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KEY POINTS

� Alpha1-antitrypsin deficiency (A1ATD) is a genetic disorder that can cause liver and lung
disease that can present at any age but follows a bimodal age distribution.

� A1ATD seems to be more common than other liver diseases, such as autoimmune hepa-
titis or Wilson disease, but is still under-recognized.

� A1ATD has multiple alleles but the most important disease-causing genotypes are PI*ZZ
and PI*SZ.

� Diagnosis of A1ATD requires measuring serum levels and the phenotype or genotype,
although serum levels may be influenced by many factors and are therefore insufficient
for diagnosis.

� Although no medical therapy for A1ATD-related liver disease is currently available, moni-
toring for complications of liver disease can be useful so diagnosis is critical.
INTRODUCTION

Alpha1-antitrypsin (A1AT) is a serum glycoprotein, encoded by the gene SERPINA1,
that belongs to a family of proteins known as serine protease inhibitors, or serpins.1

The major function of A1AT is to inhibit serine proteases secreted by neutrophils,
such as neutrophil elastase, usually in response to inflammation.1 The protein is pro-
duced in many cell types but principally in hepatocytes and then released into circu-
lation where it performs its inhibitory function primarily in the blood and lungs.1,2 A1AT
deficiency (A1ATD) can lead to a constellation of disease states, with lung and liver
disease being the most common.1,2

A1ATD is a genetic disorder caused by mutations in SERPINA1 that lead to defi-
ciency in the circulating levels of A1AT.3 The decreased level of A1AT leads to unop-
posed proteolytic degradation of lung tissue and can cause emphysema and chronic
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bronchitis.1 In contrast, the accumulation of abnormal A1AT polymers in hepatocytes
is the key feature associated with the development of liver disease.2 The development
of liver disease seems to be independent of lung disease.2 A1ATD-linked chronic liver
disease is a frequently unrecognized and underdiagnosed cause of chronic liver dis-
ease.1–4 The focus of this article is to aid gastroenterologists in the diagnosis andman-
agement of A1ATD-linked chronic liver disease.

GENETICS OF ALPHA1-ANTITRYPSIN DEFICIENCY
Genotypes and Phenotypes of Alpha1-Antitrypsin Deficiency

The gene SERPINA1 is located on the long arm of chromosome 14 and is highly poly-
morphic with more than 100 germ-line mutations identified.2,3,5 Despite the diversified
nature of SERPINA1, the phenotypic expression of A1AT is generally in 4 different
groups: normal, decreased, dysfunctional, or null variants based on circulating levels
of A1AT.2,6 The null phenotypic variant is associated with severe lung disease but not
liver disease, because this variant is linked to an absence of A1AT, not just a defi-
ciency,2 because abnormal polymerization and accumulation of mutant A1AT is
necessary to develop A1ATD-linked liver disease, which is absent in null phenotypic
variants.2,3,5,7 The dysfunctional variant has also not been associated with liver dis-
ease because, again, this variant does not seem to cause intrahepatic accumulation.6

Therefore, A1ATD-linked liver disease has been mostly described in the decreased
phenotypic variant.2,3

SERPINA1 is inherited in an autosomal codominant pattern, meaning that each
allele plays a role in determining the final circulating levels of the protein.3 The stan-
dard nomenclature used to describe the genotype and phenotype is denoted with
the abbreviation PI (protease inhibitor), followed by the 2 alleles (ie, PI*MM). The
normal wild-type allele is denominated with the letter M and the most common alleles
associated with A1ATD are designated Z and S.2 Most A1ATD-linked liver disease is
seen in patients who are homozygous for the Z allele, or PI*ZZ.1–3,5 The compound
heterozygote phenotype, PI*SZ, is also implicated in A1ATD liver disease, although
it is far less common.7,8 There have been several other phenotypes associated with
liver disease (Table 1), but these are notably rare.7

Compound Heterozygotes Without Alpha1-Antitrypsin Deficiency

Another phenomenon that has been well described is the association of the Z allele as
a risk factor for progression of liver disease in patients with preexisting cirrhosis.9–11

The phenotypes PI*MZ and PI*SZ are known to have decreased levels of A1AT,
roughly 55% of normal and 40% of normal respectively, but may not be below the
threshold used to diagnose A1ATD and therefore are not always associated with liver
or lung disease.12 Prior research seemed to show a link between heterozygosity of the
Z allele increasing the risk for development of chronic liver disease,9 but this was not
borne out in follow-up studies.10,11 Even so, data indicate that, in patients with
Table 1
Alleles associated with alpha-1 antitrypsin deficiency

