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Heterozygous missense variants in the KIF21A gene are best known to cause congenital fibrosis of the extraocular muscles. A recent report by Borja et al., 2025 suggested that the KIF21A gene may also be associated with syndromic phenotype, including peripheral neuropathy, brain malformations, and strabismus. We report the second case of early-onset distal motor neuropathy associated with the KIF21A gene. The proband was a 6-year-old female patient who had normal brain MRI, while neurophysiological examination and lower limb muscle MRI both suggested peripheral neuropathy. Quad whole-genome sequencing of the proband, her healthy sibling, and parents identified a de novo missense variant, c.1991T>C, p. (Leu664Pro), in the KIF21A gene and two compound-heterozygous missense variants, c.274C>T, p. (Pro92Ser) and c.512A>G, p. (Asn171Ser), in the OXA1L gene. Since the clinical features were not fully consistent with the known phenotypes associated with KIF21A or OXA1L-related disorders, initial genetic analysis prioritized OXA1L. However, functional studies, including exploratory Western blot analysis and high-resolution respirometry failed to support the pathogenicity of the identified variants. Following the publication of a similar KIF21A-associated case, the c.1991T>C, p. (Leu664Pro) variant was re-evaluated and re-classified as likely pathogenic. Our case supports expansion of the KIF21A-related phenotype to include distal motor neuropathy without brain malformations, in addition to multiple reports of other KIF21-associated syndromic phenotypes. This finding suggests that the KIF21A gene should be considered in the differential diagnosis for patients presenting with childhood-onset distal motor neuropathies.
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1 INTRODUCTION
Distal hereditary motor neuropathy (dHMN) is a clinically and genetically heterogeneous group of disorders, characterized by selective impairment of lower motor neurons and/or motor nerve fibers (Harding and Thomas, 1980). These diseases are characterized by slowly progressive symmetrical weakness and atrophy of the distal muscles and absence or minor sensory abnormalities, as assessed both clinically and electrophysiologically. To date, approximately 30 genes are associated with dHMN (Tazir and Nouioua, 2024). The significant phenotypic overlap between dHMN and other neuropathies and motor neuron disorders, often accompanied by a variety of additional features, poses considerable challenges for differential diagnosis. This complexity underscores the need to expand the known genetic spectrum associated with this group of disorders.
The KIF21A gene encodes an anterograde kinesin motor protein, which belongs to a family of kinesin motor proteins (Marszalek et al., 1999). These proteins play a significant role in transporting cellular components within cells. In addition, KIF21A directly modulates microtubule dynamics by accumulating at microtubule plus ends and acting as a cortical inhibitor of microtubule growth, thereby reducing microtubule growth rates (van der Vaart et al., 2013). Dysregulation of axonal transport with secondary axonal degeneration is a known mechanism in numerous neurodegenerative diseases and neuronopathies, including amyotrophic lateral sclerosis, hereditary motor and sensory neuropathies, and dHMN/distal spinal muscular atrophy (Berth and Lloyd, 2023). These pathways suggest a wider phenotypic spectrum for KIF21A-related disease.
The KIF21A gene is associated with several clinical phenotypes. The most frequent is congenital fibrosis of the extraocular muscles (CFEOM; OMIM #135700) caused by heterozygous missense variants through a gain-of-function mechanism, classically presenting as isolated, non-progressive ophthalmoplegia with or without ptosis (Yamada et al., 2003; Cheng et al., 2014). In addition to isolated CFEOM, syndromic KIF21A conditions were reported, in which CFEOM features co-occurred with extra-ocular symptoms such as cerebellar vermis hypoplasia and ataxia (Di Fabio et al., 2013). One report described a patient with a syndromic phenotype that included intellectual disability, peripheral neuropathy, and brain abnormalities (Soliani et al., 2021). By contrast, biallelic loss-of-function KIF21A variants cause a severe fetal akinesia and distal arthrogryposis phenotype, often with brain malformations (Falb et al., 2023; Bhola et al., 2024). Recently, a case of a KIF21A-associated syndromic phenotype characterized by progressive peripheral neuropathy, hypoplasia of the splenium of the corpus callosum, and strabismus has been described described (Borja et al., 2025).
