary structure that facilitates misfolding
of the protein and gives rise to the spontaneous formation of polymers, leading to the
accurnulation of the protein in the endoplasmic reticulum of the hepatocytes [7.8]. 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 dirhosis or hepatocellular carcinoma [8,9]. Most patients with liver disease
are homoey gous for the deficdent £ allele (Pi*£7), although different degmees of liver in-
volvement have been described in heterozy gotes (Pi*52 and Pi*M2), espedally if assodated
with other co-factors such as aleohol consumption or metabolic syndrome [10,11].

Currently there is no non-invasive gold standard technigue for the screening and early
diagnosis of liver disease in patients with AATTY [12]. In clinical practice, liver enzymes
ame 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 litthe with the degree of liver disease, especially in adulthood [13). 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 [14,15).

Fecently, theme has been increasing interest in the use of elastographic methods, such
as transient elastography, for screening liver disease in AATD patients [16-13]. However,
the screening and management of asymptomatic liver disease in AATTY can differ among
centers due to a lack of consensus or guidelines. Therefore, the aim of our study was
to describe the utility of transient elastography for the identification of liver disease in
patients with AATD.,

L Materials and Methods

This was a multicenter cross-sectional study including patients older than 18 years
with mild, moderate, and severe AATD (Pi*MS, 55, MY, 57, 77, and rame variants) comsecu-
tively recruited from the outpatient Pneumology Clinics of three AATTY reference centers
in Spain (Vall d"Hebron University Hospital, Barcelona, University Hospital Complec of
Vign, and Hospital Clinico San Carlos, Madrid) from 1 April 2017 to 1 January 2020, As
part af the assessment of patients with AATD, all of them were offered blood analysis, full
lung function tests, and transient elastography, and the only exclusion criterion was to
refuse to sign informed consent The study was approved by the Yall d He- bron Hospital
Ethics Committee (Barcelona, Spain), number PR{AG)335/2016, and all patients provided
written informed consent,

21, Variahies

Druring the first visit, a complete physical examination was performed in all patients
with special interest in signs of chronic liver disease such as splenomegaly, jaundice, or
palmarerythema. Socicdemographic and clinical characteristics weme collected and other
parameters such as body mass index (BMI), lung function tests (forced expiratory volume
in the first second (FE¥1), FEV1/ forced ventilatory capacity (FYC), and carbon monoxide
transfer coefficient (KC0)), comorbidities, treatments, and AAT augmentation therapy were
reported. Hagnosis of chronic obstructive pulmonary disease (COPD) was established
when the post-bronchodilator FEV1/ FYC ratio was below 0.7.

Blood samples wene obtained for determination of liver function tests: Aspartate
aminotransferase (AST), alanine aminotransterase (ALT), gamma-glutamy] transferase
(GGT), alkaline phosphatase (ALP), international normalized ratio (INR), platelet count,
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and albumin. [n addition, the Fibrosis-4 (FIB-4) score was caleulated as age (years) « AST
[IU/L)/ (platelet count [109/ 1) = ALT [IU/L]) and AST-to-platelet ratio index (AFPRI) as
(AST [IU/ L) /40 IU/ L)/ platelet count [109/ L] » 100. Patients wee classified according to
the previously established FIB-4 cut-offs of <1.45 with a high negative predictive value for
ruling out advanced fibrosis and =3.25 with a high specificity and a 65% positive predictive
value for mling in advanced fibrosis [19]. For APRI, we used the cut-off <0.5 for exchoding
cirrhosis (high negative predictive value) and »1.0 as a high specific cut-off for predicting
cirrhosis [20].

The Enhanced Liver Fibrosis (ELF) test (Siemens Healthcare Diagnostics, Vienna,
Austria) was available as a biomarker of liver fibrosis in one of the centers. The ELF
test is a panel of markers that consists of 3 components: Type [ procollagen peptide,
hyaluronic scid, and tissue inhibitor of metalloproeinase-1. We ecplored the manufacturer-
recommended 9.8 cut-off to rule in advanced fibrosis [21].

LI Liver Sfiffness Mensurement by Trmsient Elastography

Liver stiffness measurements (LSM) were performed in a fasting state using a Fi-
broscan 502 Touch {Echosens, Paris, France ) using the M or XL probe as per device indi-
cation. Chality criteria used in all centers were at keast 10 valid measurements and an
interquartile-to-median ratio < 30%. The L5M technigue was carried out in accordance
with the European Assodation for Study of the Liver (EASL) clinical guidelines [22).

Results were expressed in kilopascals (kPa). Mormal liver stiffiess values ae around
5 kPa. Transient elastography has good re-producibility and has good diagnostic perfor-
mance for estimating Iiver fibrosis. However, the accuracy is not as good for detecting
significant fibrosis compared to advanced fibrosis or cirrhosis [22,23]. Since there amre no
specific LSM cut-offs for AATD liver disease, a LSM = 7.5 kI'a was used as suggestive of
significant fibrosis and =10 kPa was suggestive of advanced fibrosis according to previ-
ously established cut-offs in other liver diseases (mainly viral etiologies and aleoholic liver
disease) [22,24].

The presence of steatosis was assessed by the controlled attenuation parameter (CAF)
and results were expressed in decibel per meter (dB/m). The cut-off =268 dB/m was used as
an indicator of moderate steatosis, and for severe steatosis the cut-off was =280 dB/ m [25].

