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Abstract
α1-antitrypsin (A1AT) deficiency is an autosomal co-dominant disease that can cause chronic
liver disease, cirrhosis, and hepatocellular carcinoma (HCC) in children and adults and increases
risk for emphysema in adults. The development of symptomatic disease varies—some patients
have life-threatening symptoms in childhood whereas others remain asymptomatic and healthy
into old age. As a result of this variability, patients present across multiple disciplines, including
pediatrics, adult medicine, hepatology, genetics, and pulmonology. This can give physicians the
mistaken impression that the condition is less common than it actually is, and can lead to
fragmented care that omits critical interventions commonly performed other specialists. We
sought to present a rational approach for hepatologists to manage adult patients with A1AT
deficiency.
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Introduction
The most common form of alpha-1 antitrypsin (A1AT) deficiency occurs in individuals who
carry a homozygous variant of the A1AT gene (SERPINA1) that causes a Glu342Lys
substitution in the gene product, also called ZZ or PIZZ in World Health Organization
nomenclature. Approximately 2% of the US population is heterozygous for the Z allele and .
05% are homozygous (ZZ). The most common allele of the A1AT gene, called M, produces
normal levels of A1AT. A1AT is highly expressed by hepatocytes and the protein is secreted
into the blood; it inhibits neutrophil proteases to protect host tissues from non-specific injury
associated with episodes of inflammation. The product of ZZ folds abnormally to form
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homopolymers and insoluble aggregates within the endoplasmic reticulum of hepatocytes,
instead of being secreted. The aggregates can lead to hepatocyte cell death and liver
inflammation, regeneration, and progressive fibrosis.

Signs or symptoms of liver dysfunction occur in as many as 50% of ZZ children (although
many are undiagnosed), whereas cirrhosis and life-threatening disease only occur in about
5% before the age of 18. The risk of cirrhosis appears to increase with age in adults. The
peak ages for the incidence of liver and lung disease differ; liver disorders usually occur
during childhood and old age and lung disease develops in middle age. Clinicians therefore
have the impression that involvement of 1 organ excludes the other, although there is good
evidence that the risks of lung and liver disease are independent. Individuals with 1 M and 1
Z allele (MZ) are generally healthy, but appear to be more susceptible to liver injury; they
are typically overrepresented among cirrhotic patients in adult liver clinics. The S variant of
A1AT, which causes the Glu288Val substitution, was named for the slow migration of the
protein in starch gel electrophoresis. Carriers of 1 allele of S and 1 of Z (SZ) are common,
but generally develop only lung or liver disease.

A range of advocacy and research activities are available to patients with this disease and
their families. The NIH-sponsored Children’s Liver Disease Research and Education
Network is a study that is enrolling patients up 25 years old to collect data on the natural
history and genetic and environmental modifers of the disease. Patients of all ages and
disease manifestations can participate in the Alpha-1 Registry, a self-report database based
at the Medical University of South Carolina that provides a contact point for many kinds of
research studies. Several nationwide organizations, including The Alpha-1 Foundation, The
Alpha-1 Association, and AlphaNet encourage advocacy, supply educational materials,
support research, and provide medical and pharmacy services to this patient community.
Increasing the interaction among hepatologists, other medical disciplines, and these
community resources will improve the care of patients with this disease.

Liver Disease in Pediatric Patients
Although most cases of A1AT deficiency are associated with a single variant (such as ZZ),
the clinical presentation of liver disease varies greatly (1). Some children develop cholestatic
jaundice and hepatitis shortly after birth, called neonatal hepatitis syndrome; it is
indistinguishable from the early phases of extrahepatic biliary atresia, cystic fibrosis,
congenital infection, and many other conditions. Because A1AT deficiency is relatively
more common than the other disorders, serum testing for A1AT deficiency is performed
early in the evaluation of infants with cholestatic jaundice. This approach can avoid more
invasive tests, such as the cholangiogram performed by open laparotomy, which is usually
required to diagnose biliary atresia. However, many infants with ZZ-associated A1AT
deficiency do not develop cholestasis, for unknown reasons. Some children present later in
infancy or childhood with unexplained increases in levels of amino transferases,
hepatomegaly, or, on rare occasions, cirrhosis or acute liver failure. These patients are
usually tested for A1AT deficiency during early stages of evaluation. In rare cases, infants
with A1AT deficiency do not eat or grow well, classified as failure to thrive.