The OXA1L gene encodes the human inner mitochondrial membrane insertase that mediates the insertion of mtDNA-encoded respiratory chain subunits and supports the assembly of the oxidative phosphorylation (OXPHOS) complexes by coupling to the mitoribosome (Stiburek et al., 2007; Itoh et al., 2021). Biallelic variants in the OXA1L gene have been reported to cause severe early-onset mitochondrial encephalopathy and mitochondrial myopathy with combined OXPHOS deficiencies in patient-derived cells and model systems (Thompson et al., 2018; Zhan et al., 2025). In the previous OXA1L cases in the patient cells exhibited impaired oxidative phosphorylation complex subunits assembly and depressed cellular respiration, which has been demonstrated by abnormal fibroblast respirometry (Thompson et al., 2018).
Here we reported the second case p. (Leu664Pro) KIF21A gene variant of a proband with early childhood-onset distal motor neuropathy who underwent quad whole genome sequencing (WGS) along with her family members.
2 SUBJECTS AND METHODS
The clinical presentation of the patient was thoroughly evaluated. The diagnostic workup included nerve conduction studies and needle electromyography of clinically affected muscles, the magnetic resonance imaging (MRI) of brain and lower limbs muscles. The quad WGS was performed for the proband, her sibling and parents.
For functional analysis, primary skin fibroblast cultures were derived from inner forearm skin biopsies of the proband, his parents and ten healthy volunteers and deposited in the Moscow Branch of the Biobank « Russian collection of biological samples of hereditary diseases».
Exploratory Western blot analysis was performed on patient-derived fibroblasts, comparing them to parental and unrelated controls (n = 1). Protein lysates were probed with an anti-OXA1L antibody (Proteintech, Cat# 21055-1-AP, RRID:AB_10695769) and normalized to β-Actin (Sigma-Aldrich, Cat# A1978, RRID:AB_476692).
3D structural analysis of the KIF21A protein was performed for comparing the wild-type and the p.Leu644Pro mutant protein structures. Protein structures were predicted using the OmegaFold and ColabFold, which utilizes the AlphaFold2 architecture with MMseqs2 for multiple sequence alignment (Mirdita et al., 2022; Wu et al., 2022). For each tool, both the wild-type and mutant sequences were submitted, and five models were generated per run to assess prediction variation. The resulting models were visualized, aligned, and analyzed using PyMOL Molecular Graphics System (Version 2.5.8 Schrödinger, LLC). Structural alignment was performed on a single, conserved alpha-helix to facilitate the comparison of conformational changes induced by the mutation.
High-resolution respirometry was performed using the skin fibroblasts from the patient and controls (n = 10) according to the protocol described earlier (Krylova et al., 2025). Primary skin fibroblast cultures were derived from inner forearm skin biopsies using standard fibroblast cell culture techniques. The primary fibroblast cultures were grown in “Amniokar” proliferative medium (PanEco-Ltd, Moscow, Russia). Further subculturing of the fibroblasts was performed in Dulbecco Modified Eagle Medium growth medium supplemented with 10% FBS (PanEco-Ltd). The skin fibroblasts from the patient and controls (n = 10) were harvested using 0.25% trypsin and centrifuged at 1500 rpm for 5 min. The pellet (1.5−3 × 106 cells/mL) was resuspended in a pre-warmed (at 37 °C) respiration medium MIR05 (100 mM sucrose, 60 mM potassium lactobionate, 0.5 mM EGTA, 3mM MgCl2x 6H2O, 20 mM taurine, 10 mM KH2PO4, 20 mM HEPES, and 1 mg/mL BSA, pH = 7.1). The analysis of oxygen consumption was performed with the Oxygraph-2k (Oroboros Corp., Innsbruck, Austria) using DatLab 7.0 software. Experiments with intact cells were performed according to the protocol of Pesta and Gnaiger as described previously (Pesta and Gnaiger, 2012; Krylova et al., 2025). Flux Control Ratios (FCRs) were used to estimate bioenergetic defects: R/E, L/E, netR/E ((R-L)/E). R–ROUTINE–oxygen flux of living cells in MIR05 without exogenous substrates, L–LEAK–oxygen flux after 2.5 µM oligomycin addition, E–ETS–maximum oxygen flux by stepwise injection of 0.05 µM carbonyl-cyanide p- (trifluoromethoxy) phenylhydrazone (FCCP). Experiments were performed in duplicate (Pesta and Gnaiger, 2012; Krylova et al., 2025).
The patient’s parents provided written informed consent for anonymized data publication.
3 CASE DESCRIPTIONS
