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Ataxia-Telangiectasia (A-T) is a rare, autosomal recessive disorder characterized by progressive cerebellar ataxia, oculocutaneous telangiectasia, immunodeficiency, and increased cancer risk. Mutations in the ATM gene, which is essential for DNA damage repair, underlie this condition. This study reports a novel homozygous frameshift mutation (ATM_ex20 c.3062delT, p. Val1021fs) in a Chinese family with two affected siblings. The mutation, located in exon 20, has not been previously documented, expanding the spectrum of ATM mutations. The proband and her older sister presented with classic A-T symptoms, including gait instability and conjunctival telangiectasia. Both siblings presented with immunodeficiency, characterized by low immunoglobulin A (IgA) levels, slightly elevated IgM levels, and elevated alpha-fetoprotein (AFP). Cranial magnetic resonance imaging (MRI) findings revealed cerebellar atrophy and cerebral white matter lesions in both sisters. Interestingly, while both sisters shared the same mutation, their clinical severity differed, highlighting the complexity of genotype-phenotype correlations in A-T. The parents and an unaffected sister were heterozygous carriers, consistent with autosomal recessive inheritance. This study underscores the importance of genetic testing in A-T diagnosis and provides new insights into the genetic diversity of ATM-related diseases. Further research is needed to understand the broader implications of this mutation.
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INTRODUCTION
Ataxia-Telangiectasia (A-T), also known as Louis-Bar syndrome, is a rare, autosomal recessive disorder that affects multiple organ systems, particularly the nervous system. It is characterized by progressive cerebellar ataxia, oculocutaneous telangiectasia, immunodeficiency, and an increased risk of malignancies, especially lymphomas and leukemias (Teive et al., 2015; Aguado et al., 2022; Rothblum-Oviatt et al., 2016). The disease typically manifests in early childhood, with affected individuals often presenting with gait disturbances, slurred speech, and a range of other neurological and systemic symptoms (Shiloh, 1995; De Nardi et al., 2023).
The genetic basis of A-T lies in mutations in the Ataxia-Telangiectasia Mutated (ATM) gene, which plays a crucial role in the cellular response to DNA damage (Mitiagin and Barzilai, 2023). The ATM protein is involved in the detection and repair of double-strand breaks in DNA, and mutations in this gene lead to the accumulation of genetic damage, contributing to the disease’s clinical manifestations (Lee, 2024). To date, over 3,000 distinct disease-related ATM mutations have been identified in patients with A-T. With significant variability in clinical presentation among patients (Amirifar et al., 2020). This variability poses challenges in establishing clear genotype-phenotype correlations, complicating both diagnosis and genetic counseling (Cao et al., 2019).
In this study, we report the identification of a novel ATM gene mutation in a Chinese family with two affected siblings. This mutation, located at exon 20 of the ATM gene (c.3062del, p. Val1021fs), has not been previously documented in scientific literature. By investigating this specific case, we aim to expand the known spectrum of ATM gene mutations and shed light on the clinical implications of this new mutation. The findings underscore the importance of genetic testing and family studies in diagnosing and managing A-T, particularly in populations where specific mutations may be underreported (Rothblum-Oviatt et al., 2016; Amirifar et al., 2019).
