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Abstract
Alpha-1 antitrypsin deficiency (AATD) is one of the most 
common genetic diseases and is caused by mutations in the 
SERPINA1 gene. The homozygous Pi*Z variant is responsible 
for the majority of the classic severe form of alpha-1 antitryp-
sin deficiency, which is characterized by markedly decreased 
levels of serum alpha-1 antitrypsin (AAT) with a strong pre-
disposition to lung and liver disease. The diagnosis and ear-
ly treatment of AATD-associated liver disease are challenges 
in clinical practice. In this review, the authors aim to summa-
rize the current evidence of the non-invasive methods in the 
assessment of liver fibrosis, as well as to elucidate the main 
therapeutic strategies under investigation that may emerge 
in the near future. © 2023 The Author(s).

Published by S. Karger AG, Basel

 Perspetivas futuras no diagnóstico e tratamento da 
doença hepática na deficiência de alfa-1 antitripsina

Palavras Chave
Alfa-1 antitripsina · Doença hepática · Tratamento

Resumo
A deficiência de alfa-1 antitripsina é uma das doenças 
genéticas mais comuns e é causada por mutações no 
gene SERPINA1. A mutação Pi*Z em homozigotia é re-
sponsável pela maioria dos casos de apresentação clássi-
ca da deficiência de alfa-1-antripsina, que se caracteriza 
por uma diminuição significativa dos níveis séricos desta 
proteína com forte predisposição ao desenvolvimento de 
doença pulmonar e hepática. O diagnóstico precoce e 
tratamento da doença hepática representam importantes 
desafios na prática clínica. Nesta revisão, os autores têm 
como objetivo resumir a evidência atual dos métodos não 
invasivos na avaliação da fibrose hepática, bem como, 
elucidar as principais estratégias terapêuticas atualmente 
sob investigação e que poderão emergir num futuro próx-
imo. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Alpha-1-antitrypsin is the major inhibitor of multiple 
serine proteases in the serum, which is mainly synthe-
sized by hepatocytes and then secreted into the blood-
stream to protect tissues from proteolytic damage. The 
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protein is encoded by the SERPINA1 gene, located in the 
chromosome 14q32.1 region [1, 2].

Most pathogenic mutations in SERPINA1 result in the 
aggregation of misfolded proteins in the hepatocytes, 
causing liver injury through a toxic “gain of function.” On 
the other hand, the decrease in systemic AAT levels re-
sults in proteolytic lung damage by neutrophil elastase 
(“loss of function”) that predisposes to the development 
of early-onset pan-lobular emphysema and chronic ob-
structive pulmonary disease [1, 3].

The alpha-1 antitrypsin deficiency (AATD) is an auto-
somal co-dominant condition and currently represents 
one of the most common and life-threatening genetic dis-
orders. More than 150 variants of SERPINA1 have been 
reported, based on the migration speed of mutant AAT 
in an isoelectric field (e.g., medium-M, slow-S, and very 
slow-Z) [2, 4].

Pi*M constitutes the wild-type allele and is present in 
85–90% of individuals [5]. Pi*Z (a substitution of lysine 
for glutamic acid at codon 342; rs28929474) and Pi*S (a 
substitution of valine for glutamic acid at codon 264; 
rs17580) are the most clinically relevant variants. Pi*Q0 
alleles (null) represent a heterogeneous group of variants 
that yield no detectable protein in circulation.

The classic severe AATD is caused in 90% of the cases 
by the homozygous Pi*Z variant (Pi*ZZ genotype) and 
affects approximately 1:2,000 individuals in Europe (Ta-
ble 1). It is characterized by markedly decreased levels of 
serum AAT and confers a strong predisposition to lung 
and liver disease. Epidemiological studies show that the 
Pi*Z allele is more prevalent in Northern Europe, up to 
8%, and Pi*S is more common in Southern Europe 
(∼20%) [6]. The compound heterozygous genotype Pi*SZ 
affects 1:500 Caucasians, with intermediate AAT serum 
concentrations, and moderately increases susceptibility 
to lung disease and liver fibrosis [3].

