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Abstract:
Introduction: This review paper aims to emphasize how Alpha-1-antitrypsin deficiency is how can lead to serious disease states, indicating the pathophysiology, symptoms, diagnostic possibilities, therapeutic methods and proving that early diagnostics for this deficiency can protect the patient from its serious consequences
Materials and methods: A review of chosen literature in the PubMed database was conducted, using the following keywords: „Alpha-1-antitrypsin deficiency”, „Alpha-1-antitrypsin”
Summary: Alpha-1-antitrypsin deficiency is a relatively common condition that is often overlooked in diagnostic evaluations. It can lead to serious health complications, substantially reduce quality of life, and even shorten a patient's lifespan. 

Early diagnosis is essential because it allows for the adoption of healthier lifestyle habits and more consistent health monitoring, which can help mitigate the condition’s long-term consequences.
Conclusions: Symptoms of alpha-1 antitrypsin deficiency are quite prevalent and can affect individuals across all age groups-from infants and children to adults and the elderly. This deficiency may lead to serious complications, including COPD, emphysema, asthma, liver cirrhosis, hepatocellular carcinoma (HCC). A deep understanding of its pathophysiology has enabled the development of improved diagnostic techniques and novel treatment strategies. For instance, in young adults with COPD and children exhibiting signs of liver disease, it is advisable to measure alpha-1 antitrypsin levels or perform genotyping. In cases where a significant deficiency is detected, initiating replacement therapy and closely monitoring the patient's health is crucial.

Keywords: „alpha-1-antytripsin”, „alpha-1-antitypsin deficiency treatment” „alpha-1-antitrypsin deficiency diagnostis”, „alpha-a-antyrtripsin symptoms”

Introduction: Alpha-1 antitrypsin deficiency (AATD) is an autosomal codominant disorder that can lead to severe lung and liver disease in both children and adults. The manifestation of symptoms varies widely, with some patients experiencing life-threatening complications in childhood, while others remain asymptomatic and healthy into old age. Due to this variability, affected individuals may present across various medical disciplines, including pediatrics, adult medicine, hepatology, genetics, and pulmonology. Despite its clinical significance, AATD remains underdiagnosed, posing a considerable medical challenge. In our scientific work, we aim to explore its pathophysiology, clinical manifestations, diagnostic approaches, and current and future treatment options. [5,15]

Pathophysiology
AATD is a rare genetic disorder characterized by low plasma levels of alpha-1 antitrypsin (AAT), a serine protease inhibitor glycoprotein encoded by the SERPINA1 gene on chromosome 14. AAT is primarily synthesized and secreted by hepatocytes. Its primary role is to protect the lungs from damage caused by proteolytic enzymes, such as neutrophil elastase (NE), cathepsin G, and proteinase 3, which are released by activated neutrophils during inflammatory or infectious responses. By neutralizing excess proteases, helps prevent the excessive breakdown of elastin and collagen IV in the lung’s connective tissue.  AAT is also an acute‐phase reactant. In the presence of mutations SERPINA1 gene, AAT synthesis is impaired, leading to the accumulation of misfolded protein aggregates in liver cells. These aggregates trigger a cascade of inflammatory reactions, ultimately resulting in hepatocyte damage. In the lungs, AAT deficiency disrupts the protease-antiprotease balance, favoring protease activity. Unregulated protease activity leads to increased inflammation and progressive lung tissue destruction. Additionally, neutrophil extracellular traps (NETs) play a role in the mechanism of lung damage. [1,4,5,6]


