Alpha-1-Antitrypsin (A1AT) deficiency (A1ATD) is typically
discussed in the context of lung disease as a major cause
of panacinar emphysema because of impaired inhibition of
neutrophil elastase. SERPINAT, the gene encoding A1AT,
has an autosomal recessive inheritance with codominant
expression. Large numbers of mutations in the gene are as-
sociated with lung disease and a subset with liver disease.
Mutations in SERPINAT causing liver disease do so by the
formation of harmful aggregates of mutant ATAT protein
within hepatocytes, which results in diverse manifestations,
from devastating neonatal cholestasis to late-onset cirrho-
sis and hepatocellular carcinoma (HCC) in adults. Here, we
summarize advances in our understanding and manage-
ment of ATATD liver disease with particular focus on the
significance of ATATD heterozygosity and its putative role
as a cofactor in common causative factors for liver disease.
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MOLECULAR BASIS AND
PATHOPHYSIOLOGY

A1AT is a large, 52-kDa serum glycoprotein abundantly
produced by the liver. It is a serine protease inhibitor whose
primary function depends on its secretion from the liver
and its physiological action in the lungs to prevent exces-
sive tissue destruction by neutrophil elastase. A1AT is also
an acute-phase reactant with a presumed inflammatory
role.’

Certain missense mutationsin ATAT result in the accu-
mulation of toxic aggregates of misfolded protein in he-
patocytes and, consequently, deficiency in the circulation.
These ATAT aggregates appear as periodic acid-Schiff
(PAS)-positive, diastase-resistant inclusions, the patho-
logical hallmark of ATATD liver disease (Fig. 1, right).
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Triggers for A1ATD Testing
+ Family history of A1AT mutations
+ Clinical findings of necrotizing panniculitis
Neonatal cholestasis or hepatitis
» Unexplained liver enzyme abnormalities
« Cryptogenic cirrhosis
Hepatocellular carcinoma (HCC)

pending clinical

]Ltext. Liver Biopsy

Initial Testing

| Serum A1AT (Nephelometry) |

Low NORMAL HIGH
<50 mg/dL. <100 mg/dL 100-200 mg/dL* >200 mg/dL
*consider inappropriate elevation
in setting of acute inflammation
- ez

may prompt

PiSzZ
PiMZ
PiMM

Phenotype testing (Isoelectric focusing) |

Current gold standard and confirmatory test

If discordance between above tests, or for detection of rare mutations

Genotype testing (DNA Sequencing) |

SERPINA1 gene sequence analysis

Follow-up after A1ATD diagnosis

+ Further extrahepatic workup based on history
and examination e.g. pulmonary function testing,
autoimmune serology

« Yearly laboratory testing (ALT, AST, GGT,
albumin, bilirubin, INR, platelets) and liver
ultrasound for fibrosis monitoring

» GGT and AST can be followed as markers of
disease severity

» Cirrhosis management including HCC
screening as per AASLD guidelines

» Genetic counseling for patients and their
families

FIG 1 Algorithm for diagnosis of suspected ATATD in liver disease. Serum testing should be limited to screening because it carries low
sensitivity and specificity. Because of its role as an acute-phase reactant, A1AT can be elevated up to 4-fold in settings of inflammation,
and thus normal levels cannot exclude PIMZ or PIMS heterozygous carriers. Very low levels carry high sensitivity and specificity for
deficiency.® Serum level ranges for different phenotypes are graphically depicted. Phenotype testing is done by isoelectric focusing
migration and is the current diagnostic gold standard and should be performed concomitantly with serum testing for confirmation.
Increasingly, SERPINAT genotype testing is performed on dried blood spots, whole blood, or saliva, and can be a useful adjunct to
phenotyping results, especially when they may be discordant with serum concentrations or for detection of the rare deficiency alleles.
Liver biopsy is not required for diagnosis, although often part of the work-up for cryptogenic cirrhosis helps to reveal pathognomonic
PAS-positive, diastase-resistant inclusions. Extrahepatic testing may be warranted and guided by thorough clinical and family history. For
follow-up, once ATATD is identified, yearly blood work and FibroScan are recommended to screen for fibrosis. In patients with cirrhosis
caused by ATATD, routine laboratory assessment and imaging for HCC should be done according to AASLD guidelines. (Left) Adapted
with permission from American Journal of Clinical Pathology.® Copyright 2012, American Society for Clinical Pathology. (Right) Courtesy
Xuchen Zhang, M.D., Ph.D., Department of Pathology, Yale School of Medicine, New Haven, CT.