In Portugal, the true prevalence of AATD remains un-
clear. However, it is estimated that 1:5,249 individuals 
have a Pi*ZZ genotype and 1:281 individuals have a Pi*SZ 
genotype [7, 8]. Meira L. et al., [8] based on a retrospec-
tive analysis, evaluated a cohort of Portuguese individuals 
tested for AATD between the years 2006 and 2015. The 
data accessible for the study comprised only AAT pheno-
typing or genotyping results, patient age at the time of 
diagnosis, and the health entities requesting the AATD 
genetic diagnosis. Unfortunately, clinical information or 
AAT serum levels were unknown. Overall, 1,684 individ-
uals were considered, covering almost every region in 
Portugal. Most subjects were distributed into more com-
mon genotypes: Pi*MZ (25.4%), Pi*MS (15.5%), Pi*SZ 

(11.2%), Pi*ZZ (9.4%), and Pi*SS (5.6%). Different types 
of rare deficiency and null alleles were also detected.

Liver Disease in AATD
AATD-mediated liver disease is associated with the re-

tention of misfolded AAT protein within the endoplas-
mic reticulum (ER) of hepatocytes that may result in liver 
fibrosis, cirrhosis, and hepatocellular carcinoma. Seventy 
percent of misfolded AAT protein is degraded by ER, 15% 
is secreted, and 15% forms insoluble polymers, which 
mainly persist within the endoplasmic reticulum as inclu-
sions that are positive on periodic acid-Schiff staining and 
resistant to diastase (PAS-D) – the histologic hallmark of 
liver disease on biopsy [1, 9]. The AATD variants linked 
to polymerization, such as SIiyama, MDuarte, MMalton, 
and particularly the Z allele, may all show signs of liver 
injury [9].

Hepatopathy in AATD has a bimodal distribution, 
with the first peak in early childhood and the second peak 
typically after 50 years of age [10]. In the neonatal period, 
prolonged cholestasis is the most common clinical mani-
festation of liver injury. A Swedish neonatal screening 
program identified 120 babies with the PI*ZZ genotype 
in a population of 200,000 newborns. In this cohort, 12% 
had prolonged jaundice, and 8% of the neonates had se-
vere liver disease [11]. Biochemical abnormalities were 
present in more than 50% of the Pi*ZZ neonates with 
spontaneous resolution within months, and most of them 
remained healthy at follow-up at age 18 years. Only about 
3% had progressed to severe, life-threatening liver disease 
[12]. In the pediatric population, the AATD represents 
3.5% of the causes of liver transplantation [13].

In adulthood, two large cross-sectional studies dem-
onstrated the presence of significant liver fibrosis in 20%–
36% of Pi*ZZ carriers, and the advanced liver fibrosis was 
10–20 times more common in “Pi*ZZ” subjects com-
pared with individuals without a “Pi*Z” mutation (non-
carriers) [14, 15]. Although not fully identified, there is a 
strong influence of genetic and environmental modifiers 
in the development of liver disease in AATD. Male sex, 
age ≥50 years, obesity, metabolic syndrome, and diabetes 
mellitus were associated with liver fibrosis and primary 
liver cancer in this group of patients [10, 15]. A study in-
volving 335 homozygous Pi*ZZ identified a single nucle-
otide polymorphism (SNP) that confers a higher risk for 
liver disease [16].

Notably, only 10% of patients with AATD develop cir-
rhosis, and 14.7% of adults who presented with AATD-
related liver disease required transplantation. The overall 
incidence of hepatocarcinoma is 1.3%, and it seems simi-
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lar to published data for aetiologies such as alcohol-relat-
ed liver cirrhosis and primary biliary cholangitis [13]. A 
longitudinal study of Pi*ZZ individuals (n = 1,595) from 
the Swedish National AATD Register showed adjusted 
hazard ratios (HR) for hepatic and non-hepatic cancer of 
23.4 and 1.3, respectively, in the Pi*ZZ individuals com-
pared with the controls [17].

