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Figs |-5. Pyransta inonmatalis (Temald) 774 Vb ¥ &2 A4 4 & 1L Adul female, found on Aug. 25, 2009,
Moryama City, Shiga Prefecture. SFU -7 2019668 H25H o 2h = B 8, 2. Adult male, collected on
et 31, 2019, in the same locality (forewing length: 6.7 mm), [HHCE 200906 10 H 31 FlicfEls fu i deaid, 3,
4, Male genitalin. <2128, 3. Collected on Oct. 31, 2009 in Shiga Prefecture. 201955 10 H 31 [# B Eboin g
NS AL Ventral view, I B. Base of valva, «3it-w3358E, C. Left side (lacking a group of long aciculate
comuti). i A, 22, 4. Colleeted in Junction, Kimble County, Texas and preserved m TISNM (USNM shide
HI15023). 724 VA RIE 7k o cRE R E AL 2= R AL Ventral view, 8. 3. Right side of phallus, an arrow
indicates a group of aciculate cormuii. # AR, EHIES L 2704007, 5 Female genitalin collected in Junction,
Kaimble County, Texas and preserved m USNM (USKM shide #115925), Dorsal view, indicating male cornun
left in appendix bursae, 7 AV A S REAF+#2AMTEEIALBMECEIRE, 7Ly T4022 - T4z
oo R 7Fadiiks.
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Munras. E., 1970, Pyraloiden, Prralilas comprizing the subfamily Myreavstinas tibe Fyravstind {eonclnsion). fy
TDiminick, BT elal. (eds), The Mods of dmerdos Newth of Wenciea, 130 21 81-130—x0vii pp, 129 & 17 pls, T

W Classey Tamited gnd the Wedge Tniomelogical Research Foundarion. Tandon,
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Case Report

Akinetopsia on Driving

Kengo Maeda, MD, PhD

Akinetopsia is a quite rare symptom. Two types of akinetopsia have been reported:
one is cinematographic vision, and the other is invisibility of moving objects. These
symptoms are thought to occur due to dysfunction of the MT/V5 area at the occipi-
toparietal region. T herein describe a 54-year-old man who collided with a car
parked on the left side of the road while driving. He complained that the parked
car looked to be moving forwards and he could not stop his car when he noticed
that it was parked. Magnetic resonance imaging disclosed the fresh infarction on
the right temporoparietal region involving the MT/V5 area. His symptom during
driving was considered cinematographic vision and it was the cause of the traffic
accident. Akinetopsia resulted in illusory kinetopsia on driving and the traffic

accident.

Key Words:  Kinetopsia—Akinetopsia—Optic flow—MT/V5 area—Infarction

© 2019 Elsevier Inc. All rights reserved.

Case Report

A 54-year-old man was transferred to the hospital due
to a traffic accident. He had noticed a slight weakness of
his left hand that morning. When he drove his car to his
work, he collided with the car parked on the left side of
the road. He complained that the parked car seemed to be
moving forward. However, when he noticed that it was
parked, he could not stop the car. He was mentally nor-
mal. Homonymous hemianopsia or left hemispatial
neglect was not observed. There was neither hemiparesis,
sensory disturbance, nor cerebellar ataxia. Magnetic reso-
nance imaging revealed fresh cerebral infarction in the
right frontal and temporo-occipital lobes (Fig 1) The
objective tests such as eye tracking test were not available.
Treated with antiplatelet agent, he did not note any visual
symptom afterward.
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Discussion

The cause of his traffic accident was considered visual
illusory motion perception due to cerebral embolism.
Three interpretations for his symptom were considered.
First, the patient’s complaint that the car parked on the
left side of the road looked to be moving forward indi-
cates kinetopsia when simply accepted. Only two epilepsy
patients have been reported to show kinetopsia.'” The
causative epileptic focus was located on the right occipito-
parietal region involving the MT/V5 area, which is a part
of the dorsal stream of the visual perception pathway and
plays a key role in visual motion detection.” However,
this is the case when the patient is not moving. Secondly,
in the situation involving this patient (driving a car), the
surrounding stationary objects were moving from the
front to the back. In his visual field, things were moving
radially from the center to the periphery, becoming big-
ger. This radial movement of the stationary objects is
called “optic flow".” If a car is running at the same speed
as his car, it looks stationary. For this patient driving a
car, the parked car might not have moved radially like
other objects, and it made him feel that it was moving for-
ward. In that sense, his symptom is akinetopsia. Two
types of akinetopsia are known: cinematographic vision
and invisibility of moving objects.” Akinetopsia results
from disturbance of MT/V5. Thirdly, human neuroimag-
ing studies have demonstrated that the ventral intraparie-
tal area is the most likely candidate for the area that

eli2 Journal of Stroke and Cerebrovascular Diseases, Vol. 28, No. 7 (July), 2019: pp e102-¢103
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AKINETOPSIA ON DRIVING

Figure 1. Diffusion-weighted magnetic resomarce images of the patient’s
brain. Fresh infarction is detected in the right frontal lobe and tenrporo-
occipital lobe. The latter farrowheads) fs comsidered associnted arith the
patient’s conphaint,

integrates visual information related to self-motion and
vestibular information.” However, his infarctions were
located at the right temporo-occipital lobe involving MT/
V5. Taken together, the patient’s symptom on driving
indicates transient cinematographic vision. The reason

elD3

why other stationary objects in his left visual field did not
show cinematographic vision was unclear. However, in
the case of epileptic kinetopsia, automatic motion was
limited to some objects in the field, not all objects move
spontaneously.
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Akinetopsia with achromatopsia due to focal epilepsy )
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1. Introduction

Akinetopsia is a rare visual symptom of the central nervous system
[1]. There are two types of akinetopsia: invisibility of moving objects,
and motionless vision resembling freeze frames in a motion picture
(cinematographic vision). Since there are only a few reports of akine-
topsia, the corresponding region for moton perception is controversial,
We herein describe a patient with ictal akinetopsia with achromatopsia
whose symptoms and presentation offer insight in considering the issue,

2. Case presentation

A BB-year-old woman complained that after she experienced an
uncomfortable feeling what she was looking at froze and lost its color
like a monochromic photograph. She did not experience déja vu, jamais
vi, epigastric rising sensation, or olfactory sensation. During the
symptom, she could hear surrounding sounds normally. After a few
seconds, her wvision returned to its normal condition. Her visual
symptom appeared on various occasions, Her symptom had appeared
one year before and recently occurred every day. She had diabetes
mellitus without diabetic complications and received oral hypogly-
cemic agents. She did not experience any symptoms of hypoglycemia
during the symptom. Neurological examination was normal, Routine
bleod tests including thyroid and adrenal functions were also within
normal limits. Magnetic resonance imaging of her brain was normal,
and no lesion was enhanced by Gadolinfum. Thirty-minute electro-
encephalogram (EEG) was performed twice before treatment. The first
EEG (Fig. 1) revealed the sharp waves four times on the right hemi-
sphere, The phase reversal was found between F8 and T4 electrodes
(Fig. 1 arrows), Two minutes after hyperventilation loading, burst of
sharp waves appeared on the right frontotemporal regions. During the
recording of EEG, she experienced the usual uncomfortable feeling.
Although seizure spresd was not observed in the second EEG, sharp
waves were recorded seven times. Interictal single photon emission
computed tomography (SPECT) revealed hyperperfusion in the right
frontotemporal region and hypoperfusion in the bilateral occipital re-
gioms (Fig. 2, upper). Visual perception test for agnosia (edited by the
Japan Society for Higher Brain Dysfunction), also performed

interictally, did not show hemispatial neglect, prosopagnosia, or topo-
graphic disorientation. Wechsler Adult Intelligence Scale (3™ edition)
showed VIO 116, PIQ 108, and FIQ 114, suggesting normal intelligence.
She was treated with 200 mg/day carbamazepine. EEG recorded one
month after treatment showed no epileptic discharge. Her wvisual
symptom was suppressed completely. SPECT was also improved 18
months after treatment (Fig. 2, lower).

