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Abstract

Alpha-1 antitrypsin deficiency (AATD) is an autosomal co-
dominant genetic disorder caused by mutations in the SER-
PINA1 gene. It results in reduced circulating levels of alpha-1
antitrypsin (AAT), a serine proteinase inhibitor (PI) primarily
produced by hepatocytes. The most common deficient alleles
are PI*S and PI*Z, with PI*ZZ homozygotes having the most
severe deficiency and highest risk for lung and liver disease.
While AATD is well established as a cause of early-onset em-
physema and liver cirrhosis, emerging evidence suggests
a potential association with the formation of arterial aneu-
rysms. The pathophysiological rationale for this association
centers on protease-antiprotease imbalance and potential
extracellular matrix degradation of elastin in arterial vessel
walls. Several studies have reported increased frequencies
of AATD alleles in patients with abdominal aortic aneurysms
and intracranial aneurysms compared to the general popu-
lation, with some demonstrating statistically significant as-
sociations. Additionally, patients with the PI*ZZ genotype
have been shown to have larger aortic diameters, greater
aortic stiffness, and reduced distensibility compared to con-
trols. However, the evidence is inconsistent, as several large
studies have failed to demonstrate significant associations
between AATD and aneurysm formation. Overall, current evi-
dence suggests an association of AATD with the development
of arterial aneurysms. However, it is also clear that the pres-
ence of AATD alone is not sufficient to increase the risk of
developing new-onset arterial aneurysms.
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Introduction

Alpha-1 antitrypsin (AAT) is a serine proteinase inhibitor (PI)
primarily produced by hepatocytes.! It is also synthesized in
the intestine and the lungs and is an acute-phase protein.?2
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AAT plays a major role in preventing tissue damage by inhib-
iting proteolytic enzymes, mainly neutrophil elastase. Moreo-
ver, AAT also acts as an anti-inflammatory agent.?

AAT is encoded by the SERPINA1 gene located on the
long arm of chromosome 14. Over 150 alleles of SERPINA1
have been identified, and each allele is assigned a letter code
based on electrophoretic mobility. The normal genotype is
composed of two normal alleles conventionally called the *M”
allele. This results in the normal genotype, PI*MM.2 Alpha-1
antitrypsin deficiency (AATD) is the result of mutations to
these alleles and is inherited in an autosomal codominant
pattern. The most common deficient alleles are single-nucle-
otide polymorphisms. These include allele S (a substitution of
glutamic acid for valine at residue 264) and allele Z (a substi-
tution of glutamic acid for lysine at residue 342). In contrast,
null alleles are usually the result of an early stop codon, and
patients with these mutations have no detectable AAT.3

Patients with AATD can be classified according to their
genotype as heterozygous, PI*SZ, or homozygous, when
both alleles are the same, PI*SS or PI*ZZ. Individuals who
carry two copies of the Z allele have very low AAT and are at
very high risk of lung disease. Those with the SZ combination
have an intermediate risk for lung disease only in the pres-
ence of smoking exposure.* Individuals with an MS (or SS)
combination usually produce sufficient amounts of AAT to
protect their lungs and, therefore, do not have an increased
risk of AATD-related lung disease.?2 However, people carry-
ing MZ alleles have a slightly increased risk of experiencing
impaired lung or liver function.>

Although the risk is increased by modifiers such as smok-
ing® and alcohol use,” large studies have reported that MZ
allele carriers have a significantly increased risk for lung and
liver disease compared to non-carriers. A study on 422,506
non-carriers, 138 PI*ZZ, 864 PI*SZ, 1,014 PI*SS, and
17,006 PI*MZ individuals suggested that liver fibrosis/cirrho-
sis incidence was elevated in PI*SZ (adjusted odds ratio [OR]
=3.1[1.1-8.2], P = 0.027) and in PI*MZ participants (OR =
1.7 [1.2-2.2], P = 0.001). ORs were adjusted for age, sex,
body mass index, alcohol consumption, and diabetes mel-
litus.> Also, the same study showed that PI*MZ individuals
displayed a moderately increased OR for emphysema (ad-
justed OR = 1.6 [1.3-1.9], P < 0.0001).5

Although genotypes are helpful in predicting disease se-
verity, phenotypes are often more clinically useful. Pheno-
types are identified by measuring concentrations of AAT
variants in the blood, which helps confirm blood levels and
monitor the effects of therapy.
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Fig. 1. Proposed mechanism of aneurysms associated with AATD. An aneurysm results from ECM (primarily elastin) degradation, oxidative stress, and immune
cell infiltration. (A) In a healthy individual, AAT inhibits serine proteases, such as neutrophil elastase. (B) When AAT is deficient, neutrophil elastase is not inhibited,
leading to elastin degradation and increased susceptibility to aneurysm formation. Created with BioRender. AAT, alpha-1 antitrypsin; AATD, alpha-1 antitrypsin defi-

ciency; ECM, extracellular matrix; T, increase.

