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Abstract:

Introduction:

Alpha-1 antitrypsin (AAT) is a glycoprotein produced by liver, belonging to the serine
protease inhibitor family. Alpha-1 antitrypsin deficiency (AATD) is very common autosomal
recessive genetic disease caused by point mutation in SERPINA1 gene. Mutations in the
alpha-1 antitrypsin gene lead to production of misfolded AAT resulting in impaired release
into the blood. This disorder leads to destruction of connecting tissue especially in lungs and

to accumulation of retarded protein in the liver.

Purpose:

Most studies addressing AAT deficiency focus on presenting symptoms related to the lungs
and liver. We want to take a broader look at this issue, so we have closely examined scientific
reports on the presentation of the disease in organs other than the lungs and liver. The goal is
to gather holistic knowledge about the disease to enhance awareness and treatment.

Material and methods:

In our paper, we endeavored to address the issue of AAT deficiency comprehensively. We
explored symptoms with an emphasis on organs beyond the liver and lungs. We also delved
into the etiology, diagnosis, treatment, and prognosis of this disease.

Discussion:

The clinical symptoms of alpha 1 antitrypsin deficiency extending beyond the liver and lungs
remain inadequately described. We know that AAT deficiency can lead to excessive
destruction of connective tissue in any organ, not just the lungs and liver. Unfortunately, this
condition continues to go undiagnosed, and the number of scientific publications on
symptoms from other organs is too limited. This affects the insufficient attention given by

doctors to tissue destruction in organs other than the lungs and liver.

Keywords: Alpha-1-antitrypsin; Alpha-1-antitrypsin deficiency; COPD; cirrhosis;
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Introduction:

Alpha-1 antitrypsin deficiency (AATD) is one of the most common genetically inherited
disorders caused by homozygous substitution of one amino acid, Glu342Lys in SERPINA1
gene. The prevalence is estimated to be 1 in 1500 to 1 in 3000 live births in the European and
American populations. The disease follows an autosomal recessive inheritance pattern,
meaning it is not linked to gender, and symptoms only manifest in individuals who are

homozygous.(1-3)

So far, over 150 gene variants for alpha-1 antitrypsin have been identified. The concentration
of alpha-1 antitrypsin in the blood and the degree of impairment in its activity depend on the
gene variant. Normal variants of the alpha-1 antitrypsin gene are present in approximately

95% of the population.(2,4,5)

The most common deficient variants, "Z" and "S," are associated with a reduction in the
concentration of alpha-1 antitrypsin in blood serum. In the "ZZ" variant, the concentration of
alpha-1 antitrypsin is about 10-15% of the normal concentration. In asymptomatic
heterozygotes with one abnormal gene, the concentration of alpha-1 antitrypsin is 50%-60%

of the level found in healthy individuals. (6-8)

Alpha-1 antitrypsin is a glycoprotein belonging to the serine protease inhibitor family. It is
produced by the liver and released into the blood. Mutations in the alpha-1 antitrypsin gene
lead to changes in the structure of the produced protein, resulting in impaired release into the
blood. It is not a rare disorder but grossly under-recognized or misdiagnosed as asthma,
chronic obstructive pulmonary disease (COPD) or cryptogenic liver disease. The altered
protein accumulates in liver cells, leading to the development of liver diseases. In the
respiratory system, alpha-1 antitrypsin deficiency causes the destruction of elastic fibers by

neutrophil-secreted elastases, leading to lung destruction.(1,9)
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Purpose:

Most studies addressing AAT deficiency focus on presenting symptoms related to the lungs
and liver. In our opinion, there is a lack of research that portrays the problem
comprehensively, highlighting manifestations from other organs. In line with the spirit of
holistic medicine, we should not concentrate on a single disease entity, one organ, or one
group of symptoms. The approach to the patient must be comprehensive, and expanding
knowledge about symptoms from other tissues in AAT deficiency can help doctors better
understand the patient's experiences and respond more effectively to their needs with

treatment.

Material and methods:

In our paper, we endeavored to address the issue of AAT deficiency comprehensively. We
conducted a thorough search of available literature on Google Scholar and PubMed, focusing
on exploring symptoms with an emphasis on organs beyond the liver and lungs. We also

delved into the etiology, diagnosis, treatment, and prognosis of this disease.