2.3. Statistioal Analysis

Quaalitative variables wene described with absolute frequencies and percentages. The
description of quantitative variables was performed using the mean, standard dewiation
(513 or median, and interquartile range (IQK). The Kolmogoroe—Smirnoy test was used to
assess the normality of distributions.

Patient characteristics were compared according to genotypes and other clinical con-
ditions. In the case of quantitative variables, the Student’s i-test for normally distributed
variables or the Mann-Whitney U-test if normality was not assumed was used, while
ANOWVA tests weme performed in the case of variables with more than 2 categories. The
Chi-squared test (Fisher test for frequencies < 5) was used for the comparison of cate gorical
variables. A linear relationship between quantitative variables, in particular between
surrogates of liver disease (L5M, CAP and FIB-4) and spirometric markers of airflow ob-
struction (FEV1{%) and FEV1/FVC), wemne analyzed using Spearman tests. For all the tests,
pvalues < 0.05 were considered statistically significant. The statistical package R Studio
(W25.1) was used for the analyses.

3. Results
11 Demographic and Oinical Findmgs

A total of 148 AATD patients were included from January 2017 to December 2019,
Among these, 81 (5£7%) were homoezygous Pi*27 and 67 (45.3%:) were heteroey gous for
the 7 allele (29 Pi*57, 35 Pi*MZ, 1 Fi*FZ, 1 Fi*Plowells, 1 Pi*Mmalton).
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The mean age was 52.5 and 57 years for heterozygous and Pi*Z7, respectively, and
50T of the patients were male. Liver disease in infancy was reported as the cause of
the diagnosis of AATE in 19.4% and 11.1%: of hetercz ygous and homozygous patients,
although there were no patients with an active diagnosis of liver disease at the time of the
study. COPTY was diagnosed in 227% of heteroezygous subjects and up to 70% for Pites
patients. Comsequently; the mean FEV1 (%) was significantly lower in Pi*Z¥ compared
with heteroe ygous (69% (SD: 30.5%,) versus 92.9% (51X 27.6%:); p < 0.001). The baseline
characteristics of the global population and the two genobype groups are shown in Table 1.

Table L Baseline characteristics of the patients included by AAT genobype.

IF tn = B1) H*“ﬂ'f:?gj“gz p-Value

A g S7.0({14.4) 525 (145) 00511

Sex, men 41 (506%) 34 (SL7%) (985 =
BMI 25139 240470 03981
Smioking exposane ooto?

Active 43 (531%) 22 (32.8%)

Former smoker 7 (86 16 (23.9%)

ey er smoker 3 (3R3%) 29 {43.3%)
Aleohol CoNSupiiom 19 (23.5%) 19 [lﬂ.dt"n:l 04912
Diabetes mellitus 0 {085 2 (30%) 00t
Hypernsion 14 (17.5%) 16 (23.9%:) 04532
AAT levels, mg/ dL 33.3 (61.9) 719 (208) Ao !
Reason for diagnosis 0z 2

Liver disease G 1L1%) 13 (19.4%:)

Luig disease 52 (64.29%) 23 (34.3%)

Farnily study 7 (2L0P) 28 (41.8%)

Other 3 (37%) 3 (4.5%)
COPDY 57 (F04%) 15 (Z2.7%:) <0001 %
Asthma 5 (7.8%) 14 (21.2%) 04562
Meonatal jaundioe 6 (7.4%) 3 (4.5%) 0513
WL, L 3.6(L5) 39 (L1 01971
FVC, % L} {28.5) LB (19.8) 0@z’
FEVIL, L 21z 30013 20001 1
FEV1, % 64,0 {30.5) 29 (27 K) ool !
FEV1/FVC 06 {2 07 (0.2) iR
KOO, % 510 {32.5) 5.9 (36.7) 021!

Foomoie: BME Body mass index; COPT: Chronic obstructive pulmonary disease; FVC Foroed ventilatory
capacity; FEVL: Forced expiratary volume in 1 s; KOO Transfer coefficient of the lung for carbon monaxide; AAT
Alpha] antitrypsin. © Manm—Whatney U-iest pvaloe, T Chi-squared pvaloe.

3.2 Clinical end Laboratory Signs of Liver [Nsense

Thirty-two patients (21.6%:) had abnormal liver eneymes. The distribution of values
showed significant differences only in AST values, which were significantly higher in
Pi=£¥ patients (29.2 UL/L (51> 15.4) ws. 25.0 UL/L (51% 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 heteroeygous £ (16 (S5 0.8) ve 1.2 (SI:0.5); p< 0.001). Only 5 patients
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had FIB-4 = 3.25 and all were Pi*ZZ The APR] score was higher in Fi*Z patients than in
heterozy gous £ (0.35 (S0: 0.18) vs. 037 (51 0L09); p= 0LOOT), but most of the patients had
APRI values = 0.5, excluding advanced fibrosis or cirthosis, and only one Pi*27 patient
had an APRI score > 1.0. The ELF score was obtained in 52 patients (27 Pi%72 and 25 Pi*Z
patients). Pi*#Z had significantly higher values compared to Pi*Z phenotypes (8.6 (5D
0.8) ws. 8 (51} 0L6); p = 0.00F). Only 1 Pi*Z¥ patient showed values above the cut-off of
9.8 (Table 2).