The prototype mutation is associated with the misfolded
protein pGlu342Lys. It is classified as the PiZ allele based
on its distinctive migration on isoelectric focusing, with
the normal allele designated PiM. When both mutant
PiZ alleles are inherited, the severe homozygous PiZZ
form of A1ATD results, compared with the heterozygous
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PiMZ presentation, which is of mild-to-intermediate se-
verity (Tables 1 and 2). Although hundreds of polymor-
phisms have been identified within the SERPINA1 gene,
it is predominantly the Z mutant allele and, to a lesser
extent, the S mutant allele that are attributed to clini-
cally significant liver disease.
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TABLE 1. GENETIC VARIANTS OF A1ATD INVOLVED
IN LIVER DISEASE

Alleles Mutation

Normal M
Most common mutations S Glu264val
YA Glu342Lys

PizZ ATATD “loss of function” results in pulmonary
manifestations because aggregated mutant A1AT protein
cannot be secreted from the endoplasmic reticulum (ER)
of the hepatocyte. Because misfolded A1AT is trapped in
the hepatocytes, serum levels become low, predisposing
to lung disease; this aspect of phenotype can be aggra-
vated by exposures such as smoking. Meanwhile, a “gain-
of-function” phenotype is exhibited when the rate of
accumulation of polymerized mutant ATAT protein over-
whelms the hepatocyte's protective mechanisms of rec-
ognizing, degrading, and exporting excess or misfolded
proteins. Over time, this dysregulation of ER homeostasis
spurs a reactive cascade that can progress clinically to the
development of fibrosis, cirrhosis, and HCC** (Fig. 2).

Clinical Manifestations

The highest prevalence of homozygous PiZZ ATATD is
seen in Northern Europe, where 1/2000 individuals are af-
fected. Because heterozygous PiIMZ carriers can also ex-
perience development of disease, the at-risk population
is much greater, with an estimated 4 million individuals
worldwide carrying any disease-causing allele.® Males ap-
pear to be affected more than females, and murine stud-
ies suggest that hormonal effects contribute to increased
ATAT expression and liver injury in male PiZ carriers.’

The natural history of A1ATD liver disease deserves fur-
ther research; however, like many single-gene disorders,

A1ATD displays marked clinical variability from infancy to
adulthood.® In children, acute presentation with choles-
tatic liver disease progressing to end-stage liver disease
is recognized. Modifiers that lead a minority of children
to follow this rapidly progressive course have not been
delineated.”'? This contrasts with adults, for whom it is
more common to have a silently progressive liver disease
for several decades until signs of portal hypertension de-
velop or there is hepatic decompensation including HCC.”
Interestingly, adults may have minimal liver enzyme eleva-
tions disproportionate to their severity of liver injury, per-
haps reflecting that the mode of liver cell injury in PiZZ
A1ATD liver disease is predominantly driven by apoptosis.

It is well observed that patients with ATATD with liver
disease, especially ESLD, typically do not have emphysema.
Certainly, PizZ ATATD can lead to both obstructive lung
disease and liver disease; however, because the pathogen-
esis differs for each organ disease, it becomes the patient’s
risk factors and disease modifiers that trigger one over the
other.'" ATATD patients with emphysema and a signifi-
cant smoking history may experience mortality before ex-
periencing signs of liver disease. Regardless, patients with
A1ATD liver disease are strictly counseled on smoking ces-
sation, especially as part of candidacy for transplantation.