3. Discussion

The visual symptom of our patient is considered o be akinetopsia
with achromatopsia caused by epilepsy. Our patient presented cine-
matographic vision among the two types of akinetopsia. The focus of
her epilepsy was considered to be in the right frontotemporal region
based on EEG. SPECT was performed interictally. However, the facts
that sharp waves were easily observed on EEG and the patient experi-
enced visual symprom every day suggest that the focus was activated
even during the interictal phase. Therefore, the hyperperfusion of the
right frontotemporal region was probably due to the co-localizing epi-
leptic activity. Interestingly, treatment with carbamazepine amelio-
rated not only the hyperperfusion of the epileptic focus but also the
hypoperfusion of the bilateral occipital regions. Thus, both SPECT
findings were most likely caused by the epileptic activity. The possible
mechanism for this is remote inhibition, which is defined as the in-
hibition of neurons that are remote from the epileptic focus and con-
nected with it through cortico-cortical or polysynaptic pathways.

The region responsible for akinetopsia has been thought to be in the
area MT/V5. Although the original case presented by Zihl had bilaeral
lesions, unilateral lesion might be enough to cause akinetopsia [1].
Recently, right ventral visual cortex integrity has been reported to be
impartant in motion perception, as well as the dorsal pathway including
the area MT/VS [2]. It is not determined how two types of akinetopsia
are associated with the dorsal or ventral pathway, or the laterality of
the lesion.

One difference between our case and the previously reported cases
with akinetopsia was the complicating achromatopsia. OQur patient
mentioned that all the visual field lost its color and became like a
monochromatic photograph. As to color perception, there have been

* Carresponding author at: Department of Neurology, National Hospital Organization Higashi-ohmi General Medical Center, 255 Gochi, Higashi-ohmi, Shiga 527-

BSO5, Japan,
E-mail address: maeds hengo.shimail hosp,go,jp (K. Maeda),
hatps: /S dol.org 10,1016/ seizone, 200 9,003,004

Received 10 January 2019; Received in revised form 3 March 2019; Accepted 5 March 2019
1059-1311/ © 2019 British Epllepsy Association. Published by Elsevier Ltd. All rights reserved.

—152—



K. Maeda, et al Setzure: European Journal of Epilepsy 67 (2019) 27-20

Laad il o an o e n s p o no W gy pg p oo s p b n s W L AR R PR LA R LRSS )

FolfT M/N«MWW{ N'-'h'.-"\v"\mw

FT-T3 # rww'nﬁmwmm
73-T5 MMH‘MMHIFM - m o . el b iy
T L e e A kel e OB I T o O NE
T e N i T PR o AT o e

P o e e e AN 580 [T SN o o

J— - g S SRS S PR NP U S T

GCRPRe = rreReEnaEEmEEEEE

P3-01 HHWWMW”H"_“_MW,_E P N T

fﬁ% e

sz-Fd -\// Wﬁrﬁf ‘I"'I -'I.Iﬂ' -"-"IlﬁJer"e‘\"‘-ﬁ -."}L‘_L'jtl'm l"*"\ -'.”_“ --"Hm
Fa-Cd  — f"'“‘%wwmh '..’.J.‘_.lh‘/ifu e Y P e
R e R B S L S

Pid-02 oo i prmmpntr S ey PP T d_q.-..mwﬂﬂu_wmwm.mw eyt

Fpe-F8 ’J\“f‘w\x "'"f“ + Wmur.#*r-'rmﬂf.lﬁ-’- Wrdrdro Pk VA Wi

y Y e
FE-T4 '« L ‘_’_,JW '_J.A,Aw-,l\_l.'"qwﬂiﬂ'_}\"‘ 1 ._|\*~" / ..’L.- o ‘."w‘r"'ﬁ‘“- ™
T4-T8 uw.-humz.v-rhw B bt i

T6-02 "‘——#J’*-—WM ‘“ﬂ-"“"‘“ _,_-wmxa*\f AR VAN R LY i eV PEN L

S0pV
s

Fig. 1. Electroencephalogram. Sharp waves are observed on the right hemisphere (left), The phase reversal is found between F8 and T4 electrodes (arrows). Eplleptic
activity began on the right frontotemporal region (center) and disappeaned (right)
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Fig. 2. Interictal single photon emission computed tomography (SPECT) wsing "™ Te-ethyl cysteinate dimer before treatment, The data were analyzed with the Easy
Zacore Imaging System, Areas with increased (Zscore = 2} cerebral blood flow (CBF) (beft) and these with decreased CBF (right) are colored, Before treatment
{upper), hyperperfusion around the right superior temporal gyrus (arrow) and hypoperfusion of the bilateral oecipital regions are revealed. Hypoperfused region
involves the area MTAV5 (open triangles) and Vav (closed irfangles), Approximately 18 months after treatment (lower), both the hyper- and hypoperfusion seen
before treatment ane improved.
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many discussions about the existence of a color center. Bartolomeo
et al. introduced interesting cases of achromatopsia. One was in a
hemiachromatopsic patient and involved the inferior part of the left
occipital lobe. Another patient did not show achromatopsia after a first
stroke involving the left occipitotemporal hematoma, but developed
full-field achromatopsia after a second stroke affecting the right occi-
pitotempaoral region [3]. Although bilateral ventral occipitotemporal
lobes containing the lingual and fusiform gyrus are important in color
perception, there might be right-hemisphere dominance.

The hypoperfused regions observed in our patient before treatment
involved bilateral classical centers of motion (MT,/V5) and color (ven-
tral part of V4; V4v) perception. Epileptic impulses could be retro-
gradely conveyed from the right frontotemporal region to the ipsilateral
MT/V5 and V4v via the right ventral visual pathway and suppress their
functions. They could also suppress the contralateral MT/AVS and Vav
via callosal connection and result in ictal full-field akinetopsia with
achromatopsia.

A similar epilepsy patient showing ictal cinematographic vision was
reported to have a focus in the right mesial emporal lobe apart from
area MT/V5 [4]. Unlike in that patient, we could derive ictal EEG and
SPECT before and after treatment. During the seizure, ictal discharge
did not seem to spread to the contralateral hemisphere in our patient.
Although both cases seem to show the full-field akinetopsia from the
focal seizure whose foci were in the right temporal lobe, akinetopsia, at
least in our case, might have been due to the inhibition of the bilateral
MT/V5 area.

Seizure: Eurepean Journal of Epilepsy 67 (2019) 27-29
4, Conclusion

We reported a case of focal epilepsy showing full-field akinetopsia
with achromatopsia. The focus of the epilepsy was the right fronto-
temporal region based on the results of EEG and SPECT. The remote
inhibition of the bilateral MT/V5 and Vv via the right ventral visual
pathway and callosal connection could be the cause of this rare
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Long-read sequencing identifies GGC repeat
expansions in NOTCH2NLC associated with
neuronal intranuclear inclusion disease

Jun Sone ®'225 Satomi Mitsuhashi®*?¢, Atsushi Fujita®*?¢, Takeshi Mizuguchi®, Kohei Hamanaka®,
Keiko Mori*, Haruki Koike', Akihiro Hashiguchi®, Hiroshi Takashima®, Hiroshi Sugiyama®,
Yutaka Kohno’, Yoshihisa Takiyama®, Kengo Maeda®, Hiroshi Doi @, Shigeru Koyano™,
Hideyuki Takeuchi', Michi Kawamoto", Nobuo Kohara", Tetsuo Ando", Toshiaki leda®™,
Yasushi Kita", Norito Kokubun', Yoshio Tsuboi', Kazutaka Katoh®"2% Yoshihiro Kino?,
Masahisa Katsuno', Yasushi Iwasaki'®, Mari Yoshida', Fumiaki Tanaka™, Ikuo K. Suzuki'®,
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Neurenal intranuclear inclusion disease (NIID) is a progressive
neurodegenerative disease that is characterized by eosinophilic
hyaline intranuclear inclusions in neuronal and somatic cells.
The wide range of clinical manifestations in NIID makes ante-
mortem diagnosis difficult™", but skin biopsy enables its ante-
mortem diagnosis™”. The average onset age is 59.7 years among
approximately 140 NIID cases consisting of mostly sporadic and
several familial cases. By linkage mapping of a large NIID family
with several affected members (Family 1), we identified a 58.1
Mb linked region at 1p22.1-921.3 with a maximum logarithm of
the odds score of 4.21. By long-read sequencing, we identified a
GGC repeat expansion in the 5" region of NOTCHZNLC (Notch 2
N-terminal like C) in all affected family members. Furthermore,
we found similar expansions in 8 unrelated families with NIID
and 40 sporadic NIID cases. We observed abnormal anti-sense
transcripts in fibroblasts specifically from patients but not unaf-
fected individuals. This work shows that repeat expansion in
human-specific NOTCH2NLC, a gene that evolved by segmental
duplication, causes a human disease.