The proband was a 6-year-old Russian girl who presented with severe gait disturbance and limited mobility of the interphalangeal joints of the hands. She was born to non-consanguineous Russian parents and had one healthy older brother. Family history was unremarkable, and she was the only affected family member. Her first symptom was delayed motor development, she began walking independently at 18 months, with a slow gait and frequent falls. Her cognitive function and speech development were within normal age-appropriate limits. Notably, her early medical history was significant for recurrent, forceful vomiting, with a variable frequency ranging from several times daily to 4–5 times per month without identifiable triggers during the first 2 years of life. Shortly after onset, she was hospitalized for evaluation, and no objective cause was identified. According to the parents, no further hospitalizations were required thereafter. The vomiting gradually decreased in frequency and resolved completely by the age of 5 years. Additional features included pes cavus and ankle contractures, noted at the age of 2 years. The parents also reported intermittent exotropia over the past year, with episodes occurring almost daily, lasting several seconds, and resolving spontaneously. The patient did not report associated diplopia or some discomfort. At age 5, during planned hospitalization, an electroencephalography showed no epileptiform activity. Also, during this period, she developed persistent dysarthria.
At age 6, clinical examination showed height 110 cm (−0.83 SD), weight 22.5 kg (+0.55 SD), and head circumference 51.5 cm (+0.2 SD). She had a normal body habitus with no dysmorphic features and no abnormalities in other organ systems. Neurologic examination revealed dysarthria without other bulbar abnormalities. Examination also revealed atrophy of the forearms, hands, the peroneal muscles, and the feet including the extensor digitorum brevis muscle (Figure 1A). Muscle strength was reduced to 3/5 on the Medical Research Council scale (MRC) in proximal muscles of both upper and lower limbs, 0/5 in intrinsic hand muscles, 0/5 in ankle dorsiflexors, and up to 2/5 in plantar flexors. Interestingly, neck flexor weakness was also noted. Contractures were observed at the ankles and interphalangeal joints of the hands. Deep tendon reflexes were reduced in the upper limbs and absent in the lower limbs. Both axial and appendicular tones were normal, no muscle hypertonia or hypotonia were noted. The patient’s sensory examination (touch, pain, vibration, proprioception senses) showed no abnormalities. Lumbar hyperlordosis, valgus deformity of right foot and cavovarus deformity of left foot were noted. The patient also demonstrated a positive Gowers’ sign and waddling gait with steppage. We observed several brief episodes of intermittent exotropia during the neurological exam, which resolved immediately upon voluntary fixation. No persistent deviation was noted between episodes.
[image: Panel A shows close-up images of a child's hands and feet, displaying distal muscle atrophy of the upper and lower limbs, ankles and hand interphalangeal joints contractures, valgus deformity of right foot and cavovarus deformity of left foot. Panel B contains graphs of nerve conduction studies for different muscles, including tibialis, peroneus, and suralis nerves, showing amplitude, latency, and stimulation data.]FIGURE 1 | Clinical features and electrophysiological studies of the proband. (A) Distal muscle atrophy of the upper and lower limbs, ankles and hand interphalangeal joints contractures, valgus deformity of right foot and cavovarus deformity of left foot. (B) Nerve conduction study in lower limbs demonstrated normal sensory nerve action potentials in the peroneus superficialis and suralis nerves, and pronounced decreased compound muscle action potential amplitude in the tibial and peroneal nerves. Amp., amplitude; dex., dextra; DL, distal latency; Stim., stimulation parameters.Serum creatine kinase level was 380 U/L (reference 0–149 U/L). Nerve conduction studies showed motor axonal neuropathy in both upper and lower limbs (Figure 1B). The amplitude of the compound muscle action potential (CMAP) in the right median, ulnar and tibial nerves were significantly reduced (0.7mV, 0.9 mV and 0.5 mV, respectively), while conduction velocities in the median and ulnar nerves were within normal limits. CMAPs were absent in the peroneal nerves bilaterally. Sensory nerve action potentials in the upper and lower limbs were completely spared. Needle electromyography confirmed a clear neurogenic pattern, showing a decreased recruitment pattern with high-amplitude, long-duration motor unit potentials in the left tibialis anterior muscle.
The brain MRI at the age of 3 years appeared unremarkable, without any structural brain anomalies (Figure 2). Corpus callosum morphology was carefully evaluated in the patient (Figure 2B). Measurements were compared with the age- and sex-specific centile tables followed by (Garel et al., 2011), and all fell within the normal range (between the 3rd and 97th centiles) for 3-year-old girls. Lower limb muscle MRI demonstrated diffuse fatty infiltration of lower leg and thigh muscles on T1-weighted images, indicative with a neurogenic pattern (Figure 2C). The adductor longus and adductor magnus were relatively spared. T2 STIR images showed hyperintensity in the posterior compartment of lower leg muscles.