DIAGNOSIS

ATATD remains a disappointedly underreported, un-
derdiagnosed condition often with a diagnostic delay of
5 to 10 years, by which time patients already have ESLD.
Studies suggest that more than 80% to 90% of individu-
als with ATATD are unaware of their condition because of
lack of clinical symptoms or misdiagnosis with other cirrhosis
causes, such as alcoholic liver disease (ALD) or nonalcoholic
fatty liver disease (NAFLD).®

TABLE 2. GENETIC VARIANTS OF A1ATD INVOLVED IN LIVER DISEASE

Phenotype/Genotype Serum ATAT Level Phenotype Range Phenotype Modifiers
Normal PiMM 100%
Heterozygote PiMZ 60% Asymptomatic Age >50 years
Cryptogenic cirrhosis Male sex
Decompensated liver disease/HCC Diabetes
Severe deficiency PiSz 35% Neonatal Steatosis (ALD, NAFLD)
Pizz <15% Cholestasis Viral hepatitis
Fulminant hepatitis Cystic fibrosis (CFTR)
Adult COPD
Cryptogenic cirrhosis NSAIDs
Decompensated liver disease/HCC Febrile episodes
Infections

230 ' CLINICAL LIVER DISEASE,VOL 15, NO 6, JUNE 2020

An Official Learning Resource of AASLD



Update on A1AT Deficiency in Liver Disease Narayanan and Mistry

Pathophysiology Clinical presentation
ASYMPTOMATIC
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FIG 2 Pathophysiology with correlating clinical presentation of ATATD in liver disease. Formation of PiZ A1AT starts with the base pair
mutation that prompts protein misfolding and polymerization within the ER of the hepatocyte. Protective mechanisms for detecting and
destroying mutant protein, such as PiZ ATAT, within the hepatocyte including the following: (a) glycosylation, the normal process of
protein modification, which allows time for misfolded proteins to be identified and properly folded; (b) ER-associated destruction (ERAD),
such as binding to chemical chaperones like calnexin, which can target for destruction via ubiquitin-mediated pathways; (c) formation of
lysosome-fused phagosome that can also target for destruction of mutant protein; (d) UPR, typically another defense mechanism of the
cell, but often not triggered in A1ATD because PiZ polymers are not recognized as abnormal’; and (e) many other pathways, including
those that are calcium mediated, such as NF-kB and TGF-, also exist. ATATD is characterized by a rate of polymerization that exceeds
these protective mechanisms and leads to unregulated formation, ultimately triggering a cycle of inflammation. Clinical manifestations
are variable, and ESLD may be accelerated by the presence of other risk factors.

Figure 1 summarizes the current accepted testing algo-
rithm for ATATD liver disease.'*'?

autopsy livers revealing HCC, much more than would be
expected for cirrhosis alone. Further studies have presented
conflicting data reporting both increased and decreased
risk for HCC.8' As a general observation, however, in-
herited metabolic diseases do carry an increased risk for
HCC," which overall supports the need for surveillance.

Following diagnosis, patients found to have ATATD are
largely managed supportively with close monitoring for
progression of liver disease (Fig. 1). In comparison with
ATATD lung disease for which intravenous enzyme re-

placement therapy is available, treatments to correct mis- Liver transplantation remains the sole curative option

folding in liver disease are currently the subject of several
clinical trials (Tables 1 and 2), but they are not yet commer-
cially available or shown to improve outcomes.

Routine screening for fibrosis, as well as HCC, is recom-
mended, although it remains unclear how much the risk
for HCC development differs in ATATD from other etiolo-
gies of liver disease. In the original Swedish cohort studies
by Eriksson et al.,'* the relative risk was 5, with 28% of
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for A1ATD liver disease, with the healthy donor liver both
eliminating the mutant phenotype and restoring normal
circulating levels of A1AT. Reassuringly, patients trans-
planted for A1ATD, who represent 1% of all liver trans-
plants performed, have excellent 5-year graft and patient
survival rates.’

