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Background and aim: Neurofibromatosis type 1 (NF1) is an autosomal dominant tumor predisposition syndrome caused by pathogenic variants in the NF1 gene. It exhibits highly variable and unpredictable clinical manifestations involving multiple organ systems, with café-au-lait macules and multiple neurofibromas being hallmark features. Epilepsy represents a common central nervous system complication in NF1, though its underlying mechanisms remain poorly understood. NF1 patients with epilepsy exhibit a higher prevalence of developmental delay and learning disabilities. Early identification and personalized therapy are critical for optimal management of this patient population. This review aims to synthesize published literature on the disease, thereby providing a comprehensive, detailed, and updated overview of its entire clinical spectrum.

Methods: We conducted a comprehensive literature search in PubMed, China National Knowledge Infrastructure, and Chinese Medical Association Journal Full-text Database for original research articles with available full-text manuscripts in English or Chinese, with a publication cutoff date of March 1, 2025. Our search strategy employed the terms “neurofibromatosis type 1” OR “NF1” combined using the Boolean operator AND with “epilepsy” OR “seizure.” Priority was given to studies published in the last decade, though seminal earlier research was also incorporated.

Results: An extensive bibliography was researched and summarized in the review. Epilepsy represents a common central nervous system complication in NF1, though its underlying mechanisms remain poorly understood. NF1-associated epilepsy demonstrates diverse seizure semiologies, with focal seizures being the most prevalent phenotype. Although the majority of patients demonstrate favorable responses to oral anti-seizure medications, those with structural brain abnormalities frequently develop drug-resistant epilepsy. Notably, a subset of these patients may achieve significant seizure reduction or complete remission through surgical intervention when the epileptogenic zone is clearly delineated. Furthermore, while targeted therapies remain an active area of investigation, their application in NF1-associated epilepsy remains supported only by case report-level evidence.

Conclusion: This review comprehensively summarizes current knowledge regarding the pathogenesis, clinical characteristics, diagnostic approaches, and therapeutic strategies for NF1-related epilepsy, aiming to optimize diagnostic accuracy and treatment outcomes for affected individuals.
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1 Introduction

Neurofibromatosis type 1 (NF1) is an autosomal dominant tumor predisposition syndrome caused by pathogenic variants in the NF1 gene, with an estimated prevalence of 1/4,000 to 1/2,000 individuals without significant racial or gender predilection. This multisystem disorder typically manifests in early childhood, exhibiting highly variable and unpredictable clinical features. Hallmark characteristics include café-au-lait macules and multiple neurofibromas. In addition, it can be accompanied by a variety of benign and malignant tumors, skeletal dysplasia, cardiovascular and cerebrovascular diseases, cognitive and psychological disorders, epilepsy (1, 2). The prevalence of epilepsy in NF1 ranges from 4–14% (3), significantly higher than the general population (1–2%) (4). Seizure semiology is diverse, encompassing focal motor seizures, absence seizures, generalized tonic–clonic seizures, epileptic spasms and so on, with focal seizures being most prevalent (5, 6). NF1-related epilepsy is usually secondary to intracranial lesions, such as tumors, hippocampal sclerosis (HS), or focal cortical dysplasia (FCD) (7, 8), while showing no established association with undefined bright objects (UBOs) or optic pathway gliomas (5–7). Notably, structural lesions cannot account for all cases, as over 50% of NF1-related epilepsy patients lack identifiable structural abnormalities (5, 8), suggesting that the genetic condition itself may predispose to neuronal hyperexcitability and epileptogenesis (6). Despite growing interest in rare diseases and recent advancements in NF1 research, most reports on NF1-associated epilepsy remain limited to case studies. Therefore, this review systematically examines the pathogenesis, clinical characteristics, diagnostic approaches, and therapeutic strategies for NF1-related epilepsy, aiming to enhance clinical management and improve patient outcomes.



2 Methods

We conducted a comprehensive literature search in PubMed, China National Knowledge Infrastructure, and Chinese Medical Association Journal Full-text Database for original research articles with available full-text manuscripts in English or Chinese, with a publication cutoff date of March 1, 2025. Our search strategy employed the terms “neurofibromatosis type 1” OR “NF1” combined using the Boolean operator AND with “epilepsy” OR “seizure.” Priority was given to studies published in the last decade, though seminal earlier research was also incorporated.