Regarding liver enzymes, as described in Table 1, only 
a small proportion of patients with AATD have abnor-
malities in liver parameters, which can fluctuate over 
time, even in patients with the Pi*ZZ genotype or with 
advanced liver fibrosis [18]. Schneider et al. [19] analyzed 
the liver phenotypes of a large cohort of patients with 
AATD (419 Pi*MZ; 309 Pi*ZZ; and 284 non-carriers). 
The authors concluded that gamma-glutamyl transferase 
(GGT) was the only parameter that clearly differed be-
tween the three genotypes, with the lowest values in non-
carriers and the highest in Pi*ZZ subjects. This finding 
has been validated in another study [10]. Mean aspartate 
aminotransferase (AST) values were higher in Pi*ZZ ver-
sus Pi*MZ participants but were comparable between 
non-carriers and Pi*MZ individuals [19]. Accordingly, 
recent data from a large study showed that mean alanine 
aminotransferase (ALT) values were significantly higher 
in all AATD genotypes compared with non-carriers, and 
Pi*ZZ individuals had significantly higher AST values 
(adjusted odds ratio: 4.5) than any other assessed AATD 
subgroup [10].

Homozygous individuals for the Pi*S mutation (Pi*SS 
genotype) sheltered minimally elevated ALT values but 
no other hepatobiliary abnormality. However, Pi*SZ ge-

notype displays higher liver enzymes and a clear predis-
position to liver fibrosis/cirrhosis and primary liver can-
cer. This susceptibility is markedly lower than the one 
seen in Pi*ZZ carriers, which is consistent with the ob-
served lower levels of intracellular polymers and a less 
pronounced lung disease [10, 19]. PI*MS genotype has 
not been consistently shown to increase the risk of liver 
disease [10].

On the other hand, the Pi*MZ genotype is primarily 
considered a disease-modifying factor in individuals with 
other liver diseases. Its relevance has been particularly 
well documented in individuals with cystic fibrosis as well 
as alcoholic/non-alcoholic fatty liver disease (ALD/
NAFLD), in whom heterozygous Pi*Z presence greatly 
increased the odds to harbor cirrhosis. Pi*MZ was associ-
ated with a slightly elevation of liver enzymes and mod-
erately increased odds for liver fibrosis/cirrhosis and cho-
lelithiasis [3, 19]. Chen et al. [20] highlighted the role of 
Pi*MZ genotype as a risk factor for hepatic decompensa-
tion and the requirement for liver transplantation or liv-
er-related death in a cohort of patients with compensated 
advanced chronic liver disease (576 patients with cirrho-
sis: 474 Pi*MM, 49 Pi*MZ, and 52 Pi*MS). Compared to 
the Pi*MM genotype, Pi*MZ was associated with in-
creased rates of hepatic decompensation (hazard ratio 
1.81) and liver transplant or liver-related death (hazard 
ratio 2.07). Moreover, a recent retrospective study identi-
fied the Pi*Z allele as an independent risk factor for liver 
transplantation and death in patients with advanced 
chronic liver disease (ACLD). In a population of 1,118 
patients with ACLD, Pi*Z carriers (n = 42) had more se-

Table 1. Characterization of the most common genotypes associated with liver disease in AATD

Pi*ZZ Pi*SZ Pi*MZ

Prevalence* 1:2,000 1:500 1:30
Serum AAT, mg/dL 10–45 50–120 66–210
Proportion of patients with elevated liver enzymes, %

AST ≥ ULNALT ≥ ULN 15 5 5
ALT ≥ ULN 11 9 7
GGT ≥ ULN 22 18 17

Risk for liver cirrhosis (OR) ∼20 3–5 1.7–3
HCC risk (OR) 45 6.6 1.4
Liver transplantation risk (OR) 20 – 3–4
Impact on liver disease “disease-causing” “disease-modifying” “disease-modifying”