Individuals who produce normal levels of alpha1-PI are typically those who are homozygous for the normal M allele (PI*MM).More than 500 mutations have been identified in the SERPINA1 gene, with the most common deficient variants being the most common allel Z, allel S and the wild-type M allel. The classic form of AATD occurs in individuals who are homozygous for the mutant Z allele, known as ZZ (PIZZ) Compound heterozygotes with only one Z allele (PIMZ) are generally healthy but may have a slightly increased disease risk when additional contributing factors are present. Individuals with the PISZ genotype can develop lung and liver disease similar to those with PIZZ, though at a lower risk. The S mutation also leads to polymer formation, but at a lower rate than the Z mutation, resulting in reduced hepatocyte retention and the absence of liver disease. Individuals with the MS (or SS) genotype typically produce sufficient alpha-1 antitrypsin to protect their lungs. However, those with the MZ genotype have a slightly increased risk of impaired lung or liver function. [19,20,21] In addition, there are rarer alleles that can cause AATD symptoms. The PIF allele is pathogenic, as it produces a protein that is quantitatively normal but functionally impaired in its ability to bind neutrophil elastase. The PII allele, on the other hand, is linked to a mild quantitative deficiency. Furthermore, null alleles (sometimes designated as PI*QO) are pathogenic variants that result in either the absence of mRNA production or a complete lack of protein production. [10]

Epidemiology
AATD is a globally occurring condition, though its prevalence varies across different populations. It affects approximately 1 in 2,000 to 6,000. Globally, an estimated 161 million people carry one copy of the S or Z allele and one copy of the M allele in each cell and 3 million people carry allele combinations associated with severe deficiency. The condition is the most common among individuals of Northern and Western European ancestry, moderate in America and Australia, rare in Africa and almost absent in Asia. Although AATD is classified as a rare disorder, it is believed to be underdiagnosed. [4,30]

Sympthoms
Children who are homozygous for the Z allele typically do not develop emphysema during childhood, although they may have an increased risk of asthma. However, both emphysema and asthma can manifest later in adulthood. Studies have shown that exposure to secondhand smoke and environmental air pollutants during childhood significantly increases the risk of developing AATD-associated emphysema in later life, while recurrent respiratory infections may further contribute to the progression of underlying pulmonary issues. [31] The progression of liver disease varies considerably among individuals, with recent newborn screening programs indicating a low incidence of life-threatening liver disease in childhood. The majority of children with AATD have no active liver injury and remain healthy, with an estimated 10 percent of patients developing symptoms of liver disease. During the neonatal period, disease is typically cholestatic in nature, presenting with prolonged cholestatic jaundice, pruritus, poor feeding and weight gain, hepatomegaly, and splenomegaly. Cholestasis usually resolving within the first 6 to 12 months of life. 

Although most AATD children recover clinically, those with splenomegaly may develop cirrhosis, and approximately 5% of children with liver disease will ultimately require liver transplantation within the first 4 years of life. Some children are at risk for developing hepatocellular carcinoma (HCC) or, fulminant hepatic failure, however, these are very rare complications. In older children the deficiency may present as asymptomatic chronic hepatitis. Progressive liver disease in previously healthy young or middle-aged adults appears to be infrequent, although the risk increases with age. [22,23] Young patients with AATD appear to be more vulnerable to Working Memory Index and Processing Speed Index deficits suggestive of attention and executive function impairment. In adults, AATD primarily affects the lungs, liver, and in rare cases, the skin. The most common pulmonary manifestations include emphysema, COPD, bronchitis, frequent respiratory infections, bronchiectasis, and asthma with features of irreversible obstruction. Emphysema in AAT deficiency is typically panlobular and predominantly affects the lower lung zones, distinguishing it from the centrilobular emphysema seen in smokers without AATD, which primarily involves the upper lung zones. COPD with AATD generally presents at a younger age than typical COPD and may be misdiagnosed as asthma. Dyspnea is the most common presenting symptom, often accompanied by chronic cough, sputum production, and wheezing that may be persistent or triggered by upper respiratory tract infections. In some cases, spontaneous secondary pneumothorax may be the initial manifestation or a complication of the underlying lung disease. Smokers with the PiZZ genotype have a significantly increased risk of developing emphysema, often experiencing symptoms as early as their 30s or 40s, much earlier than the general population. Heterozygous PiSZ or PiMZ smokers do not necessarily have a higher risk of emphysema but do have an increased risk of COPD compared to smoking PiMM subjects. [10,37] Liver disease can present with prolonged jaundice, hepatomegaly, and symptoms of liver failure such as bleeding from esophageal varices. AAT deficiency is suspected to contribute to liver cirrhosis in adulthood, this association has not been extensively studied. The risk of hepatocellular carcinoma (HCC) in individuals with AATD and the PI*ZZ genotype is several times higher than that typically associated with liver cirrhosis. [15] A1AT has been proposed as a potential biomarker for the early detection of liver cancer. [16] In study, researchers analyzed the prevalence of AATD in patients with biliary tract cancer (BTC). Prevalence twice was as high as that observed in the general population and the most common genotypes found in BTC cases were MZ and MS. [18] In rare instances, AATD manifest as chronic panniculitis, characterized by erythematous nodules or plaques most commonly affecting the thighs and buttocks. It has also been linked to various systemic conditions, including systemic vasculitis (such as granulomatosis with polyangiitis), intracranial and peripheral aneurysms, psoriasis, urticaria, angioedema, inflammatory bowel disease (potential association), fibromuscular dysplasia, peripheral neuropathy, glomerulonephritis, and chronic kidney disease. [4, 24]