Meuronal intranuclear inclusion disease (NITDY), also known as
neuronal intranuclear hyaline inclusion discase and intranuclear

inclusion body disease, is a progressive and fatal neurodegenera-
tive disease’~. NIID presents with neuronal and glial intranudear
inclusions that are widespread through the central and peripheral
nervous systems, These inclusions are eosinophilic on hematoxy-
lin and eosin staining, and immunoreactive to anti-ubiguitin and
anti-p62 antibodies’, and are by ultrastructural examination well-
circumscribed masses without a separating membrane composed of
a mesh of fine, straight filaments"". Highly variable clinical mani-
festations of NIID made ante-mortem diagnosis of NIID difficult
for a long time, but skin biopsy has overcome this difficulty’’. Here
we describe a consistent genetic alteration in NOTCH2NLC within
familial and sporadic N1ID) cases.

We examined patients with NIID (histopathologically diag-
nosed) from 9 families (Fig. 1), and 40 sporadic NIID cases.
Patients with NIID in Families 1 and 2 showed molor-sensory and
autonomic neuropathy and weakness, and patients in Families
4, 7. 8,9, 10 and D as well as 39 sporadic cases showed demen-
tia and leukoencephalopathy, as revealed by T2-weighted imaging,
and had high-intensity signal in the corticomedullary junction by
diffusion-weighted imaging (DWT) in head magnetic resonance
imaging (MRI}"*-"_ Patients with NIID in Family 3 (ref. ') and
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Fig. 1| Familial pedigrees. Black and white symbols represent affected and unaffected members, respectively, in familial MID with two or maore affected
members. Asterisks indicate autopsied patients,

Fig. 2 | Histopathological features and brain MRI findings from patients with NIID. ab. Intranuclear inclusions cbserved with hematoxylin and eosin
staining of an anterior ham neuron in the cervical spinal cord (F1-8) (a) and an astrocyte in the cerebral cortex (sporadic case) (b). e=f, Immunostaining
with anti-ubiguitin antibody of the precentral gyrus (F1-6) (c), myenteric plexus (sporadic case) {d), adrenal cortex (F1-1) (&) and renal tubule (F1-1) (f).
g.h, Electron micregraph of an intranuclear inclusion in an astrocyle in the cervical spinal cord (F1-6) (g} and a skin fibroblast {Fi-143 (k). 1<, Skin biopsy
findings with anti-ubiquitin antibody immunastaining of fibroblasts (F4-1) (1), fibroblasts (F7-2) (), sweat gland (sporadic case) (k) and adipocyles
(sporadic case) (1} m=p, Brain MRI findings showing a T2-weighted image (F1-1) (m), DWI| image (F3-1} {n), DWI image (F4-2} (o) and DW) image
{sporadic case} (p). Scale bars, 10 pm {a=f and i=1} and 2 pm (g.h).
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Fig. 3 | Genetic studies of patients with NIID and controls. a, Linkage analysis of Family 1 identified a 58 Mb linked region at 1p22.1-21.3 with a 4.21
maximum legarithm of odds score, b, Schematic representation of the NOTCH2ZNLC gene. The disease-associated repeat expansion (orange box) was
identified in exon 1 of NM_001364012 (oform 1) and NM_001364013 (iscform 2). Black and brown boxes show untranslated and coding regicns,
respectively. Blue and green arrows show the primers using RP-PCR and fluorescence amplicon length analysis, respectively. €, Electropherogram of
RP-PCR. Upper panel shows no repeat expansion in unaffected individual F1-3. Lower panel demonstrates a saw-tooth tail pattern of the repeat expansion
in individual F1-5 with NIID. d, Distribution of repeat length in NOTCHZNLC detected by fluorescence amplicon length analysis in individuals with NIID
(45 alleles in familial cases and 79 alleles in sporadic cases). Allele count is additive, e, Distribution of repeat length in NOTCHZNLC in normal control
individuals (450 alleles). A gain of 61 repeat units was found in ane contral {amow).

one sporadic case (11 3692) showed both neuropathy (weakness)  anti-p62-positive intranuclear inclusions were observed widely in
and dementia. In autopsies of patients from Families 1 and 2 and  nervous system and visceral organs, and skin biopsy showed the
one sporadic case (1D: 3618), eosinophilic and anti-ubiquitin- and  same characteristic intranuclear indusions in adipocyles, sweat
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Table 1| Cas9-mediated enrichment sequencing of the NOTCHZNLC repeat expansion
NOTCH2ZNLC-targeted MinlON sequencing

PCR fragment Tandem-genotypes MAFFT-consensus  Read coverage
analysis output (median) repeat copy number

Patients Phenotype Mormal Expansion Mormal Expansion Mormal Expansion Mormal Expansion Consensus repeat sequence
from MAFFT alignment

F1-1 Familial/Weakness & 162 [ 169 [ 164 747 s (GGECNZNGEAIZ(GGL)3
{IGGAIGGCIZFTIGELIS

F-8 Familial/Weakness & 132 6 142 [ 137 378 300 (GGCIBS{(GGAIZGGLI2}
12(GGCYS

F2-2 Familial/Weakness 7 183 75 187 & 186 58 &1 (GGCIS2{(GGAYIGGL)}
23(GGAYAGECIZGGAYZ
(GGC)2

F3-1 Familial/Weakness 7 127 7 129 7 126 140 121 (GGCIH{GGA)
(GGCI2HE(GGEL)

Fa4-2 Familial/Dementia 2 Maone 3 220 2 a7 494 451 (GGC)Z30

F7-1 Familial/Dementia 7 105 8 nas 7 ne 340 358 (GECNN

F8-1 Familial/Dementia 7 S0/106 7 e 7 4 167 181 (GECN2AGGANGEL)2

F9-1 Familial/Dementia 2 1A 3 132 2 130 460 448 (GECNINGEANZGEC)2

FD-2 Familial/Dementia None  &0/76 Mone 795 Mone 80 Mone 100 (GGL)93

3619 Sporadic/Dementia 2 73/93 3 100 2 99 95 91 (G2

3624 Sporadic/Dementia 2 B6,/106 3 108 2 108 946 849 (GGCNA

3697 Sporadic/Weakness 17 ng 16 na 17 122 414 A36 (GGCIAAGEANGGT)
{IGGANGGCIAF2H(GGA)2

(GGCIINSGEANIGEC)2

Repeat copy numbers are shoram a8 copy numiber changes from the hg38 reberence (n=130

gland cells and fibroblasts, which was the basis for NIID diagnosis
(Fig. 2). All of these familial and sporadic cases were without FMR 1
premutation, as determined by Southern blotting' .

First, we performed [llumina HiSeq whole-genome sequencing
(WGS) or whole-exome sequencing (WES) of affected and unaf-
fected members of Family 1. Linkage analysis of Family 1 using
informative SNPs extracted by LinkDataGen" from WGS and
WES data revealed only two linked regions with >1.0 maximum
logarithm of the odds (LOD) scores: a 3.5 Mb region at 1p36.31-
p36.22 {chrl:6218354-9719813; maximum LOD 2.32) and a 58.1
Mb region at 1p22.1-q21.3 (chr1:94205228-152350656; maximum
LOD 4.21) based on hg38 (Fig. 3a). We could not identify any
pathogenic SNPs or copy-number variants (CNVs) in WGS or WES
data in the two linked regions {data not shown).

