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Abstract
Neuronal intranuclear inclusion disease (NIID) is a rare, progressive neurodegenerative disorder caused by abnormal 
GGC repeat expansions in the NOTCH2NLC gene, leading to multisystem involvement. Electrophysiological 
abnormalities in NIID have gained increasing attention in recent years. However, subclinical peripheral neuropathy 
preceding the onset of typical NIID manifestations has not been reported. In this study, we systematically 
evaluated the clinical characteristics of a family carrying pathogenic NOTCH2NLC expansions. Electrophysiological 
assessments revealed demyelinating changes in some family members, with or without the classic clinical features 
of NIID. Notably, one individual with biallelic NOTCH2NLC GGC repeat expansions exhibited subclinical peripheral 
neuropathy in the absence of overt NIID symptoms. As NIID is typically inherited in an autosomal dominant 
manner, cases with biallelic GGC repeat expansions are exceedingly rare. To explore the genotype–phenotype 
relationship, we employed long-read whole-genome sequencing using Oxford Nanopore and Pacific Biosciences 
(PacBio) technologies. Our results suggest that biallelic repeat expansions do not necessarily exacerbate the severity 
or progression of NIID. Although larger studies are warranted to confirm these findings, this investigation broadens 
the clinical and genetic spectrum of NIID and provides new insights into its underlying pathogenesis.
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Introduction
NIID is a rare, progressive neurodegenerative disorder 
characterized by the widespread presence of intranuclear 
eosinophilic hyaline inclusions across multiple organ sys-
tems [1, 2]. Recently, a pivotal discovery identified a GGC 
repeat expansion in the 5′ untranslated region (UTR) of 
the NOTCH2NLC gene as the genetic basis of both spo-
radic and familial forms of NIID [3, 4]. Moreover, despite 
being named “neuronal”, these intranuclear inclusions 
displaying positive staining extend beyond neurons and 
astrocytes, manifesting in the nuclei of nearly all somatic 
cells, thus implicating their impact across diverse clinical 
systems [1].

Increasing attention has been directed toward both 
clinical and subclinical peripheral neuropathy in the con-
text of NIID. The latter denotes a state devoid of discern-
ible clinical symptoms and signs yet marked by positive 
findings upon neurophysiological assessment [5]. Tian 
et al.‘s investigation unveiled that while overt manifesta-
tions of peripheral neuropathy remained elusive in most 
NIID patients, neurophysiological evaluations revealed 
its prevalence in 91.8% of cases, comprising both clinical 
(42.7%) and subclinical (49.1%) presentations [6]. Nerve 
biopsies have unveiled mild axonal degeneration coupled 
with primary demyelinating alterations [5, 7]. In contrast 
to invasive nerve biopsies, non-invasive electrophysi-
ological assessments are garnering heightened interest. 
Emerging findings have highlighted a negative associa-
tion between median nerve conduction velocity and the 
size of GGC repeats [8].

Given that more than 90% of NIID patients exhibit 
peripheral neuropathy, the possibility that subclinical 
neuropathy represents an early or preclinical manifes-
tation is compelling. Yet, the literature currently lacks 
reports on subclinical peripheral neuropathy preceding 
the onset of typical NIID symptoms. Moreover, despite 
the diagnostic and practical value of electrophysiologi-
cal examinations, comprehensive exploration of patho-
logical mechanisms remains deficient. Moreover, biallelic 
NOTCH2NLC GGC repeat expansions have been docu-
mented only in a small subset of patients with NIID and 
OPDM3 [9–11]. Given its rarity, further investigation 
into the clinical manifestations and pathological charac-
teristics of biallelic mutations is imperative.

In this study, we performed a comprehensive clini-
cal and electrophysiological evaluation of a family with 
an NIID genetic background, exhibiting subclinical or 
clinical peripheral neuropathy. One patient carrying bial-
lelic GGC repeat expansions in the NOTCH2NLC gene, 
presenting without typical NIID symptoms but dem-
onstrating subclinical peripheral neuropathy. Utilizing 
Nanopore and PacBio long-read whole-genome sequenc-
ing technology, we elucidate the genotype-phenotype 
correlation in this patient. The findings presented herein 

represent one of the initial investigations into subclinical 
peripheral neuropathy in the context of NIID.