The emphysema associated with A1AT deficiency takes decades to develop, so it is not
observed in children. However, children with A1AT deficiency have an increased risk for
developing asthma. Pulmonary evaluation of a Swedish birth cohort did not identify any
respiratory disorders other than asthma among 18 year-olds with A1AT deficiency; they had
normal results from pulmonary function tests, except for mild changes among smokers. At
least 50% of children with A1AT deficiency are healthy throughout childhood and remain
undiagnosed. Newborns are not screened for A1AT deficiency in North America.
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Liver Disease in Adult Patients
Most adult patients with A1AT deficiency have fairly normal results from liver tests and
minimal or no symptoms of liver disease. They can present with asymptomatic, abnormal
levels of liver enzymes, clinical manifestations of advanced cirrhosis, or hepatocellular
carcinoma (HCC) (2); liver disease appears to be the next most common manifestation of
A1AT deficiency, after lung disease (3). The best information for the effects of A1AT
deficiency on liver disease comes from an analysis of autopsy data from Sweden, in which
43% of patients with the disease had developed cirrhosis and 28% had developed HCC (4).
A1AT deficiency is therefore a significant risk factor for the development of cirrhosis in
adults. However, there is limited information on many important factors—it is not clear how
many adults with A1AT deficiency have liver disease, what the best markers of liver disease
are in these patients, how liver disease progresses, or what factors contribute to or prevent it.

The reported prevalence of cirrhosis in ZZ adults varies; estimates range from 2%–43% (3).
The only longitudinal study ever conducted was performed in Sweden and followed
individuals identified at birth with A1AT deficiency (ZZ) into young adulthood (5). Within
the first 6 months of life, more than 50% of the children had either clinical signs of liver
disease or abnormal results from liver function tests. Remarkably, the abnormal results from
liver function tests decreased with time; by the time patients were 26 years old, 5.7% of
those tested had minor abnormalities in their level of alanine aminotransferase (ALT). A
follow-up report analyzed the prevalence of liver test abnormalities in A1AT-deficient
individuals at age 30 (6). Blood samples were obtained from 89 ZZ, 40 SZ, and 84 MM
(control) individuals. Although the mean values of all liver enzymes were within the normal
range for all groups, the mean level of aspartate aminotransferase (AST) was higher in the
ZZ and SZ groups, and the mean level of ALT was higher in the ZZ group, compared with
controls. Interestingly, women with the ZZ alleles who took oral contraceptives had higher
mean levels of AST and ALT than women in the control group who took oral
contraceptives. The authors were unable to identify any factors in children that predicted
adult defects in liver function, such as liver disease or increased levels of liver enzymes.
From these results, some investigators have concluded that liver disease is not a significant
problem for adults with the ZZ alleles of A1AT. However, this conclusion is that it is based
on the premise that abnormal serum levels of liver enzymes accurately diagnose liver
disease, but this cohort has not been followed into late adulthood. Levels are liver enzymes
can be normal in individuals with liver disease, including cirrhosis.

A recent analysis of 647 ZZ individuals in the US found that they have ongoing, subclinical
liver injuries that escape detection by routine liver tests (7). The mean level of AST was 43
IU/L (range 7–325 IU/L), which is just above the reported upper limit of normal (0–40 IU/
L). The mean level of ALT for men (33 IU/L, range 7–110 IU/L) and women (24 IU/L,
range 6–301 IU/L) fell to within normal limits, and the overall prevalence of abnormal
levels of ALT was only 7.7%. However, if a stricter cutoff for the normal level of ALT was
used (≤19 IU/L for women and ≤30 IU/L for men, the prevalence of an abnormal level of
ALT in the population is 49%. Despite this, only 7.9% of the entire cohort reported any
history of liver disease. These findings indicate that a significant proportion of ZZ
individuals have small increases in levels of ALT, in the presence or absence of clinically
observable liver disease. Our lack of knowledge about the amounts of liver injury and stage
of disease in these patients poses an obstacle to treating, modifying risk factors, and
screening these patients for HCC.
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Pathophysiology
Strategies to degrade the aggregates of A1AT in heptocytes might be used to reduce or
prevent liver disease. Soluble monomers of A1AT in the endoplasmic reticulum could be
degraded by proteasomes, or polymerized aggregates could be degraded by autophagosomes
(see Figure 1).