CASE DESCRIPTION
A proband (IV-3; age 25) and her elder sisters (IV-2, age 27, and IV-1, age 29), along with their parents (III-1 and III-2), were referred to our clinic from a Han Chinese family in eastern China due to developmental regression observed in the two younger sisters. The parents of the sisters are first cousins, indicating a consanguineous marriage, which increases the likelihood of autosomal recessive inheritance. The pedigree is shown in Figure 1. Like her older sister, the proband exhibited delayed motor and speech development, with symptoms progressively worsening since childhood. At the time of reporting, she retained some ability to walk with assistance but displayed evident gait instability and dysarthria. Physical examination revealed conjunctival telangiectasia and facial capillary dilation, similar to her older sister (Figures 2A, B). However, unlike her sister, she did not experience significant muscle atrophy (Figure 2C). Her older sister (IV-2, 27 years old) also presented with delayed motor milestones, including a late onset of walking and difficulty maintaining balance. By the ages of 7 to 8, her condition worsened, marked by pronounced gait instability and dysarthria. By 15 to 16, she became unable to walk independently and required support from walls or other aids. Physical examination showed conjunctival telangiectasia, facial erythema due to dilated capillaries, and mild cognitive delay (Figures 2D, E). Additionally, she exhibited progressive muscle atrophy, particularly in the lower limbs, along with bilateral foot deformities (inward turning of the feet) (Figure 2F). Despite her physical challenges, she remains socially active and displays a cheerful personality. The clinical presentation of the two affected sisters were shown in Figure 2. No abnormalities were observed in her oldest sister (IV-1, 29 years old) and their parents (III-1 and III-2). A familial genetic disorder was suspected, prompting the decision to perform whole exome sequencing to identify potential genetic abnormalities.
[image: Figure 1]FIGURE 1 | Pedigree of the family with Ataxia-Telangiectasia. Squares represent males, circles represent females, filled symbols denote affected individuals, and arrows indicate the probands.
[image: Figure 2]FIGURE 2 | Clinical presentation of the affected sisters with Ataxia-Telangiectasia. (A–C): The younger sister exhibited conjunctival congestion, facial flushing, intellectual disability, reliance on a wheelchair, and no muscle atrophy. (D–F): The older sister presented with conjunctival congestion, facial flushing, intellectual disability, reliance on a wheelchair, and muscle atrophy.
A pathogenic mutation was detected: ATM_ex20 NM_000051.3, c.3062delT (p.Val1021fs). This frameshift mutation is in a homozygous state and follows an autosomal recessive inheritance pattern. It has been classified as pathogenic and is associated with A-T. This specific mutation has not been previously reported in scientific literature, but frameshift mutations can lead to truncated proteins or protein degradation, significantly impacting protein function and potentially causing disease. We conducted high-throughput sequencing and analysis of the coding regions of genes related to hereditary diseases, focusing on 1,170 genes associated with neurological disorders. The proband carries a homozygous pathogenic frameshift mutation (ATM_ex20 c.3062delT, p. Val1021fs). Although not previously reported in the literature, this mutation is likely to result in a truncated or degraded protein, potentially causing disease. Family testing confirmed that the proband and her older sister carry this mutation in a homozygous state, while their parents and oldest sister are heterozygous carriers. Given the clinical presentation and the family segregation pattern, this mutation is classified as pathogenic. The genetic condition related to the ATM gene follows an autosomal recessive inheritance pattern, consistent with the clinical diagnosis of A-T. Sanger sequencing was used to validate the candidate variants after data analysis. The sanger sequencing results for the family are shown in Figure 3. The proband (Figure 3A) and her older sister (Figure 3B) were both found to carry a homozygous pathogenic frameshift mutation (ATM_ex20 c.3062delT, p. Val1021fs). In contrast, her oldest sister (Figure 3E) and parents (Figures 3C, D) were identified as heterozygous carriers of the same frameshift mutation (ATM_ex20 c.3062delT, p. Val1021fs). Accordingly, a novel pathogenic mutation in the ATM gene linked to A-T was confirmed.
[image: Figure 3]FIGURE 3 | Novel homozygous and heterozygous frameshift mutations in the ATM Gene of family. (A, B): homozygous frameshift mutation (ATM_ex20 c.3062delT, p. Val1021fs) identified in the two affected sisters. (C–E): heterozygous frameshift mutation (ATM_ex20 c.3062delT, p. Val1021fs) found in their parents and the eldest sister respectively.