Patients who have only normal alleles are referred to as MM,
with normal AAT levels (20 to 53 pmol/L), 100%. Patients with
the SZ phenotype have a deficiency of plasma AAT, with levels
below 23 pmol/L.8 Patients with ZZ have typical levels of AAT
of less than 7 ymol/L.8 In addition to these phenotypes, some
rare patients have defects resulting in the absence of detect-
able (null) AAT protein in the plasma.8 They have a higher risk
for severe lung disease, while liver disease is not typically as-
sociated. Another rare phenotype, dysfunctional, is associated
with normal protein levels but a non-functional protein. Like
the null phenotype, these cases develop severe lung disease,
but not liver disease. That is because mutations in SERPINA1
are responsible not only for the deficiency of circulating PI but
also for the accumulation of misfolded abnormal PI in the liver.
This accumulation leads to hepatic damage.3

AATD is a multisystem and phenotypically heterogeneous
disorder?10 that mainly affects the lungs and the liver. The
clinical manifestations of AATD result from low serum AAT
levels and AAT accumulation inside hepatocytes. AAT is nor-
mally produced in the endoplasmic reticulum and secreted
by the Golgi complex from the hepatocytes into the blood.
Mutation of the SERPINA1 alleles leads to the misfolding of
AAT. The rate at which misfolded AAT is produced and ac-
cumulates in polymers versus the hepatocyte degradation of
misfolded AAT influences the clinical presentation.?

PI*SS produces misfolded AAT at a slow rate, with part
being secreted into the blood and part being degraded inside
the hepatocytes. Thus, the clinical presentation of PI*SS will
be the result of low levels of AAT and will translate mainly
into lung symptoms due to unbalanced proteolytic damage
by neutrophil elastase.3

On the other hand, PI*ZZ leads to severe AATD. In these
patients, there is rapid production of misfolded AAT. Around
70% is degraded within the hepatocytes, 15% is secreted
into the blood, and 15% forms polymers that are either de-
graded, secreted, or remain in the liver. The polymers that
accumulate in the liver cause endoplasmic reticulum stress.
This leads to either cell death or propagation of cellular stress
that can eventually lead to liver cirrhosis. These remaining
misfolded polymers inside the hepatocytes are periodic acid—
Schiff positive and resistant to diastase, and are the histo-
logic hallmark of AATD.3

Because elastin is also an important structural component
of arterial vessels, it is possible that deficient or misfolded
AAT might result in detrimental effects on arterial vessels

in addition to the well-characterized pulmonary and hepatic
phenotypes. The aim of this report is to review the clinical
evidence for an association of AATD with arterial aneurysms.

Epidemiology of AATD

AATD is a condition that occurs worldwide, but its prevalence
varies among different populations. The worldwide preva-
lence of the S or Z allele and one copy of the M allele in each
cell (MS or MZ) has been reported to be 2.4%. A large Euro-
pean cohort showed that the prevalence of COPD in individu-
als with PI*ZZ is as high as 57%.1! Clinically significant liver
fibrosis can be present in up to 35% of these patients.3 Also,
hepatic involvement has been described in the literature, al-
though the prevalence is unclear.!2

AATD is more prevalent among individuals of European
ancestry and relatively less common among individuals of
Asian and other ancestries. Mean gene frequencies of PI*S or
PI*Z in Central Europe are as high as 3%, compared to 1% in
East Asia. It has been reported that approximately 557,475
individuals in the United States have PI*SS, PI*SZ, or PI*ZZ,
while worldwide more than 3.3 million people are estimated
to have allele combinations associated with AATD.13

Proposed pathogenesis of aneurysms associated
with AATD

An aneurysm, defined as a localized dilation of all three lay-
ers of an artery, occurs in the setting of vascular smooth
muscle cell death, degradation of the extracellular matrix
(ECM), oxidative stress, and immune cell infiltration (Fig. 1).
The ECM is mainly composed of elastin, which is produced
by vascular smooth muscle cells. Degradation of elastin can
lead to dilation and rupture. The ECM is mainly degraded by
serine proteinases and metalloproteinases. Serine protein-
ases degrade the ECM directly, breaking down elastin, and
indirectly induce apoptosis of vascular smooth muscle cells.
In this context, it has been hypothesized that AATD could in-
crease the risk of the formation of vascular aneurysms due to
increased proteolytic injury to the ECM in the vascular wall.14