Most common disease alleles2,7 Za, Sb

Rare disease allelesc Mmalton,
53 Siiyama,54 King55

a The genotype/phenotype PI*ZZ accounts for roughly 95% of A1ATD.
b The genotype/phenotype PI*SZ accounts for roughly 4% of A1ATD.
c Rare phenotypes account for less than 1% of A1ATD.
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cirrhosis from other causes, the Z allele seemed to increase the risk of liver disease
progression.10,11 A recent study conducted by Schaefer and colleagues11 showed
that patients with cirrhosis of any cause and with the PI*MZ phenotype had higher
model for end-stage of liver disease (MELD) scores, were more likely to have decom-
pensating events, and had higher rates of liver transplant or death. The implication of
the Z allele in causing progression of liver disease is not entirely understood.11 Further-
more, whether these data should lead to screening for the A1AT phenotype in patients
with cirrhosis is unclear and not addressed by major guidelines.1,12
EPIDEMIOLOGY OF ALPHA1-ANTITRYPSIN DEFICIENCY
Prevalence of Select Alleles and Phenotypes

Data on the frequency of the myriad rare alleles are not readily available; however,
several epidemiologic studies have examined the most common disease-causing al-
leles, Z and S, and the phenotypes PI*ZZ and PI*SZ.13,14 Blanco and colleagues13

compiled data from 93 countries to show that the frequency of the Z allele seems high-
est in countries with large white populations. More importantly, the prevalence of the
PI*ZZ phenotype was noted to be from 1:2000 to 1:5000 in areas with the highest fre-
quency of Z alleles.13 For context, the PI*ZZ phenotype is significantly more common
than other causes of liver disease, such as Wilson disease, which is noted to be close
to 1:30,000 to 1:100,000,15 or autoimmune hepatitis, with a prevalence of 1:5900 to
1:9100.16 Furthermore, the PI*SZ phenotype seems to be even more common and
not only includes white populations but also seems to include a Hispanic population,
with prevalence data suggesting from 1:700 to 1:3000 have this phenotype in areas of
highest allelic frequency.14 Despite having phenotypes associated with disease, only a
small proportion of patients develop chronic liver disease that can occur at any age.2,3

Neonatal and Pediatric Alpha1-Antitrypsin Deficiency

A1ATD-linked liver disease can present at any age and is the most common presen-
tation in neonatal and pediatric populations because lung disease takes decades to
develop.17 Even so, not all children who have a disease-associated phenotype
develop liver disease.17 For example, a study in Sweden that identified children at birth
with a phenotype that could result in A1ATD were followed up to 6 months, and liver
abnormalities occurred in up to 50% of these children.18 The liver abnormalities were
variable, and ranged from mild increases in transaminase levels to neonatal jaundice
up to and including significant portal hypertension and cirrhosis requiring pediatric
liver transplant.18 This same cohort was followed until age 12 years and most of the
liver abnormalities among patients without cirrhosis resolved, and the overall risk of
fibrosis and cirrhosis was noted to be only 2% to 3%.19 A recent systematic review
also suggested that cirrhosis develops in fewer than 10% of pediatric patients (0–
18 years old) despite having an abnormal phenotype associated with A1ATD.20 The
most notable risk factors for progression of liver disease in the pediatric population
were increased aspartate transaminase level, persistent or recurrent jaundice, and
increased gamma-glutamyltransferase level.20

Adult Alpha1-Antitrypsin Deficiency

The prevalence of chronic liver disease in adults seems to mirror the prevalence in the
pediatric population.20,21 The systematic review done in children was also performed
in adults and similarly noted that roughly 10% of adults with a phenotype associated
with A1ATD developed complications of liver disease.20 A newly released retrospec-
tive, longitudinal study conducted in Sweden by Tanash and Piitulainen21 also
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supported this conclusion.21 The study included more than 1500 adult patients with
the PI*ZZ phenotype and found that 7% had developed cirrhosis and an additional
2% had developed hepatocellular carcinoma (HCC) over a mean follow-up of
12 years.
Risk factors for progression of liver disease in adults varied from the pediatric pop-

ulation.20 The most consistent risk factors found in the review were male gender and
increased body mass index.20,22 The study by Tanash and Piitulainen21 concurred that
male gender was a risk factor for progression but also noted that age greater than
50 years and diabetes also increased the risk. This finding suggests that A1ATD-
linked chronic liver disease has an aggressive and an indolent form that can appear
very early in age or much later in life and is consistent with a large body of evidence
that shows A1ATD has a bimodal age distribution.20

PATHOPHYSIOLOGY
Polymerization and Accumulation of Alpha1-Antitrypsin Deficiency

As noted earlier, the polymerization of the mutant A1AT protein is necessary for devel-
opment of liver disease, whereas the absence of the protein leads to lung disease.1–3