The proband was followed up for 5 years and passed away at the age of 30 due to a pulmonary infection and malignancy. Three months before her death, an immunological evaluation revealed immunoglobulin A (IgA) < 0.12 g/L (reference range: 1.0–4.2 g/L), elevated IgM at 4.15 g/L (reference range: 0.5–2.8 g/L), and increased IgG at 22.28 g/L (reference range: 8.6–17.40 g/L). Complement analysis showed elevated C3 at 1.509 g/L (reference range: 0.70–1.40 g/L) and C4 at 0.374 g/L (reference range: 0.1–0.4 g/L), indicating immune dysregulation. T cell subsets revealed total T lymphocytes at 58.39% (reference range: 50.00%–84.00%), helper T cells (CD3+ CD4+) at 40.29% (reference range: 27%–51%), and cytotoxic T cells (CD3+ CD8+) at 15% (reference range: 15%–44%), with a CD4+/CD8+ ratio of 2.69 (reference range: 0.71–2.87). Additionally, her alphafetoprotein (AFP) level was markedly elevated at 9,166.17 ng/mL (reference range: ≤7.329 ng/mL), suggesting significant abnormality. Cranial magnetic resonance imaging (MRI) showed cerebellar atrophy and cerebral white matter lesions in the right frontotemporal lobe and left parietal lobe (Figure 4). In addition, her older sister 2 (IV-2), to date, has not been diagnosed with any malignancies. However, her mobility has progressively declined, and she is now unable to walk independently, relying on walls or other aids for support. During her most recent follow-up at the age of 32, her Scale for the Assessment and Rating of Ataxia (SARA) (Schmitz-Hübsch et al., 2006; Perez-Lloret et al., 2021) score was 30, with individual components as follows: Gait 7, Stance 6, Sitting 2, Speech Disturbance 3, Finger Chase 3, Nose-Finger Test 3, Fast Alternating Hand Movements 3, and Heel-Shin Slide 3. Her AFP level was significantly increased at 318.59 ng/mL. Immunological evaluation revealed low IgA at 0.48 g/L, elevated IgM at 3.72 g/L, and normal IgG at 12.63 g/L. Complement levels showed elevated C3 at 1.53 g/L and normal C4 at 0.24 g/L. T cell subsets showed a total T lymphocyte percentage of 63.97%, helper T cell (CD3+ CD4+) percentage of 32.58%, cytotoxic T cell (CD3+ CD8+) percentage of 25.55%, and a CD4+/CD8+ ratio of 1.28, all within normal ranges. However, the total B lymphocyte percentage was reduced to 3.83% (reference range: 5.0%–18%). Cranial MRI showed cerebellar atrophy and cerebral white matter lesions in the left frontal lobe and bilateral parietal lobes. Representative cranial MRI of the affected sisters are shown in Figure 4. For the methods regarding whole exome sequencing, Sanger sequencing, and genetic analysis, please refer to the Supplementary Materials.
[image: Figure 4]FIGURE 4 | Representative cranial MRI of the affected sisters with Ataxia-Telangiectasia. (A, B): The FLAIR sequences for Sister 1 (IV-3) displayed patchy high-signal lesions in the right frontotemporal lobe and left parietal lobe, suggesting white matter abnormalities. (C, D): The FLAIR sequences for Sister 2 (IV-2) also demonstrated similar patchy high-signal lesions in the left frontal lobe and bilateral parietal lobes. (E, F): The T1-weighted images for Sister 1 revealed mildly low signals, with no obvious abnormalities in the brainstem or cerebellum. (G, H): The T1-weighted images for Sister 2 showed an isointense signal. (I, J): The T2-weighted axial images for Sister 1 showed a high signal. (K, L): The T2-weighted axial images for Sister 2 demonstrated a high signal. (M, N): The sagittal T2-weighted images for Sister 1 showed deepened cerebellar sulci, indicating cerebellar atrophy. (O, P): The sagittal T2-weighted images for Sister 2 revealed similar findings of cerebellar atrophy, confirming structural degeneration. MRI, cranial magnetic resonance imaging.
DISCUSSION
This study reports a novel mutation in the ATM gene, c.3062del (p.Val1021fs), identified in a Chinese family with two siblings affected by A-T. This mutation, which has not been previously documented in scientific literature, provides new insights into the genetic diversity of ATM-related diseases and contributes to the expanding catalog of ATM mutations associated with A-T (Kumada, 2019). The identification of this novel mutation underscores the importance of genetic testing in diagnosing A-T, particularly in populations where specific mutations may be underreported (Liu et al., 2016).