Materials and methods
Clinical evaluation
A systematic clinical history and physical examination 
were conducted for the proband and his family members. 
Each participant underwent individualized assessments, 
including Cranial magnetic resonance imaging (MRI), 
skin biopsy, nerve conduction studies, the Montreal Cog-
nitive Assessment (MoCA) [12]. For skin biopsy, a 10 cm 
section of skin above the lateral malleolus was obtained, 
processed into paraffin sections, and subjected to stan-
dard p62 immunostaining following established proto-
cols [13]. In accordance with previous literature, both 
motor and sensory nerve conduction studies were used 
to evaluate peripheral neuropathy [5].

Genetic analysis
Genetic analysis workflow
Genomic DNA was extracted from peripheral blood 
samples of all participants using a whole-blood genomic 
DNA extraction kit (CWE 9600; Beijing Kangwei Cen-
tury Biotechnology Co., Ltd.) according to the manu-
facturer’s instructions. Dynamic short tandem repeat 
amplification detection of NIID-related genes was subse-
quently performed using repeat-primed PCR (RP-PCR) 
and fluorescence amplicon length PCR (AL-PCR). As no 
wild-type NOTCH2NLC allele was detected in Patient 
IV1, long-read whole-genome sequencing was conducted 
on this sample.

Repeat-primed PCR
RP-PCR was performed as previously described [14]. 
The DNA fragment of the allelic trinucleotide repeat 
sequence region was amplified using triple primers. The 
composition of the triple primer mixture was as follows: 
5′-FAM-​G​G​C​A​T​T​T​G​C​G​C​C​T​G​T​G​C​T​T​C​G​G​A​C​C​G​
T-3′, 5′​C​A​G​G​A​A​A​C​A​G​C​T​A​T​G​A​C​C​T​C​C​T​C​C​G​C​C​G​C​
C​G​C​C​G​C​C-3′, and 5′-​C​A​G​G​A​A​A​C​A​G​C​T​A​T​G​A​C​C-3′. 
Electrophoresis was performed on the LifeECO-PCR 
gene amplification instrument TC-96/G/H(b)C, with 
LIZ500 used as the standard length. GeneMarker V2.2.0 
software was used for analysis.

Fluorescence amplicon length analysis
AL-PCR was performed as previously described [14]. 
To amplify a dynamically mutated DNA fragment con-
taining a trinucleotide repeat sequence region, specific 
primers were used. The primer sequences used were as 
follows: 5′-VIC-​C​A​T​T​T​G​C​G​C​C​T​G​T​G​C​T​T​C​G​G​A​C-3′ 
and 5′-​A​G​A​G​C​G​G​C​G​C​A​G​G​G​C​G​G​G​C​A​T​C​T​T-3′. 
Electrophoresis was performed on the LifeECO-PCR 
gene cycler TC-96/G/H(b)C, with LIZ500 used as the 
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standard length. The analysis was conducted using Gen-
eMarker V2.2.0 software.

Long-read whole-genome sequencing of samples from 
patient without wild-type allele of NOTCH2NLC
Long-read whole-genome sequencing was performed 
on Patient IV1, who lacked a wild-type NOTCH2NLC 
allele. Initially, sequencing was conducted using Oxford 
Nanopore technology with super base-calling. DNA 
libraries were prepared with the Ligation Sequencing 
Kit (SQK-LSK110; Oxford Nanopore Technologies) fol-
lowing the manufacturer’s protocol and sequenced on 
a PromethION platform. Base calling and bioinformat-
ics analyses were then performed. To validate the con-
sensus sequence, additional long-read sequencing was 
performed using PacBio technology. DNA libraries were 
prepared with the SMRTbell Express Template Kit 2.0 
(PacBio), followed by sequencing on a PacBio Sequel II/
IIe platform. The resulting reads were processed and 
assessed using SMRT Link software, and bioinformatics 
analyses were subsequently performed.

DNA methylation analysis using PacBio sequencing data
Methylation information was obtained using pb-CpG-
tools (v1.0.0) software with default parameters. The 
CpG/5mC data from PacBio HiFi reads, which were 
mapped to the reference genome, were analyzed using 
the custom program pb-CpG-tools (​h​t​t​p​​s​:​/​​/​g​i​t​​h​u​​b​.​c​​o​m​/​​
P​a​c​i​​f​i​​c​B​i​​o​s​c​​i​e​n​c​​e​s​​/​p​b​-​C​p​G​-​t​o​o​l​s). Visual analysis of the 
generated file was performed in IGV. If haplotype infor-
mation was available, the corresponding haplotype result 
file would be generated.