AAT, alpha-1 antitrypsin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; HCC, 
hepatocellular carcinoma; Pi*MZ, AAT genotype with heterozygosity for the Pi*Z variant; Pi*SZ, AAT genotype with compound 
heterozygosity for the Pi*Z and Pi*S variants; Pi*ZZ, AAT genotype with homozygosity for the Pi*Z variant; ULN, upper limit of normal; OR, 
odds ratio. Adapted from [3, 7, 10, 14]. *Prevalence is estimated for European population.
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vere portal hypertension and hepatic dysfunction, com-
pared to non-carriers [21].

These data provide evidence about the profoundly det-
rimental impact of the Pi*Z allele on the outcomes of 
ACLD and ALD/NAFLD. As a significant proportion of 
Pi*MZ patients can have normal AAT levels, dosing se-
rum levels are insufficient to identify routinely these pa-
tients. Genotyping significantly increases the costs for the 
routine assessment of ALD/NAFLD and ACLD patients. 
An approach with phenotyping would permit identifying 
these patients at a significantly lower cost. As Pi*MZ pa-
tients have an increased OR of up to 3 for liver cirrhosis, 
up to 1.4 for hepatocellular carcinoma, and up to 4 for 
liver transplantation (as referred in Table 1), routine phe-
notyping for A1ATD would permit tailoring the follow-
up of this large group of patients according to their risk 
stratification at a reasonable cost. However, further mul-
ticenter studies to validate these findings are warranted.

Diagnosis of Liver Disease in AATD

AATD is a widely underdiagnosed condition. When 
clinically suspected, the diagnosis should be confirmed by 
the AAT serum level and the determination of the AAT 
phenotype and/or genotype. If the serum levels, pheno-
type, or genotype do not agree with each other or with 
clinical manifestations, then a rare or null variant should 
be considered [7, 9, 22]. AAT is an acute phase protein, 
which is why its serum levels may be falsely elevated dur-
ing inflammatory and infectious processes.

The evaluation of liver disease is particularly impor-
tant in patients with AAT variants that lead to polymer-
ization of misfolded AAT protein in the ER (mostly Pi*ZZ 
carriers). Liver biopsy is not recommended as a method 
of diagnosis and follow-up, given its invasive nature, and 
should be employed in individuals with inconclusive 
non-invasive results and/or additional investigation. 
Non-invasive assessment based on blood tests and vari-
ous elastography methods has been proposed to estimate 
liver fibrosis. Liver stiffness measurement (LSM) has 
proven to be useful in the diagnosis of liver fibrosis, espe-
cially to rule out advanced fibrosis [23]. Several studies in 
AATD-related liver disease showed promising results us-
ing this approach [14, 15, 18, 24–28].

Clark et al. [14] evaluated 94 non-cirrhotic Pi*ZZ 
adults and demonstrated that LSM by transient elastog-
raphy (TE) represented the best parameter to identify ad-
vanced liver fibrosis (AUROC 0.92), with the cut-off of 
8.45 Kpa having the highest accuracy. Moreover, GGT 

was the best one to detect significant fibrosis (F ≥2 on a 
0–4 METAVIR scale) with an AUROC of 0.77, while TE, 
Fibrosis-4 (FIB-4), and AST-to-platelet ratio indices 
(APRI) were less well suited (AUROC 0.70/0.66/0.69, re-
spectively).

Unfortunately, this cohort contained only 6 individu-
als with advanced liver fibrosis, and patients with cirrho-
sis were initially excluded [14]. The superiority of LSM by 
TE compared to blood tests in ruling out advanced liver 
fibrosis was also reported by Kümpers et al. [24].