[image: MRI images displaying different sections of the human body. The left panel shows T1-weighted and T2-weighted images of the brain in axial and sagittal views, with specific measurements noted. The right panels depict transverse and coronal slices of the lower body, including muscles and bone structures.]FIGURE 2 | Magnetic resonance imaging of brain and lower limb muscles. (A) Brain MRI shows no structural brain abnormalities. (B) The brain MRI demonstrated normal range corpus callosum measurements for 3-year-old female proband. (C) The lower limb muscle MRI revealed diffuse fatty infiltration predominant in lower legs. T1-WI, T1 weighted image; T2-WI, T2 weighted image.Quad WGS identified the de novo missense variant c.1991T>C, p. (Leu664Pro) in the KIF21A gene (NM_001173464.2) and two compound-heterozygous missense variants, c.274C>T, p. (Pro92Ser) and c.512A>G, p. (Asn171Ser), in the OXA1L gene (NM_005015.5). According to gnomAD (v3.1.2), the variants c.1991T>C in the KIF21A and c.274C>T in the OXA1L were absent in general population database and the variant c.512A>G in the OXA1L occurs in East Asian, Admixes American, and European populations at a frequency of 0.000046, with no homozygotes recorded. Initially, all variants were classified as variants of uncertain significance under ACMG criteria (PM2) (Richards et al., 2015).
During our initial NGS (Next-Generation Sequence) data analysis, the ClinVar database contained only two submissions for the for the KIF21A variant c.1991T>C p. (Leu664Pro), both lacking phenotype annotation (RCV000497582.2; RCV003159607.2). At that time, because the KIF21A-associated CFEOM phenotype in OMIM did not match the proband’s clinical presentation, we first prioritized functional assessment of the OXA1L gene variants.
The c.512A>G variant in the OXA1L gene is located in the same transmembrane domain as previously reported pathogenic variants associated with mitochondrial encephalomyopathy and myopathy (Thompson et al., 2018; Zhan et al., 2025). The second c.274C>T variant is outside that local domain, is absent from gnomAD v3.1.2, and occurs in trans with c.512A>G. The other variant was outside the described domain, but was not found in the gnomAD (v3.1.2) database and was in a compound heterozygous state. Despite being classified the variants in the OXA1L gene as non-deleterious by the in silico predictor AlphaMissense (deleteriousness scores: p.Pro92Tyr = 0.210; p.Asn171Ser = 0.201), we decided to functionally characterize the two identified variants. Given the high endogenous expression of OXA1L in fibroblasts, we performed exploratory Western blot analysis on patient-derived fibroblasts, comparing them to parental and unrelated controls (n = 1). This analysis revealed no detectable differences in OXA1L protein abundance or electrophoretic mobility (Supplementary Figure S1A).
High-resolution respirometry was performed using intact fibroblast cell lines from the patient and controls (n = 10). No significant differences in Flux Control Ratios were found between the patient and control group (Supplementary Figure S1B). Abnormal fibroblast respirometry would be expected if the OXA1L variants were truly pathogenic. This has been demonstrated in previous OXA1L cases, where patient cells exhibited impaired oxidative phosphorylation complex subunits assembly and depressed respiration (Thompson et al., 2018).
According to the results of Western blot analysis and high-resolution respirometry the OXA1L variants were considered unlikely to be causative. So, the OXA1L gene variants c.274C>T, p. (Pro92Ser) and c.512A>G, p. (Asn171Ser) were reclassified as likely benign based on the functional studies and ACMG criteria (PM2, BS3, BP7) (Richards et al., 2015).
Although initial evaluations were non-diagnostic, the de novo KIF21A variant was re-evaluated following its updated annotation in ClinVar with the proband’s phenotype, prompted by the case report by Borja et al., 2025, which describes a patient with a similar phenotype (Borja et al., 2025). The concordant phenotype, de novo status, and high in silico scores (AlphaMissense 0.9997; CADD 28.9) allowed reclassification of c.1991T>C, p. (Leu664Pro) as likely pathogenic, according to ACMG criteria (PS2, PM2, PP3) (Richards et al., 2015).
Previous in vitro studies demonstrated that the c.1991T>C p. (Leu664Pro) variant alters the structure of the KIF21A protein and disrupts its interaction with TUBB3, a microtubule component critical for peripheral axon growth and regeneration (Tischfield et al., 2010; Borja et al., 2025). The predictive tool AlphaFold2, while excellent for wild-type structures, is often ill-suited for predicting conformational changes induced by missense variants (Agarwal and McShan, 2024). To overcome these limitations and better investigate the structural impact, we used OmegaFold, an alternative predictive tool that operates independently of multiple sequence alignments (Wu et al., 2022). The OmegaFold prediction successfully revealed a distinct helix break at the proline 664 position (Figure 3). This finding suggests that the structural disruption caused by the p. (Leu664Pro) variant is severe, providing a plausible explanation for the profound disruption in TUBB3 binding observed experimentally.
