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Abstract

Background and Objectives

CSF tau phosphorylated at threonine 181 (p-taul81) is a widely used biomarker for Alzheimer
disease (AD) and has recently been regarded to reflect f-amyloid and/or p-tau deposition in
the AD brain. Neuronal intranuclear inclusion disease (NIID) is a neurodegenerative disease
characterized by intranuclear inclusions in neurons, glial cells, and other somatic cells. Symp-
toms include dementia, neuropathy, and others. CSF biomarkers were not reported. The
objective of this study was to investigate whether CSF biomarkers including p-taul81 are
altered in patients with NIID.

Methods

This was a retrospective observational study. CSF concentrations of p-taul8l, total tau,
amyloid-beta 1-42 (AP42), monoamine metabolites homovanillic acid (HVA), and
S-hydroxyindole acetic acid (S-HIAA) were compared between 12 patients with NIID, 120
patients with Alzheimer clinical syndrome biologically confirmed based on CSF biomarker
profiles, and patients clinically diagnosed with other neurocognitive disorders (dementia with
Lewy bodies [DLB], 24; frontotemporal dementia [FTD], 13; progressive supranuclear palsy
[PSP], 21; and corticobasal syndrome [CBS], 13). Amyloid PET using Pittsburgh compound B
(PiB) was performed in 6 patients with NIID.

Results

The mean age of patients with NIID, AD, DLB, FTD, PSP, and CBS was 71.3, 74.6, 76.8, 70.2,
75.5, and 71.9 years, respectively. CSF p-taul81 was significantly higher in NIID (72.7 + 24.8
pg/ mL) compared with DLB, PSP, and CBS and was comparable between NIID and AD. CSF
p-taul81 was above the cutoff value (50.0 pg/mL) in 11 of 12 patients with NIID (91.7%).
Within these patients, only 2 patients showed decreased CSF AP42, and these patients showed
negative or mild local accumulation in PiB PET, respectively. PiB PET scans were negative in
the remaining 4 patients tested. The proportion of patients with increased CSF p-taul81 and
normal AB42 (A-T+) was significantly higher in NIID (75%) compared with DLB, PSP, and
CBS (4.2%, 4.8%, and 7.7%, respectively). CSF HVA and S-HIAA concentrations were sig-
nificantly higher in patients with NIID compared with disease controls.
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Glossary

S-HIAA = S-hydroxyindole acetic acid; AD = Alzheimer disease; AB42 = amyloid-beta 1-42; ANCOVA = analysis of
covariance; CBS = corticobasal syndrome; CL = centiloid; DLB = dementia with Lewy bodies; FAB = Frontal Assessment
Battery; FXTAS = fragile X-associated tremor/ataxia syndrome; FTD = frontotemporal dementia; HSV-1 = herpes simplex
virus type 1; HVA = homovanillic acid; MAO = monoaminoxidase; MMSE = Mini-Mental State Examination; NIID = neuronal
intranuclear inclusion disease; p-taul81 = tau phosphorylated at threonine 181; PiB = Pittsburgh compound B; PSP =
progressive supranuclear palsy; t-tau = total tau.

Discussion
CSF p-taul81 was increased in patients with NIID without amyloid accumulation. Although the deposition of p-tau has not
been reported in NIID brains, the molecular mechanism of tau phosphorylation or secretion of p-tau may be altered in NIID.

CSF tau phosphorylated at threonine 181 (p-taul8l) is a
widely used biomarker for Alzheimer disease (AD), the most
common cause of dementia around the globe, and is also used
in recent research criteria to classify patients in the AD con-
tinuum." AD is characterized by the presence of extracellular
B-amyloid (AB) plaque and hyperphosphorylated tau in
neurofibrillary tangles in the brain; in the CSF, it is known that
decreased AP 1-42 (AB42) (or AP42/AP40 ratio), increased
p-taul81, and neurodegeneration occur in a sequential
manner.”® Although there are other neurodegenerative dis-
eases with p-tau deposition in the brain, consistently increased
CSF p-taul81 is not observed in other neurodegenerative
diseases and is considered to be rather specific to AD."**
Although it has recently been recognized that increased CSF
p-taul81 reflects AP and/or p-tau deposition in the brain, the
precise mechanism behind increased CSF p-taul81 remains

6
unknown.