3 Pathogenesis of NF1-related epilepsy

The NF1 gene, located at 17q11.2, contains 58 exons and encodes neurofibromatosis protein, which is a GTP-activating protein expressed in many cell types including neurons, astrocytes, and oligodendrocytes. The most important feature of NF1 protein is that it is a Ras-GTP activating protein, which can activate the Ras/Raf/MAPK pathway (4). The Ras/Raf/MAPK pathway is one of the most well-characterized pathways in cell biology that mediates transmembrane receptor signaling, critically involved in modulating cell proliferation, apoptosis, and essential gene expression. The specific reason for the increased incidence of epilepsy in NF1 patients remains unclear. But, first of all, structural abnormalities of the brain are one of the main causes of epilepsy in NF1 patients. NF1 patients with epilepsy are more likely to have brain structural abnormalities than normal people, such as dysembryoplastic neuroepithelial tumors (DNET), HS, FCD, low-grade glioma, and neuronal heterotopia. Studies have proved that somatic variation during cortical development has become an important cause of epilepsy (9). NF1 patients are born with an inactivated NF1 allele, and tumors develop when the second allele becomes somatically inactivated due to loss of heterozygosity or a second mutational event (10). Khoshkhoo et al. confirmed this theory. They detected NF1 somatic variants that activate the Ras/Raf/MAPK pathway in the hippocampus of two patients with drug-resistant mesial temporal lobe epilepsy (11), both of whom had a germline mutation in the NF1 gene and were diagnosed with NF1. The postoperative pathology of both patients showed mesial temporal lobe sclerosis, and one of them was accompanied by low-grade epilepsy related tumor (11). In addition, activation of MAP kinase signaling pathway has also been found in gangliogliomas, including NF1 biallelic variants (12). This “second-hit” theory has also been demonstrated in animal models. Because homozygous NF1 mutant mice do not survive, traditional NF1 animal models are heterozygous, but the tumor tissues of these heterozygous mice show the loss of wild-type NF1 gene (13). The “second-hit” theory has also been widely recognized in structural epilepsy caused by activation of mTOR signaling pathway (14). Although somatic variants in the “two-hit” theory cannot be detected in all cases, accumulating evidence has demonstrated its role in NF1-associated epilepsy. Moreover, it has been suggested that second-hit environmental events, such as acute immune activation induced by lipopolysaccharide injection early in life, may promote epilepsy in NF1+/ -mice and may be a risk factor for NF1 related epilepsy (4). Therefore, “second hit” may be one of the pathogenesis of NF1-related epilepsy.

Brain structural abnormalities have been implicated in seizures in NF1 patients, but they do not explain seizures in all cases of NF1-related epilepsy. More than half of NF1-related epilepsy cases do not have clear structural lesions (5). These seizures may result from dysregulation of endogenous electrical brain activity, suggesting that genetic variants themselves may contribute to epilepsy in these patients. An increased incidence of seizures in animal models of NF1 without known macroscopic or neoplastic intracerebral lesions was demonstrated by Sabetghadam et al. (6); thus providing an evidence that genetic variants themselves play a role in epilepsy or seizures in NF1 patients. This conclusion was also supported by other researchers (15). First of all, neurofibroma protein is a multi-domain protein, and its main feature is Ras-GTP activating protein (4). It catalyzes the hydrolysis of GTP-Ras to GDP-Ras and is a negative regulator of the Ras-pathway. The reduction or complete absence of neurofibromin caused by NF1-related pathogenic variants can lead to excessive activation of Ras-signaling, which in turn increases the downstream signal release of the MAPK pathway, ultimately stimulating transcription and cell growth (16–21). Activated Ras-signaling leads to cross-activation of the PI3K-mTOR pathway, another important pathway for cell proliferation and survival (15). On the one hand, GTP-bound Ras can bind and activate PI3K; on the other hand, ERK can also promote mTOR activation by phosphorylating TSC2 (13) (Figure 1). It is well known that tuberous sclerosis, which can increase the incidence of seizures, is associated with hyperactivity of the mTOR pathway (22). Therefore, the over-activation of MAPK pathway and mTOR pathway may be one of the potential causes of seizures in NF1 patients. Secondly, enhanced ERK signaling has been reported in the NF1+/− mouse model, and the enhanced ERK signaling can stimulate NMDA receptor expression (4, 23, 24). If the trafficking of NMDA receptors is increased in NF1, an excitation/inhibition imbalance may occur, resulting in excessive excitation and, in turn, the development of epilepsy. Finally, Ras-signaling in the dendritic spines of pyramidal neurons is required for various forms of synaptic plasticity (25). The Ras-PI3K-mTOR signaling pathway also plays a central role in the regulation of dendritic spine morphology. Moreover, NF1 protein can also participate in the formation of filopodia and dendritic spines through other pathways (26). The over-activation of Ras-signaling caused by NF1 gene variants leads to synaptic plasticity and neuronal activity damage (25, 26), thus participating in the pathogenesis of epilepsy. Other potential mechanisms of NF1-related epilepsy may also be related to changes in ion channels and abnormalities in neurotransmitters (27, 28). Due to alterations in GABAergic signaling and dysfunction of sodium, potassium, calcium and HCN channels, the brains of NF1 mice exhibit a state of hyperexcitability (13). Previous reports have described changes in voltage-gated ion channels associated with NF1. For example, calcium currents are increased in hippocampal neurons of NF1+/ -mice, which may mediate the increased neuronal excitability (4, 15). A distinct study demonstrated a progressive increase in NF1 protein expression in the pilocarpine-induced epileptic rat model. Furthermore, NF1 was found to facilitate the progression of epileptic seizures. The underlying mechanisms remain unclear but may involve NF1-mediated regulation of GABAergic neurotransmission and dendritic spine formation. These findings suggest that dysregulation of neural network activity, whether due to enhanced or diminished NF1 protein function, is closely associated with epileptogenesis (26).
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FIGURE 1
 The Ras/Raf/MAPK and mTOR signaling pathways and their crosstalk. RAS, rat sarcoma viral oncogene homolog; GDP, guanosine diphosphate; GTP, guanosine triphosphate; NF1, neurofibromatosis 1; ERK: extracellular signal-regulated kinase; MEK: mitogen activated protein kinase kinase; Raf: rapidly accelerated fibrosarcoma; PI3K, Phosphatidylinositol 3-Kinase; Akt, Protein Kinase B; TSC1/TSC2, Tuberous Sclerosis Complex 1/2; Rheb, Ras Homolog Enriched in Brain; Raptor, Regulatory-Associated Protein of mTOR; mTOR, Mammalian Target of Rapamycin; mTORC1, Mechanistic Target of Rapamycin Complex 1. Created with biogdp.com.


