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CASE REPORT

FXTAS is difficult to differentiate 
from neuronal intranuclear inclusion disease 
through skin biopsy: a case report
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Abstract 

Background:  Both fragile X-associated tremor/ataxia syndrome (FXTAS) and late-onset neuronal intranuclear inclu-
sion disease (NIID) show CGG/GGC trinucleotide repeat expansions. Differentiating these diseases are difficult because 
of the similarity in their clinical and radiological features. It is unclear that skin biopsy can distinguish NIID from FXTAS. 
We performed a skin biopsy in an FXTAS case with cognitive dysfunction and peripheral neuropathy without tremor, 
which was initially suspected to be NIID.

Case presentation:  The patient underwent neurological assessment and examinations, including laboratory tests, 
electrophysiologic test, imaging, skin biopsy, and genetic test. A brain MRI showed hyperintensity lesions along 
the corticomedullary junction on diffusion-weighted imaging (DWI) in addition to middle cerebellar peduncle sign 
(MCP sign). We suspected NIID from the clinical picture and the radiological findings, and performed a skin biopsy. 
The skin biopsy specimen showed ubiquitin- and p62-positive intranuclear inclusions, suggesting NIID. However, a 
genetic analysis for NIID using repeat-primed polymerase chain reaction (RP-PCR) revealed no expansion detected in 
the Notch 2 N-terminal like C (NOTCH2NLC) gene. We then performed genetic analysis for FXTAS using RP-PCR, which 
revealed a repeat CGG/GGC expansion in the FMRP translational regulator 1 (FMR1) gene. The number of repeats was 
83. We finally diagnosed the patient with FXTAS rather than NIID.

Conclusions:  For the differential diagnosis of FXTAS and NIID, a skin biopsy alone is insufficient; instead, genetic 
analysis, is essential. Further investigations in additional cases based on genetic analysis are needed to elucidate the 
clinical and pathological differences between FXTAS and NIID.
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Background
Fragile X-associated tremor/ataxia syndrome (FXTAS) is 
a late-onset inherited degenerative disorder due to a CGG 
repeat expansion in the premutation range (55–200) 

in the 5′ untranslated region of the FMRP translational 
regulator 1 (FMR1) gene [1]. FXTAS is an important dif-
ferential diagnosis for late-onset neuronal intranuclear 
inclusion disease (NIID), because both are similar in 
their clinical and radiological features. Recently, a genetic 
abnormality, a GGC repeat expansion in the 5′ untrans-
lated region of Notch 2 N-terminal like C (NOTCH2NLC), 
was revealed in NIID [2]. These disorders were hypoth-
esized to share a similar molecular basis caused by non-
coding CGG/GGC trinucleotide repeat expansions. 
Pathological studies in autopsy cases revealed that both 
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diseases showed the ubiquitin-positive intranuclear 
inclusion exhibited throughout the brain and periphery. 
For the diagnosis of NIID, skin biopsy was reported as a 
useful method [3]. However, it is unclear that skin biopsy 
can distinguish NIID from FXTAS because no report has 
described the pathological findings from a skin biopsy in 
the patients with FXTAS.

We performed skin biopsy in a patient with FXTAS 
with cognitive dysfunction and peripheral neuropathy 
without tremor who was suspected to be NIID at first 
and was finally diagnosed as FXTAS owing to genetic 
analysis.

Case presentation
A patient in his 70s, with a history of type 2 diabetes mel-
litus and bronchial asthma, presented with progressive 
gait disturbance and cognitive impairment in 2017. He 
did not have a family history of neurological disease. On 
admission, we did not detect any problems from the gen-
eral physical examination including consciousness and 
body temperature. He showed general cognitive impair-
ment, yielding a Mini-Mental State Examination score of 
13/30. His ocular movements showed saccadic pursuits 

