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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. SERPINA1, 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 SERPINA1 causing liver disease do so by the 
formation of harmful aggregates of mutant A1AT 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 A1ATD liver disease with particular focus on the 
significance of A1ATD heterozygosity and its putative role 
as a cofactor in common causative factors for liver disease.

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.1

Certain missense mutations in A1AT result in the accu-
mulation of toxic aggregates of misfolded protein in he-
patocytes and, consequently, deficiency in the circulation. 
These A1AT aggregates appear as periodic acid–Schiff 
(PAS)-positive, diastase-resistant inclusions, the patho-
logical hallmark of A1ATD liver disease (Fig. 1, right).  
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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 

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.

FIG 1  Algorithm for diagnosis of suspected A1ATD 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.2,3 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, SERPINA1 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 A1ATD is identified, yearly blood work and FibroScan are recommended to screen for fibrosis. In patients with cirrhosis 
caused by A1ATD, routine laboratory assessment and imaging for HCC should be done according to AASLD guidelines. (Left) Adapted 
with permission from American Journal of Clinical Pathology.8 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.
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PiZZ A1ATD “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 A1AT 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 HCC4,5 (Fig. 2).

Clinical Manifestations
The highest prevalence of homozygous PiZZ A1ATD is 

seen in Northern Europe, where 1/2000 individuals are af-
fected. Because heterozygous PiMZ 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.6 Males ap-
pear to be affected more than females, and murine stud-
ies suggest that hormonal effects contribute to increased 
A1AT expression and liver injury in male PiZ carriers.7

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.8 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.9,10 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.5 
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.1

It is well observed that patients with A1ATD with liver 
disease, especially ESLD, typically do not have emphysema. 
Certainly, PiZZ A1ATD 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.11 A1ATD 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

A1ATD 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 A1ATD 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).6

TABLE 1.  GENETIC VARIANTS OF A1ATD INVOLVED 
IN LIVER DISEASE

Alleles Mutation

Normal M
Most common mutations S Glu264Val

Z Glu342Lys

TABLE 2.  GENETIC VARIANTS OF A1ATD INVOLVED IN LIVER DISEASE

Phenotype/Genotype Serum A1AT 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
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Figure 1 summarizes the current accepted testing algo-
rithm for A1ATD liver disease.12,13

Following diagnosis, patients found to have A1ATD are 
largely managed supportively with close monitoring for 
progression of liver disease (Fig. 1). In comparison with 
A1ATD lung disease for which intravenous enzyme re-
placement therapy is available, treatments to correct mis-
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 A1ATD from other etiolo-
gies of liver disease. In the original Swedish cohort studies 
by Eriksson et al.,14 the relative risk was 5, with 28% of 

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.8,14 As a general observation, however, in-
herited metabolic diseases do carry an increased risk for 
HCC,15 which overall supports the need for surveillance.

Liver transplantation remains the sole curative option 
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.1

Because of the lack of medical treatment options, 
there is an emphasis on efforts to prevent progression 

FIG 2  Pathophysiology with correlating clinical presentation of A1ATD 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 A1AT, 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 abnormal1; and (e) many other pathways, including 
those that are calcium mediated, such as NF-κB and TGF-β, also exist. A1ATD 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.
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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 A1AT protein in the 
liver), prompt treatment of febrile illness, and up-to-date 
hepatitis vaccinations.16

EMERGING TREATMENTS

The advances in delineation of disease mechanisms have 
revealed promising molecular therapeutic targets. Disease 
models for A1ATD 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 A1ATD 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 
A1AT.17

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 
Piitulainen8 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,18 as well as cystic fibrosis.19 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.20 Putative 
modifiers of A1ATD liver disease include single-nucleotide 
polymorphisms in SERPINA1 and in genes involved in the 
unfolded protein response (UPR) to control accumulation 

of mutant misfolded protein and environmental factors. In 
a 2018 study by Schaefer et al.20, the PiMZ 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, A1ATD 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 A1ATD have not 
been delineated. To date, no studies exist on the liver 
transplant outcomes for recipients with A1AT 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 A1ATD 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.

Acknowledgment: The authors thank Dr. Xuchen Zhang 
for providing pathology images included in Fig. 1 and 
Mikko Sallinen for significant contributions to Fig. 2. P.N. 
would also like to thank Dr. Kymberly D. Watt for serving 
as a longitudinal mentor, as well as a mentor for the 2018 
Emerging Liver Scholars program from which stemmed the 
invitation for this submission.

CORRESPONDENCE

Praveena Narayanan, M.D., Department of Internal Medicine, Yale-
New Haven Hospital, 20 York Street, New Haven, CT 06510. E-mail: 
praveena.narayanan@yale.edu

mailto:praveena.narayanan@yale.edu


234   |	Clinical Liver Disease, VOL 15, NO 6, JUNE 2020� An Official Learning Resource of AASLD

Update on A1AT Deficiency in Liver Disease   ﻿Narayanan a nd  MistryReview

REFERENCES

	 1)	 Greene CM, Marciniak SJ, Teckman J, et al. α1-Antitrypsin defi-
ciency. Nat Rev Dis Primers 2016;2:16051.