Although more and more studies have demonstrated the important role of NF1 protein in neurodevelopment, the specific mechanism of epilepsy susceptibility in NF1 patients has not been fully elucidated. At present, it appears that there is no evidence for an unique and singular mechanism of epileptogenesis in patients with NF1. Neurotransmitter release, neuronal differentiation, cortical development, regulation of ion channel function, synapse formation and synaptic activity involved in NF1 proteins are all crucial for the occurrence of epilepsy. Further studies are needed to explain the role of NF1 gene and protein in nervous system development and the mechanism of epilepsy.



4 Clinical features of NF1-related epilepsy

The prevalence of refractory epilepsy in patients with NF1 is less common than in the setting of other neurocutaneous disorders such as tuberous sclerosis (29). Compared with NF1 patients without epilepsy, NF1 patients with epilepsy are more likely to have brain structural abnormalities on MRI, and the temporal lobe is the most susceptible brain region. In a study of 12 surgically treated NF1 patients with drug-resistant epilepsy, 10 cases (83.3%) demonstrated temporal lobe onset, with 8 patients (66.7%) achieving seizure-free state at 1-year follow-up (17). The most common postoperative pathology was DNET (5 cases) and HS (4 cases) (17). Gangliogliomas, neuronal heterotopia, FCD, and cerebrovascular lesions have been reported in NF1 patients with epilepsy (5, 29), especially in patients with refractory epilepsy. Many NF1 patients show focal lesions with increased signal intensity on T2-weighted MRI, which has been named UBO by foreign scholars. UBO can occur in nearly 90% of NF1 patients, mostly in children under 15 years of age, and most commonly involved sites are basal ganglia, thalamus, brain stem, or cerebellum (8, 30, 31). However, whether UBO can increase the risk of epilepsy in NF1 patients has not been confirmed, because previous studies have shown conflicting results (32), and currently it is more inclined to believe that UBO is not associated with epilepsy (33). Overall, not all NF1 brain lesions have been definitively identified as epileptic foci. Previous reports of NF1-related epilepsy have highlighted the lack of agreement between structural lesions visible on MRI and epileptogenic zones (34). Many reports of NF1-related epilepsy lack a correlation between electroencephalogram (EEG), clinical presentation, and brain imaging findings to confirm the epileptogenicity of structural lesions. These findings underscore the necessity for comprehensive data collection and multidisciplinary discussions in the management of all refractory epilepsy cases, including NF1-associated epilepsy. Personalized treatment strategies are crucial for symptom control and quality-of-life improvement.

It has been reported that nearly half of NF1 patients with epilepsy have no structural abnormalities on MRI (5, 6). Moreover, MRI lesions in patients are not always co-localized with epileptic discharges on EEG (6, 35). The seizure forms of NF1-related epilepsy are mainly focal seizures, and generalized seizures and epileptic encephalopathy have also been reported (32). There are relatively few studies on the EEG discharge patterns in patients with NF1, abnormal EEG may be registered in approximately 25% of NF1 patients (29, 36), and focal epileptiform activity during interictal period of seizures are the most common discharge patterns (37). Generalized discharges, hypsarrhythmia have been occasionally reported in NF1 patients (32). This is consistent with the type of seizure presented. However, if the EEG is re-examined in a short period of time, it may be found that the EEG abnormalities are dynamic and may evolve into different epileptic discharge patterns. Patel et al. once detected the evolution process from focal epileptic discharge to generalized epileptic discharge and then to hypsarrhythmia on the EEG of a child with NF1 and epilepsy (38). More clinical data and basic experiments are needed to confirm the formation and spreading of interictal discharge patterns in NF1 patients.

NF1 is an autosomal dominant disease, and about 50% of the children with NF1 inherit a pathogenic gene variant from their parents (13). Some studies have pointed out that the incidence of epilepsy will increase if the gene mutation is inherited from the mother (39), and some studies have overturned this conclusion. The specific correlation still needs to be verified by a large sample in the future. In addition, some studies have shown that NF1 patients with epilepsy have a higher incidence of truncating variants and a lower incidence of missense variants (33). This may be because the former leads to the destruction of the structure of the gene coding product and is more likely to cause more severe clinical phenotype including epilepsy. NF1 patients with epilepsy exhibit a higher prevalence of developmental delay and learning disabilities (8, 35, 40). It also suggests that NF1 patients with epilepsy may be more in need of clinical help. The selection of antiepileptic drugs for NF1 patients with epilepsy is not uniform. Clinically, it is still recommended to choose reasonable antiepileptic drugs according to seizure forms and epilepsy syndromes. Several studies support (5, 8) that NF1-related epilepsy has a good prognosis, with most children achieving seizure-freedom after treatment with one or two antiepileptic drugs. It is not easy to control seizures in NF1 patients with epilepsy caused by intracranial tumors or HS and other structural lesions, but epilepsy surgery can be effectively used for NF1 patients with refractory epilepsy if a clear epileptogenic zone is identified (17).