The genetic and environmental factors that predispose some patients with A1AT deficiency
to liver disease are unknown. A post-mortem study in Sweden reported that adults with ZZ-
associated A1AT deficiency who died from causes unrelated to this disease often had
asymptomatic cirrhosis that increased with age (8). A1AT-deficient individuals who were
more than 50 years old and never smoked had the greatest risk for cirrhosis and a significant
risk for HCC (9). Men with A1AT deficiency who were 51–60 years old had an increased
risk of developing liver disease, compared to other patients with A1AT deficiency (10).

A study that investigated the relationship between A1AT variants and manifestation of liver
disease found a significant degree of discordance between sibling pairs in the severity of
liver disease (11). Progression of liver damage appears to vary and involve environmental
and genetic factors, beyond A1AT genotype. Single nucleotide polymorphisms in genes that
regulate protein degradation pathways have been associated with some types of liver
disease, but other factors have not been identified (12, 13). In a study of primary cell lines
from ZZ patients with and without liver disease, the cells from the patients with liver disease
had reduced intracellular degradation of the Z protein. Genetic differences that affect protein
degradation pathways (such as the proteasome or autophagic processes) might determine
which individuals develop liver disease (14, 15)

Many different factors, including age, sex, alcohol consumption, and obesity have been
reported to affect risk for liver disease (16). The nonsteroidal anti-inflammatory drug
(NSAID) indomethacin increases the level of liver damage in transgenic mice that express
the Z form of a1AT (Za1AT). Therefore, environmental factors such as medications could
potentiate the liver injury associated with hepatic accumulation of the Z protein. NSAIDs
might be especially injurious to patients with A1AT deficiency, increasing the expression
and accumulation of the hepatotoxic form of the protein (17). The few studies to identify
risk factors for liver disease in adults have relied on patient self reporting of liver disease,
rather than histologic analysis. These studies did not verify the absence of other common
causes of liver disease and had inconsistent reporting of the degree of liver injury, so it was
difficult to make conclusions about risk factors. Although ZZ-associated liver disease is
likely under-diagnosed in adults, it has been increasingly recognized in patients with
cryptogenic cirrhosis, alcoholic liver disease, and HCC. A1AT deficiency might therefore
increase the severity of liver disorders such as hepatitis B and C, autoimmune hepatitis, or
hemachromatosis (18).

Heterozygous Variants of A1AT.
The affects of heterozygous variants of A1AT on risk for liver disease are controversial.
Several studies have reported that there is a higher prevalence the MZ genotype among
patients with cirrhosis, compared with control populations or patients with non-cirrhotic
liver diseases (19–23), and also among patients with crytogenic cirrhosis (19–22). However,
a more recent study did not associate the MZ genotype with chronic liver disease overall,
although a significantly greater number of patients with severe liver disease were MZ,
compared to those with less severe liver disease (24). The MZ genotype was also associated
with increased severity of liver disease and the need for transplantation among patients with
hepatitis C virus infection (24).
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Liver cells of healthy individuals with A1AT MZ do not contain periodic acid Schiff-
positive globules, but livers of those with fibrosis do, along with diastase-resistant inclusions
of A1AT, which vary from sheets of hepatocytes to scattered periportal fibroblasts. The Z
form of A1AT protein can be identified by immunohistochemical analysis (23). Although
the MZ alleles have been associated with cirrhosis, MS and SS have not been associated
with liver disease (22).