Table 2. Results of Blood analysis and transtent elastography in patients with different AAT gpenoby pes.

Heterozygous X

LE i =81) = &7) r-Value
Laboratory findings
Platelet count, = 10% /1 232 (54) 230 (61) no7d !
INR 1.0 (0.2} L 1) 0067 1
Bilirubin, mge/dL (L8 (0.5) A7 (k3] 0158
AST, TU/L 792 (15.4) 250 (R.0) =0
AST = ULN 414.9%) 4 {6%) 08692
ALT, IU/L Thi (224 21 (134} 0067 !
ALT= ULN & (7 4%) 5 {7.5%) 04522
ALP IUSL THZ (206 #1821 412!
ALP=ULN & (7.4%) 2(3%) 0794 2
GGT, UL 362 (319) 311 (294) 0336 !
GGT = ULM 13 [16.5%:) G (13.6%:) (pa7 2
A lbrernin, g dL 4.3 {0LE) 4403) 044!
Chodesterol, mg/dL 2AX7 {35 196 (35) 0.161
FIE-4 Lé {0y L2 (d5) <000
FIB-4 < 145 38 (47.5%) 51 (FR5%) <0 2
FIB-4> 325 5 (6.2%) 0 0065 =
A PRI 0135 ((1.18) 0.27 {0) 0001 !
APRI <05 67 (B3 4 91 st
APEI=1.0 1(L2) 0 0.954
ELE a= &0 HE (0LE) B (D) 0007 1
Transient elastography
1L5M 56 (24) 16(12) o !
L5M = 7.5 kFa B (9.9%) 0 00402
L5M = 10kPa 3(3.7%) 0
CAP 256 {59) 753 (50) 02521
CAP 266-280 dB/m 7 (B.6%) 4 (6% 0807 2
CAP = 280 dB/m 26 (32 1%:) 2 (3L3%)

Footnode: INE Infemational normalized ratio; ULN: Upper limit of normal; AST Aspartate aminmotransferase; ALT: Alanine amina-
transferase; AL Alkaline phosphatase; GGT: Gamma-glutamyl trarsferase; FIB-4- Fibrosis 4; APEI: AST to platelet ratio index; ELF:
Enhanced Bver fbrosis; LS4 Liver stiffness measurement; CAF Controlled atenuation parameter. 1 Marm-Whitney U-test pvalue,
Thi-squared pvaloe.
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13, Transimt Elastography

The mean L5M was significantly higher in Pi*Z# individuals than in heterozygous £
(5.6 (51X 1.5) kPa va. 4.6 (S1X1.2) kPa, respectively; p = 0.00F). In total, LSM was =7.5 kPa
in 8 (5%) individuals and =10 kPa in 3 (1.9%), all being Pi*7Z (Figure 1). By lowering the
cut-off of LSM to »7.1 kP'a as suggested in other studies [11], we found 10 Pi*ZZ patients
(12.3%) and 3 heterozygous patients (4£.5%), two of whom wene PI*582 patients with LSM
7.3 kPa, and one was a Pi*MZ patient with LSM 7.5 kPa.
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Figure 1. Comparison of mean LSM values by phenotype.

Using the L5M = 845 kPa cut-off of the study by Clark et al [13], we would have
identified 4 Pi* patients (4£9%) sugpestive of having F > 3.

Almost one-third of the patients had severe steatosis according to CAPvalues > 280 dB/m,
with no significant differences between homoey gous and heterozygous patients. (Table 2).

34 Characteristics of Pi*Z4 Patimts Accordmg fo LSM Valies

Pi*Z¥ individuals with LSM = 7.5 kPa weme older and had a higher BML Two-
thirds consumed aleohol, and all had COPD (versus 67% in patients with [SM < 7.5 kPa;
p = 0L0G7).

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 < 7.5kPa p= 0.048), and 37 5% of patients with I15M =75 kPa
had elevated GGT compared to 14.1% of patients with LSM < 7.5 kPa (p = 0.120) (Table 3,
Figure 2). Conversely, 11/61 patients (18%) had at least one elevated liver enzyme but with
normal L5M values (L5M < & kPa). Correlations between LSM and liver enzymes wene
only significant, albeit weakly, between L5M and AST (0.311 (p < 0.001)), and LSM and
GGT (0,389 (p < 0.001)).
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Table 3. Comparison bebween PitZE ndividuals based on liver stiffness (LSM) and diagnesis of chronic obstructive

pulmonary disease (COPD)L

LSM < 7.5 L5M =75 . No COPD COPD .
=73 = B) p-Value i = 24) t = 57) p-Value

Age 56.2 (145) B9 (11.4) (L7E 46.2 (14.5) L6 (117 o !