5 Diagnostic points of NF-related epilepsy

The National Institutes of Health(NIH) has established a set of clear diagnostic criteria for NF1 in 1987 (1), but a study involving 1,893 NF1 patients under the age of 21 showed that 46% of patients with sporadic NF1 under the age of 1 year did not meet the diagnostic criteria established by the NIH (2). However, almost all children with NF1 meet these criteria by the age of 8 years (41). Therefore, in 2021, the International Consensus Group on Neurofibromatosis Diagnostic Criteria proposed to revise the NF1 diagnostic criteria established in 1987 (1, 42). The updated diagnostic criteria for NF1 state that at least two of the following criteria must be present to confirm the diagnosis (1): (1) Six or more café-au-lait macules over 5 mm in greatest diameter in prepubertal individuals and over 15 mm in greatest diameter in postpubertal individuals. (2) Freckling in the axillary or inguinal region. (3) Two or more neurofibromas of any type or one plexiform neurofibroma. (4) Optic pathway glioma. (5) Two or more iris Lisch nodules identified by slit lamp examination or two or more choroidal abnormalities (CAs)-defined as bright, patchy nodules imaged by optical coherence tomography (OCT) /near-infrared reflectance (NIR) imaging. (6) A distinctive osseous lesion such as sphenoid dysplasia, anterolateral bowing of the tibia, or pseudarthrosis of a long bone. (7) A heterozygous pathogenic NF1 variant with a variant allele fraction of 50% in apparently normal tissue such as white blood cells. For those without parental history of NF1, two or more of the seven clinical features mentioned above can be diagnosed as NF1. Patients with parental history of NF1 can be diagnosed if one or more clinical features are met. The diagnosis of epilepsy in NF1 patients is consistent with the principles and procedures of conventional epilepsy, and it is necessary to combine the patient’s medical history, EEG, brain imaging and other test results. The forms of seizures are classified based on the semiological description of seizures, EEG, imaging, seizure videos, etc. (43).



6 Treatment of NF1-related epilepsy


6.1 Antiepileptic drugs

For NF1 patients with epilepsy, seizure control mainly depends on antiepileptic drugs. Many studies (5, 8, 34) have shown that NF1-related epilepsy has a good prognosis, and most children can achieve seizure-free state after treatment with one or two antiepileptic drugs (44). Among the 12 patients with NF1-related epilepsy in Khair and his colleagues’s cohort, 75% had seizure control with an oral antiepileptic drug. Serdaroglu et al. (35) and Santoro et al. (8) reported that 50–65% of NF1-related epilepsy patients obtained seizure control after oral antiepileptic drug. Studies in China also support the above data. Among 13 NF1 patients with epilepsy reported by Wu et al. (33), 8 patients were free from seizures after using 1–2 antiepileptic drugs. However, there is no definite guidelines for the selection of antiepileptic drugs in NF1-related epilepsy, and the appropriate antiepileptic drugs are mainly selected according to the type of seizures or epilepsy syndrome.



6.2 Surgical treatment

In NF1 patients with epilepsy could be due to structural lesions such as intracranial tumors or HS, seizure control may be challenging. However, epilepsy surgery can be effectively employed in such cases if a well-defined epileptogenic zone is identified. Barba et al. (17) reported a series of 12 NF1 patients with drug-resistant epilepsy, among whom 11 exhibited structural brain abnormalities, including HS and tumors. Postoperatively, 8 patients achieved seizure freedom state at the 1-year follow-up. Similarly, Pecoraro et al. identified 26 epilepsy cases among 184 NF1 patients, noting that all 3 patients with medial temporal lobe sclerosis who underwent temporal lobectomy experienced seizure free state (7). Therefore, for NF1 patients with refractory epilepsy—particularly those with structural lesions such as HS or intracranial tumors—epilepsy surgery represents a viable therapeutic option, provided a thorough preoperative evaluation confirms a well-localized epileptogenic focus.



6.3 Ketogenic diet

The ketogenic diet (KD) is a specialized dietary regimen characterized by low carbohydrate intake, high fat content, and moderate to low protein consumption (tailored to individual needs), effectively promoting ketogenesis. As an established therapeutic intervention, KD demonstrates remarkable efficacy in the management of drug-resistant epilepsy across all age groups (45, 46). In response to the considerable attrition rates observed with traditional KD protocols, researchers have developed several modified formulations designed to mitigate adverse effects while optimizing treatment adherence and patient acceptability. Currently, four principal ketogenic dietary therapies are recognized in clinical practice: the classic ketogenic diet (cKD), the modified Atkins diet (MAD), the medium chain triglyceride ketogenic diet (MCTKD), and low glycemic index treatment (LGIT). While these variants differ substantially in their macronutrient composition, current evidence does not support significant differences in therapeutic efficacy among them (47). Importantly, less restrictive protocols appear to confer advantages in terms of long-term compliance without compromising therapeutic outcomes. Studies indicate that the overall responder rate for KD ranges from 13 to 70%, or even higher (45). Notably, emerging evidence suggests that KD may provide additional benefits beyond seizure control, including measurable improvements in cognitive function and behavioral outcomes (48, 49).

Although multiple potential mechanisms of the KD have been elucidated, the fundamental basis for its anticonvulsant effects remains incompletely understood. The primary therapeutic advantage of this intervention lies in its metabolic shift from carbohydrate to fat utilization as the main energy source. This profound alteration in energy metabolism induces widespread adaptations across multiple biochemical pathways. Notably, inhibition of the mTOR signaling pathway has emerged as one plausible mechanism underlying the KD’s efficacy in refractory epilepsy. Animal studies have substantiated this mechanism (50, 51), where the expression of pS6 and pAkt, markers of mTOR pathway activation, was reduced in hippocampus and liver of rats fed KD. Furthermore, clinical observations have reported particularly favorable outcomes when employing the KD for refractory epilepsy cases associated with mTOR pathway dysregulation (46).