Etiology:

Alpha 1 antitrypsin is a protease inhibitor produced and secreted by the liver, originating as a
product of the SERPINAI gene. It prevents neutrophil elastase from breaking down
connecting tissue.(1,10,11)

Deficiency of AAT(AATD) is autosomal codominant condition caused by point mutation in
SERPINAI1. The most commonly mutation causing AAT deficiency include the S and the Z
alleles leading to missfolded ol-antitrypsin accumulation in hepatocytes and low circulating
level of this protein. The Z mutation leads to the degradation of the enzyme through
endoplasmic reticulum-associated degradation (ERAD) or its retention within hepatocytes as
polymers forming periodic acid-Schiff (PAS)-positive, diastase-resistant inclusions. These
inclusions are associated with neonatal hepatitis, liver cirrhosis, and hepatocellular carcinoma.
Only 10-15% of Z 1-AT is folded and released into circulation, leaving the lungs vulnerable
to enzymatic damage by neutrophil elastase, predisposing Z homozygotes to early-onset

emphysema.Systemic AAT deficiency leads to excessive damage to connective tissue by
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clastase released from neutrophils in response to bacterial infection.(1,2,12) The most
vulnerable organs are lungs and liver. The most frequent disease entities caused by AATD
are chronic obstructive pulmonary disease (COPD) liver cirrhosis, pulmonary dilatation and

emphysema.(6)

Symptoms:

Alpha-1-antitrypsin deficiency may contribute to many diseases, which have early onset. (13)
The main clinical manifestation of AAT deficiency is related to the lung, the liver, and, rarely,
the skin. (13) (14) (15) There are also cases related to other organs, but they occur less
frequently than the previous ones.(7,8,15) Clinical presentation of lung diseases is
emphysema and rarely bronchiectasis. It has many features in common with usual COPD.
The patient can present symptoms like: dyspnea, cough, and wheezing with upper respiratory
infections. (13) (15) (16) Liver disease associated with AATD include hepatitis, cirrhosis,
and hepatocellular carcinoma. Even newborns can present symptoms like obstructive
jaundice and minor laboratory abnormalities. The symptoms correspond with the degree of
liver damage. (13) (15) (17)The major dermatologic manifestation of AAT deficiency is
necrotizing panniculitis. It is characterized by hot, painful, erythematous nodules, or plaques
on the thigh or buttocks. (13) (15) (14) It is also described as an association between AATD
and vasculitis. The multisystemic nature of vasculitis is the cause of many symptoms. A
detailed history and physical examination are key to diagnosis of vasculitis. (13) (18)Other
reasons may cause these diseases. The hereditary nature should be indicated by early onset,

most often without other risk factors. (13,19)

Diagnosis:

The initial examination performed in individuals suspected of having a deficiency of this
inhibitor involves measuring the concentration of AAT in serum/plasma using immunologic
or colorimetric methods.(20) Normal AAT concentration values in the serum of healthy
individuals range from 83-220 mg/dL for immunoephelometric methods and 150-330 mg/dL
for rocket immunoelectrophoresis. Identification of AAT concentration below 130 mg/dL
should prompt further qualitative examinations. The protective threshold concentration for

AAT is 11 pmol/L, corresponding to 50 mg/dL for immunoephelometric methods and 80
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mg/dL for rocket immunoelectrophoresis. Further diagnostics include phenotypic, genotypic,

and DNA sequencing studies.(4,21,22)

Treatment:

Emphysema and COPD management mostly include symptomatic treatment such as use of
inhaled bronchodilators in the event of bronchospastic symptoms, as well as respiratory
rehabilitation and oxygen therapy in case of respiratory failure. (23) The patients should
cease smoking and avoid exposure to tobacco smoke. Emphasis should also be made to avoid
irritants in home and work environments. Early prevention like vaccinations and treatment
of respiratory system infections should also be recommended. In severely progressed cases of
lung disease the recommended treatment of last resort is lung transplantation. (6,22)

Infusions of intravenous alpha-1 antitrypsin, is a treatment derived from donated human
plasma from healthy donors. The augmentation therapy is thought to arrest the course of the
disease and halt any further damage to the lungs, though so far it has produced only vague
evidence. It has demonstrated reduction of the lung density loss measured by computer
tomography, but it failed to show improvement in lung function, exacerbation frequency or
quality of life. (6,9,23) Although the therapy remains controversial, it has been approved by

many national authorities and drug administrations(11,24-26)