Although it is also important to know how these biomarkers are
changed in other neurodegenerative diseases, it is noteworthy
that CSF biomarkers in patients with neuronal intranuclear
inclusion disease (NIID) have yet to be thoroughly in-
vestigated. NIID is a neurodegenerative disease characterized
by eosinophilic hyaline intranuclear inclusions in neurons, glial
cells, and other somatic cells.”® Patients with NIID present
with dementia, neuropathy, parkinsonism, or other various
symptoms. Although quite rare compared with other causes of
dementia such as AD or dementia with Lewy bodies (DLB),
the number of reported patients presenting with dementia has
significantly increased following the discovery of the diagnostic
value of skin and other tissues biopsies.””'® NIID is usually
suspected based on clinical symptoms and characteristic high-
intensity signals along the corticomedullary junction on
diffusion-weighted imaging, and the diagnosis is confirmed by
the presence of characteristic intranuclear inclusions in skin
biopsy specimens.” Although CGG repeat expansions in
NOTCH2NLC have been identified as the cause of the disease
in Asian patients with NIID,' "' the precise pathophysiology of
this disease is still under investigation. The CSF profile of
patients with NIID is poorly studied, and only a mild increase
of total protein has been reported.”
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Homovanillic acid (HVA) and S-hydroxyindole acetic acid (-
HIAA) are the major metabolites of dopamine and serotonin,
respectively. CSF concentrations of HVA and S-HIAA have
long been investigated in neurologic and psychiatric diseases
and are reported to be lower in several diseases, including
Parkinson disease and DLB, likely reflecting reduced levels of
dopamine and serotonin in the brain."*"® Therefore, in this
study, we aimed to investigate whether CSF p-taul81, HVA,
and S-HIAA are altered in patients with NIID to further un-
derstand both the characteristics of these CSF biomarkers and
the pathophysiology of NIID.

Methods

Standard Protocol Approvals, Registrations,
and Patient Consents

The study protocols were approved by the Institutional Re-
view Board of the Tokyo Metropolitan Institute of Geron-
tology (approval No. 250217). The study protocol for genetic
testing in neurodegenerative diseases was approved by the
Institutional Review Board of the University of Tokyo (ap-
proval No. G1396). Patients were recruited at the Tokyo
Metropolitan Geriatric Hospital, and written informed con-
sent was obtained from all participants or their caregivers.

Participants and Settings

We retrospectively reviewed all patients who underwent CSF
biomarker testing from April 2012 to March 2022 at the
Tokyo Metropolitan Geriatric Hospital. We routinely mea-
sure CSF p-taul81, t-tau, and AP42 as disease biomarkers for
AD, and also HVA and 5-HIAA as disease biomarkers for DLB
in each patient.

Among 1416 patients who underwent CSF analysis during the
period, patients with a final diagnosis of NIID, based on the
characteristics of the brain MRI findings and pathologic as-
sessment of skin biopsy tissues,””"'® were included as patients
with NIID (n = 12). Representative results of brain MRI and
pathologic assessment of skin biopsy tissues are provided in
eFigure 1 (links.lww.com/WNL/CS543). Electron micro-

scopical assessment was conducted to differentiate

Neurology.org/N


http://links.lww.com/WNL/C543
http://neurology.org/n

intranuclear inclusions from p62-positive promyelocytic leu-
kemia nuclear bodies observed in the nuclei of normal con-
trols, as previously described.® All patients with NIID who
were admitted to our hospital during this period for workup
consented for CSF analysis. Patients with Alzheimer clinical
syndrome biologically confirmed based on CSF biomarker
profiles fulfilling A+T+ by the NIA-AA research framework
criteria’ were included as AD (n = 120). Patients with clinical
diagnoses of DLB fulfilling probable according to the 2017
consensus criteria (n = 24)," frontotemporal dementia
(FTD) fulfilling the 1998 consensus criteria (n = 13),'®
progressive supranuclear palsy (PSP) fulfilling probable
according to the 2017 MDS-PSP criteria (n = 21)," and
corticobasal syndrome (CBS) fulfilling the modified Cam-
bridge criteria (n = 13)*° were included as non-AD disease
controls.