Mext, we performed long-read WGS with either PacBio RSIT {only
for F1-6) or PromethIOMN (for the others) on 13 affected and 4 unaf-
fected members from 8 families. In addition, we recently developed
a computational tool, tandem-genotypes”, to find tandem repeats
possibly causing human diseases. We checked tandem repeat copy-
number changes genome-wide using tandem genotypes (hiips:/)
github.com/mefrith/landem-genotypes) in all long-read WGS data.
Surprisingly, all 13 affected members have GGC repeat expan-
sion at chrl:149390802-149390842, which is in the 5" UTR of the
NOTCHZNLC gene (NM_001364012) mapping to the 58.1 Mb linked
region (Fig. 3band Supplementary Figs. 1,2). The repeat expansion was
not observed in unaffected family members or in 29 other controls by
long-read WGS (Supplementary Fig. 3 and Supplementary Tables 1,2).
In all patients, the NOTCH2NLC repeat expansions were ranked in
the top 5 (usually first) out of 1,014,212 repeats in the genome (in sim-
pleRepeat.txt from hitps://www.ucscedu) (Supplementary Table 1)
using the tandem-genotypes prioritization tool .

Next, we investigated the segregation of this repeat expansion in
the genomes of all 9 families with repeat-primed PCR (RP-PCR).

s

RP-PCE demonstrated the repeat expansion as a saw-tooth pattern
in all patients with NIID tested but not in unaffected family mem-
bers or in 496 out of 497 normal controls (Fig. 3¢ and Supplementary
Table 3). We also analyzed 40 sporadic NIID cases, and surprisingly,
all had the expansion (Supplementary Table 4). We further set up
fluorescent amplicon length analysis amplifying regions of repeat
expansions together with non-expanded repeats in all 63 patients
and 225 normal controls. We confirmed the repeat expansion in all
patients who were tested and observed intra- and interfamilial repeat
copy-number difference in patients. Importantly, the numbers of
repeats were all reduced (=52, —6 and —9) in three affected parent-
child pairs of Family 1 (Supplementary Fig. 4 and Supplementary
Tables 3,4). We also found a de novo repeat expansion in the family
of a sporadic case (11: 3661) for whom biological parentage was con-
firmed using polymorphic markers (Supplementary Table 4). In one
RP-PCR-positive normal control, the repeat-number gain was 61.
Owing to insitutional review board (IRB) protocols, we could not
obtain any clinical information for this individual. Therefore, the
ranges of repeat-number changes are —6to 61 (controls) and 71 to
183 (NII) (Fig. 3 and Supplementary Tables 3,4). However, it is
possible that the control individual with a repeat-number gain of 61
is an unexpected presymptomatic patient, and when data from this
individual are excluded from the control group, the range of repeat-
number changes in controls is —6to 30,

We next used a Cas?-mediated enrichment system of the
NOTCH2NLC repeat to obtain much higher read coverage at this
locus (100x—1,795x) (Table | and Supplementary Fig. 5), and con-
structed consensus sequences using MAFFT v.7 with last-train™
(Table 1, Fig. 4 and Supplementary Figs. 6,7). Repeat copy numbers
in the consensus sequences agreed well with the tandem-genotypes
v.1.1.0 output median values and fluorescent amplicon length analy-
sis peaks (Table 1), Interestingly, four members of Families 1, 2and 3,
and one sporadic case (ID: 3692), an individual who showed a

MNATURE GEMETICS | VOL 51 AUGUST 2009 | 1215-1221 | wwew nature.comynaturegenetics
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Fig. 4 | Consensus sequences of the NOTCHZNLC repeat in patients with NIID, NOTCH2NLE repeat consensus sequence of multiple alignment using
MAFFT (Table 1). Mote that there are polymorphisms between normal alleles. F1-1, F2-2, and F9-1 are familial patients. Individual 10s with an asterisk
indicate a weakness-dominant phenotype. Individual 1Ds without an asterisk indicate a dementia-dominant phenotype, Expansion, allele with repeat

expansion; normal, normal allele.

weakness-dominant phenotype, have the (GGC), repeat followed
by varieties of {(GGA)(GGC),}, repeats, whereas other family
members and sporadic cases who presented with dementia, who
did not show weakness, have pure {GGC), repeats (Table 1, Fig. 4,
and Supplementary Fig. 6). {{GGA)(GGC), ), repeats might cause a
weakness-dominant phenotype. [n addition, two different methods
detected only (GGC)n repeat expansion, but not a normal repeat, in
FD-2 (Fig. 4 and Supplementary Table 3). This suggests that FD-2
has homozygous repeat expansion, although these methods do not
necessarily ensure diploidy of this locus.

To see transcriptional effects of repeat expansion, we per-
formed RNA sequencing using complementary DNA of fibro-
blasts from two affected (F1-14 and F1-16) and two unaffected
(F1-7 and F1-18) members of Family 1. Surprisingly, abnormal
anti-sense transcripts were found from the beginning of or inside
the expanded repeat region only in the two affected samples but
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not in the unaffected samples (Fig. 5 and Supplementary Note).
Differentially expressed gene (DEG) analysis revealed 54 DEGs
(39 upregulated and 15 downregulated), in which we found enrich-
ment of 11 biological process ontology (BPO} and 5 mammalian
phenotype ontology (MPO) terms (Supplementary Table 5). All the
BPO and MPO terms except for one were related to neuronal func-
tion (Supplementary Fig. 8).

We examined the S-methyleytosine (5mC)  modification
in GGC-expanded sequence and in the adjacent CpG island
(chrl:149390845-149391541) immediately downstream of the
repeat using a nanopore basecaller, flappie v1.1.0. In addition, we
examined the CpG island in blood DINA of a patient and a control
by conventional methods. However, no methylation difference was
seen in fibroblasts (or blood) of affected and unaffected members
(or a control) by either method (Supplementary Figs. 9-11 and
Supplementary Note).
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Fig. 5 | RNA sequencing analysis of NOTCHZNLC in fibroblasts of two individuals with NIID (F1-16 and F1-14) and two individuals without NIID (F1-7 and
F1-18) in Family 1. 8, Mormalized expression level from the sense strand of NOTCH2NLC, Statistical significance between contral (r=2} and patient groups
(=2} was checked with a negative binomial generalized model and Wald test using DESeq2. The difference was not significant (P=2053). b, Normalized
read depth at each exon of NOTCH2ZNLE, Only reads of 255 MO are shown. Few reads were mapped to exons 2 and 3 because multiple mapped reads were
not shown. €, Normalized read depth from sense and antisense strands in the regicns upstream of the first exons of NOTCH2ZNL paralogs, Only reads of 255
MO} are shown, Forward and reverse strands are colored blue and purple, respectively. The reverse strand is sense for NOTCHZNLA and NOTCHZNLB, while
the forward strand is sense for NOTCHZNLC and NOTCHZNLR, d, Reads of >0 MQ from sense and anti-sense strands of NOTCHZNLC and polyadenylation
signal (PAS). The PAS site and the sequence of forward (F) and reverse (R) strands are shown (left panel). IGY images of NOTCHZNLC-AS reads in the
vicinity of GGC tandem repeat {right panel). & Total RMA was extracted from fibroblasts of individuals with and withaut NIID. RT-PCR (PCR with reverse
transcription) was performed twice for the regaon of anti-sense BNA in NOTCHZNLE detected by RNA sequencing. Gel images were cropped from full scan

images displayed in Supplementary Fig. 12, RT, reverse transcription.

NOTCH2NLC is one of the three human-specific NOTCH2-
related genes (NOTCH2ZNLA, NOTCH2ZNLE and NOTCH2NLC)
at 1q21.1. It is highly expressed in various radial glia populations,
including outer radial glia, astrocytes and microglia, and is thought
to be involved in the evolutionary expansion of the human cerebral
cortex™, The NOTCH2NL genes have >99.1% sequence identity
with the amino-terminal portion of NOTCH2, but NOTCHZNLC
contains a 2-bp deletion just downstream of the NOTCH2 start
codon and lacks the N-terminal signal peptide, yet produces a
protein product. Ectopic expression of NOTCH2NL delays corti-
cal neuron differentiation in mouse, and deletion of NOTCH2NL
affects human cortical organoid development ™,

The NOTCHZNL genes at 1q21.1 were not annotated as three
different genes because these regions were assembled erroneously
and missed in the human reference genome until the latest ver-
sion (hg3&8) . These regions are highly similar, and (GGC)n is
100% GC-rich, which is difficult w analyze by standard sequenc-
ing methods. Long-read sequencing with >10 kb reads may have a

1220

notable advantage for resolving such homologous (duplicated) and
repetitive regions*’. We applied PromethlON to data from multiple
patients, and obtained 8x to 25x whole-genome coverage from
single flow cell runs. By using ltandem-genotypes'’, we detected
NOTCH2NLC repeat expansions in familial and sporadic NIID,
even from data with as low as 8x depth of coverage. Furthermaore,
nanopore sequencing with Cas9-mediated enrichment was able to
determine complex repeat structures (Fig. 4 and Supplementary
Fig. 6). Therefore, this study provides a clear example of the use
of long-read sequencing in solving undiscovered genetic causes in
human diseases.