without nystagmus. Additionally, muscle weakness was 
observed in the bilateral lower extremities, predomi-
nantly on the right side. In the bilateral lower extremities, 
vibration and proprioceptive sensations were decreased 
and deep tendon reflexes were absent. He also showed 
limb ataxia but no tremor. Autonomic dysfunction was 
not observed. A blood test including hemoglobin A1c, 
thyroid hormone, and autoantibodies (anti-SS-A anti-
body, anti-SS-B antibody, proteinase-3-anti-neutrophil 
cytoplasmic antibody, myeloperoxidase-anti-neutrophil 
cytoplasmic antibody, anti-Aquaporin 4 antibody, and 
anti-double stranded DNA IgG antibody) showed no 
abnormalities that could explain his symptoms. An exam-
ination of cerebrospinal fluid showed a slight increase in 
protein (59 mg/dL). A nerve conduction study showed 
reduced compound muscle action potential amplitude 
and reduced sensory potentials in the upper and lower 
limb nerves. An EEG showed general theta waves with 
no epileptic waves. Therefore, we performed brain MRI 
and observed hyperintensity lesions along the corticome-
dullary junction on diffusion-weighted imaging (DWI) in 
addition to middle cerebellar peduncle sign (MCP sign) 
(Fig. 1). 123I-iodoamphetamine SPECT showed reduction 

Fig. 1  A–D Head MRI findings; an axial DWI showing high signal intensity along the corticomedullary junction (A). An axial FLAIR image showing 
diffuse atrophy of the cerebrum and increased signal intensity in the cerebral white matter (B). Bilateral abnormal high signal intensity in the middle 
cerebellar peduncles (MCP sign) is shown on axial DWI (C) and FLAIR (D)
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of blood flow in the bilateral cerebellum hemisphere. 
Considering the clinical picture which showed cognitive 
impairment and no tremor, as well as the corticomedul-
lary hyperintensity lesions on DWI, we initially suspected 
NIID, although FXTAS had to be differentiated. In the 

diagnostic flow chart of adult onset NIID reported by 
Sone et al., skin biopsy is recommended as the next step 
after the electrophysiological, radiological, and biochemi-
cal examinations [4]. Thus, we performed a skin biopsy 
from the abdominal wall. The skin biopsy specimen 

Fig. 2  Immunofluorescent findings of the skin biopsy specimen; skin biopsy specimen showed p62-positive aggregates (A–C) and 
ubiquitin-positive aggregates (D–F) in sweat gland cells (upper), fibroblasts (middle), and adipocytes (lower). Immunofluorescent analysis with 
4′,6-diamidino-2-phenyindole di-lactate (DAPI) (G–I) revealed that these aggregates were co-localized in the nuclei stained with DAPI (J–L). Scale 
bar = 10 μm

Fig. 3  A–B Genetic analysis; repeat-primed polymerase chain reaction (RP-PCR) showed repeat expansion of FMR1 gene (A). The number of repeats 
was calculated by fragment analysis, and the patient had 83 repeats (B)
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showed sparse p62-positive aggregates and ubiquitin-
positive aggregates co-localized in the nuclei stained with 
4′,6-diamidino-2-phenyindole di-lactate in adipocytes, 
sweat gland cells, and dermal fibroblasts (Fig. 2), further 
suggesting NIID.

With the report of a genetic cause of NIID in 2019, 
we performed a genetic analysis for NIID using repeat-
primed polymerase chain reaction (RP-PCR) for confir-
mation of diagnosis, using genomic DNA extracted from 
peripheral blood leukocytes as previously reported [2]. 
The RP-PCR revealed no expansion in the NOTCH2NLC 
gene. Taking this result, we then performed genetic 
analysis for FXTAS using RP-PCR with genomic DNA 
extracted from peripheral blood leukocytes with refer-
ence to a past report [5]. As a result, a repeat CGG/GGC 
expansion in the FMR1 gene was revealed (Fig. 3A). The 
number of repeats was calculated by fragment analysis, 
and the patient had 83 repeats (Fig.  3B). Therefore, we 
diagnosed the patient with FXTAS rather than NIID.

Discussion and conclusions
Both FXTAS and NIID show cerebellar ataxia, demen-
tia, and neuropathy. The tremor can be unremarkable in 
FXTAS as was the case with our patient.