CSF Measurements

CSF was obtained by standard lumbar puncture proce-
dures. The first tube was sent for cell counting and routine
biochemical testing, and the following CSF samples were
directly collected in polypropylene tube and stored at
—30°C until measurement. Measurements were conducted
within 2 months. CSF concentrations of p-taul81, t-tau,
and AP42 were measured by ELISA (INNOTEST; Fujir-
ebio Inc, Gent, Belgium), in accordance with the manu-
facturer’s protocol. Detailed methods>' and performance of
the assay in our institution'> were previously described.
The institutional cutoff values of p-taul81, 50.0 pg/mL; t-
tau, 300 pg/mL; and AP42, S00 pg/mL were pre-
determined based on the results obtained from patients
with neuropathologic diagnosis at autopsy.15 Based on the
recent research criteria for AD, patients were classified as
A-T-, A+T-, A-T+, or A+T+, according to the presence
of abnormal CSF A42 (<500 pg/mL) and p-taul8l
(>50.0 pg/mL) results." CSF concentrations of HVA and
S-HIAA were measured by high-performance liquid chro-
matography equipped with electrochemical sensors, as
previously described."> Reference values of HVA and
S-HIAA were based on the results obtained from S controls
without neurologic diseases at autopsy.15 CSF HVA results
from the patients taking antiparkinsonian drugs were ex-
cluded, as these medications are known to increase the level
of CSF HVA.

ApoE Phenotyping
Phenotyping of ApoE was performed by isoelectric focusing
followed by Western blotting.

Definition of Positive and Negative AB
Accumulation in Amyloid PET

Those patients with a diagnosis of NIID who consented (n =
6) underwent [''C] Pittsburgh compound B (PiB) PET to
assess the burden of AB, as described previously.”” Briefly,
static emission data were acquired for 40-60 minutes after IV
bolus injections of [''C] PiB. The dose was approximately
500 MBq. Amyloid status was visually determined by 2
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experts (K. Ishibashi and K. Ishii), and amyloid positivity was
defined as being not negative according to standard criteria.>®
A levels were quantified on the Centiloid (CL) scale using
CapAIBL.** A cutoff value of 12.2 CL has previously been
reported for detecting AB depositions in the brain.”’

Genetic Analyses

One patient (patient 4) was included in a previous report
identifying NOTCH2NLC CGG repeat expansion in
NIID."" Three patients who presented to our hospital after
the identification of NOTCH2NLC CGG repeat expansion
in NIID were tested for this repeat expansion by repeat-
primed PCR, as previously described at the University of
Tokyo."' Among those patients who were lost to follow-up
before the identification of NOTCH2NLC CGC repeat
expansion in NIID, 3 patients consented for genetic testing
for FMRI GGC repeat expansion to rule out fragile
X-associated tremor/ataxia syndrome (FXTAS) as a di-
agnostic workup. Repeat-primed PCR for FMRI GGC re-
peat expansion was conducted at Tottori University, as
previously described.*

Statistical Methods

Statistical analyses were conducted using the software pro-
grams R version 4.0.3 (R Foundation for Statistical Com-
puting, Vienna, Austria) and a graphical interface EZR
(Saitama Medical Center, Jichi Medical University, Saitama,
Japan)*” or GraphPad Prism version 9 (GraphPad Software,
San Diego, CA). Missing data were handled using pairwise
deletion approach. Categorical variables are presented as
percentages, and differences between groups were evaluated
using the Fisher exact test. Post hoc analyses for multiple
comparison were performed using Bonferroni correction.
Continuous variables are presented as mean * SD. Differ-
ences between groups were evaluated using the Welch £ test
or one-way analysis of variance followed by post hoc analyses
using the Tukey test. Analysis of covariance (ANCOVA) was
performed to evaluate the difference of CSF p-taul81 be-
tween NIID and disease controls using CSF t-tau as a
covariate, after confirming the correlation between CSF
p-taul81 and t-tau in each group. Pearson correlation anal-
ysis was conducted between CSF p-taul81 and other con-
tinuous variables in patients with NIID. Multivariate analysis
was not conducted due to a limited number of patients with
NIID. p Values of <0.05 were considered statistically sig-
nificant for all analyses.

Data Availability

The data sets and full protocol of the present study are
available from the corresponding author on reasonable
request.