To our knowledge, repeat expansions have never been reported
among the approximately 30 human-specific genes that evolved
through segmental duplications™ ", Such human-specific genes
are very important in human brain evolution but also in human
neurclogical diseases, as shown here. We anticipate that further
studies in human-specific genes will reveal additional variations
associated with human diseases,
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In conclusion, we have elucidated the genetic cause of familial
and sporadic NIIT. We predict that the prevalence of NI1D is higher
than thought previously', and we speculate that NIID may account
for a substantial proportion of dementia cases. To date, many cases
of NIID have been misdiagnosed; for example, as Binswanger's dis-
ease or neurodegenerative disease with white matter damage. NIID
should be considered as a differential diagnosis for dementia, and
its diagnosis, which has been by histopathology, can now be per-
formed genetically. [t may be worth investigating the NOTCH2NLC
repeal expansions in a large dementia population.
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Methods

Samples from families with NIID. Genomic DNA of peripheral blood leukocytes
was extracted from affected and non-affected members of 9 families with NIID and
40 gporadic NI cases after obtaining informed consent. All affected patients were
diagnesed by skin biopsy. Study protocols were approved by institutional review
boards of Yokohama City University Faculty of Medicine and Nagoya University
School of Medicine.

Pathology. Specimens were fixed in 20% formaldehyde and embedded in
paraffin, They were cut into & pm slices and stained by hematoxylin and eosin.
Immunostaining and immuncflucrescence staining were performed as described
previoudy” with anti-ubiquitin antibody (£0458, Dake), and using the Venlana
Discovery system (Roche) with the Ventana DAE map kit {Roche). Samples for
electron microscopic study were prepared as described previously™.

FMRI gene analysis, Genomic DNA was extracted from peripheral blood samples
of the patients with NITD who were involved in this study, with informed consent.
Southern blotting was performed as described previously''. We defined normal
alleles as those with between 5 and 44 repeats, and premutation alleles as those
with 55 1o 230 repeats.

Linkage analysis. We performed linkage analysis for Family 1 using WES (Fi1-4,
1, 11, 12, 13, 14, 19, 20 and 24) or WGS (F1-6.7, 16, 17 and 18) data of 7 affected
and 7 unaffected individuals, The informative genotyping data were selected

by LinkDataGen™ and linkage analysis was performed with Merlin®™ using the
condition of autosomal dominant inheritance with complete penetrance.

Long-read whole-genome sequencing of samples from patients with NIID. DA
sarmples of patients with NITD and unaffected family members were sequenced
using the PromethlON nanopore sequencer (Oxford Nanopore Technologies).
Library preparation was carried out using a 1D Genomic DNA ligation kit (SQK-
LSK109) according te the manufacturer’s protocol. For each individual, one
PRO-002 (R2A.1) flow cell was used. Baze calling and FAST() conversion were
performed with MinKNOW (v1.14.0) (Oxford Nanopore Technologies). One
individual samiple (F1-6) was sequenced by RS11 sequencer (PacBio). Control data
sets were sequenced by MinION (Oxford Nanopore Technologies), PromethION
or Sequel [PacBio),

Long-read sequencing data sets from control individuals. Long-read WGS data
sets of individuals without NIID were obtained to investigate genetic alterations

in patients with other diseases or their family members. This was done using
MinlON, PromethlON or Sequel sequencers. Publicly available human whole-
genome nanopore (rel3) sequence data from one individual (NA12878) were

also used ™. Another publicly available 60% coverage human whole-genome
nanopore data set from a different individual (NA19240) using PromethlON was
downloaded from EBI (https://wwweblacukfena/dataview/PRIEB26721). For
MinlON sequencing. library preparation was carried out using a 11 genomic DXINA
kit (SOR-LSK108) and sequenced with FLO-MIN 106 (R9.4.1) flow cells, according
the manufacturer’s pridocol. Base calling and FASTO conversion were performed
with MinKNOW v1.11.5.

Long-read sequence data analysis wsing LAST. Reads were aligned to the haman
reference genome hgd8 using LAST (http://last chre,jp) 936 or v959, as follows™:

windowmasker -mk_counts -in hg3.fa > genome wmstat

windowmasker -ustat genome.winstat -outfmt fasta -in hg3s.fa > genome-wm.fa

lastdb -P& -uNEAR -R11 -¢ hg38 genome-wim.fa

last-train - P8 hg8 reads fasta > train.out

lastal -P8 -p train.out b8 reads.fasta | lastsplit = alns.maf

Tandem repeat genotyping and multi-dataset priositization were then
carried out using tandem-genotypes v1.10 (hitps:fgithubocom/ mcirith/
tandem-genoty pes, akso in bioconda) as described dlsewhere', Tandem repeat
{simpleRepeat.txt) and gene (refFlat.1xt) annotations were obtained from the
University of California Santa Cruz (UCSC) genome database (hitp://genome.ucse.
edu'}". For data from all patients with NI, two publicly available human data
sets (MAL2878 nanopore rel3 and MA 19240 PromethION ERR2585112-5) and alse
two unaffected family members (F1-3 and F1.9) were used to de-prioritize possibly
benign expansions.

The commands used were:

tandem-genotypes -g refFlat.txt simpleRepeat.txt alns.maf > paticnt-out

tandem-genotypes-join patient-out: controls-out > patient-prioritized

Dot-plot images for the NOTCH2NLC repeat were obtained as follows:

last-dotplot -1 chrl:1493M0802- 149390842 --sort2=3 --strands2=1 --rotl=v
pot2e=h --labclsl =2 --max-gap2=0,inf --bed] notch2nlc-repeat.bed alignment.
rmaf alignment.prg

Repeat-primed PCR. Genomic DNA from members 9 families affected by NI,
40 sporadic cases and 497 normal contrel individuals was analyzed by RP-PCR.
The PCR mix contained 0.25 U PrimeSTAR GXL DNA Polymerase, 1x PrimeSTAR
GXL Buffer, 200 pM each JATP, dTTP, ACTP {Takara Bio} and 7-Deaza-2'-deoxy-
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guanosine-5-triphosphate (Sigma- Aldrich), 5% dimethyl sulfoxide {Sigma-
Aldrich), 1 M betaine (Sigma-Aldrich), 0.3 pM each primer mix and 100ng
genomic DINA in a todal reaction volume of 10 pl. The primer mix contained three
primers, NOTCHINLC-RP-E MI3-(GGO){GGA),-R, and M1} -linker-R {primer
sequences are shown in Supplementary Table 6). After incubation at 98 *C for

10 min, the cvecling conditions were as follows: 16 cycles of 98 °C for 30 5, 66 °C for
1 min with a reduction of 0.5 °C per cycle, and 68 °C for 8 min, amd 29 cycles of
98 *C for 30 5, 58 C for 1 min and &8 °C for 8 min, followed by a final elongation
step of 68 *C for 10 min. The ramp rate of all cycling step was adjusted 0.5 %C

per second, Electrophoresis was performed on a 3500x0 Genetic analyzer (Thermo
Fisher Scientific) and the data were analyzed using GeneMapper software (Thermo
Fisher Scientific). We judged a saw-tooth tail pattern in the dectropherogram as
the discase-associated repeat expansion.