In liver disease promising results were found with use of Fazirsiran - a RNA-interfering
drug, which is able to reduce the production of abnormal alpha-1 antitrypsin. The drug
appears to be very well-tolerated with no adverse effects. In AROAAT-2002 study, fazirsiran
was given to patients with Alpha-1 Antitrypsin Deficiency (AATD)- associated liver disease
complicated by liver fibrosis. After 48 weeks of treatment all participants showed reduced
accumulation of abnormal protein in the liver with median reduction of 83%, as well as
serum concentration by 90% and decrease in liver enzyme levels. Seven out of fifteen
patients exhibited a regression of liver fibrosis. (7). Scientists currently examine various
compounds that have shown promising results in stopping liver injury in mouse models. One
study in mice showed that rapamycin, a macrolide antibiotic which is also an
immunosuppressant, reduced liver injury by promoting phagocytosis.(27) Patients should

avoid consumption of alcohol, nonsteroidal antiinflammatory drugs to slow progression and
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further damage. Regular screenings for esophageal varices are also recommended. In end-

stage cirrhosis, liver transplantation is the only viable option. (22,28)

Finding the right pharmacological treatment to neutrophilic panniculitis poses a challenge as
it is an extremely rare condition, which effectively hinders from conducting meaningful
therapeutic trials. The treatment for years remained empiric, with little to no scientific basis
for usage of antibiotics, steroids and nonsteroidal anti-inflammatory drugs. Currently, in the
first line clinicians recommend the usage of dapsone, a drug with anti-inflammatory
properties which prevents neutrophil adhesion and migration. (29,30) Though, its usage has
significant disadvantages with frequent failure to achieve remissions. (31) In treatment of
neutrophilic panniculitis good response has been shown with intravenous alpha-1 antitrypsin
augmentation therapy. (31-33) One report showed impressive response to anakinra, an

interleukin-1 agonist in treatment resistant panniculitis. (34)

Prognosis:

Alpha-1 antitrypsin deficiency is a disease burdened with an increased risk of death due to
organ complications it induces, particularly associated with adverse effects on the lungs and
liver. In a study by Paul Dawkins et al., researchers focused on assessing the mortality of the
mentioned condition in a cohort of 488 patients from the United Kingdom presenting this
disease. Over a 9-year period, during which the average length of patient observation was
4.45 years, 56 patients died, with the majority of cases (30 patients, 54%) showing a direct
link between death and pulmonary emphysema. The cause of death for 6 patients (10.7%)
was liver disease. 5 patients died due to malignant tumors of other organs (1 patient each due
to lung, esophageal, gastric, brain, and lymphatic cancer). The remaining deaths comprised a
miscellaneous group, including causes such as strokes, heart diseases, thromboembolic events,
and others, including pancreatitis, pulmonary hemorrhage, and after partial lung resection.
However, this article does not cover prognoses for patients presenting with symptoms beyond
the lungs and liver directly associated with alpha-1 antitrypsin deficiency. Therefore, we will

address a review of these issues.(35,36)
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Panniculitis

According to Franciosi AN et al., the deficiency of alpha-1 antitrypsin among patients
presenting with subcutaneous tissue inflammation is more prevalent than previously thought,
although, following data from the National Heart, Lung, and Blood Institute, it affected
approximately 0.1-0.9% of individuals with AATD. Additionally, the occurrence of
panniculitis in patients with AAT1 deficiency was associated with higher mortality. It was
observed that the cutaneous presentation of alpha-1 antitrypsin deficiency occurred not only
among patients with the ZZ genotype, which is associated with a worse prognosis, but also
among patients with genotypes not predisposing to a severe course of AATD. In the further
part of the study, Franciosi AN et al. focused on the prognosis among patients with skin
changes in the mentioned disease unit. Following Franciosi AN, no case has been reported
where subcutaneous tissue inflammation caused by AATD resolved spontaneously. Patients
were treated with antibiotics, glucocorticoids, and immunosuppressants, but effectiveness
was demonstrated only in the case of plasma exchange, liver transplantation, the use of
dapsone, and intravenous infusions of purified human alpha-1 antitrypsin. This effectiveness
was determined to be above 50%.(34)