Results

Clinical Features of the Patients With NIID

CSF results of 12 patients with NIID were available during
the study period. Characteristics of each patient with NIID
included in this study are summarized in Table 1. Three
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Table 1 Characteristics and Test Results of Each Patient With NIID

Cognitive tests  CGG repeat expansion CSF biomarkers PiB PET

Patient number Age(y) Sex MMSE FAB NOTCH2NLC FMR1 Encephalitic attacks/time to CSF TP t-tau p-tau181 Ap42 HVA 5-HIAA ApoE Visual Centiloid

1 65 F 26 1 n/a - - n/a 29 169.3  54.0 2421 40.0 17.3 3/3 Negative -8.7

2 69 F 20 8 n/a - - n/a 42 286.1 52.0 920.0 1443 51.9 3/3 Negative -5.6

3 77 F 23 9 n/a n/a + S5y 34 360.5  93.0 3804 712 26.8 4/3 Positive*  22.1

4 71 M 23 4 + - - n/a 63 934.1 79.1 1368.8 75.5 18.0 3/3 Negative -14.7

5 66 F 23 13 n/a - + 1y 36 2415 530 5457  86.1 22.9 3/3 Negative -12.4

6 73 M 18 n/a n/a n/a - n/a 50 3244 719 754.5 55.5 29.2 3/3 n/a n/a

7 70 F 26 13 + n/a + 1 mo 46 7715  76.2 999.4 1187 52.0 3/3 n/a n/a

8 73 F 24 1 n/a n/a - n/a 34 2479 731 1180.6 95.5 35.7 3/3 n/a n/a

9 69 F 22 9 n/a n/a - n/a 57 6709  127.0 11448 734 33.8 3/3 n/a n/a

10 68 M 18 7 n/a n/a - n/a 40 92.9 32.1 4457 211 7.7 3/3 n/a n/a

" 80 F 17 5 + n/a - n/a 52 3680 954 7552 233 1.9 3/3 n/a n/a

12 74 F 7 7 + n/a - n/a 41 4659  66.0 7183 531 39.0 3/3 Negative -10.8
Reference values <40 <300.0 <50.0 >500.0 20.0-60.0 15.0-25.0 <12.2
Units mg/dL  pg/mL  pg/mL pg/mL  ng/mL ng/mL CL

Abbreviations: 5-HIAA = 5-hydroxyindole acetic acid; AB42 = amyloid-beta 42; CL = centiloid; FAB = frontal assessment battery; HVA = homovanillic acid; MMSE = Mini-Mental State Examination; n/a = not available; p-tau181 =tau

phosphorylated at threonine 181; PiB = Pittsburgh compound B; TP = total protein; t-tau = total tau.

*Mild local accumulation.



http://neurology.org/n

patients were male, and 9 patients were female. All patients
were adult onset, and initial symptoms were either de-
mentia or paroxysmal symptoms, such as encephalitic at-
tacks. The presence of CGG repeat expansion in
NOTCH2NLC was confirmed in 4 patients, and GGC re-
peat expansion in FMRI was excluded in 3 of the remaining
patients. At CSF collection, patients were aged 71.3
(mean) + 4.4 (SD) years, and the Mini-Mental State Ex-
amination (MMSE), and the Frontal Assessment Battery
(FAB) scores were 20.6 = 5.2 and 8.8 * 3.0, respectively.
ApoE status was 3/3 in 11 patients and 4/3 in 1 patient.
Follow-up CSF collection was available in 1 patient im-
mediately after an encephalitic attack 4 years after the first
CSF collection (patient 7). A summary of the character-
istics of patients with NIID and disease controls is shown
in Table 2.

CSF P-Tau181 Was Increased in Patients

With NIID

CSF p-taul81 was significantly higher in NIID compared
with DLB, PSP, and CBS (Figure 1A), and was comparable
between NIID and AD (72.7 +24.8 vs 94.7 + 33.6 pg/mL).
CSF AP42 was decreased in AD, DLB, and PSP and was
significantly higher in NIID compared with AD, DLB, and
PSP (Figure 1B). CSF t-tau was significantly higher in
patients with AD compared with NIID, DLB, FTD, PSP,
and CBS. CSF t-tau also showed a higher trend in NIID
(Figure 1C). CSF p-taul8l and t-tau showed moderate
correlation in NIID, AD, DLB, and CBS (Figure 1D). The
least-square regression line was similar between NIID and
AD (Figure 1D), and the difference of CSF p-taul81 be-
tween NIID and AD was nonsignificant (p = 0.56) by
ANCOVA, adjusted by CSF t-tau, whereas the difference
between NIID and DLB and that between NIID and CBS
were significant (p = 0.0024 and 0.0077, respectively).