	 2)	 Corda L, Bertella E, Pini L, et al. Diagnostic flow chart for targeted detec-
tion of alpha1-antitrypsin deficiency. Respir Med 2006;100:463-470.

	 3)	 Greulich T, Averyanov A, Borsa L, et al. European screening for al-
pha1-antitrypsin deficiency in subjects with lung disease. Clin Respir 
J 2017;11:90-97.

	 4)	 Fairbanks KD, Tavill AS. Liver disease in alpha 1-antitrypsin defi-
ciency: a review. Am J Gastroenterol 2008;103:2136-2141; quiz 42.

	 5)	 Chu AS, Perlmutter DH, Wang Y. Capitalizing on the autophagic 
response for treatment of liver disease caused by alpha-1-an-
titrypsin deficiency and other genetic diseases. Biomed Res Int 
2014;2014:1-8.

	 6)	 de Serres F, Blanco I. Role of alpha-1 antitrypsin in human health and 
disease. J Intern Med 2014;276:311-335.

	 7)	 Mitchell EL, Khan Z. Liver disease in alpha-1 antitrypsin deficiency: 
current approaches and future directions. Curr Pathobiol Rep 
2017;5:243-252.

	 8)	 Tanash HA, Piitulainen E. Liver disease in adults with severe al-
pha-1-antitrypsin deficiency. J Gastroenterol 2019;54:541-548.

	 9)	 Sveger T. Liver disease in alpha1-antitrypsin deficiency detected by 
screening of 200,000 infants. N Engl J Med 1976;294:1316-1321.

	10)	 Hadzic N. Therapeutic Options in Alpha-1 Antitrypsin Deficiency: 
Liver Transplantation. Methods Mol Biol 2017;1639:263-265.

	11)	 Tomashefski JF Jr, Crystal RG, Wiedemann HP, et al. Alpha 1-an-
titrypsin deficiency registry study G. The bronchopulmonary pa-
thology of alpha-1 antitrypsin (AAT) deficiency: findings of the 
Death Review Committee of the national registry for individu-
als with Severe Deficiency of Alpha-1 Antitrypsin. Hum Pathol 
2004;35:1452-1461.

	12)	 Donato LJ, Jenkins SM, Smith C, et al. Reference and interpretive 
ranges for alpha(1)-antitrypsin quantitation by phenotype in adult 
and pediatric populations. Am J Clin Pathol 2012;138:398-405.

	13)	 Silverman EK, Sandhaus RA. Clinical practice. Alpha1-antitrypsin de-
ficiency. N Engl J Med 2009;360:2749-2757.

	14)	 Eriksson S. Alpha 1-antitrypsin deficiency and liver cirrhosis in 
adults. An analysis of 35 Swedish autopsied cases.  Acta Med Scand 
1987;221:461-467.

	15)	 Antoury C, Lopez R, Zein N, et al. Alpha-1 antitrypsin deficiency 
and the risk of hepatocellular carcinoma in end-stage liver disease. 
World J Hepatol 2015;7:1427-1432.

	16)	 Erez A, Shchelochkov OA, Plon SE, et al. Insights into the pathogen-
esis and treatment of cancer from inborn errors of metabolism. Am 
J Hum Genet 2011;88:402-421.

	17)	 Kandregula CAB, Smilin Bell Aseervatham G, Bentley GT, et al. 
Alpha-1 antitrypsin: associated diseases and therapeutic uses. Clin 
Chim Acta 2016;459:109-116.

	18)	 Teckman JH. Emerging concepts and human trials in alpha-1-anti-
trypsin deficiency liver disease. Semin Liver Dis 2017;37:152-158.

	19)	 Strnad P, Buch S, Hamesch K, et al. Heterozygous carriage of the 
alpha1-antitrypsin Pi*Z variant increases the risk to develop liver  
cirrhosis. Gut 2019;68:1099-1107.

	20)	 Bartlett JR, Friedman KJ, Ling SC, et al. Genetic modifiers of liver 
disease in cystic fibrosis. JAMA 2009;302:1076-1083.

	21)	 Chu AS, Chopra KB, Perlmutter DH. Is severe progressive liver dis-
ease caused by alpha-1-antitrypsin deficiency more common in chil-
dren or adults?. Liver Transpl 2016;22:886-894.

	22)	 Schaefer B, Mandorfer M, Viveiros A, et al. Heterozygosity for the 
alpha-1-antitrypsin Z allele in cirrhosis is associated with more ad-
vanced disease. Liver Transpl 2018;24:744-751.

	23)	 Cruz PE, Mueller C, Cossette TL, et al. In vivo post-transcriptional 
gene silencing of alpha-1 antitrypsin by adeno-associated virus vec-
tors expressing siRNA. Lab Invest 2007;87:893-902.