To form polymers, the abnormal genes first make a normal nascent protein that then is
translocated to the endoplasmic reticulum (ER).2,3 In the ER, the mutant protein, espe-
cially in the case of the Z alleles, takes longer to fold properly compared with the
normal M allele2,3 (Fig. 1). The inefficiently folded protein is detected by the
Fig. 1. Mechanism of liver injury in A1ATD. (A) The normal folding of the A1AT protein in
the ER from (1) transport of nascent polypeptide to the ER, (2) glycosylation of the protein
and entry into the ER, (3) normal folding, (4) transport of the protein out of the cell. (B) The
abnormal nascent protein is (1) transported to the ER and (2) glycosylated. The protein un-
dergoes abnormal folding leading to (3) ER stress and proteolytic degradation or (4) poly-
merization of multiple misfolded proteins. These proteins can either be further degraded
by (5a) autophagy and other cellular mechanisms or (5b) continue to accumulate. The accu-
mulation eventually leads to (6) cell injury and, thus, liver injury, fibrosis, and ultimately
cirrhosis.



Antitrypsin Deficiency 487
hepatocyte and is usually targeted for degradation, but some of the proteins escape
this degradation by forming thermodynamically stable polymers with other mutant
proteins.23–25 These stable polymers can continue to accumulate and form character-
istic globules that can be stained and seen under light microscopy3 (Fig. 2). Other cell
types can also produce the mutant A1AT and undergo the same pathophysiology as in
hepatocytes, but the level of production is too low for these intracellular polymers to
be seen.26

Rough Endoplasmic Reticulum Stress, Proteolytic Degradation, and Autophagy

The accumulation of inefficiently folded proteins and protein polymers within the ER
causes ER stress.2 The presence of ER stress activates a series of proteolytic degra-
dation pathways27–31 (Fig. 1). These pathways break down nonpolymerized mutant
proteins and attempt to degrade the polymerized proteins, but not as adeptly, and
variation in the efficiency of these multiple pathways is thought to be one reason for
hepatocellular injury.27,32 Another proteolytic pathway is a process known as auto-
phagy.33 This process involves specialized vacuoles that degrade abnormal proteins
and larger structures, including large polymers of abnormal A1AT.33–35 Experimental
murine models have found that inducing autophagy may be one approach to degrade
large polymers and reduce the likelihood of hepatocellular injury.33–35

DIAGNOSIS OF ALPHA1-ANTITRYPSIN DEFICIENCY–LINKED LIVER DISEASE
Under-Recognized Cause of Liver Disease

A1ATD is widely known to be under-recognized and underdiagnosed.1–3,12,36 For
example, the burden of A1ATD in the United States is estimated to be more than
70,000, and more than 250,000 people have the PI*ZZ and PI*SZ phenotypes, respec-
tively.13,14,37 Research indicates that fewer than 10% of the affected population have
been diagnosed with A1ATD,36 with the average delay in diagnosis being roughly
6 years.38 These data are not specific to the United States and have mirrored research
from other countries as well.39

Although it is not entirely clear why there is such a large gap in diagnosis, there are a
few known problems. Awareness about A1ATD is increasing among providers but
there are still several gaps in knowledge that can lead to under-recognition.4 In addi-
tion, adherence to current guidelines may not be optimal.39–41
Fig. 2. Polymers of A1ATD in hepatocytes. Photomicrograph of a liver biopsy from a patient
with A1ATD. The stain (black arrows) shows the diastase-resistant pink globules that are
characteristic of this disease (periodic acid–Schiff with diastase, original magnification
�100). (Courtesy of Jerad M Gardner, MD.)
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Screening

Current guidelines do not support screening for A1ATD in the pediatric population
without overt signs of liver disease1 because of a paucity of unbiased evidence.1

Neonatal screening decreased long-term smoking rates in patients who tested posi-
tive for A1ATD.42,43 Nevertheless, the cost-effectiveness of screening all newborns
is unclear; therefore, it may be prudent to consider screening children who have
persistent neonatal jaundice, other liver abnormalities, or parents who have been pre-
viously diagnosed with A1ATD.17

In adults, screening for A1ATD is supported by guidelines in all patients with unex-
plained increased aminotransferase levels or who have evidence of chronic liver dis-
ease.1,12 The young adult population, between the ages of 18 and 40 years, generally
do not manifest evidence of liver disease with A1ATD, but it may be useful to screen for
A1ATD given that having a heterozygous phenotype with a Z allele seems to increase
the risk of progression of preexisting liver disease.10,11

Diagnostic Studies

Diagnostic testing for A1ATD has evolved over the last few decades. Simply
measuring A1AT levels is not sufficient to diagnose A1ATD.1,12,44 A1AT is an acute
phase reactant and circulating levels can vary dramatically based on genotype in
acute illness.1,44 Due to this variability, guidelines recommend adjunct testing for ge-
notype or phenotype in addition to circulating levels.1,44