Current evidence indicates that aberrant mTOR pathway activation plays a significant role in NF1-associated epilepsy, particularly in refractory cases. This mechanistic understanding suggests that the KD may represent a promising therapeutic intervention for this patient population. However, while the KD has been widely adopted in clinical practice for various forms of epilepsy, robust clinical data specifically supporting its efficacy and safety in NF1-related epilepsy remain lacking. Further well-designed clinical trials and mechanistic studies are warranted to establish its therapeutic potential in this specific indication.



6.4 Targeted therapy

It is well established that the NF1 protein catalyzes the hydrolysis of GTP-Ras to GDP-Ras, serving as a negative regulator of the Ras-pathway. Pathogenic variants in the NF1 gene can lead to excessive activation of Ras-signaling, subsequently increasing downstream signaling of the MAPK pathway, namely the Ras–Raf–Mek–Erk cascade (52). Selumetinib is a potent, selective, orally administered, ATP-noncompetitive inhibitor of MEK1 and MEK2. It binds to MEK1/2 proteins, inducing conformational changes that disrupt cellular signal transduction, thereby inhibiting tumor cell growth and proliferation (52). Since its approval, selumetinib has been widely used in inoperable NF1 patients with plexiform neurofibromas, demonstrating significant therapeutic efficacy (53). However, selumetinib has not been approved for the treatment of NF1-related epilepsy. Cantor et al. (54) reported a case of a patient with NF1, drug-resistant epilepsy, and extensive optic pathway glioma who achieved dose-dependent seizure control while on selumetinib. Notably, seizure recurrence was observed after dose reduction due to adverse effects, but seizure control was restored upon dose re-escalation. Similarly, Sarah Barrière observed complete seizure cessation and significant improvement in interictal electroencephalographic abnormalities in patients treated with MEK inhibitors for optic pathway gliomas (21). Nevertheless, current evidence supporting selumetinib for NF1-related epilepsy remains limited to case reports, necessitating further clinical studies to validate its efficacy. Another promising therapeutic approach involves inhibitors of the PI3K-AKT–mTOR signaling pathway. As previously mentioned, hyperactivated Ras-signaling can lead to cross-activation of the PI3K-mTOR cascade (15). Preclinical studies have demonstrated that AKT or PI3K inhibitors suppress the progression of astrocyte and optic gliomas in NF1-deficient mice (55). Clinically, the mTOR inhibitor sirolimus has been used in NF1-associated tumors, such as delaying plexiform neurofibroma progression or alleviating tumor-related pain (56). Other targeted agents, including the tyrosine kinase inhibitor imatinib, have also been explored for NF1-related tumors (57). Despite the growing use of targeted therapies for NF1-associated tumors, there is currently insufficient evidence supporting their efficacy in NF1-related epilepsy. Further research is needed to evaluate their potential role in seizure management for this patient population.




7 Conclusion

NF1 is a multisystem genetic disorder associated with a significantly higher prevalence of epilepsy compared to the general population. NF1-related epilepsy demonstrates substantial clinical heterogeneity and complex pathogenic mechanisms. Nevertheless, the overall therapeutic outcomes are favorable, with the majority of patients achieving seizure control through anti-seizure medications. Patients with structural abnormalities exhibit an increased propensity to develop drug-resistant epilepsy. However, comprehensive presurgical evaluation to identify well-defined epileptogenic zones may enable effective surgical intervention with significant seizure improvement. The molecular mechanisms underlying epileptogenesis in pediatric NF1 patients remain incompletely understood. Current targeted therapy research has primarily focused on NF1-associated tumors. Strengthening translational research bridging basic science and clinical practice is crucial for improving long-term outcomes and quality of life in NF1 patients with epilepsy. Future investigations should further elucidate the pathogenesis and contributing factors of NF1-related epilepsy to develop more precise therapeutic strategies for this patient population.