Diagnostic:
Despite increasing awareness and the development of national and international guidelines for its diagnosis and management, AATD remains an underdiagnosed genetic disease. Various strategies have been proposed to improve detection rates, including targeted screening of individuals with COPD and liver disease, family testing, large-scale screening programs, newborn screening initiatives, and direct-to-consumer commercial diagnostic tests. However, ensuring access to appropriate therapy after diagnosis is crucial to prevent the rapid decline in pulmonary function, an area that still requires significant improvement. [3] Primary care physicians play a vital role in identifying potential AATD patients, as they are often the first point of contact in the healthcare system. Raising awareness and routinely testing all COPD patients for AATD could facilitate early diagnosis and timely intervention. [2] The WHO recommends all patients with a diagnosis of COPD or adult-onset asthma should be tested for AATD. [24] Screening typically begins with measuring AAT levels in the blood. A positive result should prompt additional investigations - search for S and Z allele. More advanced, expanding diagnostics methods include: phenotyping, genotyping and full gene sequencing. Phenotyping is the oldest and cheapest method of genetic diagnostics. It is based on electrotrophoresis with isoelectric focusing. This method cannot find phenotypes with rarer alleles: M, P and null heterozygotes. [29] Genotyping methods that may prove to be routinely used in the future is A newer Luminex-based algorithm capable of detecting 14 different AATD mutations simultaneously-compared to traditional tests that identify only the S and Z mutations-and provides results in a shorter time. This method can be performed using a simple fingerstick blood sample or buccal swab, covering over 98% of known AATD-causing mutations. [8] The new method is convenient, fast and user-friendly, and obtained results show a perfect correlation with data obtained by the traditional workflow. The disadvantages of such tests include the cost of the test and the limited number of mutations that can be detected. [17] There are instances where a patient presenting with symptoms indicative of A1AT deficiency does not exhibit a reduced serum level of the protein. A discrepancy between concentration, phenotyping, and genotyping results should raise awareness among clinical professionals about the limitations of current methods in detecting rare A1AT alleles. Additionally, some rare alleles may contribute to A1AT deficiency but remain undetected due to masking by an acute-phase response, potentially leading to misleading results that could negatively impact clinical decisions and treatment plans. In such cases, whole-gene SERPINA1 sequencing for example, the Sanler method is strongly recommended for both affected individuals and their offspring to accurately determine the underlying cause of A1AT deficiency. The advantage of this method is also the detection of heterozygotes. [13,29] The cost of research and availability is a limitation. [27] Another promising approach for identifying high-risk COPD and liver fibrosis subgroups is the use of biomarkers that track disease progression. In COPD patients with AATD., desmosine and isodesmosine, which are products of elastin degradation, are elevated and could serve as biomarkers for monitoring disease progression and assessing the effectiveness of treatments aimed at reducing elastin degradation and lung matrix damage. For liver disease, screening individuals with suspected liver fibrosis could improve AATD detection. 