The ATM gene is associated with various mutation types, each leading to different clinical outcomes (Teive et al., 2015). To date, over 3,000 unique public DNA variants have been reported worldwide (https://databases.lovd.nl/shared/genes/ATM). These mutations primarily include missense, nonsense, frameshift, splice-site mutations, and large deletions (Huang et al., 2013). Two main forms of A-T have been reported, main category of more severe signs/symptoms categorized as classic or early-onset A-T and minority of cases have been referred to as mild or late-onset A-T (8). There is a well-established genotype-phenotype correlation in A-T, where the severity of the phenotype is influenced by the level of residual kinase activity determined by the specific genotype (Verhagen et al., 2009). In A-T, missense mutations which produce a mutant ATM protein with activity and leaky splice site mutations which allow expression of some normal ATM protein often lead to mild A-T, while nonsense, frameshift, and large genomic deletions are associated with classic A-T due to significant loss of protein function (Jacquemin et al., 2012; Schon et al., 2019; Taylor et al., 2015). Patients with classic A-T usually develop an ataxic gait in early childhood and become wheelchair dependency by adolescence (Petley et al., 2022). Patients with classic A-T are characterized by progressive cerebellar ataxia (65% onset before the age of 2) and is also accompanied by immunological complications (frequent infections, and an increased risk for malignancy) (Amirifar et al., 2020). Contrary to the classic A-T, the milder form does not present the cardinal features of A-T, such as ataxia, telangiectasia, and immunodeficiency. Reversely, its characteristics of movement disorders including chorea, myoclonic jerks, resting tremor, and dystonia are well recognized as the presenting manifestations of variant A-T (18). Recently, Liu et al. reports the identification of two novel missense mutations (p.I2683T and p. S2860P) in the ATM gene in a Chinese family. The study highlights that the proband exhibited dystonia without classical features of A-T, suggesting that ATM mutations can lead to varied clinical presentations, including isolated dystonia (Liu et al., 2023). The majority of ATM mutations causing A-T are frameshift and nonsense mutations, resulting in truncation of ATM protein (Huang et al., 2013; Micol et al., 2011; Amirifar et al., 2021). Huang et al. reported twelve novel ATM mutations identified in Chinese A-T patients, including four nonsense, five frameshift mutations (Huang et al., 2013). We reported a novel homozygous frameshift mutation, ATM_ex20 c.3062del (p.Val1021fs) that likely results in a truncated ATM protein, leading to loss of function (Taylor et al., 2015). In our case, the two affected sisters exhibited characteristics consistent with classic A-T (8).
The diagnosis of A-T is usually based on common clinical manifestations and laboratory tests that can be confirmed by genetic analysis (Amirifar et al., 2020). Telangiectasias do not often present in children lower than 5 years old and do not occur at all A-T patients. Moreover, a history of recurrent infections especially upper and lower respiratory tract infections, maybe another criterion to assist in the diagnosis (Perlman et al., 2003). Generally, delayed diagnosis in A-T patients is high because these patients are diagnosed when ataxia and oculocutaneous telangiectasia are both presents (Shao et al., 2023). Furthermore, delayed diagnosis is also associated with the lack of public awareness of the condition and the symptoms being initially subtle (Devaney et al., 2017). Moreover, as ultra-rare disease of A-T that many health professionals do not consider when assessing a child (Harari, 2016). As in our case, the parents had taken their child to see a doctor multiple times, but none of the physicians considered the possibility of this condition. It wasn't until the patient reached adulthood and visited our hospital’s Department of Eugenic Genetics that the possibility of this condition was considered, and a genetic diagnosis confirmed it. This case highlights the importance of increasing awareness of rare genetic diseases among both the public and healthcare professionals.
