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Abstract

Background
Neuronal intranuclear inclusion disease (NIID) is a progressive neurodegenerative disorder, with neuroinflammation
believed to be a key driver. PET radioligands targeting the 18-kDa translocator protein (TSPO) serve as in vivo markers of
neuroinflammation. This study aimed to evaluate TSPO-PET in assessing neuroinflammation severity in NIID and to
investigate its relationship with clinical features, using [¹¹C]-ER176 and [¹⁸F]-FDG PET/MR in ten NIID patients and five
epilepsy controls.

Results
TSPO-PET standard uptake value ratios (SUVR) were significantly elevated in NIID patients compared to controls,
regardless of brain template used (p < 0.01). TSPO-PET SUVR of superficial white matter was negatively correlated with
fractional anisotropy (R = -0.817, p < 0.05). No significant differences in SUVR were found among NIID subgroups based on
modified Rankin scale score ≥ 4, NOTCH2NLC GGC repeats ≥ 110, onset age, or encephalitis syndrome.

Conclusions
This study demonstrates that increased neuroinflammation is closely linked to white matter fiber damage. These findings
highlight the role of inflammation in NIID pathophysiology and suggest TSPO-PET as a valuable tool for monitoring
disease progression.

Introduction
Neuronal intranuclear inclusion disease (NIID) is a progressive neurodegenerative disease with relatively high prevalence
in East Asians and clinical, pathological, and radiological similarities to fragile X-associated tremor/ataxia syndrome
(FXTAS)(1, 2). In 2019, research groups from China and Japan identified expanded GGC repeats in the 5 'untranslated
region (UTR) of human specific NOTCH2NLC gene as the cause of this disease(3–7). The clinical manifestations of NIID
are complicated, usually including cognitive decline(3), tremor, paroxysmal symptoms, and autonomic nervous system
dysfunction(8). The pathological features of NIID are widespread eosinophilic intranuclear inclusions seen in multiple
systems(8). Symmetrical hyperintensity detected by diffusion-weighted imaging (DWI) along the corticomedullary junction
(CMJ) in MRI is considered as a diagnostic indicator of this disease(8, 9).

Neuroinflammation is an important contributor on the progression of numerous neurodegenerative diseases(10). Previous
autopsy studies have reported reactive astrocytes and microglia in the white matter of NIID patients, which are pathogenic
markers of neuroinflammation(11, 12). Our recent research has confirmed the role of microglia in exacerbating NIID
pathology in a mouse model(13). However, these findings have not yet been adequately validated in living patients. PET
targeting the 18-kDa translocator protein (TSPO), also known as the peripheral benzodiazepine receptor (PBR), is the most
widely-used technology for visualizing neuroinflammation in-vivo(14). TSPO intensity correlates with microglial cell density
and activation levels in the brain(15), and has been shown to be increased in many neurodegenerative diseases, such as
Alzheimer's disease (AD)(16), Parkinson’s disease (PD)(17, 18), Huntington’s disease (HD)(19). In addition, TSPO-PET is
used to monitor the recurrence and progression of inflammatory brain diseases such as multiple sclerosis (MS)(20).

In this study, we performed TSPO-PET combined with MRI scans on 10 patients with adult-onset NIID. We observed an
elevated standardized uptake value ratio (SUVR) of TSPO-PET throughout their brain. Diffusion tensor imaging (DTI)-
related indicators were identified, revealing a positive correlation between TSPO expression levels and the extent of white
matter lesions across the brain. Moreover, we analyzed the distribution characteristics of TSPO-PET SUVR among different
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NIID subgroups and elucidated the relationships between cerebral neuroinflammation and clinical features in NIID
patients. Our study demonstrated elevated neuroinflammation levels in NIID brains and suggests TSPO-PET is a useful
imaging method to monitor disease progression of NIID.