Fluorescence amplicon length analysis. Genomic DNA from 23 individuals

with and ¥ individuals without NIID from % familics, 40 sporadic cases and 225
normal control individuals were used for fluorescence amplicon length analysis,
The composition of PCR mix is identical to that of RP-PCR except for the use of
Sng genomic DNA as a template and a different primer pair, NOTCHZNLC-
AL-F and NOTCH2ZNLC-AL-R {primer sequences are shown in Supplementary
Table 6). The PCR conditions were the same as for RP-PCR. Alternatively, after
incubation at 98 *C for 10 min, the cycling conditions were as follows: 16 cycles
of 98 °C for 30 5, 66 °C for | min with a reduction of 0.5 *C per cycle and 68 *C
for 4 min, and 24 cycles of 98 *C for 30 s, 58 °C for 1 min and 68 °C for 4 min,
followed by a final dongation step of 68 °C for 10 min. The ramp rate of all cycling
steps was the default setting of the T100 thermal cycler (Bio-Rad). Electrophoresis
was performed on a 3500x] Genetic analyzer with GeneSean 1200 L1Z dye Size
Standard (Thermo Fisher Scientific). The data were analyzed using GeneMapper
software and the length of the highest signal peak of expanded allele was used to
calculate the repeat number.

Cast-mediated enrichment and nanopore sequencing. The NOTCHZNLE

repeat region was enriched using the CRISPR-Cas® system according to the
protocol provided by Oxford Nanopore Technologies. ln brief, two different Alt-R
CRISPR-Cas® CRISPR RNAs (crRNAg) (1Y) {guide RNA sequences are shown in
Supplementary Table &) were mixed with All-KT CRISPR-Cas¥ tracrRNA (IDT) to
form secondary RNA structure, then Alt-R 5.p. HiFi Cas9 Nuclease V3 (IDT) was
added to form ribonucleoprotein complexes (RMNPs). Five micrograms of genomic
DA from exch patient were pre-treated with calf intestinal phosphatase (CIE
Mew England Biclabs) and mixed with BNPs with Taq polymerase (New England
Bisdabs). Cleaved DMNA was subjected to nanopore adapter ligation followed

by AMPure XP bead {Beckman Coulter) purification, according to the ligation
sequencing kit protocel (SQK-L5K109, Oxford Nanopore Technologies), Prepared
library was sequenced by MinlON sequencer (Oxford Nanepore Technologies),
using a single R9.4.1 flow cell per sample. Base calling and FASTQ conversion were
performed with MinKNOW v18.12.9. Reads were aligned to hg38 using LAST.
NOTCH2NLC repeat copy number changes from hg38 (13 copies) were predicted
using tanderm-genotypes. Reads were separated into normal and expanded repeat
copy number changes, according to the tandem-genotypes output.

Multiple alignment of reads with NOTCH2NLC repeat using MAFFT, Reads
containing the NOTCH2NLC repeat with £50bp flanks were aligned using
MAFFT™. As nanopore reads have highly biased errors, a special parameter

set estimated by last-train”’ for nanopore B9.4 was used. See the parameter

file (https:{fmafliL.cbre jp/falignment/server/rawreads/minion94) for detailed
information including the command-line arguments to perform this calculation,
To obtain consensus sequence, alignment columns with >50% gaps were discarded,
then the most likely base per column was determined, based on the substitution
probabilities from last-train’.

RNA sequencing. We performed RNA-seq of samples from two unaffected (F1-7
amd F1-18) and two affected (F1-14 and F1-16) members of Family 1, for cach

of whom there were two technical replicates (that is, two libraries independently
prepared). Total RNA was extracted from fibroblast with the RNeasy Mini

Kit (CQagen) following the manufacturer’s instructions, The RNA integrity
number of total RNA was 10in all samples. Frorm 4 pg of total RNA, poly(A)
BNA was selected and the ¢DMA libraries were prepared with the SureSelect
Strand-Specific RNA Library Prep Kit (Agilent Technologies) following the
manufacturers instructions. The cDDNA libraries were sequenced on a NextSeq
S0 System {Mlumina) using 151-bp paired-end reads. For the generated BCL
file, adaptor trimming and conversion to FASTQ format was performed using
bel2fastq2 ( Hlumina). The FASTOQ files were mapped to human reference genome
GRCh38.p12 with STAR 2.5.2b (ref. ™) using the twopassMode option following
the software instruction manual. For gene annotations, a GTF file containing
NOTCH2NL paralogs was obtained from a previous study ™, and for NOTCH2NLE,
RefSeq annotation (MNM_001364012,1) was used.

Expression analysis of NOTCHZNL paralogs. To quantitate the expression
level from the sense strand of NOTCH2NLE, we counted reads mapped to

MNATURE GENETICSI wearainalure cormynaluregenelics

—162—



NATURE GENETICS

the NOTCHINLE sense strand using the quantMode option of STAR, and
normalized it with the total read count from the sense strand of all genes.

We analyzed the statistical significance with a negative binomial generalized
model and Wald test using DESeq2 (ref. ) as below (see ‘Differentially expressed
gene analysis').

To resolve NOTCH2ZNLC expression into each strand and each exon, we
visualized normalized read counts from the sense or anti-sense strand along the
gene with Gyiz. For the visualization, we merged FASTOQ files of two technical
replicates in cach sample and generated one BAM file for cach sample. To prevent
possible mis-mapping of reads from NOTCH2ZNL paralogs, we extracted only reads
of 255 mapping quality (MQ); that is, uniquely mapped reads using samtoals. The
read count was normalized by the number of input reads using the transformation
option of the DataTrack function of Gyiz. Reads from sense and anti-sense strands
were differentially visualized following a previous script for the impertFunction
option of the DataTrack function of Gviz (gist.github.com/sidderh), We modified
the seript to enable visualization of samples with no reads of either sense or anti-
sense strand (hitps-github.com/Mamanakakole).

cDNA amplification of NOTCH2NLC-AS, Total RNA was extracted

from fbroblast cells of FI1-7, F1-14, F1-16 and F1-13 using an BENeasy Plus Mini
Kit (Qiagen). cDNA was synthesized using 500 ng RNA and the SuperScrpt 111
First-5trand Synthesis System { Thermo Fisher Scientific) with random hexamer
primers, according to the manufacturer’s instructions, PCR was performed using
LA tag HS with GC Buffer 1 (Takara Bio) and the primer pairs for NOTCH2NLC-
AS (primer sequences are shown in Supplementary Table &) and far ACTR™
{primer sequences are shown in Supplementary Table 6). The anncaling
temperature was 62°C and PCR cycles for NOTC2NLC-AS and ACTE were 30

cyeles and 25 cycles, respectively.

Principal component analysis. To confirm reproducibility between technical
replicates and to examine possible effects of NI1D status on the transcriptome,

we performed principal compomnent analysis (PCA) of gene expression kevels, We
pormalized expression level of each gene from the sense strand by library sizes
and log-transformed it with the varianceStabilizing Transformation function of the
[DESeq2 package 1.04.1 of the R statistical computing package. We performed PCA
of the variance with the prcomp function of R,

Differentially expressed gene analysis. We performed differentially expressed
gene (EG) analysis of samples from two individuals who were affected by KITD
and two individuals who were unaffected within Family 1, with the negative
binomial generalized model and Wald test using DESeq2. In each sample, we
menged read counts of technical replicates using the CollapsingReplicates function
of DESeq2. The thresholds for DEG were set as follows: log, fold change <-2

or =2 =log,, adjusted P> 1. The P value was adjusted for multiple comparisons
using Benjamini=Hochberg method. Among the 34 DEGs, we analyzed the
enrichment of BPCY and MPC) terms. We performed the enrichment analyses with
a probability density function and the Benjamini-Hochberg method-adjustment
of the P value using ToppGene Suite”, To exclude uncharacterized or nonspecific
terms, we only analyzed terms to which 20 te 2,000 genes belong. The: threshold for
the adjusted P value was set as 0.1, To summarize GO terms of similar biclogical
process or similar mouse phenotype, we connected two nodes with a line when
Jacquard and the overlap coefficient between two nodes was »0.375, by using the
EnrichmentMap plugin of CytoScape (v3.6,1)",

Statistics. DEG analysis (Fig. 52 and Supplementary Fig. 8b) was performexd
comparing control (r=2) and patient (r=2} samples, for cach of whorm there were
twir techinical replicates, with a negative binomial generalized model and Wald

test using DESeq2. The analysis was based on the assumption that sequencing

data fit a negative binomial model. The P value was adjusted using the Benjamini
Hochberg method. Gene ontology enrichment analysis (Supplementary Fig. 8c.d)
was performed for DEGs {n=54) with the hypergeometric test using ToppGene
Suite. The analysis was based on the assumption that the number of genes of a gene
ontalogy term among DECGs follows a hypergeometric distribution. The Pvalue
was adjusted using the Benjamini-Hochberg methed.