Immunodeficiency is a hallmark of A-T, mainly manifesting as low levels of immunoglobulins and recurrent infections, with IgA deficiency being particularly common (Takada et al., 2024; Pereira et al., 2024). Study showed that 60.8% of A-T patients exhibited IgA deficiency, while 28.6% present IgG deficiency. T- and B-lymphopenias were also frequently observed (Pereira et al., 2024). However, Shao et al. reported that 38.9% (7/18) of A-T patients in China did not exhibit immunodeficiency (Shao et al., 2023). In our study, both affected siblings displayed immunodeficiency, characterized by low IgA levels, slightly elevated IgM levels. Additionally, B-lymphopenias was observed in sister 2. Research has revealed that immunoglobulin deficiency in patients with A-T is attributed to the disrupted development of class-switched memory B cells. The deficiency of ATM gene impacts both the germinal center reaction and the selection of DNA repair pathways during class switching (Takada et al., 2024). Therefore, the observed decrease in IgA levels in our two patients may be related to the disrupted development of class-switched memory B cells. Moreover, both siblings had elevated AFP levels, an important biomarker for A-T (Renaud et al., 2020). AFP levels above 65 ng/mL have a specificity of 90%, a positive predictive value (PPV) of 83%, and a negative predictive value (NPV) of 73% for A-T diagnosis (Mariani et al., 2017). Schon et al. reported AFP levels in 57 A-T patients, with a mean serum AFP of 176 ng/mL (range: 2–600; standard deviation: 146) among 45 individuals. Only three (6.6%) had AFP levels within the normal range (Schon et al., 2019). ATM kinase plays multiple roles: it not only facilitates DNA repair, which explains the predisposition to cancers, but also influences transcription, potentially causing neurological symptoms and hepatic effects, leading to increased AFP(31). Collectively, the immunodeficiency manifestations—decreased IgA, reduced B lymphocytes, a slight increase in IgM, and significantly elevated AFP levels—support the diagnosis of A-T caused by novel frameshift mutations of the ATM gene in this Chinese family.
MRI of the brain is an essential tool for the diagnosis of A-T (33). Typically, MRI findings in A-T patients show cerebellar atrophy, cerebral white matter lesions, and enlarged fourth ventricles (Anheim et al., 2012; Sahama et al., 2014; Kose et al., 2024). While brain abnormalities in younger A-T patients are often confined to the cerebellum, older patients may exhibit more variable pathologies (Habek et al., 2008). In a study by Akturk et al., cranial MRI was performed on 66 out of 91 A-T patients, and pathological findings were observed in 47 cases (72.5%), including cerebellar atrophy (59.5%), cerebellar vermis hypoplasia (27.6%), and hyperintense signals in the cerebral white matter (12.7%) (Akturk et al., 2017). In our case, both affected sisters presented with cerebellar atrophy and cerebral white matter lesions (Figure 4). Unfortunately, due to delayed diagnosis, neither patient underwent cranial MRI during the early stages of the disease. For A-T patients, cranial MRI plays a crucial role by providing detailed brain imaging, enabling early detection, clear visualization of pathological changes, and effective monitoring of disease progression.