Materials and methods

Participants
Patients diagnosed as NIID from May 2019 to Sep 2022 at the department of neurology, Zhongshan hospital, Fudan
University were included in this study. Following criteria were used for the diagnose of NOTCH2NLC-related NIID according
to previous studies(4, 6): (1) patients with previously reported clinical manifestations of NIID; (2) with extensive and
bilateral white matter lesions on MRI; (3) with NOTCH2NLC GGC repeat size over 60 confirmed by genetic tests; (4) with
p62- and ubiquitous-positive intranuclear inclusions detected in the tissues (if pathological examinations were available).
This study was approved by the Ethics Committee of Zhongshan Hospital, Fudan University (Approval ID: B2021-286).
Informed consent was signed by all participants according to the Declaration of Helsinki. Detailed clinical data and family
histories of the participants were collected. Encephalitis-like episode was defined as a series of acute-onset neurological
manifestations exhibiting typical features of encephalitis, including altered mental status, seizures, and focal neurological
deficits. Neurological physical examination was performed by experienced neurologists. MRI scans and other auxiliary
examinations were conducted according to clinical routine in Zhongshan hospital.

Genetic test
Genomic DNA of NIID patients was extracted from fresh blood using a commercial kit (DP349, TIANGEN). Repeat-primed
PCR (RP-PCR) and amplicon-length PCR (AL-PCR) performed as previously described. Electrophoresis was performed on a
3700xl Genetic analyzer and the data were analyzed by GeneMarker software (version 2.6.3). A saw-tooth tail pattern in
the electropherogram of RP-PCR was considered as the disease-associated repeat expansion.

PET/MR imaging

Production and quality control of [¹¹C]-ER176
HM-20E positron cyclotron was used to produce 11C with nitrogen-oxygen mixture of 1% O2, beam current of 40µA and
bombardment for 20min. Labeling of ER176: 0.5mL 0.2M LiAlH4 (THF) was added to flask 1 with 11CO2 made by the
accelerator to produce 11CH3Oli. Then 0.4mL 55–57% HI (aq) was added to produce 13CH3I. Afterwards it was heated
and transferred to flask 2 to react with pre-ER176. [¹¹C]-ER176 injection was obtained by preparative HPLC after separation
through aseptic membrane. Radioactive HPLC was adopted to identify the products and radioactive impurities of the
markers. Chemical purity was set to be ≥ 95%.

Subject imaging
[¹¹C]-ER176 PET/MRI imaging: Patients fasted for at least 6 hours before the examination. [¹¹C]-ER176 740 MBq (20 mCi)
was slowly injected intravenously into the patients. Dynamic acquisition of the images was conducted at once for 1 hour.
Acquisition was 3D mode. Scan lasted for 15 min, in sync with MRI scan. Scanning parameters: field of view (FOW) 25
cm×25 cm, matrix 344×344, iteration number 8, subset number 21, half-height and width 4 mm, reconstruction type
Gaussian, attenuation correction by MRAC, attenuation correction by MR u-map. List mode was selected for image
reconstruction. MRI scanning parameters: Sag 3D T1W1 (TR 1900 ms, TE 2.53ms, FOV 25 cm×25 cm, matrix 256×256,
layer thickness 1 mm, layer spacing 0 mm), Ax T2WI (TR 4000 ms, TE 102 ms, NEX 2, FOV 220 mm×220 mm, matrix
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320×320, layer thickness 5 mm, layer spacing 1.5 mm), 3D fluid attenuated inversion recovery (FLAIR) (TR 5 000 ms, TE
395 ms, matrix 256×256, layer thickness 1 mm, layer spacing 0 mm), SPC DIR and DTI. Patients fasted for at least 6 hours
before the examination. The injection method, dynamic acquisition duration, imaging instruments and parameters were
the same as [¹¹C]-ER176 PET/MRI imaging.