[image: A genetic pedigree chart shows inheritance patterns across two generations. Individuals are marked with KIF21A and OXA1L genotypes, including variations WT/p.P92S, p.N171S/WT, and WT/p.L664P. A structural diagram highlights the KIF21A protein, with helices in orange and blue, and the p.L664 site marked in red.]FIGURE 3 | The pedigree of the proband and structural alignment of the KIF21A α-helix with WT (blue) and with p. (Leu664Pro) (orange).Due to the lack of specific therapy, the patient was given only general recommendations for physiotherapy, and dynamic evaluations by a neurologist, an ophthalmologist, and an orthopedic surgeon.
4 DISCUSSION
We described a 6-year-old female patient with a predominant phenotype of distal motor neuropathy who carries the heterozygous de novo missense variant c.1991T>C, p. (Leu664Pro) in the KIF21A gene. At the time of initial analysis of the NGS data, no publications had clearly linked the KIF21A gene to an isolated distal motor neuropathy, and the c.1991T>C, p. (Leu664Pro) variant in KIF21A was therefore not prioritized. By contrast, OMIM lists no established phenotype for the OXA1L gene, however, biallelic OXA1L gene variants have been associated with mitochondrial disease (Thompson et al., 2018; Zhan et al., 2025). Consequently, we first focused on evaluating the detected biallelic variants in the OXA1L gene. However, the absence of aberrant protein expression and normal respirometry results suggested that the OXA1L variants were unlikely to be pathogenic. The subsequent publication by Borja et al. (2025), who described the patient with a similar phenotype and the same variant, prompted the re-evaluation of our case and resolution of the diagnostic challenge (Borja et al., 2025).
The phenotypic spectrum of the KIF21A-related disorders is broad and includes CFEOM, and several reports linking them to inherited distal arthrogryposis (Engle et al., 1997; Falb et al., 2023). Some clinical-phenotypic correlations have been established. Specifically, heterozygous missense variants are most frequently associated with CFEOM, a congenital, non-progressive ophthalmoplegia with or without ptosis and usually without central nervous system malformations (Yamada et al., 2003). CFEOM results from a malformation of cranial motor nerves and their neurons (Demer et al., 2005; Cheng et al., 2014). The oculomotor nerve is consistently the most markedly hypoplastic cranial nerve, though hypoplasia of the abducens nerve is also observed. Although extraocular manifestations are less common, several patients with typical congenital bilateral ptosis/ophthalmoparesis have shown cerebellar vermis atrophy and adult-onset cerebellar signs, without peripheral neuropathy (Di Fabio et al., 2013). Biallelic loss-of-function KIF21A variants were associated with more severe phenotypes, as a fetal akinesia with multiple arthrogryposis, brain malformations, pulmonary hypoplasia, and facial dysmorphisms (Falb et al., 2023; Bhola et al., 2024). The isolated distal motor phenotype was not previously described in the literature. Notably, although the corpus callosum of our patient appeared similar to that in the case report of Borja et al., all measurements fell within age-appropriate normal and we also did not observe other structural brain abnormalities. Our proband was clinically diagnosed with distal motor neuropathy supported by the nerve conduction study, needle electromyography and lower limb muscle MRI findings. Notably, the proband’s medical history also included reports of forceful, unprovoked vomiting during the first years of life, as reported in the previous KIF21A p. (Leu664Pro) case. Interestingly, our patient’s intermittent exotropia contrasts with the persistent strabismus seen in (Borja et al., 2025). The phenotype of motor neuropathy clearly predominates in our proband (Table 1).
TABLE 1 | Comparison of the proband phenotype in the current study and the previous reported case (Borja et al., 2025).	Features	Proband of Borja NA et al.	Current proband
	Genetic variant	NM_001173464.2(KIF21A):c.1991T>C p. (Leu664Pro)
	Age at last exam (years)	7	6
	Nervous system
	CFEOM	no	no
	Strabismus	persistent exotropia	intermittent exotropia
	Vocal cord dysfunction	yes	no
	Dysphagia	yes	no
	Dysartria	no	yes
	Peripheral motor neuropathy	yes	yes
	Peripheral sensory neuropathy	no	no
	Development
	Hypotonia	yes	no
	Motor delay	yes	yes
	Speech delay	yes	no
	Intellectual disability	yes	no
	Other Features
	Hypertension	yes	no
	Chronic respiratory disease	yes	no
	GI dysmotility	yes	no
	Frequent vomiting	yes	yes
	Joint contractures	no	yes
	Osteoporosis	yes	no
	Nephrolithiasis	yes	no
	Brain MRI Anomalies
	Abnormal corpus callosum	thin splenium	no
	Abnormal brainstem	no	no