Author contributions

YR: Data curation, Writing – original draft, Writing – review & editing. WH: Supervision, Writing – review & editing. SS: Data curation, Writing – review & editing. QZ: Data curation, Writing – review & editing. WZ: Data curation, Methodology, Writing – review & editing. HZ: Investigation, Methodology, Resources, Software, Supervision, Writing – review & editing. GW: Investigation, Resources, Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. The study was supported by Shandong Children’s Health and Disease Clinical Research Center (SDPRC012).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. China Rare Disease Alliance Neurofibromatosis Type I Multidisciplinary Diagnosis and Treatment Collaboration Group. Multidisciplinary Diagnosis and Treatment Guidelines for Neurofibromatosis Type I (2023 Edition). J Rare Dis. (2023) 2:210–30. doi: 10.12376/j.issn.2097-0501.2023.02.009
	 2. Almuqbil,M, Alshaikh,FY, Altwaijri,W, Baarmah,D, Hommady,R, Alshaikh,M , et al. Epidemiology and outcomes of Neurofibromatosis type 1 (NF-1): multicenter tertiary experience. J Multidiscip Healthc. (2024) 17:1303–14. doi: 10.2147/JMDH.S454921 
	 3. Bernardo,P, Cinalli,G, and Santoro,C. Epilepsy in NF1: a systematic review of the literature. Childs Nerv Syst. (2020) 36:2333–50. doi: 10.1007/s00381-020-04710-7 
	 4. Faidi,R, and Reid,AY. Early-life immune activation is a vulnerability factor for adult epileptogenesis in neurofibromatosis type 1 in male mice. Front Neurol. (2024) 15:1284574. doi: 10.3389/fneur.2024.1284574 
	 5. Sculier,C, Taussig,D, Aeby,A, Blustajn,J, Bekaert,O, and Fohlen,M. Hippocampal sclerosis and epilepsy surgery in neurofibromatosis type 1: case report of a 3-year-old child explored by SEEG and review of the literature. Childs Nerv Syst. (2022) 38:1217–21. doi: 10.1007/s00381-021-05343-0 
	 6. Sabetghadam,A, Wu,C, Liu,J, Zhang,L, and Reid,AY. Increased epileptogenicity in a mouse model of neurofibromatosis type 1. Exp Neurol. (2020) 331:113373. doi: 10.1016/j.expneurol.2020.113373 
	 7. Pecoraro,A, Arehart,E, Gallentine,W, Radtke,R, Smith,E, Pizoli,C , et al. Epilepsy in neurofibromatosis type 1. Epilepsy Behav. (2017) 73:137–41. doi: 10.1016/j.yebeh.2017.05.011 
	 8. Santoro,C, Bernardo,P, Coppola,A, Pugliese,U, Cirillo,M, Giugliano,T , et al. Seizures in children with neurofibromatosis type 1: is neurofibromatosis type 1 enough? Ital J Pediatr. (2018) 44:41. doi: 10.1186/s13052-018-0477-x 
	 9. Lai,D, Gade,M, Yang,E, Koh,HY, Lu,J, Walley,NM , et al. Somatic variants in diverse genes leads to a spectrum of focal cortical malformations. Brain. (2022) 145:2704–20. doi: 10.1093/brain/awac117 
	 10. Pemov,A, Li,H, Patidar,R, Hansen,NF, Sindiri,S, Hartley,SW , et al. The primacy of NF1 loss as the driver of tumorigenesis in neurofibromatosis type 1-associated plexiform neurofibromas. Oncogene. (2017) 36:3168–77. doi: 10.1038/onc.2016.464 
	 11. Khoshkhoo,S, Wang,Y, Chahine,Y, Erson-Omay,EZ, Robert,SM, Kiziltug,E , et al. Contribution of somatic Ras/Raf/mitogen-activated protein kinase variants in the Hippocampus in drug-resistant mesial temporal lobe epilepsy. JAMA Neurol. (2023) 80:578–87. doi: 10.1001/jamaneurol.2023.0473 
	 12. Pekmezci,M, Villanueva-Meyer,JE, Goode,B, van Ziffle,J, Onodera,C, Grenert,JP , et al. The genetic landscape of ganglioglioma. Acta Neuropathol Commun. (2018) 6:47. doi: 10.1186/s40478-018-0551-z 
	 13. Nix,JS, Blakeley,J, and Rodriguez,FJ. An update on the central nervous system manifestations of neurofibromatosis type 1. Acta Neuropathol. (2020) 139:625–41. doi: 10.1007/s00401-019-02002-2 
	 14. Gerasimenko,A, Baldassari,S, and Baulac,S. mTOR pathway: insights into an established pathway for brain mosaicism in epilepsy. Neurobiol Dis. (2023) 182:106144. doi: 10.1016/j.nbd.2023.106144 
	 15. Rizwan,G, Sabetghadam,A, Wu,C, Liu,J, Zhang,L, and Reid,AY. Increased seizure susceptibility in a mouse model of neurofibromatosis type 1. Epilepsy Res. (2019) 156:106190. doi: 10.1016/j.eplepsyres.2019.106190 
	 16. DeClue,JE, Papageorge,AG, Fletcher,JA, Diehl,SR, Ratner,N, Vass,WC , et al. Abnormal regulation of mammalian p21ras contributes to malignant tumor growth in von Recklinghausen (type 1) neurofibromatosis. Cell. (1992) 69:265–73. doi: 10.1016/0092-8674(92)90407-4 
	 17. Barba,C, Jacques,T, Kahane,P, Polster,T, Isnard,J, Leijten,FSS , et al. Epilepsy surgery in Neurofibromatosis type 1. Epilepsy Res. (2013) 105:384–95. doi: 10.1016/j.eplepsyres.2013.02.021 
	 18. Drouet,A. Seizures in neurofibromatosis. What is the risk? Rev Neurol (Paris). (2011) 167:886–96. doi: 10.1016/j.neurol.2011.04.009 