Image Preprocessing
All PET (TSPO-PET and FDG-PET) and MRI (T1-weighted, T2-FLAIR and DWI) images were registered to Montreal
Neurological Institute (MNI) space and resliced as a resolution of 1 mm. PET images were smoothed by a 3 mm full-width
at half-maximum (FWHM) Gaussian kernel. Standard uptake value ratio (SUVR) of PET image was calculated as the ratio
of brain uptake in target regions compared with that in the cerebellum, where served as the reference region to minimize
errors added by measurement of plasma concentrations(21, 22).

For the following analyses, we defined two whole-cerebrum masks, an Anatomical Automatic Labeling (AAL)-based mask
and an individual mask. The AAL-based mask was defined by a standard template in the MNI space, AAL atlas, covering all
the 90 AAL regions in cerebrum(23). The individual masks were personalized on the shape of grey matter and white matter
in each sample. Individual grey matter and white matter masks were generated by integrating automatic segmentation
results of T1-weighted, T2-FLAIR and DWI images, then merged into the individual whole-cerebrum masks. Cerebellum and
brainstem were removed from these masks.

DTI data was preprocessed through MRtrix3 toolbox, briefly including denoising, removal of Gibbs artifacts, eddy-current
correction and registration to the MNI space. Two maps of diffusion tensor-derived parameters, fractional anisotropy (FA)
and mean diffusivity (MD), were generated after preprocessing(24). FA and MD maps were resliced with a voxel size of 1 ×
1 × 1 mm3 and smoothed by the 3 mm FWHM Gaussian kernel.

Statistical Parametric Mapping (SPM12, http://www.fil.ion.ucl.ac.uk/spm/software/spm12/) software was used for
registration, smoothing and segmentation on Matlab R2021b (MathWorks Inc., Natick, MA, USA). MRtrix3 was performed
in Ubuntu 18.04 environment.

Variables Collection and Assessment of PET Examination
To assess the performance of TSPO-PET and FDG-PET in NIID investigation compared to epilepsy controls, we calculated
z-scores of NIIDs, by subtracting the mean value of controls then being divided by the standard deviation of controls, and
the average of SUVRs from preprocessed PET images within the AAL-based whole-cerebrum masks, which represented
global SUVR at the whole cerebrum level. No patient data was excluded in this step. Mean SUVRs of the whole grey and
white matters were also extracted after excluding Patient 3 for its poor quality of structural MRI images to segment
distinct grey matter and white matter. We compared global SUVR difference between NIIDs and epilepsy controls, within
the grey matter, white matter and individual whole-cerebrum mask, respectively.

Besides analyses between NIIDs and epilepsy controls, we subdivided NIID patients into two subgroups by three clinical
characteristics (encephalitis syndrome, MRS score ≥ 4, NOTCH2NLC GGC repeats ≥ 110) and calculated the TSPO-PET
SUVR and FDG-PET SUVR difference between NIID subgroups. Furthermore, the correlation between global TSPO-PET
SUVR and two DTI diffusivity measures of NIIDs, FA and MD, was examined within the overlapping of the AAL-based whole
cerebrum mask and individual white matter masks.

Statistical Analysis
The statistically significant difference between NIIDs and epilepsy controls, and between NIID subgroups, was calculated
by a nonparametric Mann-Whitney U test because of the non-normal distribution and small sample of data. We calculated
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Spearman’s correlation coefficient between TSPO-PET SUVR and two diffusivity measures, FA and MD. All statistical
significance was defined as p < 0.05.