Clinical evidence linking AATD and aneurysms

There have been several studies on the association between
AATD and aneurysms (Table 1).15-19 A large study evaluated
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the frequency of AAT-deficient alleles in patients with vas-
cular aneurysms and included 47 patients with abdominal
aortic aneurysm (AAA). They showed that the PI*MZ gen-
otype was significantly more frequent in their sample with
AAA compared to the general population.!> Another study
compared the AAT genotype distribution in 100 patients with
intracranial aneurysms that involved the anterior cerebral ar-
tery complex, the internal carotid artery complex, the mid-
dle cerebral artery complex, or the vertebrobasilar artery
complex to the general population. The rates of PI*MS and
PI*MZ in patients with intracranial aneurysms were signifi-
cantly higher than in the general population, with an OR of
2.56 (95% confidence interval [CI] 1.32-4.75; P = 0.005).
Also, 1% of the patients with intracranial aneurysms had the
PI*ZZ phenotype compared to the expected 0.015% in the
general population, with an OR of 67.0 (95% CI 2.0-363.3;
P = 0.015).16 These results suggest a positive association of
PI*Z with the presence of aneurysms. Both of these earlier
studies used isoelectric focusing gels to determine AAT geno-
types. However, neither measured the serum AAT levels or
serum markers of inflammation such as C-reactive protein.
A more recent study used PCR to compare the frequency
of AAT genotype in 138 patients with AAA with that in the
general population and correlated AAT and C-reactive protein
levels in AATD versus the general population. They showed
a statistically significant higher frequency of the PI*S defi-
ciency allele, 6.5% versus 2.5%, in the patients with AAA
compared to the general population.t”

However, other studies have failed to show an increased
frequency of AATD alleles in patients with aneurysms. A large
study compared AAT allele frequency distribution in 173 pa-
tients with AAA and 72 patients with intracranial aneurysms
to 192 controls. The pooled PI*Z and PI*S allele frequencies
were found not to be increased in patients with AAA com-
pared with controls, nor in patients with intracranial aneu-
rysms compared to controls. However, in a subgroup analysis
of patients with intracranial aneurysms, the frequency of the
PI*Z allele was eight times higher compared to the control (P
= 0.014) but was not significant after correcting for multiple
comparisons.!8 Current clinical practice guidelines from the
American Thoracic Society conclude that the evidence for a
link between AATD and AAA is weak and do not recommend
routine screening for AATD in patients with aneurysms.20

A study of 43 cases of hepatic artery aneurysm showed
that one patient had AATD.2! A retrospective study of 1,767
cases of liver-transplanted patients over 10 years in three
centers found four cases of splenic artery aneurysm rup-
ture. Out of these, three had the PI*Z deficiency allele. The
relative risk for splenic artery aneurysm rupture in patients
with AATD was 277, which was statistically significant (P <
0.01).22 In general terms, chronic obstructive pulmonary dis-
ease has been recognized as a risk factor for thoracic aortic
aneurysm development,23 and portal hypertension, with or
without cirrhosis, is associated with an increased 15% preva-
lence of splenic artery aneurysms.24

AATD patients with PI*ZZ have also been reported to have
significantly larger aortic diameters, greater aortic stiffness,
and less aortic distensibility compared to controls.2> In an-
other study with a larger number of patients with AATD, 50
PI*ZZ and one PI*SZ, these results were reinforced, as there
was a significant positive correlation between aortic diameter
and age (r = 0.43; P = 0.0016). This correlation was not
seen in the control group, suggesting a correlation with de-
creased AAT levels.26

Besides vascular aneurysms, AATD also seems to increase
the risk of atrial septal aneurysm. A study with thirty pa-
tients with atrial septal aneurysm revealed that PI*M3M3

was significantly higher in patients with atrial septal aneu-
rysm compared to controls (OR 6.68, 95% CI 2.09-21.4, P
= 0.001).27” M3 is an M allele variant resulting from glutamic
acid at position 400 being replaced by an aspartic acid due to
a single nucleotide change (adenosine into cytosine at codon
1200).27

Conclusions

Given that protease-antiprotease imbalance and ECM degra-
dation could predispose affected individuals to vascular wall
weakness, there is a plausible pathophysiological rationale
for a potential association.

Studies on the association of PI*ZZ with the development
of arterial aneurysms described above had some highly sig-
nificant statistics. However, several studies comparing af-
fected individuals to those with the normal PI¥*MM genotype
have reported contradictory results. Overall, expert opinion
favors an association between AATD and arterial aneurysms.
However, it is also clear that AAT alone is not sufficient for
the development of new-onset vascular diseases. It seems
most likely that AAT is just one of a number of cofactors that
increase the risk of the development of new-onset arterial
aneurysms. Therefore, the data are insufficient to recom-
mend routine screening for AATD in patients with aneurysms
and vice versa.

No studies have specifically evaluated whether augmenta-
tion therapy affects aneurysm formation or progression in
AATD patients. Future well-designed studies incorporating
comprehensive genotyping, standardized aneurysm pheno-
typing, and adequately powered cohorts are needed to de-
termine the risk associated with specific AAT genotypes for
the development of arterial aneurysms.
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