A routinely used test to identify thephenotype is isoelectric focusing.12,44 This test uses
speedofmigration of the A1AT protein in gel electrophoresis to identify the different phe-
notypes.44 Isoelectric focusing can identify the most common phenotypes, such as
PI*MM or PI*ZZ, as well as some rarer phenotypes.44 One limitation of this method is
that certain rare deficient and null phenotypes have normal MM protein migration, giving
discordant results, so clinical context is important when using this test.44

Genotyping of specific alleles can also be done using polymerase chain reaction.
Because most A1ATD is seen in patients with the Z and S alleles, specific primers
for these alleles have been developed for genotyping.1 The main drawback of geno-
typing is the lack of primers for more rare phenotypes, although this will likely improve
over time.44 Whole-gene sequencing or expanded genotyping to test for known
abnormal alleles is becoming more widely available, less expensive, and may become
the standard of care for diagnosis in the future.1,44

Liver biopsy may also be a useful adjunct test for A1ATD, although this is not
commonly recommended by guidelines.1,12 The classic periodic acid–Schiff–positive
and diastase-resistant granules of accumulated protein polymers (see Fig. 2) are not
always seen on biopsy because of some of the granules being 1 mm or less.12 Liver
biopsy may be best used to rule out other causes of liver disease if there is uncertainty
about the diagnosis.45
MANAGEMENT
Monitoring

Monitoring patients with A1ATD has proven benefits in patients with lung dis-
ease.1,12,44 Its utility in patients without advanced liver disease is not well understood.2

A study conducted by Tanash and colleagues46 found that liver-related mortality in a
Swedish population who were never-smokers was as high as 28% in adults. Most pa-
tients had passed away from complications of decompensated liver disease, with
38% having complications of HCC.46 Of note, the rate of HCC in A1ATD is not
increased compared with other causes of cirrhosis.17,20,46 However, current
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guidelines recommend monitoring laboratory tests and doing an ultrasonography
scan annually given the high mortality associated with development of liver dis-
ease.1,12 An additional benefit to monitoring patients with A1ATD is to prevent the
development of another cause of liver disease. Vaccinating against hepatitis A and
B, moderating alcohol consumption, and minimizing the risk of metabolic diseases
are reasonable recommendations as well.2

Medical Therapies

At present, there are no approved medical therapies for the management of A1ATD-
linked liver disease.2,3 Several therapies are currently under investigation.2,3 One
pathway that shows promise is enhancement of cellular autophagy to degrade intra-
cellular A1AT protein polymers.33 In murine models, the antiepileptic medication car-
bamazepine has been shown to be effective in augmenting this process,34,35 and a
phase 2 clinical trial is currently underway to evaluate the effect of this medication
in patients with severe A1ATD-linked liver disease.47 Another therapy that has also
shown promise uses small-interfering RNAs (siRNAs) to disrupt the transcription of
messenger RNA generated from the SERPINA1 gene leading to decreased levels of
mutant proteins.48 The caveat to this approach is that although it may help liver dis-
ease, it will continue to cause a deficiency of A1AT so it must be used in conjunction
with other therapies to augment intravascular A1AT levels.2

Other potential targets include attempting to improve efficiency in folding of mutant
proteins to prevent polymerization and trying to inhibit the polymerization process it-
self.2 These targets are not as well studied and there is still more work needed to
address the clinical application of these methods.2

Liver Transplant

In patients with cirrhosis and cirrhosis-related complications from A1ATD-linked liver
disease, liver transplant is another potential option. Liver transplant in pediatrics for
A1ATD is a common indication with excellent outcomes.49 A 15-year follow-up study
in 42 pediatric patients transplanted for A1ATD found survival to be more than 75%,
which was notably better than liver transplant for biliary atresia in the same center.49

Most deaths occurred within the first 6 months with infection, hemorrhage and graft
failure being the most likely causes of death.49

Even in adults, liver transplant seems to have good outcomes for A1ATD-linked dis-
ease.50 Transplant for A1ATD-linked cirrhosis accounts for only a small proportion of
transplants, roughly 1%.51 A retrospective study including 73 patients with A1ATD-
linked cirrhosis from 1987 to 2012 conducted by Carey and colleagues50 showed
that the posttransplant outcomes at 1, 3, 5, and 10 years were 90%, 88%, 85%,
and 78%, respectively. These results are on par with the most recent transplant out-
comes for other causes of liver disease.52 Some patients continued to have worsening
lung function despite having a new liver that could produce normal A1AT.50 The rea-
sons for this are not yet fully understood but, overall, the use of liver transplant is a
viable option for A1ATD-linked cirrhosis.

SUMMARY

A1ATD-linked liver disease is an under-recognized cause of chronic liver disease. It is
hoped that improvements in education and awareness will improve diagnosis of this
common disease. More work is necessary to recognize patients who are at risk earlier,
especially because new and exciting therapies may be available in the near future for
management of this disease.
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