Results

Clinical features of the NIID Patients
We enrolled 10 Chinese adults diagnosed with NIID, including 3 males and 7 females, aged 52 to 71 years (Table 1). The
mean age of onset was 61.4 ± 6.2 years. Disease duration ranged from 1 to 13 years. Most patients presented with
headache (33.33%) and cognitive decline (33.33%) as the Initial clinical manifestations. Tremor (20%) and autonomic
dysfunction (10%) were frequently seen. Encephalitis-like episode, a characteristic presentation of NIID with reversible
attacks of fever, nausea, vomiting, headache, and disturbance of consciousness, was observed in three patients (Patient 1,
2, and 5). These diverse symptoms highlight the complexity NIID manifestations and its broad impact on both the central
nervous system and other organs. Disability level was assessed using the Modified Rankin Scale (MRS), averaged 3.5 ± 1.5
among these patients. Cognitive impairment was observed in 6 out of 10 patients, with memory and executive function
notably affected. Mini-Mental State Examination (MMSE) assessments was 18.3 ± 8.2, though data for Patient 6 were
unavailable due to symptom deterioration. All patients had more than 60 GGC repeats in the NOTCH2NLC gene, with a
median of 110.5 repeats.
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Table 1
Demographic and clinical Features of NIID patients

Patient
No.

  Sex Onset
age

First
manifestation

Disease
duration

MRS
score

MMSE

score

Encephalitis-
like episode

NOTCH2NLC
GGC repeats

P1

(72 year)

  Female 71 Headache 1yr 4 16 + 140

P2

(62 year)

  Female 62 Episodic
headache with
vomiting

4yr 3 16 + 115

P3

(66 year)

  Female 55 Episodes of
involuntary
movements of
the limbs

12yr 5 7 - 109

P4

(66 year)

  Male 65 Cognitive decline 1yr 2 28 - 305

P5

(66 year)

  Female 63 Difficulty
urinating,
unresponsiveness

3yr 4 9 + 110

P6

(59 year)

  Male 52 Headache 7yr 4 Unable
to
assess

- 102

P7

(69 year)

  Female 65 Episodes of
impaired
consciousness

4yr 1 28 - 89

P8

(68 year)

  Female 66 Cognitive decline 2yr 2 27 - 211

P9

(73 year)

  Male 62 Cognitive decline 11yr 6 12 - 86

P10

(66 year)

  Female 53 Tremor 13yr 4 22 - 111

Brain MRI features in NIID patients
Most patients, except P7 and P9, exhibited subcortical lace sign, a hallmark of NIID characterized by symmetrical
hyperintensity in diffusion-weighted imaging (DWI) along the corticomedullary junction (CMJ), shown in Fig. 1.
Additionally, symmetric and diffuse bilateral white matter hyperintensity was observed on T2 FLAIR, extending from the
cerebral deep white matter to brainstem and cerebellum. Cerebral atrophy and bilateral ventricular enlargement were also
noted in three cases.

TSPO signal intensity increased in NIID patients
Z-scores for FDG-PET (Fig. 2A) and TSPO-PET (Fig. 2B) SUVRs were calculated for NIID patients relative to an epilepsy
control group, serving as a reference for global SUVR across the cerebrum. SUVR analyses were performed using both the
AAL standard brain template and an individual gray matter-white matter template. FDG-PET SUVRs were significantly lower
in NIID patients compared to controls using the AAL template (p < 0.01) (Fig. 2C), while TSPO-PET SUVRs were significantly
higher in NIID patients (p < 0.01) (Fig. 2D). No significant difference was found in FDG-PET SUVR between the groups using
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the individual gray matter-white matter template (Fig. 2E). However, values of TSPO-PET SUVR for the whole brain in NIID
patients were also significantly elevated compared to the control group (p < 0.01) (Fig. 2F). FDG-PET SUVRs in gray matter
were significantly lower in NIID patients (p < 0.01), with no differences in white matter (Fig. 2G). TSPO-PET SUVRs in both
gray and white matter were elevated in NIID patients (p < 0.01) (Fig. 2H). These findings suggest elevated inflammation in
NIID.