Importantly, an MRI of FXTAS usually demonstrates 
cerebral and cerebellar atrophy, increased T2 signal 
intensity in the cerebral and cerebellar white matters, and 
an MCP sign. An MCP sign is a well-known character-
istic of FXTAS, which we observed in our patient; how-
ever, it has also been reported in patients with NIID [6]. 
Furthermore, while high-intensity signals on DWI in the 
corticomedullary junction are known as one of the char-
acteristic features of NIID [3], they have also been pre-
viously observed in FXTAS patients [6]. Taken together, 
this suggests that it is not possible to accurately diagnose 
the patient based on these findings alone.

The pathological features of FXTAS in autopsy cases 
include ubiquitin-positive intranuclear inclusions exhib-
ited in neurons and astrocytes throughout the brain and 
periphery [7, 8]. The size, shape, component, and distri-
bution of inclusions in FXTAS resemble those of NIID 
[4]. However, previous studies have not reported any der-
mal pathological findings in either autopsy cases or cases 
with skin biopsy. In this FXTAS patient, we detected 
ubiquitin- and p62-positive intranuclear inclusions simi-
lar to those found in NIID patients, although the number 
of inclusions was small. We did not analyze Heat Shock 
protein 70 (HSP 70), which has been demonstrated to 
increase in FXTAS fibroblasts [9]. To distinguish FXTAS 
from NIID using these data from skin biopsy was diffi-
cult. More detailed analysis including HSP 70 and elec-
tron microscopy and further study with a greater number 

of patients may confirm skin biopsy as a key tool for dif-
ferential diagnosis.

Finally, we were able to diagnose FXTAS by genetic 
analysis. This finding suggests that a skin biopsy 
alone is insufficient and that, instead, genetic analy-
sis is essential for the differential diagnosis of FXTAS 
and NIID. Further investigations in additional cases 
based on genetic analysis are needed to elucidate the 
clinical and pathological differences between FXTAS 
and NIID.

Abbreviations
FXTAS: Fragile X-associated tremor/ataxia syndrome; NIID: Late-onset neuronal 
intranuclear inclusion disease; DWI: Diffusion-weighted imaging; MCP sign: 
Middle cerebellar peduncle sign; NOTCH2NLC: Notch 2 N-terminal like C; FMR1: 
FMRP translational regulator 1; RP-PCR: Repeat-primed polymerase chain reac-
tion; HSP 70: Heat Shock protein 70.

Acknowledgements
None.

Authors’ contributions
MT, TO, HY, and HMa contributed to the study concept and design. MT, TO, TK, 
HY, GS, YI, and JS contributed to clinical data acquisition and analysis. HMo, 
KK, and HK contributed to the genetic analysis. MT, TO, TK, HMo and HMa 
contributed to drafting the manuscript and figures. All authors have read and 
approved the manuscript.

Funding
M. Toko reports no disclosures relevant to the manuscript. T. Ohshita 
reports no disclosures relevant to the manuscript. T. Kurashige received 
grants from the Takeda Science Foundation, and Tsuchiya Foundation. H. 
Morino received a grant from Tsuchiya Foundation. K. Kume reports no 
disclosures relevant to the manuscript. H. Yamashita reports no disclosures 
relevant to the manuscript. G. Sobue reports no disclosures relevant to the 
manuscript. Y. Iwasaki reports no disclosures relevant to the manuscript. 
J. Sone reports no disclosures relevant to the manuscript. H. Kawakami 
received grants and research support from the Funding Programme 
for Next Generation World-Leading Researchers (LS088) of JSPS, and a 
Grant-in-Aid for Scientific Research on Innovative Areas (‘Brain Environ-
ment’; grant no. JP23111008) of MEXT. H. Maruyama reports no disclosures 
relevant to the manuscript.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
The study was approved by the Institutional review Boards of Hiroshima 
University. (Hi-43–25), and the patient gave written informed consent prior to 
obtain the data.

Consent for publication
Written informed consent was obtained from the patient for publication of 
this case report and any accompanying data.

Competing interests
All authors declare that they have no conflicts of interest.