Another large multinational study including 554 
Pi*ZZ patients without known liver disease compared 
against 234 adults not carrying any AAT mutation con-
firmed the high prevalence of significant liver fibrosis in 
Pi*ZZ individuals (20%–36%). In this cohort, significant 
fibrosis was defined as LSM ≥7.1 kPa and advanced liver 
fibrosis defined as LSM ≥10.0 kPa. The last one was 9–20 
times more frequent in Pi*ZZ individuals [15]. Also, the 
parallel assessment of TE, APRI, and HepaScore (age, sex, 
alpha2-macroglobulin, hyaluronic acid, bilirubin, and 
gamma-glutamyl transferase) values revealed a moderate 
correlation between the former two, whereas the correla-
tions with the HepaScore were less robust.

Kim et al. [28] suggested that magnetic resonance elas-
tography (MRE) may be accurate for identifying fibrosis 
(AUROC 0.9) in patients with alpha-1 antitrypsin defi-
ciency. A MRE threshold of ≥3.0 kPa provided 88.9% ac-
curacy, with 80% sensitivity and 100% specificity to detect 
the presence of any fibrosis (stage ≥1).

To note, the cut-offs used for detection of the corre-
sponding fibrosis stages were different in several studies. 
The cut-off of LSM ≥5.45 kPa for significant liver fibrosis 
suggested by Clark et al. [14] does not seem to be useful 
for risk stratification as these values are seen in >50% of 
Pi*ZZ patients [14, 24]. Since the etiology of liver disease 
has an important impact on LSM, further studies are 
needed to validate the best LSM cut-off for screening of 
liver disease in AATD.

The recently published studies revealed other interest-
ing features of Pi*ZZ-related liver disease. Controlled at-
tenuation parameter (CAP) ≥280 dB/m, suggesting se-
vere steatosis (grade 3), was detected in 39% of Pi*ZZ car-
riers versus 31% of controls, and about 44% of Pi*ZZ 
carriers displayed histological liver steatosis [14, 15]. Al-
terations in lipid metabolism observed in Pi*ZZ individu-
als (e.g., lower serum levels of triglycerides, very low-den-
sity lipoproteins, and low-density lipoproteins compared 
with controls) indicate that impaired hepatic secretion of 
lipids might play a role. However, it is important to men-
tion that the accuracy of CAP for predicting histological 
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steatosis has not been validated in AATD. The authors 
suggest in Figure 1 a diagnosis approach flowchart for 
patients with suspicion AATD-liver disease.

Treatment of Liver Disease in AAT

For the treatment of AATD-related lung disease, the 
Food and Drug Association approved in 1987 the intra-
venous augmentation therapy with plasma-purified AAT, 
the first disease-specific therapy for AATD. In the last 
years, several trials showed a significant reduction in the 
annual rate of lung density and, thereby, a decrease in the 
progression of lung emphysema while on AAT augmen-
tation [7, 22, 29, 30].

Unfortunately, for end-stage liver disease related to 
AATD, the liver transplantation is the only available cu-
rative treatment, with good survival and long-term out-
comes for both children and adults [13, 31, 32]. Until the 
time of writing, there is no robust evidence of non-phar-

macological interventions, such as smoking cessation or 
weight loss on liver outcomes. According to the known 
pathophysiology, it is expected that both of these behav-
iors would improve liver outcomes. Regarding this sub-
ject, previous data suggest that breast-feeding may have a 
protective effect in severe liver disease and early death in 
infants with alpha 1-antitrypsin deficiency [33].

Future Directions
The knowledge of pathological mechanisms of liver 

disease in AATD led to the investigation of several ap-
proaches for treating AATD-related liver disease. Some 
of these strategies are currently under evaluation in early-
phase clinical trials and others in preclinical stages [1, 3, 
34, 35]. Therapeutic targets address different steps of pro-
duction, secretion, and elimination of misfolded AAT 
protein in the hepatocytes.