In a study conducted by Pedram Geraminejad et al. on 41 reported cases of subcutaneous
tissue inflammation, 3 resulted in death due to complications involving other organs affected
by alpha-1 antitrypsin deficiency (such as cardiovascular complications, pulmonary
complications) during the follow-up period.(37)

However, it should be noted that the vast majority of cases of subcutaneous tissue
inflammation in AATD present at an advanced stage of the disease, where skin ulcers occur,
also having other conditions resulting from the involvement of other organs such as the lungs
and liver. Therefore, the prognosis for individuals developing cutaneous complications is
difficult to assess in isolation from the overall underlying disease. It is worth noting that there
are no available randomized controlled trials of therapies, and the evidence is limited to case
histories and one meta-analysis, making a precise prognosis evaluation challenging.
Consequently, the prognosis for patients, especially those with ZZ-AATD, may be uncertain

and requires further clinical research.(34,38)
Other localisations

Prognosis among patients who develop clinical manifestations of alpha-1 antitrypsin

deficiency from other locations is difficult to determine due to the limited literature
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addressing this issue. Focusing on other organs, we can only state that the condition of
patients affected by alpha-1 antitrypsin deficiency is characterized by progressive organ
failure and tissue dysfunction. Although disorders resulting from the underlying disease, such
as nephropathies, glomerulonephritis, vasculitis, aneurysmal disease, and various
dermatological manifestations have been described, prognosis for individual manifestations
of the disease has not yet been addressed in the literature. Determining prognosis in these

patients requires further research and observation.

Discussion:

Clinical manifestations of AATD beyond the liver and lungs remain inadequately described.
We know that AAT deficiency can lead to excessive destruction of connective tissue in any
organ, not just the lungs and liver. Unfortunately, this medical condition still tends to go
undiagnosed, and the number of scientific publications on symptoms in other organs is too
limited. This impacts the insufficient attention given by physicians to tissue destruction in
organs other than the lungs and liver.

The reasons for this situation should be sought in the significant predominance of the
destructive impact on the lungs and liver due to AAT deficiency. Involvement of these two
organs is crucial in determining the prognosis for the patient and remains the most common
cause of misdiagnosis. The clinical manifestation of AAT deficiency in the lungs and liver
often resembles other frequently occurring conditions, leading to delayed diagnosis and
appropriate treatment. This contributes to further progression of the pathological changes.

So far, only the biochemical efficacy of AAT (Alpha-1 Antitrypsin) therapy has been
assessed. The reinforcing therapy has been appropriately evaluated and there are still no
conclusive data regarding its parameters of clinical efficacy or biomarkers associated with the
development of pulmonary emphysema. The low frequency of AAT deficiency, along with a
general lack of collaboration among physicians regarding international AAT registries, has
hindered the development of new therapeutic alternatives more quickly. With the
establishment and development of national and international AAT registries, this could be an
unfavorable scenario that is changed. AATD is a slowly progressing disease with clinical
symptoms that may manifest after decades, and recruiting a sufficient number of patients for

prolonged, placebo-controlled studies remains a significant obstacle. Initiating treatment
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early in patients with severe AATD associated with pulmonary emphysema may delay the
time to death, lung transplantation, or debilitating respiratory conditions. Further research is

needed to assess long-term outcomes.

Conclusion:

AATD remains underdiagnosed. New strategies to enhance detectability are needed,
especially since available evidence confirms the clinical effectiveness of supportive therapies.
Currently, promising new alternative therapies are being investigated, which may change the
landscape of treatment and diseases in the coming years. Evidence is beginning to suggest an
improvement in survival among patients with AATD receiving augmentation therapy. It is
also suggested that slowing the progression of emphysema through supportive therapy may
limit health deterioration. In the study, patients in the delayed start group who transitioned to
active treatment did not regain lost lung tissue compared to the placebo phase. This
emphasizes the importance of early intervention with augmentation therapy to minimize the
occurrence of adverse health consequences associated with AATD.

Additionally, appropriate biomarkers are still needed for patient stratification to better
predict the disease progression or monitor response to treatment. A holistic approach to
patient needs and attention to the diversity of clinical manifestations of AATD remain

extremely helpful in both therapy and diagnosis of this condition.
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