Rationale and Options for A1AT testing
Despite its relatively high prevalence, A1AT deficiency is under-recognized and under-
diagnosed (25). Although it is considered to be a rare condition, there are approximately 20
million individuals in the United States who carry at least 1 allele of A1AT associated with
the disease, and the prevalence of homozygosity for variants associated with A1AT
deficiency is at least 100,000 in the US (26). An estimated fewer than 10% of people with
this disorder have been properly diagnosed, with an average 6-year delay in diagnosis from
the time that symptoms are apparent (27, 28). It is therefore important to test all patients
with liver disease of unexplained etiology, and those with a family history of liver disease,
for A1AT deficiency. Other populations that should be tested include those with a diagnosis
of chronic obstructive pulmonary disease, adults with asthma that does not respond to
maximal medical therapy, and all family members of those diagnosed with A1AT
deficiency.

A1AT deficiency can be diagnosed by measuring serum or plasma levels of A1AT,
phenotype analysis of the protein, or genotype analysis. Plasma levels of A1AT are usually
measured by rocket immunoelectropheresis, radial immunodiffusion, or nephelometry. The
assay to measure the concentration of A1AT in plasma is a reasonable initial test; abnormal
or borderline results indicate the need for genetic testing (29). A blood level of A1AT less
than 50% of the lower limit of normal provides clear evidence for A1AT deficiency.
However, because A1AT is an acute-phase reactant (its synthesis and release from
hepatocytes are increased by systemic inflammation), levels can increase under certain
conditions, making it a challenge to always detect its deficiency (30). Despite this, cells
from ZZ individuals rarely produce enough A1AT to obscure a deficiency. Therefore, even
though concentration assays are routinely used for the initial step in screening, they should
not be used to exclude A1AT deficiency, because they have low levels of sensitivity and
specificity (31). A1AT proteins are characterized by phenotype analysis, using isoelectric
focusing, which separates proteins based on their isoelectric point (32). Phenotype analysis
alone cannot distinguish an individual that is homozygous for alleles that produce an altered
protein from individuals that carry 1 allele that produces and altered protein and 1 allele that
expresses no protein. Results from phenotyping assays are subjective and vary, so we do not
recommend their use in diagnosis of patients with liver disease.

Genotype analysis can be used to make a definitive diagnosis, and determine specific
phenotypic variations. Genotyping uses allele-specific amplification that allows the variants
to be identified, such as S or Z, and also identify less-common variants that affect the
structure or expression level of the gene product. Although the optimal algorithm for
laboratory testing for A1AT deficiency has not been defined, a combination of measuring
serum levels of A1AT and genotype analysis seems to be the most useful.

Management
Because A1AT deficiency is an inherited disease, family members are at risk and should be
considered for testing. Siblings of individuals with A1AT deficiency are the only family
members for whom genetic testing is recommended, because they have 25% or greater risk
of also having the condition (33). Although the risk of A1AT deficiency in parents,
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offspring, and second-degree relatives of patients is low, but greater than that of the general
population, it is common practice to recommend that they be referred to healthcare
professional to discuss the benefits and risks of A1AT testing.

Although studies have not demonstrated that increased detection of A1AT deficiency
improves health outcomes, once an individual with A1AT deficiency and liver disease is
identified, specific treatments and preventive measures can be implemented. Educating
newly diagnosed patients about A1AT deficiency, disease mechanisms, and risk can help
them obtain appropriate treatment. After the diagnosis of A1AT deficiency is confirmed,
patients should be referred to specialists in lung and liver disease with expertise in managing
their disease. Patients should first be assessed for liver and pulmonary function (spirometry),
then referred to a pulmonologist for respiratory monitoring and management—even when
they have normal pulmonary function. Since cigarette smoking promotes the development of
lung disease in patients with A1AT deficiency, smoking cessation should be recommended
or smoking initiation discouraged. A liver biopsy is not typically required to diagnose
A1AT-related liver disease, but can be used to rule out other causes of liver disease and to
assess disease severity. Histologic analysis of liver samples from patients with A1AT
deficiency usually reveal accumulation of A1AT (as polymers) within hepatocytes and
intracytoplasmic inclusion bodies in periportal hepatocytes (Figure 2).