Silencing the production of mutated AAT constitutes 
a promising approach in the treatment of AATD-related 
liver disease. The small-interfering RNAs (siRNAs) and 

Fig. 1. The authors suggest the following 
diagnostic approach flowchart to assess liv-
er disease in patients with AATD (*or 
whole gene sequencing depending on 
availability and/or the need for more de-
tailed interpretation). The surveillance of 
Pi*MZ and Pi*SZ subjects needs to be ad-
justed to the overall clinical context that in-
cludes the presence of hepatic comorbidi-
ties/metabolic risk factors, other genetic 
factors as well as the presence/absence of 
baseline liver fibrosis as evaluated by non-
invasive methods. AAT, alpha-1 antitryp-
sin; AATD, alpha-1 antitrypsin deficiency; 
PI*MZ, AAT genotype with heterozygosity 
for the Pi*Z variant; Pi*SZ, AAT genotype 
with compound heterozygosity for the 
Pi*Z and Pi*S variants.
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the antisense oligonucleotides (ASOs) are the most com-
mon strategies in this field that modulate gene expression 
by inducing enzymatic degradation of targeted mRNA 
and consequently interrupting the production of their 
corresponding proteins [34].

Turner et al. [36] showed the first evidence of siRNA 
therapeutic designed to silence expression of Z-AAT (the 
Z variant of AAT) mRNA (Table 2). His study demon-
strated a deep and durable knockdown of hepatic AAT 
production based on an observed reduction in serum 
AAT concentrations with no occurrence of major adverse 
events or hepatotoxicity in patients with PI*ZZ and 
healthy volunteers. Despite the results, the study was ter-
minated early because of toxicity findings related to the 
delivery vehicle (ARC-EX1) seen in a non-human pri-
mate study.

Recently, the ARO-AAT2002 open label trial 
(NCT03946449) evaluated the safety and efficacy of 
ARO-AAT injection (hepatocyte-targeted siRNA thera-
peutic against Z-AAT mRNA, Fazirsiran) administered 
subcutaneously to patients with alpha-1 antitrypsin defi-
ciency. The Pi*ZZ patients received subcutaneous injec-
tions with ARO-AAT and underwent liver biopsies at 
weeks 0 and 24 or 48. The first results showed a reduced 
serum and liver Z-AAT and histologic globule burden in 
all patients and decreased serum ALT and GGT. More-
over, 7 individuals displayed an improvement in liver fi-
brosis, including 2 individuals with cirrhosis at baseline. 
These data demonstrate that removal of the causative fac-
tor, Z-AAT, in AATD liver disease ameliorates liver in-
jury and can lead to an improvement in fibrosis [37]. This 
trial was followed by double-blindphase 2 clinical trial 
which results will be published soon. Phase 3 with this 
molecule (Fazirsiran) will begin recruiting in the end of 
2022. Other trials based on siRNAs therapeutic that are 
currently ongoing are shown in Table 2. This approach 
seems to be a logical choice for individuals with isolated, 
advanced liver disease, but the long-term impact of the 
resulting decrease in serum AAT levels remains an im-
portant concern.

The administration of ASO can also represent a pos-
sible future direction in the treatment of liver disease [38, 
39]. Some data from studies in preclinical stages showed 
that administration of ASO in Pi*ZZ transgenic mice led 
to an approximately 80% reduction in levels of circulating 
normal AAT and ameliorates liver fibrosis [38].

The correction of misfolded proteins in the ER with 
chemical chaperones is one of the approaches that have 
been studied. Burrows et al. [40] demonstrated in experi-
mental models that phenylbutyrate (PBA), a substance 

used for treatment of urea cycle disorders, increased five-
fold the secretion of functionally mutant AAT in Pi*ZZ 
mice. However, in a preliminary study of a small number 
of patients with AATD (9 Pi*ZZ individuals and 1 with a 
homozygous null genotype), the oral administration of 
PBA during 14 days was not effective in increasing AAT 
blood levels, and metabolic side effects were noted [41]. 
As shown in Table 2, other folding correctors are the ob-
ject of study in current trials, such as VX-864 and ZF874.