Sent, men 37 (50.7%) 4 [50%5) L0 11 (45.8%) 3 {52.6%) 07522
EMI 246 (3.4) 29.0{5.3) (L0545 243 (3.7} 5.4 (39) 01!
Smoking exposune 527 {1 2

Ative 37 (30.7%) & (75%) 7 (2.2%) 36 (63.2%)

Fonmer smaoker 7 {9.6%) 0 {0y 0 p0fa) 7(123%)

Maver amoker T (39.79%) 7 (25%:) 17 (70835 14 {(24.69)
Alcohol comsumption 16 (24.73%) 3 (RP) 115 5(25%) 14773 10 2
I [.-.'p-urh_'l'le\.i-::m 10{13.9%) 4 (5096 0z 1 (4. 7%) 13 (23.7%) sd
COFD 49 (67.13%) B {1008a) (7 0 57 (10075) o 2
Meonatal jaundice B {8.2%) 0 (0%} 10K 4 {167%) 2 {3.5%) 000 2
FEV1, % 704 (307 6.4 (273 L5 08 6(13.1) S56.2 (26.3) oot
Laboratory fndings:
Platelet count, » 10771 b 2 2 (49) 267 210 (48) 226 (62) 07141
INE 1007 1101y (L378 1040 1) 1.1{0z2) oo !
Biliruabin, mge/dL LB (0.5) (L6 (0.2 (262 1009 07 z) 01431
AST, UL Z.2 (101 Lol ey 141 7.2 (10.6) 300 (16.9) 03751
AST»ULN* 2 {27%) T (25%) (L0448 1(4.2%) 3 5.3%) 06752
ALT, UISL 242 (147) 4558 (55.8) (k254 255(14.4) 7.1 (35.3) 07101
ALT > ULMN* 4 {5.5%) 2 (25.00%) iy [ 3 (12.5%) 3 {5.3%) 07262
ALPR UISL a5 (Y 7590148 (LE16 7.3 (31) 814 (287 01301
ALP=ULN* £ (8.5%) 0 {0l 1.0 2 (B.3%) 4 (7.0} 10002
GGT, UYL ILs(19.3) 754 (B4 T) <0 33 222 2) FT2(FTT) 06851
GGT = ULM = 10{14.1%) 3{I7.5%) 120 5 (2 8%) B {14%:) 0580 2
Albumin, g/ dL 4.3 (0u6) 4.4 (03) 615 15(03) 172 (06) g 1
Cholesteral, mg/dL 20¥ (35) 20 (39 (na] 5 (39 A7 (34) iR
FIG-4 1.5 (0.8) 22(07) 32 13 (08) 17 (0n8) 00451
FIB-4 = 1.45: 37 {50.7%) 1 {125%) 059 15 (62.5%) 3 (40.4%) QT =
FIG-4 = 3.25: 4{5.5%) 1{12.5%) 418 1i{d.2%:) 4 (7%) 10002
A PRI 033 {01} L5 (L3) <0 .35 (117} 135 (L19) L e
Traﬂﬁunt-ula“hc:-q‘rd.ph.-.'
L5M 5001.1) 108 (4.6) (LR LY 23(L1) 57 (24) 03611
CAFP 249 (56) 318 (48) (00 133 (54) 266 (58) ol
L5M = 75 kPa: il B {1007 MA 0 A (1400%) ey 2

Footnode: BMI: Body mass inde ; COPC: Chronic obstructive pulmonary disesse; FEV E Forced expiratory volume in 1 s; AAT Alpha-
1 antitrypsin; [INF: In®emational normalized ratio; AST: Aspartye aminotransferase; ALT Alanine aminotransferass; ALP- A lkalime
phosphatase; GGT: Gamma-glutamyl transferase; ULN: Upper Bmit of normal; FIB-t Fibrosis 4; AFRE AST to platedet rabio inde; ELF:
Erhanced lnrer fhrosis; LSM- Lover stiffness measamement; CAP Controlled abemeston erarnebe:r. *: Upper limit of normal according to
ev-specific n_t—ﬂﬁrlm.ﬂ_.l'nn:h T %35 I/ L in femnale, .-.i.ll._,l n male; for ALF: =120 TUY L for both genders; for GGT: =38 TU/L m

ferpales and 55 U/ L in males. * Mann-Whitey U-est pvaloe, 2 Chirsquared p-value.
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Figure 2 All individuals from the cohort with biver eney mes above the highest kevel of normal based
on LSM values. UPM: Upper limit of normal for GGT: =38 IUSL in females and =55 [U/L in males.

Among the 8 patients with L5M = 7.5, 3 had GGT above the normal limit and 1 also
had a FIB-4 score = 3.25 (Figure 3). The FIB4 score (22 (5D 0F) versus 1.5 (51X 0.8);
p = 1032}, as well as CAP measurement (317.9 (51 48) dB/m vs. 2496 (51 56.5) dB/m;
p = 1004}, were also higher in Pi*ZZ patients with [5M > 7.5 kPa (Table 3). Severe steatosis,
with CAP = 280 dB/m, was present in 6 patients (75%) with L5M = 7.5 kPa compared to
20 patients (27 4%) with LSM < 7.5 kPa (p = 0.041).

GET-ULN LSMT.5 kiPa

FIB4>3.25

126 with all valuas
in narmal range

Figure 3. Helation between elevated GGT, FIB, and 1L5SM in P patents. GGT: Gamma-glatamyl
transterase; FIB-4: Fibrosis 4; LSM: Liver stiffness measurement; UFL: Upper limit of normal {accond-
ing b sex-specific cut-offe for GGT =38 U/ Lin females and =55 [U/L in males).

The APRI was higher in Pi"£7 patients with LSM > 7.5 kPa than in those with
L5M < 7.5 kPa (056 vs. 0.33, p< 0.001). The APRI had a significant correlation with L5SM
{r = 0,353, p = 0.030).