Correlation between TSPO signal intensity and the severity of white
matter lesions
To explore the reasons for the more pronounced imaging results of TSPO compared to FDG, we choose the overlap
between the brain areas defined using the AAL standard brain template and those defined using the individual template to
derive region of interest, which represents superficial white matter (Fig. 3A). Diffusion tensor imaging (DTI) was used to
assess the directional consistency of water molecule diffusion (fractional anisotropy, FA) and the degree of diffusion
(mean diffusivity, MD). FA and MD were employed to evaluate global and specific white matter integrity. The NIID group
showed significantly lower FA (p < 0.001) and higher MD (p < 0.05) compared to controls, indicating more severe white
matter lesions in NIID patients (Fig. 3B). We further examined the association of FDG and TSPO intensity and white matter
lesions revealed by DTI. A correlation analysis of FDG-PET SUVR with FA and MD in 9 patients showed a significant
negative correlation between global FDG-PET SUVR and FA (R=-0.833, p < 0.05) (Fig. 3C), while no significant correlation
was found with MD (R = 0.35, p = 0.358) (Fig. 3D). There was also a significant negative correlation between global TSPO-
PET SUVR and FA (R=-0.817, p < 0.05) (Fig. 3E), while no significant correlation was found with MD (R = 0.25, p = 0.521)
(Fig. 3F). These results suggest that increased inflammation in NIID patients is closely associated with white matter fiber
damage, highlighting inflammation as a key contributor to white matter impairment.

TSPO-PET revealing disease severity
We conducted Spearman's rank correlation analyses to examine relationships between TSPO-PET SUVR values and clinical
indicators, including MRS scores, NOTCH2NLC GGC repeat number, and age of onset. We did not detect significant
correlations between TSPO intensity and these indicators using neither the AAL standard brain template nor the individual
brain template (Fig. 4A-C). However, we observed a trend of increasing TSPO SUVR with higher MRS scores and earlier
onset age, though these were also not statistically significant. Furthermore, no significant differences were found between
groups with or without encephalitis-like episodes, regardless of the brain template used (Fig. 4D).

Discussion
In this study, we focus on conducting whole-brain SUVR analyses using TSPO-PET and FDG-PET, and examining their
associations with white matter damage and clinical characteristics of the NIID patients. Our findings offer novel insights
into the pathophysiology of NIID, with potential implications for diagnosis and therapeutic interventions.

The clinical profile of the 10 patients enrolled in this study underscores the multifaceted nature of NIID. The mean age of
onset and disease duration are consistent with previous reports of late-onset NIID, which predominantly affects elderly
populations(25, 26). The wide spectrum of initial symptoms, including headache, cognitive decline, tremor, and autonomic
dysfunction, reflects the broad impact of NIID on the central nervous system (CNS) and peripheral systems. The
occurrence of encephalitis-like episodes in 30% of the patients is particularly noteworthy, as these reversible episodes are
a hallmark of NIID, often presenting diagnostic challenges. MRI findings in this cohort corroborate the established
hallmarks of NIID while shedding light on additional pathological changes. The subcortical lace sign, a diagnostic feature
of NIID, was observed on most patients, which is believed caused by spongiform pathological changes in the white matter
near the subcortical U fiber(12). T2 FLAIR imaging further revealed extensive bilateral white matter hyperintensity,

Page 7/16



extending from the cerebral deep white matter to the brainstem and cerebellum. These findings underscore the pervasive
involvement of white matter, consistent with the clinical presentation of cognitive and motor dysfunctions.