Author details
1 Department of Neurology, Hiroshima City Asa Citizens Hospital, 2‑1‑1, 
Kabeminami, Asakita‑ku, Hiroshima 731‑0293, Japan. 2 Department of Clini-
cal Neuroscience and Therapeutics, Hiroshima University Graduate School 



Page 5 of 5Toko et al. BMC Neurol          (2021) 21:396 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

of Biomedical and Health Sciences, 1‑2‑3 Kasumi, Minami‑ku, Hiro-
shima 734‑8553, Japan. 3 Department of Neurology, National Hospital Organi-
zation Kure Medical Center and Chugoku Caner Center, 3‑1 Aoyama‑cho, Kure, 
Hiroshima 737‑0023, Japan. 4 Department of Epidemiology, Research Institute 
for Radiation Biology and Medicine, Hiroshima University, 1‑2‑3 Kasumi, 
Minami‑ku, Hiroshima 734‑8553, Japan. 5 Department of Supportive and Pro-
motive Medicine of the Municipal Hospital, Faculty of Medicine, Kagawa 
University, 1750‑1 Ikenobe, Miki‑cho, Kita‑gun, Kagawa 761‑0793, Japan. 6 Aichi 
Medical University, Nagakute, Aichi, Japan. 7 Department of Neuropathology, 
Institute for Medical Science of Aging, Aichi Medical University, Nagakute, 
Aichi 480‑1195, Japan. 8 Department of Neurology, National Hospital Organiza-
tion Suzuka National Hospital, 3‑2‑1, Kasado, Suzuka, Mie 513‑8501, Japan. 

Received: 29 January 2021   Accepted: 1 October 2021

References
	1.	 Leehey MA. Fragile X-associated tremor/ataxia syndrome: clinical pheno-

type, diagnosis, and treatment. J Investig Med. 2009;57:830–6.
	2.	 Sone J, Mitsuhashi S, Fujita A, Mizuguchi T, Hamanaka K, Mori K, et al. 

Long-read sequencing identifies GGC repeat expansions in NOTCH2NLC 
associated with neuronal intranuclear inclusion disease. Nat Genet. 
2019;51:1215–21.

	3.	 Sone J, Kitagawa N, Sugawara E, Iguchi M, Nakamura R, Koike H, et al. 
Neuronal intranuclear inclusion disease cases with leukoencephalopathy 
diagnosed via skin biopsy. J Neurol Neurosurg Psychiatry. 2014;85:354–6.

	4.	 Sone J, Mori K, Inagaki T, Katsumata R, Takagi S, Yokoi S, et al. Clinico-
pathological features of adult-onset neuronal intranuclear inclusion 
disease. Brain. 2016;139:3170–86.

	5.	 Maddalena A, Richards CS, McGinniss MJ, Brothman A, Desnick RJ, Grier 
RE, et al. Technical standards and guidelines for fragile X: the first of a 
series of disease-specific supplements to the standards and guidelines 
for clinical genetics Laboratories of the American College of medical 
genetics. Quality Assurance Subcommittee of the Laboratory Practice 
Committee. Genet Med. 2001;3:200–5.

	6.	 Ishiura H, Shibata S, Yoshimura J, Suzuki Y, Qu W, Doi K, et al. Noncod-
ing CGG repeat expansions in neuronal intranuclear inclusion disease, 
oculopharyngodistal myopathy and an overlapping disease. Nat Genet. 
2019;51:1222–32.

	7.	 Gokden M, Al-Hinti JT, Harik SI. Peripheral nervous system pathol-
ogy in fragile X tremor/ataxia syndrome (FXTAS). Neuropathology. 
2009;29:280–4.

	8.	 Hunsaker MR, Greco CM, Spath MA, Smits AP, Navarro CS, Tassone F, et al. 
Widespread non-central nervous system organ pathology in fragile X 
premutation carriers with fragile X-associated tremor/ataxia syndrome 
and CGG knock-in mice. Acta Neuropathol. 2011;122:467–79.

	9.	 Bonapace G, Gullace R, Concolino D, Iannello G, Procopio R, Gagliardi 
M, et al. Intracellular FMRpolyG-Hsp70 complex in fibroblast cells 
from a patient affected by fragile X tremor ataxia syndrome. Heliyon. 
2019;5:e01954.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	FXTAS is difficult to differentiate from neuronal intranuclear inclusion disease through skin biopsy: a case report
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