Results
Clinical manifestations of NIID family
We assessed the proband from a NIID family alongside 
patients diagnosed with NIID genetically and pathologi-
cally. The family pedigree is depicted in (Fig.  1A). The 
proband (III3), a 53-year-old retired worker, was admit-
ted to the hospital at the age of 47 (in 2017) due to head-
aches and disorganized speech. Cranial MRI unveiled 
bilateral frontoparietal and paraventricular white matter 
demyelinating lesions. At that time, the patient showed 
no response to empirical treatment for encephalitis, and 
his symptoms continued to worsen. Muscle biopsy was 
therefore performed but did not support mitochondrial 
encephalomyopathy.

Between March 2018 and September 2022, the pro-
band’s personal and professional life remained unaffected. 
However, at the age of 52 (towards the end of 2022), the 
patient was hospitalized due to episodes of altered con-
sciousness after fever. Skin biopsy demonstrated the 
presence of ubiquitin-positive inclusion bodies (Fig. 1B). 
Genetic analysis revealed a heterozygous GGC repeat 

expansion of 135 units within the NOTCH2NLC gene 
(Fig.  1F). Cranial MRI unveiled demyelination in the 
bilateral frontoparietal and paraventricular white matter 
(Fig. 1J). Subsequently, the proband received a diagnosis 
of neuronal intranuclear inclusion disease based on these 
findings.

Patients II2, II4, and II5 exhibited analogous symp-
toms, including cognitive impairment and ataxia. Addi-
tionally, they manifested other symptoms associated with 
NIID. For instance, II2 and II5 suffered from apathy, irri-
tability, and urinary retention, while II4 presented symp-
toms indicative of dementia. Furthermore, Patient III6 
reported experiencing headaches and intermittent mem-
ory loss.

Given the prevalence of NIID within the patient’s fam-
ily, we conducted clinical and genetic screenings on other 
family members. The Patient III5 experienced episodic 
alterations of consciousness eight years prior, at the age 
of 40. These episodes were characterized by a loss of tem-
poral and spatial awareness, which resolved after several 
hours of rest. Similarly, the Patient III10 developed epi-
sodic dizziness three years ago, at the age of 42, present-
ing as lightheadedness. Skin biopsy samples from Patient 
III5 and Patient III10 exhibited positive p62 staining for 
intranuclear inclusions (Fig. 1. C-D), while Cranial MRI 
revealed white matter lesions.

Patient III5 experienced episodic alterations of con-
sciousness eight years prior, at the age of 40. These epi-
sodes were characterized by a loss of temporal and 
spatial awareness, which resolved after several hours of 
rest. Similarly, Patient III10 developed episodic dizziness 
three years prior, at the age of 42, presenting as light-
headedness. Skin biopsy samples from Patient III5 and 
Patient III10 exhibited positive p62 staining for intranu-
clear inclusions (Fig. 1. C-D), while cranial MRI revealed 
white matter lesions (Fig. 1. K-L).

The electropherogram of RP-PCR displayed a zig-
zag pattern, indicative of GGC repeat amplification 
in NOTCH2NLC (Fig. S1). To ascertain the size of the 
NOTCH2NLC GGC repeat amplification, we employed 
AL-PCR. The AL-PCR findings for Patient III5 and 
Patient III10 demonstrated repeat numbers of 17/132 
and 13/120, respectively (Fig. 1G-H), implying the pres-
ence of heterozygous mutations.

In the AL-PCR analysis of Patient IV1, we observed 
118 repeats along with a subtle bulge, indicative of repeat 
instability (Fig. 1I).

Notably, no signal peak corresponding to the wild-
type allele was discernible in Patient IV1, signifying the 
occurrence of biallelic GGC repeat expansions. It’s note-
worthy that Patient IV1 did not manifest typical clinical 
symptoms or white matter lesions associated with NIID 
(Fig. 1M). However, both skin biopsy and AL-PCR results 
suggested the presence of subclinical-related lesions 

https://github.com/PacificBiosciences/pb-CpG-tools
https://github.com/PacificBiosciences/pb-CpG-tools
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(Fig.  1E). A summary of the clinical characteristics of 
these patients is presented in Table S1-2 of the supple-
mentary material.