	 19. Santoro,C, Giugliano,T, Bernardo,P, Palladino,F, Torella,A, del Vecchio Blanco,F , et al. A novel RAB39B mutation and concurrent de novo NF1 mutation in a boy with neurofibromatosis type 1, intellectual disability, and autism: a case report. BMC Neurol. (2020) 20:327. doi: 10.1186/s12883-020-01911-0 
	 20. Hsieh,HY, Fung,HC, Wang,CJ, Chin,SC, and Wu,T. Epileptic seizures in neurofibromatosis type 1 are related to intracranial tumors but not to neurofibromatosis bright objects. Seizure. (2011) 20:606–11. doi: 10.1016/j.seizure.2011.04.016 
	 21. Barrière,S, Faure-Conter,C, Leblond,P, Philippe,M, des Portes,V, Lion François,L , et al. Antiseizure effect of MEK inhibitor in a child with neurofibromatosis type 1-developmental and epileptic encephalopathy and optic pathway glioma. Epileptic Disord. (2024) 26:133–8. doi: 10.1002/epd2.20180
	 22. Specchio,N, Nabbout,R, Aronica,E, Auvin,S, Benvenuto,A, de Palma,L , et al. Updated clinical recommendations for the management of tuberous sclerosis complex associated epilepsy. Eur J Paediatr Neurol. (2024) 51:25–34. doi: 10.1016/j.ejpn.2023.08.005 
	 23. Li,W, Cui,Y, Kushner,SA, Brown,RAM, Jentsch,JD, Frankland,PW , et al. The HMG-CoA reductase inhibitor lovastatin reverses the learning and attention deficits in a mouse model of neurofibromatosis type 1. Curr Biol. (2005) 15:1961–7. doi: 10.1016/j.cub.2005.09.043 
	 24. Cui,Y, Costa,RM, Murphy,GG, Elgersma,Y, Zhu,Y, Gutmann,DH , et al. Neurofibromin regulation of ERK signaling modulates GABA release and learning. Cell. (2008) 135:549–60. doi: 10.1016/j.cell.2008.09.060 
	 25. Oliveira,AF, and Yasuda,R. Neurofibromin is the major ras inactivator in dendritic spines. J Neurosci. (2014) 34:776–83. doi: 10.1523/JNEUROSCI.3096-13.2014 
	 26. Ren,M, Li,K, Wang,D, Guo,J, Li,J, Yang,G , et al. Neurofibromin regulates seizure attacks in the rat pilocarpine-induced model of epilepsy. Mol Neurobiol. (2016) 53:6069–77. doi: 10.1007/s12035-015-9503-9 
	 27. Moutal,A, Dustrude,ET, and Khanna,R. Sensitization of ion channels contributes to central and peripheral dysfunction in Neurofibromatosis type 1. Mol Neurobiol. (2017) 54:3342–9. doi: 10.1007/s12035-016-9907-1 
	 28. Wang,Y, Brittain,JM, Wilson,SM, Hingtgen,CM, and Khanna,R. Altered calcium currents and axonal growth in nf1 haploinsufficient mice. Transl Neurosci. (2010) 1:106–14. doi: 10.2478/v10134-010-0025-8 
	 29. Gales,J, and Prayson,RA. Hippocampal sclerosis and associated focal cortical dysplasia-related epilepsy in neurofibromatosis type I. J Clin Neurosci. (2017) 37:15–9. doi: 10.1016/j.jocn.2016.10.048 
	 30. Griffiths,PD, Blaser,S, Mukonoweshuro,W, PhD,FRCR, Armstrong,D, Milo-Manson,G , et al. Neurofibromatosis bright objects in children with neurofibromatosis type 1: a proliferative potential? Pediatrics. (1999) 104:e49. doi: 10.1542/peds.104.4.e49 
	 31. Gill,DS, Hyman,SL, Steinberg,A, and North,KN. Age-related findings on MRI in neurofibromatosis type 1. Pediatr Radiol. (2006) 36:1048–56. doi: 10.1007/s00247-006-0267-2 
	 32. Khair,AM, Falchek,S, Nikam,R, and Kaur,G. Epilepsy and electroencephalogram characteristics in children with Neurofibromatosis type 1, what we have learned from a tertiary center five years' experience. Child Neurol Open. (2022) 9:2329048X221131445. doi: 10.1177/2329048X221131445 
	 33. Wu,F, Ji,XN, Shen,MX, Feng,S, Xie,LN, and Gao,YY. Clinical characteristics of epileptic seizure in neurofibromatosis type 1 in 15 cases. Zhonghua Er Ke Za Zhi. (2023) 61:1124–8. doi: 10.3760/cma.j.cn112140-20230829-00146 
	 34. Korf,BR, Carrazana,E, and Holmes,GL. Patterns of seizures observed in association with neurofibromatosis 1. Epilepsia. (1993) 34:616–20. doi: 10.1111/j.1528-1157.1993.tb00437.x 
	 35. Serdaroglu,E, Konuskan,B, Karli Oguz,K, Gurler,G, Yalnizoglu,D, and Anlar,B. Epilepsy in neurofibromatosis type 1: diffuse cerebral dysfunction? Epilepsy Behav. (2019) 98:6–9. doi: 10.1016/j.yebeh.2019.06.022
	 36. Ostendorf,AP, Gutmann,DH, and Weisenberg,JL. Epilepsy in individuals with neurofibromatosis type 1. Epilepsia. (2013) 54:1810–4. doi: 10.1111/epi.12348 
	 37. Yerdelen,D, Koc,F, Durdu,M, and Karakas,M. Electrophysiological findings in neurofibromatosis type 1. J Neurol Sci. (2011) 306:42–8. doi: 10.1016/j.jns.2011.03.048 
	 38. Patel,SH, Carson,RP, Jordan,LC, and Pagano,LM. Rapid ictal transition of focal epilepsy to infantile spasms in neurofibromatosis type 1 captured with EEG. Epilepsy Behav Rep. (2020) 14:100374. doi: 10.1016/j.ebr.2020.100374 
	 39. Mishal,NM, Arkilo,D, Tang,J, Crawford,JR, and Wang,SG. A potential role for felbamate in TSC- and NF1-related epilepsy: a case report and review of the literature. Case Rep Neurol Med. (2015) 2015:960746. doi: 10.1155/2015/960746 