Increased CSF P-Tau181 in Patients With NIID
Was Not Related to Decreased CSF AB42

The results of CSF AP42 and p-taul81 of each patient are
plotted in Figure 2A. Based on predetermined institutional
cutoff values, quadrants were divided into the following cat-
egories: A—T—, A+T—, A-T+, or A+T+ (Figure 2A). The
percentage of each category in each disease group is sum-
marized in Figure 2B. Although 75% of patients with NIID
were classified as A-T+, only 4.2%-23% were in non-AD
disease controls, and the frequency of A-T+ was significantly
higher in NIID compared with AD, DLB, PSP, and CBS
(Figure 2B).

PiB PET Imaging Showed Negative or Only Mild
Local Accumulation in Patients With NIID

PiB PET imaging was conducted in 6 patients with NIID
(patients 1-5 and 12), including both of the patients classified
as A+T+ according to the CSF biomarker results (patients 1
and 3). Patient 3 showed mild local accumulation (22.1 CL),
and the rest of the patients were amyloid negative by PiB PET
(Table 1).

CSF Concentrations of HVA and 5-HIAA Were
Increased in Patients With NIID

The CSF concentrations of monoamine metabolites HVA
and S-HIAA were significantly higher in patients with NIID
compared with disease controls (Figure 3, A and B). CSF
concentrations of HVA and S-HIAA in patients with DLB
were lower than in patients with AD, as previously described
(Figure 3, A and B)."*"?

Factors Influencing CSF P-Tau181 in Patients
With NIID

Age at CSF, CSF total protein, CSF AP42, CSF HVA, CSF
S-HIAA, the MMSE score, and the FAB score did not show

Table 2 Demographics of Patients With NIID and Disease Controls

NIID (n = 12) AD (n = 120) DLB (n = 24) FTD (n = 13) PSP (n =21) CBS (n=13)
Age (y) 713+4.4 74.6+9.4 76.8+8.4 70.2 £ 8.1 755+5.2 719+54
Female (%) 75.0% 63.3% 41.7% 53.8% 52.3% 30.8%
ApoE4 carrier (%) 8.3% 50.4% 40.9% 8.3% 25.0% 0.0%
Number of missing data

CSF p-tau181 0 0 0 0 0 0

CSF AB42 0 0 0 0 0 0

CSF t-tau 0 0 0 0 0 0

CSF HVA 0 4 4 0 5 0

CSF 5-HIAA 0 3 0 0 2 0

ApoE4 0 5 2 1 1 1

Abbreviations: 5-HIAA = 5-hydroxyindole acetic acid; AD = Alzheimer’s disease; CBS = corticobasal syndrome; DLB = dementia with Lewy body; FTD =
frontotemporal dementia; NIID = neuronal intranuclear inclusion disease; PSP = progressive supranuclear palsy.
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Figure 1 AD-Related CSF Biomarkers in Patients With NIID and Disease Controls
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(A) CSF p-tau181 was significantly higher in AD compared with DLB, FTD, PSP, and CBS, as previously reported. CSF p-tau181 was significantly higher in NIID
compared with DLB, PSP, and CBS. (B) CSF AB42 was decreased in AD, DLB, and PSP. CSF AB42 was higher in NIID compared with AD, DLB, and PSP and was
comparable to FTD and CBS. (C) CSF t-tau was significantly higher in AD compared with NIID, DLB, FTD, PSP, and CBS, as previously reported. CSF t-tau also
showed a higher trend in NIID, although nonsignificant. (D) CSF p-tau181 and t-tau showed moderate correlation in NIID (r = 0.57), AD (r = 0.62), DLB (r = 0.50),
and CBS (r = 0.37). The difference of CSF p-tau181 between NIID and AD was nonsignificant by ANCOVA adjusted by CSF t-tau (p = 0.56). * 0.01 < p < 0.05; **
0.001 £p<0.01; ***0.0001 <p <0.001; **** p <0.0001. AB42 = amyloid-beta 42; AD = Alzheimer disease; ANCOVA = analysis of covariance; CBS = corticobasal
syndrome; DLB = dementia with Lewy body; FTD = frontotemporal dementia; NIID = neuronal intranuclear inclusion disease; p-tau181 = tau phosphorylated
at threonine 181; PSP = progressive supranuclear palsy; t-tau = total tau.

significant correlation with CSF p-taul81. No differences
based on sex were observed (female 76.6 + 24.9 vs male 61.0 +
25.3 pg/mL).