Subclinical peripheral neuropathy in patients with or 
without typical NIID symptoms
Subclinical peripheral neuropathy is a common finding in 
patients with NIID, highlighting the discordance between 
subjective symptoms and objective examination. Neu-
rological assessments can reveal severe peripheral neu-
ropathy even when clinical manifestations are mild [15]. 
Furthermore, there is currently a dearth of reports docu-
menting cases solely presenting with subclinical periph-
eral neuropathy in the absence of typical NIID symptoms. 
Consequently, we undertook a meticulous analysis of 
electrophysiological alterations in these patients.

Despite the absence of overt symptoms such as muscle 
atrophy, weakness, or sensory impairment, Patient III5 (het-
erozygous) and Patient IV1 (homozygous) exhibited dimin-
ished conduction velocities across various peripheral nerves, 
including the median, ulnar, sural, and deep peroneal nerves. 
Moreover, Patient III5 demonstrated deceleration in periph-
eral motor conduction velocity specifically in the left tibial 
nerve. Nerve conduction study results indicated reduced 
MCV and SCV in Patient III5 and Patient IV1, while CMAP 
and SNAP remained normal, suggesting demyelinating 
lesions. Patient IV1 carries subclinical peripheral nerve 
demyelination without typical NIID symptoms.

Consensus sequence of biallelic GGC repeat expansions
The disease spectrum of NIID demonstrates significant 
heterogeneity. Previous studies have suggested that this 

Fig. 1  Pathological, genetic, and imaging findings in a family with biallelic GGC repeat expansion in NOTCH2NLC. A A familial pedigree comprising gray 
symbols indicating the suspected patients without genetic tests; (B-E) Immunohistochemical staining of skin biopsies of the family, showing p62-positive 
intranuclear inclusions (arrows); (F-I) AL-PCR results of the pedigree, with DNA length (bp) shown in the figure. The number of allele repeats is calculated 
as (DNA length − 154)/3; (J-M) Fluid-attenuated inversion recovery (FLAIR) results. The proband, patient III5, and patient III10 exhibited white matter le-
sions, while patient IV1 showed normal signal
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variability may be associated with factors such as the 
GGC repeat copy number [16], interruptions in the GGC 
repeat sequence [17], and DNA methylation status [18]. 
Analysis of these factors can aid in predicting the phe-
notype of NIID patients. The consensus sequence of the 
biallelic GGC repeat expansion within the NOTCH2NLC 
gene was delineated. Nanopore super basecalling tech-
nology was employed to extract the base sequence 
from the original image and translate the changing cur-
rent value into the corresponding base sequence. This 

approach achieved a single-base accuracy exceeding 
Q30 (99.9%). The repeat copy number histogram and 
waterfall plot depicted in Fig.  2A-B demonstrate that 
the repeat numbers of a pair of alleles in Patient IV1 are 
too closely aligned to distinguish. The GGC repeat geno-
types derived from Nanopore whole-genome sequenc-
ing were determined based on the number of inserted 
bases within the tandem repeat region. Among the 23 
reads analyzed, 15 reads exhibited nearly identical repeat 
lengths (Fig. 2C). 

Fig. 2  Repeat expansion analysis of NOTCH2NLC using Nanopore whole-genome sequencing. A Histograms display the distribution of circular con-
sensus sequence (CCS) reads based on the repeat copy number in NOTCH2NLC as observed by the AL-PCR method. B Waterfall-style plots illustrate the 
precise repeat structure of expanded alleles in Patient IV1. The horizontal axes represent the length of repeat expansions in bases, while the vertical axes 
indicate the number of CCS reads. The repeat lengths of CCS reads in Patient IV1 were similar, suggesting a homozygous NOTCH2NLC repeat expansion. 
C The results of Nanopore whole-genome sequencing revealed the number of inserted bases (bp) within the GGC tandem repeat region compared to 
the reference genome
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The reads from Patient IV1 could not be definitively 
classified, further supporting the presence of homozy-
gous repeat expansions. Among the 8 reads obtained 
from PacBio sequencing, 7 displayed nearly identical 
repeat lengths (Fig. 3A). To elucidate the specific base 
sequences of the repeated amplifications, Integrative 
Genomics Viewer (IGV) was employed to visualize the 
genomic data (Fig. 3B). The analysis revealed that Patient 
IV1 harbored a sequence with interruptions of (GGA)n. 