	 40. Joy,P, Roberts,C, North,K, and de Silva,M. Neuropsychological function and MRI abnormalities in neurofibromatosis type 1. Dev Med Child Neurol. (1995) 37:906–14. doi: 10.1111/j.1469-8749.1995.tb11943.x
	 41. DeBella,K, Szudek,J, and Friedman,JM. Use of the national institutes of health criteria for diagnosis of neurofibromatosis 1 in children. Pediatrics. (2000) 105:608–14. doi: 10.1542/peds.105.3.608 
	 42. Legius,E, Messiaen,L, Wolkenstein,P, Pancza,P, Avery,RA, Berman,Y , et al. Revised diagnostic criteria for neurofibromatosis type 1 and Legius syndrome: an international consensus recommendation. Genet Med. (2021) 23:1506–13. doi: 10.1038/s41436-021-01170-5 
	 43. Devinsky,O, Vezzani,A, O'Brien,TJ, Jette,N, Scheffer,IE, de Curtis,M , et al. Epilepsy. Nat Rev Dis Primers. (2018) 4:18024. doi: 10.1038/nrdp.2018.24 
	 44. Hébert,J, De Santis,RJ, Daniyal,L, Mannan,S, Ng,E, Thain,E , et al. Epilepsy in neurofibromatosis type 1: prevalence, phenotype, and genotype in adults. Epilepsy Res. (2024) 202:107336. doi: 10.1016/j.eplepsyres.2024.107336 
	 45. Borowicz-Reutt,K, Krawczyk,M, and Czernia,J. Ketogenic diet in the treatment of epilepsy. Nutrients. (2024) 16:1258. doi: 10.3390/nu16091258 
	 46. Kossoff,EH, Thiele,EA, Pfeifer,HH, McGrogan,JR, and Freeman,JM. Tuberous sclerosis complex and the ketogenic diet. Epilepsia. (2005) 46:1684–6. doi: 10.1111/j.1528-1167.2005.00266.x 
	 47. Wells,J, Swaminathan,A, Paseka,J, and Hanson,C. Efficacy and safety of a ketogenic diet in children and adolescents with refractory epilepsy-a review. Nutrients. (2020) 12:1809. doi: 10.3390/nu12061809 
	 48. Schubert-Bast,S, and Strzelczyk,A. Review of the treatment options for epilepsy in tuberous sclerosis complex: towards precision medicine. Ther Adv Neurol Disord. (2021) 14:1100. doi: 10.1177/17562864211031100 
	 49. Fang,Y, Li,D, Wang,M, Zhao,X, Duan,J, Gu,Q , et al. Ketogenic diet therapy for drug-resistant epilepsy and cognitive impairment in children with tuberous sclerosis complex. Front Neurol. (2022) 13:863826. doi: 10.3389/fneur.2022.863826 
	 50. McDaniel,SS, Rensing,NR, Thio,LL, Yamada,KA, and Wong,M. The ketogenic diet inhibits the mammalian target of rapamycin (mTOR) pathway. Epilepsia. (2011) 52:e7–e11. doi: 10.1111/j.1528-1167.2011.02981.x 
	 51. Genzer,Y, Dadon,M, Burg,C, Chapnik,N, and Froy,O. Ketogenic diet delays the phase of circadian rhythms and does not affect AMP-activated protein kinase (AMPK) in mouse liver. Mol Cell Endocrinol. (2015) 417:124–30. doi: 10.1016/j.mce.2015.09.012 
	 52. Anderson,MK, Johnson,M, Thornburg,L, and Halford,Z. A review of selumetinib in the treatment of Neurofibromatosis type 1-related plexiform neurofibromas. Ann Pharmacother. (2022) 56:716–26. doi: 10.1177/10600280211046298 
	 53. Fisher,MJ, Blakeley,JO, Weiss,BD, Dombi,E, Ahlawat,S, Akshintala,S , et al. Management of neurofibromatosis type 1-associated plexiform neurofibromas. Neuro-Oncology. (2022) 24:1827–44. doi: 10.1093/neuonc/noac146 
	 54. Cantor,E, Meyer,A, Morris,SM, Weisenberg,JLZ, and Brossier,NM. Dose-dependent seizure control with MEK inhibitor therapy for progressive glioma in a child with neurofibromatosis type 1. Childs Nerv Syst. (2022) 38:2245–9. doi: 10.1007/s00381-022-05571-y 
	 55. Kaul,A, Toonen,JA, Cimino,PJ, Gianino,SM, and Gutmann,DH. Akt- or MEK-mediated mTOR inhibition suppresses Nf1 optic glioma growth. Neuro-Oncology. (2015) 17:843–53. doi: 10.1093/neuonc/nou329 
	 56. Wilson,BN, John,AM, Handler,MZ, and Schwartz,RA. Neurofibromatosis type 1: new developments in genetics and treatment. J Am Acad Dermatol. (2021) 84:1667–76. doi: 10.1016/j.jaad.2020.07.105
	 57. Liu,X, and Dong,F. Advances in targeted therapy for neurofibromatosis type I-related tumors. Chinese J Pediatr Surg. (2019) 40:180–3. doi: 10.3760/cma.j.issn.0253-3006.2019.02.018


Copyright
 © 2025 Ren, Hu, Su, Zhang, Zhang, Zhang and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Recent advances of epilepsy associated with neurofibromatosis type 1



		1 Introduction



		2 Methods



		3 Pathogenesis of NF1-related epilepsy



		4 Clinical features of NF1-related epilepsy



		5 Diagnostic points of NF-related epilepsy



		6 Treatment of NF1-related epilepsy



		6.1 Antiepileptic drugs



		6.2 Surgical treatment



		6.3 Ketogenic diet



		6.4 Targeted therapy









		7 Conclusion



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fneur-16-1640309-g001.jpg
—— positive effect

/ Sirolimus
Selumetinib autophagy
\ cell growth

survival
proliferation —— negative effect
migration





OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Recent advances of epilepsy
associated with
neurofibromatosis type 1












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