The patient’s diagnostic odyssey with comprehensive clinical and neurophysiological assessment, quad-WGS, and functional testing of alternative variants of uncertain significance, allowed us to establish the diagnosis and confirm the association of dHMN with the variant c.1991T>C, p. (Leu664Pro) in the KIF21A gene. This case expands the phenotypic spectrum of KIF21A-related disorders and provides additional evidence of the pathogenicity of this previously reported variant (Borja et al., 2025).
5 CONCLUSION
This study adds evidence that the KIF21A gene phenotypic spectrum includes distal motor neuropathy and suggests that it should be considered for genetic testing of peripheral neuropathies. Also provides functional data on two previously undescribed OXA1L variants excluding their associating with the patient’s disease. These findings highlight the phenotypic heterogeneity of KIF21A-related disorders and the need for its further investigation in larger cohorts.
DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available on request from the corresponding author. The data are not publicly available due to privacy or ethical restrictions.
ETHICS STATEMENT
The studies involving humans were approved by Institutional Review Board of the Research Centre for Medical Genetics, Moscow, Russia (the approval number 2018–5/4). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participant’ legal guardians/next of kin. Written informed consent was obtained from the individual(s), and minor(s) legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS
DS: Visualization, Investigation, Writing – original draft. ET: Investigation, Writing – original draft, Visualization. AK: Writing – review and editing, Investigation. TC: Writing – review and editing, Investigation. TKr: Writing – review and editing, Investigation. OR: Investigation, Writing – review and editing. MS: Investigation, Writing – review and editing. AM: Supervision, Conceptualization, Writing – review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the Ministry of Science and Higher Education of the Russian Federation (the Federal Scientific-technical program for genetic technologies development for 2019–2030, agreement No 075-15-2025-481).
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 author(s) declare that no Generative AI was used in the creation of this manuscript.
Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fgene.2025.1699834/full#supplementary-material
REFERENCES
	Agarwal, V., and McShan, A. C. (2024). The power and pitfalls of AlphaFold2 for structure prediction beyond rigid globular proteins. Nat. Chem. Biol. 20, 950–959. doi:10.1038/s41589-024-01638-w