	24)	 Guo S, Booten SL, Aghajan M, et al. Antisense oligonucleotide treat-
ment ameliorates alpha-1 antitrypsin-related liver disease in mice. J 
Clin Invest 2014;124:251-261.

	25)	 Rashid ST, Corbineau S, Hannan N, et al. Modeling inherited met-
abolic disorders of the liver using human induced pluripotent stem 
cells. J Clin Invest 2010;120:3127-3136.

	26)	 Yusa K, Rashid ST, Strick-Marchand H, et al. Targeted gene correc-
tion of alpha1-antitrypsin deficiency in induced pluripotent stem 
cells. Nature 2011;478:391-394.

	27)	 Tafaleng EN, Chakraborty S, Han B, et al. Induced pluripotent stem 
cells model personalized variations in liver disease resulting from al-
pha1-antitrypsin deficiency. Hepatology 2015;62:147-157.

	28)	 Wilson AA, Ying L, Liesa M, et al. Emergence of a stage-dependent 
human liver disease signature with directed differentiation of alpha-1 
antitrypsin-deficient iPS cells. Stem Cell Reports 2015;4:873-885.

	29)	 Bouchecareilh M, Hutt DM, Szajner P, et al. Histone deacetyl-
ase inhibitor (HDACi) suberoylanilide hydroxamic acid (SAHA)-
mediated correction of alpha1-antitrypsin deficiency. J Biol Chem 
2012;287:38265-38278.

	30)	 Burrows JA, Willis LK, Perlmutter DH. Chemical chaperones medi-
ate increased secretion of mutant alpha 1-antitrypsin (alpha 1-AT) 
Z: a potential pharmacological strategy for prevention of liver injury 
and emphysema in alpha 1-AT deficiency. Proc Natl Acad Sci U S A 
2000;97:1796-1801.

	31)	 Teckman JH. Lack of effect of oral 4-phenylbutyrate on serum al-
pha-1-antitrypsin in patients with alpha-1-antitrypsin deficiency: a 
preliminary study. J Pediatr Gastroenterol Nutr 2004;39:34-37.

	32)	 Devlin GL, Parfrey H, Tew DJ, et al. Prevention of polymerization 
of M and Z alpha1-Antitrypsin (alpha1-AT) with trimethylamine 
N-oxide. Implications for the treatment of alpha1-at deficiency. Am 
J Respir Cell Mol Biol 2001;24:727-732.

	33)	 Hidvegi T, Ewing M, Hale P, et al. An autophagy-enhancing drug 
promotes degradation of mutant alpha1-antitrypsin Z and reduces 
hepatic fibrosis. Science 2010;329:229-232.



235   |	Clinical Liver Disease, VOL 15, NO 6, JUNE 2020� An Official Learning Resource of AASLD

Update on A1AT Deficiency in Liver Disease   ﻿Narayanan a nd  MistryReview

	34)	 Tang Y, Fickert P, Trauner M, et al. Autophagy induced by exogenous 
bile acids is therapeutic in a model of alpha-1-AT deficiency liver dis-
ease. Am J Physiol Gastrointest Liver Physiol 2016;311:G156-G165.

	35)	 Kaushal S, Annamali M, Blomenkamp K, et al. Rapamycin reduces in-
trahepatic alpha-1-antitrypsin mutant Z protein polymers and liver in-
jury in a mouse model. Exp Biol Med (Maywood) 2010;235:700-709.

	36)	 Yamamura T, Ohsaki Y, Suzuki M, et al. Inhibition of Niemann-
Pick-type C1-like1 by ezetimibe activates autophagy in human 
hepatocytes and reduces mutant alpha1-antitrypsin Z deposition. 
Hepatology 2014;59:1591-1599.

	37)	 Gosai SJ, Kwak JH, Luke CJ, et al. Automated high-content live an-
imal drug screening using C. elegans expressing the aggregation 
prone serpin alpha1-antitrypsin Z. PLoS One 2010;5:e15460.

	38)	 Mallya M, Phillips RL, Saldanha SA, et al. Small molecules  
block the polymerization of Z alpha1-antitrypsin and increase 
the clearance of intracellular aggregates. J Med Chem 2007;50: 
5357-5363.

	39)	 Pastore N, Ballabio A, Brunetti-Pierri N. Autophagy master regulator 
TFEB induces clearance of toxic SERPINA1/alpha-1-antitrypsin poly-
mers. Autophagy 2013;9:1094-1096.

	40)	 Khan Z, Yokota S, Ono Y, et al. Bile Duct Ligation Induces ATZ Globule 
Clearance in a Mouse Model of alpha-1 Antitrypsin Deficiency. Gene 
Expr 2017;17:115-127.

	41)	 Teckman JH, An JK, Blomenkamp K, et al. Mitochondrial autophagy 
and injury in the liver in alpha 1-antitrypsin deficiency. Am J Physiol 
Gastrointest Liver Physiol 2004;286:G851-G862.