To corroborate the findings of biallelic NOTCH2NLC 
gene repeat amplification obtained through PacBio 
sequencing, Nanopore super basecalling was conducted, 
and the genomic data were visualized using IGV (Fig. 
S2). By eliminating mismatches and comparing iden-
tical sequences, we derived the accurate sequence of 
the biallelic GGC repeat expansion: (GGC)68 (GGA) 
{(GGC)3(GGA)2}2 (GGC)3 (GGA) (GGC)19 {(GGA)2 
(GGC)2}2 (GGC)9 (GGA)2 (GGA)2 (GGC)2.

Fig. 3  Repeat analysis of NOTCH2NLC using PacBio sequencing. A The PacBio sequencing results showed the number of inserted bases (bp) within the 
GGC tandem repeat region, respectively, relative to the reference genome. B Concrete sequences inserted by all reads at the same insertion site for PacBio 
sequencing are shown using IGV
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Biallelic hypomethylation of CpGs in the nearest CpG 
island and the GGC repeat
When the biallelic GGC trinucleotide tandem repeat 
region or adjacent CpG island undergoes hypermethyl-
ation, the hypermethylated allele experiences transcrip-
tional silencing, potentially resulting in a pathophysiology 
similar to that observed in heterozygous repeat expan-
sions commonly observed in autosomal dominant muta-
tions in NIID [18, 19].

To mitigate the influence of hypermethylation on 
alleles, we employed PacBio whole-genome sequencing 
to ascertain the DNA methylation status of the GGC tan-
dem repeat region and adjacent CpG islands. Analysis of 
the bisulfite mode in IGV revealed hypomethylation in 
both alleles at the CpG island nearest to the GGC repeat 
and within the expanded GGC repeat itself (Fig. 4). This 
suggests that both expanded alleles may retain transcrip-
tional activity.

Discussion
NIID represents a heterogeneous disorder with wide-
spread involvement across multiple systems, character-
ized by the presence of intranuclear inclusions detectable 
in the nuclei of all somatic cells [1]. As a slowly progres-
sive neurodegenerative condition, patients typically pres-
ent with mild clinical manifestations juxtaposed with 
pronounced objective examination findings, a pattern 
consistent with the patients in our study. Considering 
subsequent clinical symptoms and genetic test results, 

the proband’s phenotype aligns with CNS-dominant 
NIID. At age 52, the patient experienced a more severe 
episode of encephalopathy, leading to a diagnosis of 
NIID. Notably, the proband did not initially exhibit clini-
cal symptoms associated with peripheral neuromuscular 
disease, such as muscle weakness or sensory impairment. 
However, muscle biopsy was performed to exclude mito-
chondrial disorders given the clinical suspicion at that 
time, and the findings did not support a primary myop-
athy. Subsequent genetic testing ultimately confirmed 
the diagnosis of NIID, offering valuable insights into the 
diagnostic approach for similar cases.

In recent years, a growing body of literature has high-
lighted that the incidence rate of peripheral neuropathy 
associated with NIID can surpass 90%, underscoring 
the vulnerability of peripheral nerves in NIID patients 
[6, 20]. Notably, a recent study focusing on complex 
hereditary peripheral neuropathy identified NIID as a 
prevalent genotype within this specific patient cohort 
[21]. Electrophysiological examinations have emerged as 
invaluable tools for detecting, managing, and mitigating 
peripheral neuropathy [5]. Despite the absence of clinical 
symptoms or signs indicative of peripheral neuropathy 
in Patient III5 and Patient IV1, nerve conduction stud-
ies revealed the presence of subclinical peripheral neu-
ropathy, characterized by demyelination of peripheral 
nerves without axonal damage. On the other hand, the 
proband’s nerve conduction results revealed decreased 
MCV, SCV, CMAP, and SNAP, indicative of peripheral 

Fig. 4  PacBio sequencing was used to analyze the DNA methylation landscape of the approximately 5-kb NOTCH2NLC region. The upper read-based 
plots in IGV visually depict the methylation status of CpG sites in the reads, with methylated and unmethylated CpGs shown as red and blue lines, 
respectively
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nerve demyelination coupled with axonal damage. Inter-
estingly, in Patient IV1 with homozygous mutations, 
subclinical peripheral neuropathy was observed even in 
the absence of typical NIID clinical symptoms and white 
matter lesions. It is worth noting that F-wave studies, 
which have been identified as sensitive markers of proxi-
mal demyelination in NIID [22], were not systematically 
conducted during the original electrophysiological evalu-
ations, as they were not yet integrated into the routine 
clinical diagnostic protocol at that time. This limitation 
should be considered when interpreting our findings.