An assessment for advanced liver disease (ultrasound or other type of imaging analysis) is
also recommended, to identify portal hypertension and cancer. Patients with cirrhosis or
portal hypertension from A1AT deficiency are managed the same as those with liver disease
from any other cause: using cancer surveillance, tests for and management of esophageal
varices, and disease-modification strategies (limiting alcohol consumption, avoiding
exposure to hepatotoxic agents, and controlling obesity or weight management, etc).
Vaccination against hepatitis A and B viruses is recommended for all A1AT-deficient
patients, who might have an increased risk for chronic liver disease if they become infected
(34).

Liver injury from A1AT deficiency is believed to result from hepatic accumulation of
polymerized A1AT Z protein (35). Although no therapies have been approved to reduce this
accumulation or prevent the development of liver disease (other than transplantation), there
are a number of new therapeutic and preventative strategies. Augmentation therapy can
increase serum levels of A1AT to levels that reduce pulmonary disease, although this
strategy is not likely to affect liver disease. In a positive feedback loop, α-elastase
complexes bind to the serpin-enzyme complex receptor, which upregulates A1AT synthesis.
Therefore, augmentation therapy might exacerbate disease in ZZ individuals.

Research to develop therapeutics for A1AT-associated liver disease has therefore focused on
preventing protein polymerization, increasing excretion of the Z protein, increasing the
intracellular degradation of the Z protein; nonspecific approaches are also being developed
to reduce liver inflammation and fibrosis. The most promising strategy for treating liver
disease in patients with A1AT deficiency is to decrease the accumulation of polymerized
A1AT by stimulating its autophagy in hepatocytes (36, 37). Carbamazepine (38) and
rapamycin (39) stimulated autophagy and reduced A1AT (Z-form)-associated liver fibrosis
in transgenic mice.

Liver Transplantation
For patients who develop decompensated cirrhosis or early-stage HCC, liver transplantation
replaces the diseased liver and corrects the underlying metabolic disorder. Rates of survival
of grafts and patients with this metabolic disease are similar to those of patients with other
indications who receive liver transplants. Rates of 1-, 3-, and 5-year survival after liver
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transplantation were reported to be 89%, 85%, and 83% among adults with A1AT
deficiency (40). Interestingly, livers of transplant recipients maintain the donor’s phenotype
and recipients maintain normal serum levels of A1AT (40, 41). Preliminary results indicate
that liver transplantation also prevents or slows the progression of pulmonary disease in
patients with A1AT deficiency (42). There are many uncertainties about development of
liver disease in adults with A1AT deficiency and challenges to treating it. Large studies are
needed to determine the prevalence, natural history, and best treatment options.

HCC
Individuals with the A1AT deficiency caused by the Z allele who develop cirrhosis are at
great risk for HCC (43)—especially middle-age or older men, although rare cases have been
reported in children (44). However the risk has been difficult to quantify and is often over-
shadowed or even confounded by the association with chronic viral hepatitis (45).

A retrospective, case-control, autopsy study conducted in Sweden reported an odds ratio of
20 for the development of HCC among individuals with A1AT deficiency—comparable
with the risk from genetic hemochromatosis (43). However, a subsequent study by the same
authors (4) calculated an odds ratio of approximately 0.5 (16.1% of ZZ individuals were
found to have HCC in autopsies). Among a cases series of 19 adult patients with A1AT
deficiency-associated liver disease, 2 had HCC (10.5%, both ZZ individuals) (46); 2 of the 8
ZZ individuals (25%) in this case series had HCC (46). Interestingly, in a case series of 21
children undergoing liver transplantation for A1AT deficiency, none had HCC, supporting
the concept that risk increases with age (47). All reports seemed to confirm the association
with cirrhosis—all cases with HCC (even children) had cirrhosis.