Manopore 5SmC methylation modification calling. We called SmC methylation
using a nanopore basecaller, Mappie v1.1.0 (hitps// github.com/manoporetech/
flappie], as follows:

flappie --model r941_5mC fast5 = fastg
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We tested two NOTCH2NLE regions in patients with KIIL: the expanded
repeat itself and the downstream CpG island, chrl: 149390802 - 149390842 and
chrl: 9390845 - 149391 541, respectively. We also tested the G-quadruplex
(CGGGGG) on chrl 53:2484821 3-24848273, which is in a Cp( island of SNRFN.
This region is maternally imprinted and known to be responsible for Prader-Willi
syndrome, {We expect 1o soc a bimodal methylation pattern here.) In the obtained
sequences, lappie describes SmC as "2 We aligned these sequences to human
reference genome hgds as described above. Reads aligned to the G-guadruplex of
SNEPN or the (GGC), repeat of NOTCHNLC were extracted, and the number of
‘L' per 1,000 bases was shown as a histogram.

DNA methylation analysis. Mine micrograms of genomic DNA was digested with
Nhel. Nhel-digested DNA was subdivided into three and further digested with no,
Mspl or Hpall to examine the DMNA methylation status of the downstream Cp(
island of NOTCH2ZNLC (chri:149390845- 149391541 ). An aliquat was taken for
the semi-quantitative PCR at the JGF2ZR differentizlly methylated region (DMR) to
confirm methylation-sensitive restriction digestion. Threefold serial dilution of the
digested DNA was used as a PCR template, PCR products using the primers {primer
sequences are shown in Supplementary Table 6) after 23 cyveles were analyzed for
the IGF2R DME. Different primers {primer sequences are shown in Supplementary
Table 6) were used to evaluate the amount of input DINA at the JGF2E region
without Mspl/Hpall sites (PCR control). Digested DNA was run ona (.8%
agarose god (w/v) in 1.0 TBE buffer and transferred to a positively charged nylon
membrane using capillary transfer. The digoxigenin-labeled DNA probe for the
NOTCH2NLC locus was generated using primers {primer sequences are indicated
in Supplementary Table 6) according to the manufactarer’s instructions {Merck).

Reporting Sammary. Further information on research design is available in the
Mature Research Reporting Summary linked to this article.

Data availability
Long-read sequencing data have been deposited in the Human Genetic Variation
Database under accessbon 1D: HGVOMNN0E,
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size 9 families with NIID, 3% sporadic NIID patients, 200 controls. In 1968, the first NIID case was described. Until 2011, when we reported the
usefulness of skin biopsy In the diagnosis of MIID, only approdmately 40 NIID cases (including our & cases) have been reported. At that time,
NIID was an extremely rare disease. We included most consecutive NIID cases into our research until today.

Data exclusions Mo data was excluded.
Replication HIID is a rare disease. Therefore we included most relevant NIID cases into our research until now. Therefore replication is impossible.
Randomization  The main objective of this study is to discover the genetic cause of NIID. Therefore, randomization is not applicable to this study.

Blinding Skin blopsy was examined by two independent neuropathologists with no information of patients,

Reporting for specific materials, systems and methods

Wi reguire information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,

system or method histed is relevant 1o your Study, If WOU IRE AT Sune if o lisk inem applies to your research, read the appropriate section befare selecting a response

Materials & experimental systems Methods
Invelved in the study nfa | Involved in the study
[%] antibodies (=[] chiP-seq
[] Eukaryotic cell lines B[] Frow cytometry
[] palseontology 3| [] MRi-based neuroimaging

[[] anirmals and other arganisms
%] Human rescarch participants

ROKKNO S

[[] clinical data
Antibodies
Antibodies used anti-ubiquitin antibody (20458, Dako), anti-pb2 antibody [Santa Cruz Biotechnology, catalog No. 5c-28359, clane D-3, Lat D1117,
dilution 1:100).
Validation SO5TMI (D-3) is validated by Santa Cruz Biotechnology, and recommended for detection of sequestosome 1 of human origin by

Western Blotting, immunoprecipitation, immunaflusrescence, and immunchistochemistry (including paraffin-embedded
sections), and used in many recent researches as described in the following datasheet of Santa Cruz Bistechnology.

Human research participants

Policy information about studies involving human research participants

Population characteristics All NID patients were diagnosed by skin biopsy [with intranuclear inclusion), We include Japanese participants at the ages
ranging from 13 to 76 years, They ane NID patients diagnosed by skin biopsy, and their family members without any neuralogical
symptoms. Gender details is 28 males and 46 fernales.

Recruitment Participants were recruited by multiple research institutes/hospitals in Japan, We included NID gatients based on the results of
histopathological fil‘rﬂ'l%s that pbl positive intranuclear inclusions were widely observed in autopsy samples or skin biopsy
samples as described in previous NIID skin biopsy reports. The abnormal high intensity signal of cortico-medurally junction in
D image of brain MR led clinicians to consider possible MIID and plan to perform skin biopsy for patients presenting dementia.
Therefore, we may not inchude NIID patient with very mild change in head MRI findings or without abnormal findings in head
MRI, but this may not influence the result of this study.
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Magnetic Resonance Imaging Findings )

of Intrapulmonary Hematoma

i
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FIGURE

CASE PRESENTATION

n 89-year-old man was referred to our hospital for

investigation of a4 ¢m = 5 em round shadow con-

taining air in the right lower lobe (Figure A). He
complained of a 1-week history of continuing hemospu-
tum. He had surgical histories of rectal cancer at 60 years
old and gastric cancer at 67 years old. He also had a his-
tory of anaphylactic shock when given computed tomog-
raphy contrast agent. He was taking neither antiplatelet
agents nor anticoagulants. He could walk independently
using a stick, but had often experienced falls. Vital signs
showed no abnormalities. No specific findings were identi-
fied on physical examination. Laboratory examination
showed a creatine phosphokinase level of 384 UL and a
C-reactive protein level of 0.76 mg/dL. Mo rib fractures
were apparent on computed tomography.

Magnetic resonance imaging (MRIl) of the chest
showed a round shadow with high signal intensity on
T1-weighted imaging (T1WI), T2-weighted imaging and
fat-suppression T1WI, and low signal intensity on diffu-
sion-weighted imaging (Figure B). The round shadow
appeared to contain a blood component.

L]
PR (=100

The round shadow was diagnosed as intrapulmonary
hematoma based on MRI findings. We followed-up this
patient using an oral hemostatic agent, and the tumor
shadow regressed spontansously.

Many intrapulmonary hematomas develop from
trauma and most regress spontaneously over time." The
diagnosis in cases without a history of trauma and non-
regressing shadow is very difficult using conventional
methods alone. MRI is very useful to confirm the round
shadow contains a blood component. We speculated
that this case developed from trauma resulting from
repeated falls.

Only one previous English-language report has pre-
sented MRI findings of intrapulmonary hematoma.” MRI
appears very useful in the diagnosis of intrapulmonary
hematoma.