Besides cerebellar ataxia, neurologic features such as choreoathetosis, oculomotor apraxia, and resting tremor as well as neuromuscular disturbances also occur in A-T (Hiel et al., 2006). Verhagen et al., (2007) found that in typical A-T patients, with increasing age, especially in those over 8 years old, there is a gradual development of progressive axonal sensorimotor polyneuropathy, accompanied by increased muscle echo intensity on ultrasound, indicating fibrosis or fatty infiltration in the muscles. Moreover, Verhagen et al. conducted a neuropathological study of patients with classical and variant A-T. They discovered significant degenerative changes in the cerebellum, posterior columns of the spinal cord, and anterior horn neurons in classical A-T patients, which may be related to the muscle atrophy observed in these patients. In contrast, variant A-T patients exhibited milder neurodegenerative changes (Verhagen et al., 2012a). Pommerening et al. conducted a cohort study examining body composition, muscle strength, and hormonal status in patients with A-T. Their findings revealed that A-T patients had significantly lower fat-free mass, body cell mass, and manual muscle strength compared to healthy controls. The study underscores the prevalence of muscle wasting (myopenia) in A-T patients, which contributes to disease progression and fatigue. These results are particularly relevant to research on muscle atrophy in A-T, as they provide strong evidence of altered muscle mass and function in this patient population (Pommerening et al., 2015). Notably, in our case, both sisters exhibited classic symptoms of A-T. However, the older sister developed progressive muscle atrophy. In contrast, the younger sister showed no significant signs of muscle atrophy. Research has demonstrated that patients with A-T can exhibit significant clinical variability even when they carry similar mutations in the ATM gene (Amirifar et al., 2022). For example, in a Malian family with an ATM gene mutation, differences in age and symptom severity were observed. The older children, aged 14 and 10, exhibited more severe symptoms and had higher AFP levels compared to a 2-year-old sibling. Additionally, the older children presented with immunodeficiency and cerebellar atrophy, which were absent in the 2-year-old sibling (Landouré et al., 2013). Similarly, in a Chinese pedigree with A-T, a novel homozygous deletion mutation in the ATM gene was identified in three affected siblings. Despite sharing the same mutation, the siblings displayed differences in symptom onset, severity, and AFP levels, highlighting the complexity of phenotype manifestation in A-T (Chen et al., 2019). Our case also presented that patients with A-T carrying the same mutations exhibit significant clinical variability, indicating that other factors may contribute to these different clinical presentation, such as genetic alternations (Amirifar et al., 2022), epigenetic alteration including DNA methylation (McGrath-Morrow et al., 2020). However, the clear mechanism needs further investigation.
A-T patients have poor prognosis, and their survival time is approximately 25 years. The two most common causes of death in these patients are chronic pulmonary diseases and malignancy (Crawford et al., 2006). Regardless of which types of A-T, they are all associated with high risk for cancer (Verhagen et al., 2012b). Immunodeficiency and repeated exposure to pathogens and continuous stimulation with foreign antigens as another factor may be related to malignancy risk, especially IgA deficiency, which was significantly associated with the risk of lymphoid tumors (Suarez et al., 2015). However, patients with A-T’s life span and the quality of life could be prolonged by better management, such as immunoglobulin (IVIg) replacement therapy, antibiotic treatment, and prevention of unnecessary radiation exposure (Amirifar et al., 2021; Nowak-Wegrzyn et al., 2004). However, a recent study revealed that survival curves showed a mean survival time of 24.2 years, which was not affected by age of symptoms onset, age of diagnosis or time of diagnostic delay. Low IgG and male gender were significant risk factors associated with mortality (Shao et al., 2023). In our case, both affected sisters experienced recurrent respiratory infections during childhood. Tragically, the younger sister passed away at 30 years old due to a pulmonary infection and malignancy. Unfortunately, neither sister received an early diagnosis, which leaves it uncertain whether early intervention could have improved their prognoses.
Despite the significance of this finding, the study has several limitations. The small sample size, limited to a single family, restricts the generalizability of the results. Additionally, functional studies, including Western Blot analysis, were not performed to directly assess the impact of the c.3062delT mutation on ATM protein function. Further research is needed to confirm the pathogenicity of this mutation and to explore its frequency in broader populations. Moreover, while the clinical correlation in this case is strong, the variability in A-T presentation suggests that other genetic, epigenetic, or environmental factors may also influence disease severity and progression. Future studies should aim to investigate these factors to provide a more comprehensive understanding of A-T pathogenesis.
CONCLUSION
In conclusion, this study identifies a novel ATM gene mutation, pathogenic frameshift mutation (ATM_ex20 c.3062delT, p. Val1021fs), in a Chinese family with A-T, expanding the known genetic diversity of this rare disorder. This finding has important implications for genetic diagnosis, counseling, and future research. As we continue to uncover the genetic basis of A-T, studies like this will play a crucial role in advancing our understanding of the disease and improving outcomes for affected individuals.
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