The risk for HCC in individuals with 1 Z allele is less well defined than for homozygous
individuals; heterozygosity for the Z allele might modify risk or increase it in patients with
other causes of liver diseases, such as chronic hepatitis C (4). However, at least 1 Z allele is
thought to be necessary for HCC to develop; the combination of the MZ, SZ, and even the
rare ZMmalton (Mmalton causes a deletion at Phe52 of A1AT)alleles (48, 49) have been
associated with HCC in individuals with other forms of liver disease.

Pathogenesis of HCC
The process by which A1AT deficiency results in HCC is not clear. Intracellular
accumulation of the Z protein in hepatocytes causes cell damage that can lead to a condition
that resembles chronic hepatitis and then cirrhosis. Cirrhosis is a risk factor for HCC, at a
rate of approximately 1%–4% per year (50). Studies have indicated that hepatocytes with
accumulated Z protein are cancer-prone, surviving with intrinsic damage and chronically
stimulating, in trans, adjacent, relatively undamaged hepatocytes, which then begin to
proliferate. Interestingly, HCC cells only rarely contain globules of Z protein, which are
usually abundant in surrounding, non-tumor tissues (51). Also, large-cell dysplasia is often
found in A1AT-deficient livers. This dysplasia is thought to increase the risk for HCC,
although it does not seem to be an intermediate step in the pathway to malignancy (52).
Transgenic expression of the Z protein in livers of mice causes accumulation of globules in a
pattern similar to that of humans with A1AT deficiency, making this a mouse model of the
disease. By 16 to 19 months of age, nearly 70% of these mice develop tumors (53). Z
protein accumulation was found to alter the regulation of several genes involved in cell
proliferation and tumorigenesis.

Recommendations for Screening
The American Association for the Study of Liver Disease recommends that patients with
cirrhosis from A1AT deficiency be screened for HCC. This practice guideline bases its
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recommendations for surveillance on estimates of the risk for HCC. For groups of patients
where the threshold incidence for efficacy of screening is estimated to be >1.5% per year,
surveillance is recommended. For patients with A1AT deficiency, it is acknowledged that
the exact incidence of HCC is unknown, but is thought to be >1.5% per year (50). Thus, this
practice guidelines call for regular screening that includes ultrasound examination of the
liver every 6 months. If abnormalities or new defects are identified, they can be further
evaluated with dynamic imaging studies or even liver biopsy analysis. There does not appear
to be a basis for recommending routine surveillance for patients with A1AT deficiency who
do not have significant liver disease or cirrhosis.

It is clear that patients with liver disease associated with A1AT deficiency are at risk for
HCC. This risk needs to be more accurately quantified, as do the roles of other associated
risk factors. Those with cirrhosis need to be entered into routine surveillance programs for
HCC, to identify tumors at an early stage, when they are most treatable.

Patient Education
A range of advocacy and research activities are available to patients with this disease and to
their families. The NIH sponsored Children’s Liver Disease Research and Education
Network is a study enrolling patients who are up to 25 years old in a prospective cohort
study, to gather data on natural history and to investigate genetic and environmental
modifers of disease. Patients can also be offered contact with the Alpha-1 Registry, a self-
report database for all ages and disease manifestations, based at the Univesity of South
Carolina; it provides a contact point for many kinds of research studies. Several nation wide
organizations, The Alpha-1 Foundation, The Alpha-1 Association, and AlphaNet encourage
advocacy, supply educational materials, support research, and provide medical and
pharmacy services to this patient community. Increased interactation among hepatologists,
other specialists, and these organizations will improve the care of patients with this disease.
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Figure 1.
Pathway for the degradation of PIZZ that accumulates in the endoplasmic reticulum.
(Reproduced with Permission from Perlmutter DH, Annu. Rev. Med. 2011. 62:4.1–4.13).
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Figure 2.
Liver from patient with PIZZ alpha 1 antitrypsin deficiency. (Left) Periodic acid Schiff-
positive diastase resistant globules. (Right) Immunohistochemistry for alpha 1 antitrypsin
identifies globules.

Nelson et al. Page 13

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2013 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