A5 Comparisom befween P22 Patient s with or without COPD

Fifty-seven Pi*sZ patients (7 0.4%) had COPD. Pi*ZZ patients with COPD were older
and more frequently had a history of smoking compared with non-COPD individuals As
expecied, they had worse lung function with a lower FEV1 (L6 (51X 0.8) Lvs. 3.5 (512 1) L;
p < 0.001) and KOO (%) (43.7% (SO 30.8%) vs. 68% (S 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 (51 0.8) vs. 1.2 (S 0.8); p= 0.046). More
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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 (SIX 58.3) dB/m vs. 233.5 (5D 55.8) dBy m; p = 0.023)
(Table 3). Significant, albeit weak, correlations were found between FIB-4 and FEV1 (mlL)
(r = —0.350, p = 0.002), and CAP and FEW1 {mL) and FEV1(%) (r= —0.381, p < 0.001 and
= —0.306, p= 0.006, respectively). Mo significant correlations were found between LSM
or ELF and measures of airflow obstruction

4, Discussion

In our study population, we found that 10% of Pi*£Z individuals had transient
elastography results suggestive of liver fibrosis, but none of the heteroey gous individuals
reached the suggested threshold. Although individuals with higher LSM had higher
transaminase levels and FIB-4 scores, normal levels of these biomarkers did not reliabby
Tule out liver disease, since some of the patients with normal values had high LSM values.
All patients with high L5M also had COPD.

Transient elastography is a non-invasive tool that has proven to be usetul in the
diagnosis of liver fibrosis of different etivlogies. More recently; its utility has also been
explored in AATT related liver disease with promising results [16-18,26). Although dif-
ferent cut-offs have been proposed, there is no validated cut-off of LSM for AATD liver
disease. In a study including 94 Pi<7 patients with paired LSM and liver biopsies, Clark
etal [26] 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 valoe. Hamesch et al. [17] increased
the cut-off for significant fibrosis to »7.1 kPa in order to increase the positive predictive
value, confirming the presence of >F2 in 22 out of 23 patients with liver biopsies [27 ], while
Guillaud et al. [16] suggested an LSM = 7.2 kPa for significant fibrosis and [SM = 14 kPa
for cirrthosis. In another stady in 75 patients with AATD, the investigators offered a liver
biopsy to all individuals with a LSM = 6 or altered liver eneymes in combination with an
abmormal ultrasound. Among the 11 biopsies analyzed, they found that the LSM scores
in patients with moderate or sever fibrosis were 8 kPa [18]. According to these results
and the cut-offs previously established in other etiologies, we chose an arbitrary cut-off
of L5M = 7.5 kPa as suggestive of significant fibrosis, and LSM > 10 kPa as advanced
fibrosis/ cirrhosis. In our sample, there were two Pi*52 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 [5M = 7.5 kPa without other identified risk factors of liver
disease. Since the etiology of liver disease has an impact on L5M and the data on AATE
induced liver disease are limited [28], further studies are needed to validate the best LSM
cut-off for screening of liver disease in AATD.

Ten percent of Pi*# patients in our cohort had LSM > 7.5 kPa, similar to the preva-
lence of liver fibrosis reported in initial studies in AATD patients, which varied from
10-15% in clinical studies [29,30] to 37% in autopsy studies [31). More recently, with the
development of transient elastography, there has been growing interest in the early detec-
tion of liver disease in AATI The study by Guillaud et al. [16] described 5 patients (18%)
with [SM suggestive of significant fibrosis and 2 patients (7%) with L5M suggestive of ad-
vanoed liver fibrosis, drrhosis. Other studies have reported a higher prevalence; Hamesch
etal [17] described a prevalence of liver fibrosis of 23.6% among 405 Pi*Z individuals and
ohserved that liver disease was 9 to 20 times more frequent in this population companed
to nor- AAT-deficient individuals. In a cohort of COPD Pi*#¥ patients referred for lung
transplantation, Morer et al. [32] found that 13% of patients had significant fibrosis (F2)
and 8% advanced fibrosis (> F3). Similar to these numbers, 8 (14%) of cur COPD Pi=2Z
patients had LSM » 7.5 kI'a, while in 3 (5.7%) L5M was higher than 10 kPa, suggesting the
presence of advanced fibrosis.

In our cohort, Pi*MZ individuals had lower values of LSM compamed to Pi*7¥ indi-
viduals. The mean L5M was 4.7 kPa for the 34 Pi*MZ patients included. Mone of these
patients had values above 7.5, and only one had 15M = 7.5 kPa. In this patient, other
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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 heterozy gous 2 than in
the general population, although some authors have hypothesized that while the Pi*hiZ
genotype acts as a disease modifier, it is not sufficient per se to trigger clinically relevant
liwer impairment [33]. In a study that analyzed 1184 individuals with non-alcoholic fatty
liver disease (NAFLD) and 2262 with chronic aleohol misuse, the Z variant increased the
risk of patients with NAFLD to develop cirrhosis and was more frequently present in
alcohol misusers with cirthosis compared to those without significant liver injury [3]. In
contrast, a recent analysis of data from the European alpha-1 liver cohort showed that
10% out 419 Fi*MZ had [5M wvalwes > 7.1 kPa compared with 4% of non- carriers. A fter
adjusting for potential confounders, Pi*ME individuals still had significantly higher odds
for LSM = 7.1 kPa [12]. There is agreement that, in coexdstence with other risk factors, and
espedally in the context of alcohol misuse or NAFLD, Z carriage is a strong risk factor
for the development of cirthosis [17,18] and may also kead to faster hepatic decompen-
sations [35]. In our cohort, 60% of Pi*ZZ patients with L5M = 7.5 kPa had some alcohol
consumption and had a higher BMI than those with L5M < 7.5 kPa, and, therefore, these
factors could have contributed to the progression of liver disease.