The Presence of Encephalitic Attacks Showed
No Association With the CSF P-Tau181 Level
Although encephalitis is known to cause transient CSF
p-taul81 elevation®®?® and the subsets of patients with
NIID are known to experience subacute onset of un-
consciousness with fever, headache, and vomiting referred
to as encephalitic attacks,”® CSF p-taul81 levels of patients
with or without a history of encephalitic attacks were also

Neurology | Volume 100, Number 10 | March 7, 2023

comparable (74.1 + 20.1 vs 72.3 £ 27.3 pg/mL). In patient
7, CSF was available at baseline, during the remission
phase, and 1 day after an encephalitic attack 4 years later as
a follow-up. All CSF parameters including p-taul81 were
similar between baseline and follow-up (eFigure 1, links.
Iww.com/WNL/C543).

Discussion

CSF p-taul81 was increased in patients with NIID even in the
absence of biomarkers suggesting amyloid pathology. CSF

Neurology.org/N
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Figure 2 AT(N) Classification in Patients With NIID and Disease Controls
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= dementia with Lewy body; NIID = neuronal intranuclear
inclusion disease; p-tau181 = tau phosphorylated at threo-
nine 181; PSP = progressive supranuclear palsy.

concentrations of HVA and S-HIAA were also higher in pa-
tients with NIID than in patients with other neurocognitive
disorders.

Tau is a microtubule-associated protein and is mainly
expressed in neuronal axons in the brain. It is widely known
that CSF t-tau and p-taul81 are both increased in patients
with AD.**° Although t-tau can be increased in conditions
with acute neuronal injury or degeneration such as stroke,”’
head trauma,®® or Creutzfeldt-Jakob disease (CJD),>
consistent increase in p-taul81 has not been observed in
other neurodegenerative diseases, including primary tauo-
pathies, and is considered rather specific to AD."** CSF
p-taul81 can even be decreased in CJD despite increased t-
tau.*® Due to this specificity, increased CSF p-taul81 may
even suggest AD copathology in patients with other

Neurology.org/N

neurodegenerative diseases, such as DLB.">** Because of
the early increase and rather high specificity to AD, it has
recently been recognized that increased CSF p-taul81 re-
flects neuronal secretion of p-tau associated with AP pa-
thology in the brain.>°

Therefore, we found it surprising that most patients with NIID
showed increased CSF p-taul81 in the absence of biomarkers
suggesting amyloid pathology in this study. NIID is charac-
terized by eosinophilic hyaline intranuclear inclusions and is
caused by CGG repeat expansions in NOTCH2NLC.'""? Pa-
tients most often present with gradual cognitive decline, and
brain MRI shows leukoencephalopathy with characteristic
high-intensity signal along the corticomedullary junction by
diffusion-weighted imaging.” Previous autopsy studies consis-
tently reported that astrocytes are more affected than neurons
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Figure 3 CSF Monoamine Metabolites in Patients With NIID and Disease Controls

A *kkk B
I *kkk *%
*kkk I *k*k
[ wwkx
** *%
200+ P T ] 80+ *k
180 i *kkk *kkk
160
_ 60+
- 140 &
£ 120 ™
oo o3
(=) 100 5 401
%‘ 80+ T
L Upper 60--: th - lﬂpperZS—--
U Reference 404 L, Refere CeLa‘rIIVge -
range . ower
Lower 20+
011 SR
AD NID DLB FID PSP CBS AD NID DLB FID PSP CBS

(A) CSF homovanillic acid (HVA) was significantly higher in NIID compared with AD, DLB, FTD, PSP, and CBS. CSF HVA was significantly lower in DLB compared
with AD, as previously reported. (B) CSF 5-hydroxyindole acetic acid (5-HIAA) was significantly higher in NIID compared with AD, DLB, FTD, PSP, and CBS. CSF 5-
HIAA was significantly lower in DLB compared with AD, as previously reported. ** 0.001 < p < 0.01; *** 0.0001 < p < 0.001; **** p < 0.0001. 5-HIAA = 5-
hydroxyindole acetic acid; AD = Alzheimer disease; CBS = corticobasal syndrome; DLB = dementia with Lewy body; FTD = frontotemporal dementia; HVA =
homovanillic acid; NIID = neuronal intranuclear inclusion disease; PSP = progressive supranuclear palsy.

in adult-onset NIID*>*° and that the intranuclear inclusions are  results suggested that an increase in CSF p-taul81 in patients
negative for AR or p-tau.’”*® The relationship between NIID  with NIID was not a transient phenomenon related to these
and p-tau has not drawn much attention to date. There was a  attacks.