Pediatricians should remain vigilant when evaluating patients with persistent unconjugated hyperbilirubinemia, elevated transaminases decreased albumin levels, or coagulopathy, which may result from vitamin K deficiency or liver dysfunction., neonatal hepatitis syndrome, or other signs of hepatic impairment. Additionally, thorough assessment is essential for older children presenting with chronic liver disease, cirrhosis, or symptoms of portal hypertension to ensure early detection and appropriate management of AATD. Elevated serum gamma-glutamyl transferase (GGT) levels have been observed in children with the PiZZ genotype, but this marker is less reliable in adults, as it may also be linked to lung disease or alcohol consumption. The potential use of elastography as an imaging biomarker for identifying AATD-related liver pathology has also been explored, though widespread case-finding studies using elastography or liver function tests have yet to be conducted. [7]

Treatment:
The management of AATD should focus on maximizing patient benefits by considering all available treatment options. The first step is eliminating known risk factors, such as smoking, exposure to mineral dust, and inhalation of smoke or fumes, which are known to accelerate lung function decline and worsen outcomes in patients. Beyond environmental factors, disease progression is also influenced by the frequency of symptom exacerbations, making their prompt management a crucial aspect of treatment. Timely antibiotic intervention for infections, when necessary, is essential. Preventive vaccinations are strongly recommended and should follow local COPD guidelines, including immunizations against influenza, COVID-19, respiratory syncytial virus (RSV), pneumococcal disease, pertussis, and shingles. In children it is nessesery to additional vaccinations against hepatitis B and C. [38,10] Patient education programs can enhance disease awareness, optimize medication adherence, and improve quality of life (QoL). Pulmonary rehabilitation has been shown to increase exercise capacity and QoL, though its benefits appear to be less pronounced than in patients with non-AATD COPD. Further optimization of exercise interventions is needed. [11] Intravenous plasma-purified alpha-1 antitrypsin (IV-AAT) is the cornerstone of AATD therapy. Clinical trials have demonstrated that IV-AAT preserves lung density on CT scans, although it does not significantly impact forced expiratory volume in one second (FEV1). Therapy has been associated with a significant survival advantage in individuals with severe AATD, can reduce exacerbation severity, but it does not affect their frequency. Most randomized controlled trials of IV-AAT have failed to show an improvement in lung function. [9,11] In cases of advanced or severe deficiency, when respiratory failure develops, lung transplantation remains the only definitive treatment. Other surgical options, such as lung volume reduction surgery (LVRS) or endobronchial lung volume reduction, may be considered before transplantation, although further research is needed to establish their effectiveness [11,35]. Several novel therapies for AATD are currently under investigation, including inhaled, liquid, and recombinant AAT formulations, alternative dosing regimens for IV augmentation therapy, orally available corrector molecules to restore AAT secretion and acute-phase reactivity, molecules designed to block AAT polymer formation, novel delivery methods, and endoscopic valve placement to improve lung function.[10] 