TSPO plays a crucial rule in various physiological processes and neurodegenerative diseases, with its expression elevated
in activated microglia(15), making it a key biomarker for both acute and chronic neuroinflammation. Numerous PET
molecular probes targeting TSPO have been developed, with [¹¹C]-PK11195 being the most effective first-generation TSPO
tracer(27). However, it has limitations, including low blood-brain barrier permeability, high levels of nonspecific binding
resulting in a low signal-to-noise tatio (SNR), a short half-life, and a poor metabolic profile. Consequently, second-
generation TSPO radiotracers, such as [¹¹C]-DAA1106 and [¹¹C]-PBR28, have been developed to address these issues(28,
29). Despite their advancements, genetic polymorphism (rs6971) affects their binding potency, leading to significant
individual variability(30, 31). Third-generation TSPO radiotracers have emerged to overcome genetic polymorphism and
improved quantitative analysis, including [18F]-GE-18, [¹¹C]-ER176, [¹¹C]-CB184, [18F]-LW223 and [¹¹C]-N '-MPB(32). Among
them, [18F]-GE-180(33, 34) and [¹¹C]-ER176(35) have been widely used in preclinical and clinical trials to study
neuroinflammation. However, research showed that [18F]-GE-180 had very low brain uptake in human subjects, hindering
its translation to human PET imaging(36). Conversely, [¹¹C]-ER176, featuring a quinconazole formamide structure, exhibits
high binding affinity for all TSPO rs6971 genotypes(37, 38). To minimize potential limitations, we utilized [¹¹C]-ER176 to
quantify PBR in NIID brain and to provide a more precise measurement of neuroinflammation progression.

Our TSPO-PET analyses revealed significantly elevated TSPO signal intensity in NIID patients compared to controls,
pointing to heightened neuroinflammation. The increase in TSPO standardized uptake value ratios (SUVRs) across both
gray and white matter regions provides compelling evidence of widespread inflammatory activation in NIID. Abnormalities
of microglia and astrocytes have been documented in FXTAS and NIID(12, 39, 40). Additionally, previous brain autopsy
studies have reported the presence of many GFAP positive reactive astrocytes and CD68 positive microglia and
macrophages within the white matter(11). This finding is consistent with previous studies suggesting that microglial
activation and astrogliosis are central to the disease's pathophysiology. Interestingly, while FDG-PET SUVRs were reduced
in gray matter regions, indicating decreased metabolic activity, no significant differences were observed in white matter.
This suggests that while neuronal metabolic dysfunction is pronounced in cortical areas, the inflammatory burden in white
matter, as captured by TSPO-PET, is a more prominent feature of NIID. The elevated TSPO-PET SUVRs, even in regions with
intact glucose metabolism, underscore the dissociation between inflammation and metabolic dysfunction in NIID.

Diffusion tensor imaging (DTI) provided additional insights into the relationship between inflammation and white matter
integrity(41). The significant reductions in fractional anisotropy (FA) and increases in mean diffusivity (MD) in NIID patients
indicate compromised white matter fiber integrity. Correlation analyses revealed a significant negative association
between global TSPO-PET SUVRs and FA, suggesting that elevated inflammation is closely linked to white matter damage.
This finding supports the hypothesis that neuroinflammation is a driving force behind white matter degeneration in
NIID(13). The lack of significant correlation between FDG-PET SUVRs and MD further highlights the differential roles of
metabolic dysfunction and inflammation in the disease. While metabolic changes may reflect neuronal loss or dysfunction,
inflammation appears to be a primary contributor to structural white matter damage, as evidenced by TSPO-PET findings.

Despite the robust imaging findings, correlations between TSPO-PET SUVRs and clinical indicators such as MRS scores,
NOTCH2NLC GGC repeat number, and age of onset were not statistically significant. This lack of correlation may reflect
the complex interplay of genetic, inflammatory, and degenerative processes in NIID(5), as well as the relatively small
sample size in our study. However, the observed trends of higher TSPO SUVRs with increased disability (higher MRS
scores) and earlier onset age warrant further investigation in larger cohorts. The absence of significant differences in
TSPO-PET SUVRs between patients with and without encephalitis-like episodes suggests that inflammation is a pervasive
feature of NIID, irrespective of specific clinical manifestations. This finding highlights the potential of TSPO-PET as a
biomarker for disease activity rather than symptom-specific pathology.
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Our study has several limitations. First, on account of ethical restrictions, the control group comprised patients with
epilepsy rather than healthy individuals. While epilepsy itself is associated with inflammation, the inflammatory activities
observed in NIID patients were more pronounced. Second, we did not include post-treatment follow-up data in our
analysis, so the results primarily reflect the patients’ conditions at the time of admission. Future studies should aim to
validate these findings in larger cohorts and explore the longitudinal changes in TSPO-PET signals in relation to clinical
progression. Additionally, integrating TSPO-PET with advanced imaging modalities such as functional MRI (fMRI) could
provide a more comprehensive understanding of the neuroinflammatory and neurodegenerative processes in NIID.