single case report of a patient with NIID showing markedly

high CSF p-tau protein level of 167 pg/mL with normal CSF It is reported that the phosphorylation of tau at threonine 181
AR40/AB42 ratio and PiB PET.*® Although the authors spec-  can be caused by several phosphokinases, including GSK3p,
ulated that an increase in CSF p-tau was most likely due to  CdkS, and MAPKs.*** The pathophysiology of NIID is still
neuronal loss, the progression of the symptom was very slow,” being studied, and it is not yet known whether these kinases are
compared with acute neurodestructive disorders known to  altered in NIID. Recently, the translation of GGC repeat ex-
cause CSF t-tau elevation, such as stroke, head trauma, and  pansions into a toxic polyglycine protein similar to FXTAS has
CJD.>"** We showed that CSF p-taul81 was increased in most ~ been reported in NIID using cellular and mouse models.****
patients with NIID despite slow disease progression of this ~ These models or the patient-derived induced pluripotent stem
disease. Our CSF p-taul81/t-tau ratio of NIID comparable to  cells*® would definitely accelerate the pathophysiologic re-
AD also suggested that this increase was more likely due to a  search of NIID and may disclose the underlying mechanism of
similar mechanism involved in AD (e.g, the secretion of p-tau  CSF p-taul81 increase in patients with NIID.

from neurons through an unknown mechanism) ,>% rather than

a nonspecific increase due to acute neurodestruction in stroke, ~ CSF concentrations of HVA and 5-HIAA are decreased in

head trauma, or CJD. patients with DLB, likely reflecting reduced dopamine and
serotonin in the brain, respectively.'*'> Surprisingly, CSF
Previous studies suggested that viral encephalitis was an im-  concentrations of HVA and 5-HIAA were higher in patients

portant exception of CSF p-taul81 elevation.”®*” It reported ~ with NIID than in all the disease controls included in this
that patients with herpes simplex virus type 1 (HSV-1) en-  study. HVA is metabolized from dopamine by mono-
cephalitis showed increased CSF p-taul81 and t-tau along  aminoxidase (MAO) and catechol-O-methyltransferase, and
with decreased CSF AB42.>* As previous in vitro studies  5-HIAA is metabolized from serotonin by MAO." Our re-
showed that the HSV-1 virus could induce hyper- sults suggest that the brain concentrations of dopamine and
phosphorylation of tay, o possibly through the activation of ~ serotonin themselves or their metabolism, such as MAO ac-
phosphokinases such as GSK?)[?a,41 the authors suggested that  tivity, may be differentially altered in NIID and other neu-
an increase of CSF p-taul81 could be due to the direct effect  rocognitive disorders.

of HSV-1.”* It would be intriguing to speculate that the

phosphorylation of tau may be increased in patients with  Although there are still no consensus diagnostic criteria for
NIID. Although encephalitic attacks due to unknown mech-  NIID, current diagnosis is based on clinical and radiologic
anism are frequently observed in patients with NIID,”® our  characteristics, skin biopsy, and genetic analysis. Increased
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total protein was the only CSF profile reported in NIID,” and
Sone et al.” included in their diagnostic flowchart. Although
increased CSF p-taul81 with normal CSF A profile (A-T+)
or increased CSF HVA and S-HIAA identified in this study
may be more specific to NIID than increased CSF total
protein, validation studies are needed to determine their
clinical utility.

There are several limitations to this study. First, the number of
patients with NIID was relatively small. Larger studies are
needed to evaluate whether our findings apply to different
patient groups. Second, autopsy was not available to rule out
tau deposition in the brain of the studied patients. Future
studies are needed to elucidate the underlying mechanism
behind the increase in CSF p-taul81 in patients with NIID.
Third, we have not tested other promising CSF p-tau bio-
markers reported to be increased early in the disease course
and to be more specific to AD, such as p-tau217 and p-
tau231.*°% It would be interesting to know whether these
biomarkers are also increased in NIID.

In conclusion, CSF p-taul81 was increased in patients with
NIID even in the absence of amyloid pathology. Although
deposition of phosphorylated tau has not been reported in the
brains of patients with NIID, molecular mechanism of tau
phosphorylation or secretion of p-tau may be altered in NIID.
CSF HVA and 5-HIAA were also elevated in patients with
NIID. These results may be useful to understanding the
pathophysiology of NIID.
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