	Berth, S. H., and Lloyd, T. E. (2023). Disruption of axonal transport in neurodegeneration. J. Clin. Invest. 133, e168554. doi:10.1172/JCI168554

	Bhola, P. T., Mishra, R., Posey, J. E., Hamilton, L. E., Graham, G. E., Punetha, J., et al. (2024). Phenotypic heterogeneity associated with KIF21A: two new cases and review of the literature. Am. J. Med. Genet. 194, e63455. doi:10.1002/ajmg.a.63455

	Borja, N. A., Zafeer, M. F., Bivona, S., Peart, L., Gultekin, S. H., Network, U. D., et al. (2025). KIF21A-associated peripheral neuropathy defined by impaired binding with TUBB3. J. Med. Genet. 62, 117–122. doi:10.1136/jmg-2024-109908

	Cheng, L., Desai, J., Miranda, C. J., Duncan, J. S., Qiu, W., Nugent, A. A., et al. (2014). Human CFEOM1 mutations attenuate KIF21A autoinhibition and cause oculomotor axon stalling. Neuron 82, 334–349. doi:10.1016/j.neuron.2014.02.038

	Demer, J. L., Clark, R. A., and Engle, E. C. (2005). Magnetic resonance imaging evidence for widespread orbital dysinnervation in congenital fibrosis of extraocular muscles due to mutations in KIF21A. Investig. Opthalmology Vis. Sci. 46, 530–539. doi:10.1167/iovs.04-1125

	Di Fabio, R., Comanducci, G., Piccolo, F., Santorelli, F. M., De Berardinis, T., Tessa, A., et al. (2013). Cerebellar atrophy in congenital fibrosis of the extraocular muscles type 1. Cerebellum 12, 140–143. doi:10.1007/s12311-012-0396-0

	Engle, E. C., Goumnerov, B. C., McKeown, C. A., Schatz, M., Johns, D. R., Porter, J. D., et al. (1997). Oculomotor nerve and muscle abnormalities in congenital fibrosis of the extraocular muscles. Ann. Neurol. 41, 314–325. doi:10.1002/ana.410410306

	Falb, R. J., Müller, A. J., Klein, W., Grimmel, M., Grasshoff, U., Spranger, S., et al. (2023). Bi-allelic loss-of-function variants in KIF21A cause severe fetal akinesia with arthrogryposis multiplex. J. Med. Genet. 60, 48–56. doi:10.1136/jmedgenet-2021-108064

	Garel, C., Cont, I., Alberti, C., Josserand, E., Moutard, M. L., and Ducou Le Pointe, H. (2011). Biometry of the corpus callosum in children: MR Imaging reference data. Am. J. Neuroradiol. 32, 1436–1443. doi:10.3174/ajnr.A2542

	Harding, A. E., and Thomas, P. K. (1980). Hereditary distal spinal muscular atrophy. A report on 34 cases and a review of the literature. J. Neurol. Sci. 45, 337–348. doi:10.1016/0022-510X(80)90177-X

	Itoh, Y., Andréll, J., Choi, A., Richter, U., Maiti, P., Best, R. B., et al. (2021). Mechanism of membrane-tethered mitochondrial protein synthesis. Science 371, 846–849. doi:10.1126/science.abe0763

	Krylova, T., Itkis, Y., Tsygankova, P., Chistol, D., Lyamzaev, K., Tabakov, V., et al. (2025). Exploring the phenotypic heterogeneity and bioenergetic profile of the m.13513G>A mtDNA substitution: a heteroplasmy perspective. Int. J. Mol. Sci. 26, 4565. doi:10.3390/ijms26104565

	Marszalek, J. R., Weiner, J. A., Farlow, S. J., Chun, J., and Goldstein, L. S. B. (1999). Novel dendritic kinesin sorting identified by different process targeting of two related kinesins: KIF21A and KIF21B. J. Cell Biol. 145, 469–479. doi:10.1083/jcb.145.3.469

	Mirdita, M., Schütze, K., Moriwaki, Y., Heo, L., Ovchinnikov, S., and Steinegger, M. (2022). ColabFold: making protein folding accessible to all. Nat. Methods 19, 679–682. doi:10.1038/s41592-022-01488-1

	Pesta, D., and Gnaiger, E. (2012). “High-Resolution respirometry: OXPHOS protocols for human cells and permeabilized fibers from small biopsies of human muscle,” in Mitochondrial bioenergetics ed . Editors C. M. Palmeira, and A. J. Moreno (Totowa, NJ: Humana Press), 25–58. doi:10.1007/978-1-61779-382-0_3

	Richards, S., Aziz, N., Bale, S., Bick, D., Das, S., Gastier-Foster, J., et al. (2015). Standards and guidelines for the interpretation of sequence variants: a joint consensus recommendation of the American College of Medical Genetics and Genomics and the Association for Molecular Pathology. Genet. Med. 17, 405–424. doi:10.1038/gim.2015.30

	Soliani, L., Spagnoli, C., Salerno, G. G., Mehine, M., Rizzi, S., Frattini, D., et al. (2021). A Novel de novo KIF21A Variant in a Patient With Congenital Fibrosis of the Extraocular Muscles With a Syndromic CFEOM Phenotype. J. Neuroophthalmol. 41, e85–e88. doi:10.1097/WNO.0000000000000921

	Stiburek, L., Fornuskova, D., Wenchich, L., Pejznochova, M., Hansikova, H., and Zeman, J. (2007). Knockdown of human Oxa1l impairs the biogenesis of F1Fo-ATP synthase and NADH:Ubiquinone oxidoreductase. J. Mol. Biol. 374, 506–516. doi:10.1016/j.jmb.2007.09.044