Because of the lack of medical treatment options,
there is an emphasis on efforts to prevent progression
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of A1ATD-related liver injury by reduction of modifiable
risk factors. These include weight loss, cessation of to-
bacco and alcohol use, avoidance of nonsteroidal anti-
inflammatory drugs (NSAIDs; because their properties
may increase synthesis of mutant A1TAT protein in the
liver), prompt treatment of febrile iliness, and up-to-date
hepatitis vaccinations.'®

EMERGING TREATMENTS

The advances in delineation of disease mechanisms have
revealed promising molecular therapeutic targets. Disease
models for ATATD include human PiZZ transgenic mice
and Caenorhabditis elegans expressing Z allele, which have
been informative for understanding disease mechanisms
and screening molecules as potential therapies. Although
most of these potential treatments are in early stages of
clinical development, some are using established US Food
and Drug Administration-approved medications that may
be repurposed for use in ATATD and could, therefore, by-
pass the laborious regulatory process for new drugs. One
such example is carbamazepine, which appears to enhance
autophagy and clearance of mutant Z protein aggregates.
It is currently in clinical trial. Another promising approach is
RNA interference therapy to reduce production of mutant
A1ATY

Table 3 summarizes the major target pathways for
treatment, therapies under study, and their potential
limitations.

RELEVANCE IN COMMON LIVER DISEASES

A1ATD has gained recognition as a comodifier to
other liver diseases. A longitudinal study by Tanash and
Piitulainen® found that risk factors for progression of
A1ATD liver disease included male sex, age older than
50 years, viral hepatitis, and diabetes. Recent studies have
also linked the PIMZ phenotype to a higher risk for de-
velopment of cirrhosis in patients with NAFLD or chronic
alcohol use,' as well as cystic fibrosis."® Perlmutter
et al. were among the first to recognize from retrospective
studies that a large proportion of patients transplanted for
A1ATD were heterozygous and appeared to have a “sec-
ond hit” that accelerated progression to ESLD.%° Putative
modifiers of ATATD liver disease include single-nucleotide
polymorphisms in SERPINAT and in genes involved in the
unfolded protein response (UPR) to control accumulation

233 | CLINICAL LIVER DISEASE, VOL 15, NO 6, JUNE 2020

of mutant misfolded protein and environmental factors. In
a 2018 study by Schaefer et al.?%, the PiIMZ genotype was
found to be an independent risk factor for advanced cir-
rhosis, decompensation by hepatic encephalopathy, and
ascites, as well as a higher risk factor for death and need
for transplantation. Although the mechanisms behind
these associations are not well understood, the additive
effect of multiple stressors on the hepatocellular system
are likely contributing factors for increased inflamma-
tion and cell death. Therefore, ATATD is emerging as a
genetic modifier that predisposes to clinically significant
liver disease akin to the role of Patatin-like phospholipase
domain-containing protein 3 (PNPLA3) polymorphism in
NAFLD and alcoholic liver disease (ALD). Given the high
prevalence of the PiZ carrier state, identification of indi-
viduals and appropriate genetic counseling should be pri-
oritized and offered.

FUTURE DIRECTIONS

The precise mechanisms underlying the variability in
clinical presentations of patients with ATATD have not
been delineated. To date, no studies exist on the liver
transplant outcomes for recipients with ATAT heterozy-
gosity. More robust studies are also needed to confirm
the degree of risk associated with the PIMZ phenotype
and faster development of cirrhosis. A better definition of
the natural history of ATATD is also needed and would be
beneficial in the pursuit of new detection strategies and
biomarkers for the disease. Certainly, as established treat-
ments emerge for A1ATD, its early and accurate diagnosis
will become more of a priority. Furthermore, an in-depth
understanding of the variants of A1ATD will facilitate pre-
cision medicine for individuals not only with this genetic
disorder but with cirrhosis from other causative factors.
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