In some patients, neutrophilic inflammation is the primary driver of lung disease in AATD. In these cases, future treatments may involve neutrophil proteinase inhibitors. Selecting the patients most likely to benefit from neutrophil-targeted therapies will be critical for advancing these treatments into clinical practice. Nevertheless, caution is warranted to avoid suppressing a biological system that is vital to host defense. Although this therapeutic strategy offers significant hope to patients, further research is needed [33,34]. The clinical implementation of AATD genetic correction will represent a major breakthrough, not only for casual treating but also for advancing gene therapy as a whole. As the technology matures, it is expected to become more affordable and accessible, benefiting a larger population across different regions. Establishing gene therapy as a viable treatment for AATD remains a top priority for the scientific community, offering hope for an effective, long-lasting solution to this disease [12]. Mortality rates have significantly improved since the 1980s, when liver transplantation became a standard and only treatment for AATD-related liver disease. Outcomes following transplantation are highly favorable, with no recurrence of liver disease or pulmonary complications, highlighting its effectiveness as a therapeutic approach [36]. Alternative and potential treatment include the use of carbamazepine and sirolimus, both of which are being studied for their ability to mitigate liver damage. [10]

Prognosis
The natural history and prognosis of AATD are highly variable.During the first three decades of life, liver dysfunction represents the primary health risk for individuals with AAT deficiency, whereas pulmonary complications are generally less prominent. Most individuals with a severe deficiency tend to have a reduced life expectancy compared to the general population, except for never-smokers identified through family or population screening. [26] The risk of developing AATD-related diseases depends not only on the specific deficient alleles an individual carries but also on various modifiers, including genetic polymorphisms that influence gene expression and environmental factors which cause lung and liver damage . Early diagnosis and treatment are crucial in improving the prognosis of AATD-related conditions, as they encourage smoking cessation, help prevent young individuals from developing a smoking habit, and increase awareness of the need to avoid occupational respiratory pollutants. [25] Respiratory disease remains the primary prognostic factor for most patients with AATD, with early-onset emphysema occurring in 58–72% of cases. [26,27] Cigarette smoking has a profoundly negative impact on lung disease progression, being the single most important risk factor for the development of rapidly progressive COPD in these patients. Smokers with AATD experience a more rapid annual decline in FEV1. COPD is typically diagnosed 10-20 years earlier in these individuals compared to nonsmokers, with the average age of diagnosis being between 40 and 50 years. Exacerbates the risk of severe respiratory failure in AATD patients, increasing the likelihood of requiring lung transplantation and oxygen therapy by five times, while also quadrupling mortality rates. [39,37] Smokers with AATD deficiency typically live 10 to 20 years less than do those who are life-long nonsmokers. [32]  However, quitting smoking has been shown to slow the decline in FEV1, with individuals who quit before the age of 40 having a better prognosis than those who continue smoking. [39,37]

Summary
Alpha-1 Antitrypsin Deficiency (AATD) is a genetic disorder stemming from mutations in the SERPINA1 gene, which lead to reduced levels of the alpha-1 antitrypsin protein. This protein normally protects lung tissue from proteolytic enzymes, particularly neutrophil elastase. In AATD, its deficiency results in unopposed enzyme activity that damages the lungs, potentially leading to conditions such as emphysema, COPD, and chronic bronchitis. Concurrently, misfolded proteins accumulate in the liver, triggering inflammation and possibly causing liver cirrhosis, hepatocellular carcinoma, and other hepatic complications. The paper outlines how AATD can manifest across different age groups - from asymptomatic individuals to those with severe respiratory and liver diseases - and highlights the role of environmental factors like smoking in accelerating disease progression. Early diagnosis is emphasized as a critical factor; using methods such as serum protein measurement, phenotyping, genotyping, and full gene sequencing can help identify affected individuals before irreversible damage occurs. Therapeutic strategies include lifestyle modifications (e.g., smoking cessation), preventive vaccinations, pulmonary rehabilitation, and intravenous augmentation therapy with plasma-purified alpha-1 antitrypsin. In advanced cases, lung transplantation remains the definitive treatment option. The review also discusses emerging treatments, including gene therapy and novel approaches aimed at correcting the protein deficiency or blocking its polymerization, which may offer improved long-term outcomes. Overall, the paper stresses the importance of heightened clinical awareness and early screening to prevent the severe complications associated with AATD, ultimately improving patient prognosis and quality of life.
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