Given the current dearth of preclinical status studies 
within the realm of NIID research, our findings suggest 
that subclinical peripheral neuropathy may represent an 
early pathological change in NIID. However, this con-
clusion warrants further substantiation through addi-
tional cases. Nevertheless, it’s important to acknowledge 
that asymptomatic carriers seldom seek genetic screen-
ing or clinical evaluation. Patient IV1, identified in this 
study, was serendipitously discovered during familial 
screening of the proband’s family and subsequent analy-
sis. Therefore, the widespread adoption of electrophysi-
ological examinations among individuals harboring NIID 
pathogenic mutations could facilitate early detection of 
subclinical lesions, enabling prompt intervention and 
preventive measures.

To ascertain the phenotypic impact of biallelic GGC 
repeat expansions, we employed Nanopore super base-
calling and PacBio technology to accurately determine 
GGC repeat expansion sequences. The genomic data 
were visualized using IGV. In Patient IV1, homozygous 
GGC repeat expansion sequences were observed, com-
prising (GGC)68 (GGA) {(GGC)3(GGA)2}2 (GGC)3 
(GGA) (GGC)19 {(GGA)2 (GGC)2}2 (GGC)9 (GGA)2 
(GGA)2 (GGC)2. This repeat expansion number cor-
responds to the dementia-dominant subtype, typically 
presenting with a median age of onset at 60 years (IQR 
54.50–63.00) [6]. Considering the clinical manifestations 
and repeat expansion size, this NIID family appears to 
exhibit the dementia-dominant phenotype. Visualizing 
the results in IGV revealed discontinuities in GGA tri-
nucleotide repeat expansion within the patient’s GGC 
repeat expansion. Previous studies have suggested that 
GGA discontinuities in GGC repeat expansion may 
serve as genetic modifiers, influencing the age of symp-
tom onset [17], and potentially elucidating the onset 
age within this family. However, despite harboring bial-
lelic GGC repeat expansions, Patient IV1 did not present 
with typical clinical symptoms or white matter lesions 
associated with NIID. It’s noteworthy that GGC repeat 
copy numbers exceeding 200–300 can induce DNA 

methylation and subsequent transcriptional silencing of 
GGC, resulting in asymptomatic carriers. In our study, 
patients exhibited biallelic repeat expansion sizes below 
300 copies and demonstrated hypomethylation status, 
suggesting the involvement of both alleles in the produc-
tion of toxic RNA and polyglycine proteins.

As a polyglycine disease, NIID arises from GGC repeat 
expansions in the 5’UTR of the NOTCH2NLC gene, 
resulting in the generation of RNA with hairpin-like 
structures and the production of misfolded polyglycine 
proteins [23]. Similarly, Fragile X-associated tremor/ataxia 
syndrome (FXTAS) stems from CGG repeat expansions 
in the 5’UTR of the FMR1 gene and shares substantial 
overlap with NIID in terms of clinical presentation, imag-
ing findings, and pathological features, indicating poten-
tial common pathogenic mechanisms [24]. Recent studies 
have demonstrated that the severity of FXTAS remains 
unaffected by homozygous mutations in the FMR1 gene 
[25]. NIID is postulated to be inherited in a fully dominant 
manner, with the pathogenic mechanism likely involv-
ing a non-dose-dependent gain-of-function mechanism 
triggered by GGC repeat expansion. Our study further 
corroborates that biallelic repeat expansions do not exac-
erbate the severity or progression of NIID. Nevertheless, 
given the rarity of biallelic repeat expansions, additional 
research is warranted to substantiate this conclusion.

Conclusion
In this study, we performed a comprehensive clinical 
assessment of a family with NIID genetic background 
presenting with subclinical peripheral neuropathy. 
Through electrophysiological examinations, our find-
ings support the concept that subclinical peripheral 
neuropathy may serve as a preclinical lesion. Further-
more, leveraging Nanopore and PacBio whole-genome 
sequencing, alongside DNA methylation analysis, we 
genetically verified a patient harboring homozygous bial-
lelic NOTCH2NLC repeat expansions. Our study pro-
vides additional evidence that biallelic repeat expansions 
do not exacerbate the severity or progression of NIID.
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CMAP	� compound muscle action potential
SNAP	� sensory nerve action potential
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