	Tazir, M., and Nouioua, S. (2024). Distal hereditary motor neuropathies. Rev. Neurol. Paris. 180, 1031–1036. doi:10.1016/j.neurol.2023.09.005

	Thompson, K., Mai, N., Oláhová, M., Scialó, F., Formosa, L. E., Stroud, D. A., et al. (2018). OXA 1L mutations cause mitochondrial encephalopathy and a combined oxidative phosphorylation defect. EMBO Mol. Med. 10, e9060. doi:10.15252/emmm.201809060

	Tischfield, M. A., Baris, H. N., Wu, C., Rudolph, G., Van Maldergem, L., He, W., et al. (2010). Human TUBB3 mutations perturb microtubule dynamics, Kinesin Interactions, and axon guidance. Cell 140, 74–87. doi:10.1016/j.cell.2009.12.011

	van der Vaart, B., van Riel, W. E., Doodhi, H., Kevenaar, J. T., Katrukha, E. A., Gumy, L., et al. (2013). CFEOM1-Associated Kinesin KIF21A is a cortical microtubule growth inhibitor. Dev. Cell 27, 145–160. doi:10.1016/j.devcel.2013.09.010

	Wu, R., Ding, F., Wang, R., Shen, R., Zhang, X., Luo, S., et al. (2022). High-resolution de novo structure prediction from primary sequence. doi:10.1101/2022.07.21.500999

	Yamada, K., Andrews, C., Chan, W.-M., McKeown, C. A., Magli, A., De Berardinis, T., et al. (2003). Heterozygous mutations of the kinesin KIF21A in congenital fibrosis of the extraocular muscles type 1 (CFEOM1). Nat. Genet. 35, 318–321. doi:10.1038/ng1261

	Zhan, Y., Wang, Q., Wang, Y., Fan, Y., Yan, D., Lin, X., et al. (2025). OXA1L deficiency causes mitochondrial myopathy via reactive oxygen species regulated nuclear factor kappa B signalling pathway. Clin. Transl. Med. 15, e70385. doi:10.1002/ctm2.70385


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.
Copyright © 2025 Subbotin, Tatarskiy, Kuchina, Cherevatova, Krylova, Ryzhkova, Skoblov and Murtazina. 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/images/fgene-16-1699834-g003.jpg
-1 -2

O

KIF21A: WT / WT KIF21A: WT / WT
OXA1L: WT / p.P92S OXA1L: p.N171S / WT
1I-1 11-2
o
KIF21A: WT / WT / KIF21A: WT / p.L664P
OXA1L: WT / p.P92S OXA1L: p.N171S / p.P92S

KIF21A: p.L664

KIF21A: p.P664






OPS/xhtml/nav.xhtml
Table of Contents

		Cover

		Case Report: autosomal dominant distal motor neuropathy as a new phenotype of KIF21A-related disorders		1 INTRODUCTION

		2 SUBJECTS AND METHODS

		3 CASE DESCRIPTIONS

		4 DISCUSSION

		5 CONCLUSION

		DATA AVAILABILITY STATEMENT

		ETHICS STATEMENT

		AUTHOR CONTRIBUTIONS

		FUNDING

		CONFLICT OF INTEREST

		GENERATIVE AI STATEMENT

		SUPPLEMENTARY MATERIAL

		REFERENCES









OPS/images/cover.jpg
’ frontiers | Frontiers in Genetics

Case Report: autosomal
dominant distal motor
neuropathy as a new phenotype
of KIF21A-related disorders





OPS/images/fgene-16-1699834-g001.jpg
o 4 8 12 1

Dex. n. Tibialis (Abductor hallucis)
Amp.0.5mV, DL 4.3
Stim. 46 mA, 0.3 ms

0 4 8 12 16 20 0 2 4 0 2 4
Dex. n. Peroneus (Extensor digitorum brevis) Dex. n. Peroneus superficialis Dex. n. Suralis

Amp. 0 mV Amp. 6.1 mV, CV 59.8 m/s Amp. 6.9 mV, CV 64 m/s
Stim. 54 mA, 0.2 ms Stim. 26 mA, 0.1 ms © Stim. 24 mA, 0.1 ms

+ +

3 + + +
F \/i/\/
* 8 ' .
3 + + .
3 + + +
o






OPS/images/fgene-16-1699834-g002.jpg
T1-WI










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers in Genetics