Liver enzymes have often been used to screen liver disease in AATD in clinical
practice [36]. 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 ereyme alterations ranged from only 25% of cases for
AST and ALT to 37.5% for GGT in Pi%E patients with L5M = 7.5 kPa. Patients with fibrosis
or even cirthosis may present normal serum liver eneymes [11], and this has also been
observed in Pi*ZZ individuals [13,17]. On the other hand, up to 10% of AATD patients
with nomnal liver function tests and ultrasound may have increased LSM values [16]
Furthermore, an increase in ALT has a low sensitivity for identifying liver disease in AATD
individuals [13,15]. In the European alpha-1 liver cohort, heterceygous Pi*ME 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 [12].

The relationship between hing and liver disease in individuals with AATD is contro-
versial. The first series of patients with the deficiency suggested that lung and liver disease
rarely coexdsted in AATI, and liver disease was mome frequently reported in AATD never
sminkers compared to smokers [37,38]. However, mome reent studies using mew diagnostic
techniques have reported more frequent coexistence of the alterations in both organs [39].
In this line, all of our patients with elevated L5M also had COPD, although the commela-
tion between lung function and L5M was not significant. Moreover, recruiting patients
from respiratory departments may have influenced the high prevalence of COPD
patients with elevated L3M; although they were also older, with higher BMI and with a
higher frequency of alcohol misuse compamred with patients with normal LSM. Therefore,
a clear relationship between elevated L5M and lung disease cannot be established from
our mesults.

Our study had some limitations. First, the identification of liver fibrosis was only
made by transient elastography as we did not perform liver biopsies. However, as theme
are no specfic treatrments for AATD liver disease to date, the performance of an imvasive
diagnostic echnique in otherwise asymptomatic patients may not be justified. Second, this
was a cross-sectional study, and data on the evolution of LSM over time were not available.
Third, the design of our study did not allow us to investiga® a causal relationship between
AATD and liver alterations. (hur sample size was not big enough for a multivariate analysis
adjusted for kmown confounders of inaeased liver fibrosis. However, the study had some
strengths: We ecruited individuals from three reference centers, and, considering that
AATDY is a rae disease, we eported information from a large series of patients with
homoeygous and heteroeygous AATD.

In conclusion, the results of this study support the assessment of liver disease in all
AATD Pi*¥ individuals and heterozygous Pi*é individuals with additional liver risk
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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*Sl); and 5 (7%)
rare variants (1 Pi* Qomattawa, 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 ug/mL (SD= 16) and one Pi*FZ with 42.1 ug/mL, very
close to the 34.5 ug/mL (SD=16.2) obtained in untreated Pi*ZZ patients. The lowest
values were observed in controls (1.04 ug/mL (SD=1.73) for Pi*MM and 0.9 ug/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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Table 3 Circulating polymer concentrations of the different
AATD genotypes

AATD genotype AAT AAT polymers (%) AAT (mg/dL)
polymers
(ng/mL)
Patients (n=70)
Pi*Z7 treated 429(16) 92 (96) 735(469)
(n=11)
Pi*FZ (n=1) 42.1(=) 6.2 (=) 677 (=)
Pi*ZZ untreated 345(16.2) 147 {4.8) 231(5.9)
(n=21)
Fi*MmaltonZ (n=1) 228(-) 102(-) 222 (=)
Pi*PlowellZ (n=1}) 15.8(-) 45(-) 353 ()
Fi*sZ (n=13) 14.2(42) 239 (06) 588(83)
Fi*MZ (n=13) 978(63) 098 (0.5) 97 (165)
Pi*SMmalton (n=1) 69(-) 145(-) 479 (=)
Pi*MMmattawa 55(-) 08(-) 66.9 (-)
(n=1)
PiMMvall d'hebron 4.1 (=) 03(-) 126 (=)
(n=1)
Fi*tMMmalton (n=2) 23(3.2) 02(03) 807 (185)
Fi*55 (n=3) 0 0 B84.1(105)
Pi*Sl (n=1) 0 0 850(-)
Controls (n=47)
Fi*tMM (n=35) 1.04(1.73) 006 (0.1) 1727 (343)
Pi*MS (n=12) 09(1.7) 006 (0.1) 142.7 (20.1)

Values are mean (standard deviation)