Some studies have identified small molecules that are 
effective in reducing the polymerization of Z-AAT in vi-
tro [34, 35, 42]. Recently, Lomas et al. [43] described a 
small molecule termed “GSK716” that blocked intracel-
lular polymerization of Z-AAT and increased the circu-
lating levels of monomeric protein by sevenfold in a 
transgenic mouse model of AATD.

On the other way, intracellularly expressed antibody 
fragments (“intrabodies”), particularly ones that consist 
of one heavy and one light variable domain linked by a 
synthetic flexible peptide, were also used to block the po-
lymerization in the ER. scFv is capable of preserving an-
tigen-binding specificity and can be targeted to subcellu-
lar compartments by incorporating trafficking signals 
specific for the ER [34, 35]. In vitro, the scFv4B12 in-
trabody reduced the intracellular polymerization of Z-
AAT up to 60% and increased its secretion, keeping the 
functional activity of AAT against neutrophil elastase 
[44].

Another pathway in decreasing the hepatic burden of 
AAT is autophagy, which is able to degrade structures 
that are too large to be processed via the proteosome, 
namely the misfolded proteins. Drugs approved and used 
for other diseases, such as carbamazepine and rapamycin, 
have been found to be promoters of autophagy and there-
by reduce the number of intra-hepatic Z-AAT inclusions 
and hepatic fibrosis in a mouse model of AATD-associ-
ated liver disease [45, 46]. A recent randomized, double-
blind, and placebo-controlled trial (NCT01379469) eval-
uated the effect on hepatic Z-AAT load and liver fibrosis 
of a 52-week treatment with carbamazepine in individu-
als with Pi*MZ/Pi*ZZ and severe liver disease. However, 
the main outcomes could not be assessed because the 
number of subjects with available pre- and post-biopsies 
was insufficient in subject number and sample quality to 
conduct the analyses (Table 2).

The advance of stem cells and molecular biology tech-
niques allowed the development of promising therapeutics 
for liver disease in AATD. The recent study of Baligar et al. 
[47] showed that the transplantation of human mesenchy-
mal stem cells and bone marrow-derived stem cells in trans-
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genic mice expressing human Z-AAT confer some com-
petitive advantages compared to host cells that could lead 
to pathological improvement. Transplantation of these cells 
resulted in the decline of globule-containing hepatocytes 
and partially improved liver pathology as reflected by in-
flammatory response, fibrosis, and apoptotic death of hepa-
tocytes. Previously, Yusa et al. [48] accomplished the bial-
lelic correction of the underlying mutation causing the ex-
pression of Z-AAT in the genome of human induced 
pluripotent stem cells derived from Pi*ZZ patients via a 
combination of piggyBac technology and zinc finger nucle-
ases. This gene correction was sustained in subsequently 
differentiated hepatocyte-like cells and led to a restored 
structure and enzymatic function of native AAT.

Viral vector-mediated expression of short hairpin 
RNAs can be efficiently used to knockdown and func-
tionally evaluate disease-related genes in patient-specific 
pluripotent stem cells. These methodologies can achieve 
a relevant reduction (−66%) of intracellular Pi*Z protein 
in hepatic cells after differentiation of patient-specific 
pluripotent stem cells [49].

Conclusion

Liver involvement constitutes the second most com-
mon clinical manifestation and cause of death in patients 
with AATD [3]. The assessment of liver fibrosis is a cru-
cial step in the evaluation and follow-up of these patients. 
Among the non-invasive methods, the LSM by TE has 
particular interest and is useful to identify advanced liver 
fibrosis. Currently, liver transplantation is the only cura-
tive therapy for AATD-related liver disease. However, 

several promising strategies are currently under investi-
gation and may emerge in the near future. In the light of 
clinical studies, silencing the production of mutated AAT 
using small-interfering RNAs seems to take advantage 
when compared with others strategies.
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