Conclusion
In conclusion, this study highlights the central role of neuroinflammation in NIID, as evidenced by elevated TSPO-PET
signals and their association with white matter damage. The combination of clinical, genetic, and imaging findings
underscores the complexity of NIID and the need for multimodal approaches to diagnosis and management. Our results
pave the way for further exploration of anti-inflammatory therapies and the development of biomarkers for disease
monitoring.
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Figure 1

Head MRI findings of in patients with neuronal intranuclear inclusion disease (NIID). Leukoencephalopathy of NIID patients
is revealed by DWI (upper panel) and T2-FLAIR sequences
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Figure 2

Difference between TSPO-PET SUVRs and FDG-PET SUVRs in the NIID and the control groups. (A, B) Z-score distribution of
FDG-PET SUVR (A) and TSPO-PET SUVR (B) in NIID patients. (C, D) The global FDG-PET SUVRs and TSPO-PET SUVRs in
NIID patients and control, defined using the AAL standard brain template (Box-and-whisker plot, min-max; n=10 for NIID
and n=5 for control; Mann-Whitney U test). (E, F) The global FDG-PET SUVRs and TSPO-PET SUVRs in NIID patients and
control, defined using the individual template (Box-and-whisker plot, min-max; n=10 for NIID and n=5 for control; Mann-
Whitney U test). (G) The global FDG-PET SUVRs of gray matter and white matter in NIID patients and control, defined using
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the individual template (Box-and-whisker plot, min-max; n=9 for NIID and n=5 for control; Mann-Whitney U test). (H) The
global FDG-PET SUVRs of gray matter and white matter in NIID patients and control, defined using the individual template
(Box-and-whisker plot, min-max; n=9 for NIID and n=5 for control; Mann-Whitney U test). *p�0.05, **p�0.01

Figure 3

Correlation between PET SUVR and DTI-related indicators. (A) Region of interest was derived from the overlap between the
brain areas defined using the AAL standard brain template and those defined using the individual template, representing
superficial white matter (reddish-colored area). (B) The average FA and MD in NIID patients and the control (Box-and-
whisker plot, min-max; n=9 for NIID and n=5 for control; Mann-Whitney U test). (C) Correlation of FDG-PET SUVR and DTI
FA in the region of interest in NIID patients (n=9 for NIID; Spearman’s rank correlation analysis). (D) Correlation of FDG-PET
SUVR and MD in the region of interest in NIID patients (n=9 for NIID; Spearman’s rank correlation analysis). (E) Correlation
of FDG-PET SUVR and DTI FA in the region of interest in NIID patients (n=9 for NIID; Spearman’s rank correlation analysis).
(F) Correlation of FDG-PET SUVR and MD in the region of interest in NIID patients (n=9 for NIID; Spearman’s rank
correlation analysis). *p�0.05, **p�0.01, ***p�0.001
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Figure 4

Intergroup differences of TSPO-PET SUVR in NIID patients. (A-C) Correlation between MRS scores (A), GGC repeats (B),
age at onset (C), and global TSPO SUVR in NIID patients, defined using the AAL standard brain template (upper panel) and
the individual template (lower panel) (n=10 for NIID; Spearman’s rank correlation analysis). (D) Global TSPO SUVR in NIID
patients with (n=3) or without (n=7) encephalitis-like episodes, defined using the AAL standard brain template (upper
panel) and the individual template (lower panel) (Box-and-whisker plot, min-max; Mann-Whitney U test)
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