AATD alpha-1 antitrypsin deficiency, AAT alpha-1 antitrypsin
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Fig. 1 Concentrations of circulating polymers according to AATD
genotypes. Differences between: treated and untreated Pi*Z7
p=0.092; all Pi*ZZ vs. Pi*SZ p=0.021; all Pi*ZZ vs. P*MZ p=0.001;
all Pi*ZZ ws. Pi*MS p < 0.001; all Pi*ZZ vs. Pi*55 p<0.001; all Pi*ZZ vs.
Pi*MM p<0.001; Pi*SZ vs. PIMM p<0.001; PI*MZ vs. Pi*MM p=0.001.
(ANOVA with Bonferroni correction for multiple comparisons)
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5.2 Correlation between circulating polymers and parameters of lung and liver

impairment in untreated Pi*ZZ and Z- heterozyqous 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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Fig. 2 a Correlation between circulating polymers and FEV,/FVCin
homozygous and heterozygous Z patients. b Correlation between
circulating polymers and FEV, (%) in homozygous and heterozygous
Z patients. FEV,: forced expiratory volume in the 1st second; FVC:
forced vital capacity; r indicates Pearson correlation coefficient; Linear
regression fit (solid line) and 95% confidence interval (dashed line)
of circulating polymer concentrations compared with FEV,/FVC and
FEV, (%) values
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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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Fig. 3 a Correlation between circulating polymers and LSM in
homozygous and heterozygous Z patients. b Correlation between
circulating polymers and ELF test in homozygous and heterozygous
Z patients. LSM: liver stiffness measurements; r indicates Pearson
correlation coefficient; Linear regression fit (solid line) and 95%
confidence interval (dashed line) of polymer concentrations
compared with LSM and ELF tests
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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 pg/ml), followed by six
patients with liver abnormality only (mean CP=34 pg/ml) and 18 with lung impairment
only (mean CP=26.5 pg/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).

Table 4 Polymer concentrations and clinical characteristics: liver and/or lung disease

Patients heterozygous for the Z allele and untreated patients with the Pi*ZZ genotype (n=49)

No COPD and LSM <6 kPa COPD and LSM <6 kPa No COPD and LSM = 6 kPa COPD and
(n=23) (n=18) (n=6) LSM =6 kPa
(n=2)
AAT (ma/dL) 61.1(332) 394 (228) 475(383) 76.1 (56.4)
AAT polymers (ug/mL) 14.4(8) 265(14.4) 340(21.6) 475(32.8)
AAT polymers (%) 47(54) 98(75) 112(79) 108(12.2)

Untreated patients with Pi*ZZ genotype (n=21)

No COPDandLSM<6kPa  COPD and LSM<6 kPa No COPDand LSM=6kPa  COPDand
(n=6) (n=10) (n=4) LSM = 6 kPa
(n=1)
AAT (mg/dL) 19.4(38) 224 (36) 274 (76) 36 (-)
AAT polymers (ug/mL) 253(29) 323 (149) 447 (17.8) 703 ()
AAT polymers (%) 132(16) 145 (6.5) 16 (33) 194 ()

COPD is defined as FEV,/FVC<0.7
L5M liver stiffness measurement, AAT alpha-1 antitrypsin
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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 Ul/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)

Table 2. Results of blood analysis and transient elastography in patients with different AAT genotypes.

72 (n = 81) Hetetozygous 2 p-Value
Laboratory findings
Platelet count, x10°/L 222 (59) 239 (61) 0.0741
INR 1.0(0.2) 1.0 (0.1) 0.0671
Bilirubin, mg/dL 0.8 (0.5) 0.7 (0.3) 0.158
AST, IU/L 29.2 (15.4) 25.0 (8.0) 0.0291
AST > ULN 4 (4.9%) 4 (6%) 0.8692
ALT, IU/L 26.6 (22.6) 26.1 (13.4) 0.9671
ALT>ULN 6 (7.4%) 5 (7.5%) 0.9522
ALP, TU/L 78.2 (29.6) 81.8(21) 04121
ALP > ULN 6 (7.4%) 2 (3%) 0.2942
GGT,IU/L 36.2 (33.9) 31.1(29.4) 0.3361
GGT > ULN 13 (16.5%) 9(13.6%) 0.6372
Albumin, g/dL 4.3 (0.6) 4.4 (0.3) 0.0441
Cholesterol, mg/dL 207 (35) 198 (36) 0.161
FIB-4 1.6 (0.8) 1.2 (0.5) <0.001
FIB-4 < 1.45 38 (47.5%) 51 (78.5%) <0.001 2
FIB-4 > 325 5 (6.2%) 0 0.0652
APRI 0.35 (0.18) 0.27 (0.09) <0.001 1
APRI<05 67 (83) 64 (91) 0.0232
APRI>1.0 1(1.2) 0 0.956
ELF, n = 60 8.6 (0.8) 8(0.6) 0.0071
Transient elastography
LSM 5.6 (2.4) 46(12) 0.0011
LSM > 7.5 kPa 8(9.9%) 0 0.0402
LSM > 10 kPa 3(3.7%) 0
CAP 256 (59) 253 (50) 02521
CAP 268-280 dB/m 7 (8.6%) 4 (6%) 0.8072
CAP > 280 dB/m 26 (32.1%) 21 (31.3%)

Footnote: INR: International normalized ratio; ULN: Upper limit of normal; AST: Aspartate aminotransferase; ALT: Alanine amino-
transferase; ALP: Alkaline phosphatase; GGT: Gamma-glutamyl transferase; FIB-4: Fibrosis 4; APRL: AST to platelet ratio index; ELF:
Enhanced liver fibrosis; LSM: Liver stiffness measurement; CAP: Controlled attenuation parameter. 1 Mann-Whitney U-test p-value, 2
Chi-squared p-value.
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Figure 1. Comparison of mean LSM values by phenotype.

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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Table 3. Comparison between Pi*ZZ individuals based on liver stiffness (LSM) and diagnosis of chronic obstructive
pulmonary disease (COPDY).

L5M < 7.5 LSM = 7.5 p-Value Mo COPD COPD p-Value
(n=73) (m=8) n=24) {n=57)

Age 56.2 (14.5) 64.9 (11.4) 0.076 462 (14.5) 61.6 (11.7) <0001 !

Sex, men 37 (50.7%) 4 (50r%) 1.00 11 {45.8%) 30 (5L6%) 0.7522
BMI 246(34) 29.0(5.3) 0,056 24.2(3.7) 254(39) 0186
Smoking exposure: 0527 <0.00m 2

Active 37 (5007 6 (75%) T(29.2%) 36 (A3.2%)

Former smoker 7 (9.6%) 0 {0ea) 0 {0y Ti{12.3%)

Mever smoker 20 (39.7%) 2 {25%) 17 {70.8%) 14 (24.6%)
Alcohol consumption 16 (24.29) 3 (Al 0.115 5(25%) 14(27.2) 1.000 2
Hypertension 10 {13.9%) 4 (50r%) 0,028 1{4.2%) 13 (23.2%) 0.054 2
COrD 49 (BF.1%) 8 (100%%) 0,057 0 57 (100%) 0.001 2
Neonatal jaundice & (8.2%) 0 {0%) 1.000 4(16.7%) 2 (3.5%) 00602
FEV1, % 0.4 (30.7) 56.4 (27 .3) 0205 996 (13.1) 562 (26.3) <0001 !
Laboratory findings:
Platelet count, = 10°/L 224 (6l) 202 {45) 0267 210 (48) 226 (62) 02141
INR 1.0 {0.2) 1.1 (0.1} 0378 1.0 (0.1} 1.1(0.2) 00401
Bilirubin, mg,/dL 0.8 (0.5) 0.6 (0.2) 0262 L0 (0.9) 0.7(0.2) 01431
AST, UI/L 272(10.1) 47.6(34.7) 1.141 272 (10.8) 30,0 (16.9) 03751
AST = ULN* 2 {2.7%) 2 {25%) 0048 1{4.2%) 3(53%) 0.675 2
ALT, UI/L 24.2(14.2) 48.8 (55.5) 0.254 255014.4) 27.1(253) 0719t
ALT = ULN* 4 (5.5%) 2(25.0%%) 0108 3(12.5%) 3(53%) 0.226°
ALF, UI/L TES (30.9) 75.9(14.5) (816 70.331) 814 (287) 01301
ALP=ULMN* & (B.5%) 0 (0%) 1000 2 {B.3%) 4 (7.0%) 10002
GGT, UL/L L5 (19.3) 5.6 (84.1) <001 332 (223) 372(375) 0685 1
GGT>ULN* 10 {14.1%) 3(37.5%) 0,120 5(20.8%) B(14%) 05892
Albumin, g/dL 43(0.8) 4403 0.615 4.5(0.3) 4.2 (0.6) 004!
Cholesterol, mg,/dL 206 (35) 208 (39) 0501 205 (39) 207 (34) 08241
FIB-4 1.5 (0.8) 2207 0,032 1.3 (0.8) 1.7(0.8) 00461
FIB-4 = 1.45: 37 (50.7%) 1{12.5%) 0059 15 {B62.5%) 23 (40.4%) 0.077 2
FIB-4 = 3.25: 4 (5.5%) 1{12.5%) 0418 1{4.2%) 4(7%%) 1.0002
ATRI .33 (0.1) 0.56(0.3) <L 0.35 (0.17) 0.35 (0.19) 0592t
Transient elastography
LsM 50(1.1) 1008 (4.6) 000 53(11) 57(2.8) 03611
CAP 249 (56) 318 (48) (1004 233 (56) 2066 (58) 0023t
LSM = 7.5 kPa: 0 & (100%) NA 0 & (14.0%) 0.097 2

Footnote: BMI: Body mass index; COPD: Chronic obstructive pulmonary disease; FEVL: Forced expiratory volume in 1 5;: AAT: Alpha-
1 antitrypsin; INR: International normalized ratio; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline
phosphatase; GGT: Gamma-glutamy] transferase; ULN: Upper limit of normal; FIB-4: Fibrosis 4; APRL AST to platelet ratio index; ELF:
Enhanced liver fibrosis; LSM: Liver stiffness measurement; CAP: Controlled attenuation parameter. *: Upper limit of normal according to
sex-specific cut-offs: For AST and ALT: =35 IU/L in female, >50 IU/L in male; for ALP: >120 IU/L for both genders; for GGT: >38 IU/L in

females and 55 IU/L in males. ' Mann-Whitney U-test p-value, * Chi-squared p-value.
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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).

GGT>ULN LSM>7.5 kPa

4

FIB4>3.25

126 with all values
in normal range

Figure 3. Relation between elevated GGT, FIB4, and LSM in Pi*ZZ patients. GGT: Gamma-glutamyl
transferase; FIB-4: Fibrosis 4; LSM: Liver stiffness measurement; UPL: Upper limit of normal (accord-
ing to sex-specific cut-offs: for GGT: >38 IU/L in females and >55 IU/L in males).
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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 Alphal-antitrypsin polymers

Alphal-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 FEVi/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
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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.
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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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