REFERENCES
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Inrrasdiecrion: Pregnant women often suffier from negative fetal outcomes, despite woaring a seatbelt
correctly. When restrained viehicle passengers are involved in a frontal collision without suffering from
any injunes, the forces they experience e particularly concentrated in the chest because of the seatbelt.
We analyzed the biomechapics of chest injurics sustained by restrained pregnant drivers and possible
elfects of these injuries on e fetus,

- Materiol and methods: The Maternal Anthropométric Measurement Apparatus dumniy, version 28,
mﬁw representing a pregnant woman at 30 weeks of gestation, was used. Sled tesis were performed for
Fistit recrcating frontal impact situations with vector velocity changes at impact speeds of 13, 26, and 40 kmh,
Prognancy Overall kinematics of the dummy were examined using high-specd video imaging. Quantitative dumny
Safety responses, such as time course of acceleration of the shed and chest, pressure of the bell, and defllection of
Vehicle collishon the chest (gl and teft) during impact woere also measured,

Resafts: Althoush collision velocities were different, the distances of forwand movement of the dumny

were simdlar { 121- 129 min) owlng o e safely devices, However, masimon dellection of the clwst

(354mm to the left and 15.7mm o the right) was obtained at a 26-knfh collision. Additionally,

maimem deflection of 28.7 mm to the left and 10.9 mm 1o the right of the chest were obtained at 40 km/

b
Conclusions; Because the uierus enlarges and (e funduos reaches the lower part ol the rib cage during late
pregmancy, we consider that the reason for negative fewal ourconyes is panly owing (o chest compression
and subsequent applied forces on the uterus, even in minor @ moderate frontal collisions, This
knowledge may be uselul for forensic sciemisis who determine the causes and nechanisms of 2 leial
death or the olfenders” responsibilities for both maremal and fetal sutcomes when the mother is involved
in 4 frontal vehicle collision,

© 2019 Published by Elsevier BV,

1. Intreduction feral deaths related o MVCs were 14 and 3.7 per 100,000

pregnancies. respectively |2]. Therefore, underlying mechanisms

Trauma during pregnancy is a leading cause of marernal and
fetal morbidity and mortality. Motor vehicle collisions (MVCs)arca
significant cause of trauma during pregnancy. Annually, in the
United States, approximately 130,000 women are involved in
MVCs during the second half of their pregnancy [1]. OF the
survivors, 300-3800 sustain fetal loss, According to a national
population-based study in Sweden, the incidence of maternal and

* Corresponding author at: Department of Legal Medicine, Shiga University of
Medical Sclence, Tsukinowa, Seta, Otsu-city, Shiga 520-2192, lapan,
E-mall address: hitosughibelh shiga mwd.ac jp (M, Hitosugil.

b f o cloborgf VOO forsciind, 20 1L 1 EES
0370-073810 2019 Published by Elsevier BV,

of maternal injurics should be nvestigated for reducing and/for
preventing maternal. as well as feral. MVC-related  injuries
worldwide.

Wearing three-point seatbelrs reduces the mortality and expent
or severity of injuries of the vehicle occupants. According to
previous reports, wearing a seatbelt during pregnancy has better
fetal outcomes -after MVCs than not wearing a seatbelt [34).
Therefore, wearing seatbelts by drivers and vehicle passengers is
legally required in many councries. Additlonally, the American
College of Obstetricians and Gynecologists recommends wearing
searbelis correctly for reducing the risk of injury to the mother and
fetus [5]. We have previously performed a series of front and rear

—178—



2 A Bhike el al,/ Forensic Scierce internatfonal 302 (2000} 109858

bmpact sled tests using an anthroponetic model of a pregnant
woman and studied the mechanism of injuries in pregnant drivers
[6-8]. We found that weating a seatbelt reduced abdominal
pressure or prevented contact with the steering wheel during
frontal and rear collisicns. Therefore, we biomechanically con-
Armed the positive effects of wearing a seatbelr.

However, if belted, pregnant women who ave involved in MYCs
systain more morbidities than those not iwvolved In a vehicle
collision [2]. When belted vehicle passengers are involved in a
frontal collision without sustaining any injuries, any forces they
experience are particularly directed at the chest through the
seathelt. For women in late pregnancy who have enlarged uteri
reaching the lower part of the chest, forces to the chest may have
an impact on the uterus containing the fetus, Thevefore, underlying
mechanisms of chest injuries in pregnant women need o be
understood for forensic scientists to determine causes and
mechanisms of a fetal deaths, even if the mother’s injuries are
considered as minor. However, to the best of our knowledge, there
have been no reports concerning the mechanism of chest injuries
of restrained pregnant women who are involved in vehicle
collizions,

Therefore, in this study, we aimed to examine the biomechanics
of chest injuries of restrained pregnant drivers during minor to
moderate frontal vehicle collisions,

2. Material and methods
21 Durmirny

We used the most recent version of the Maternal Anthropo-
metric Measurement Apparatus duommy, version 2B (MAMA-
2B), which was developed by First Technnliogy Safety Sysrems
and the University of Michigan Transportation Research insti-
tute in 2001 [10]. This dummy was developed based on the
Hybrid-1l, which renders it suitable for vehicle impact tests and
for analyzing kinematics of pregnant women during a MVC. The
duminy has a modified pelvis and ribcage to enable installarion
of a silicone rubber bladder representing the uterus at 30 weeks
of gestation [11). The size of the dummy was based on an
American female dummy in the fifth percentile, which
represents a small female with a height of 153 cm. This size is
in accordance with that of a standard Japanese pregnant woman
at 30 weeks of gestation [12].

2.2, Seating positfon of the duimmy

We determined the seating position on the basis of Japanesse
pregnant women at 30 weeks of gestation with similar anthropo-
metric dimensions as the dummy |12]. The seating position and
posture of the dummy were then determined as follows: seat slide
position of 70 mm from the full forward position and reclined at
8.0¢ (rorso angle of 21°).

2.3, Test setup

We used the Instron Servo Sled Apparatus. The seat, seatbelt,
steering wheel, and steering column that were installed in the rest
setup were the same as those in the vehicle in which the seating
positions of the voluniesrs were measured, At each test, the
dummy was seated in the drivet’s seat wearing a three-point
seathelr. To represent situations of a frontal impact while driving a
passenger vehicle, trapezoid waveforms that were measured
during a flat barrier test with vector velocity changes at the time
of impact (delta-\) of 13, 26, and 40 km/h were applied to the sled
[corresponding o tests 1-3, respectively). Fig. 1 shows the
deceleration pulse applied to the test setp,

rasesTst 1 (13kmih}

— = Tl 2 (E0keTi)

Shed accaleration (G)

—— Tt 3 0ken)

i 50 100 154 00
Thiree [mis)

Fig. L Deceloracion pulse apphicd 1o the tost setwp,

A pretensioner refracted the safety belt almost instantly in a
crash to prevent excess slack. This secures the occupant to the
wehicle while in early deceleration during the crash. Further-
more, to avoid chest injuries, the belt fwrces were limited by a
force Hmiter reducing the peak load experienced by the
occupant. Vehicles are usually equipped with both systems
and were used in these experiments. During test 1, the airbag
was not deployed and the pretensioner or force limiter of the
seatbelt was not activated. During test 2, the airbag was
deployed and the pretensioner was activated without activation
of the force limiter. During rest 3, the airbag was deployed, and
both the pretensioner and force limiter were activated, These
conditions were the same as those in real-world frontal
collisions. To measure deflectlons of the chest o the right
and lefi of the chest, a system called infrared Telescoping Rod for
Assessment of Chest Compression (IR-TRACC) was vsed. This
system was mounted inside of the right and left second rib of the
dummy. Overall kinematics of e dunnmey were exained using
high-speed video imaging. Quantitative dummy responses, such
as thime course of acceleration of the sled and chest, pressure of
the belr, and deflection of the chest to the right and lelt during
an impact, were also measured.

3. Results
3.1 Kimenretics of the dumnny

During test 1. the dummy’'s chest moved the furthest forward by
125 num [rom the indtial position at 87 ms from initiation of the
impact. The chest did not make any contact with the steeving
wheet [Fig. 2A). During tests 2 and 3, the dummy moved the
furthest forward by 1289 mm from the initial position at 69 ms and
by 121 mm from the inirial position at 72 ms, respectively (Fig. 2B).
During tests 2 and 3, the upper chest and the face of the dummy
came in contact with the airbag, subgsequently causing rhe dummy
to move downward.

3.2, Belt force

The time course of belt force that was measured at the
shoulder belt is shown in Fig. 3. Maximum values were observed
at the time when the dummy moved to the forward-most
position at 81, 62, and 49 ms in tests 1, 2, and 3, respectively.
With an increase in collision velocity from 13 to 26 kmfh. the
maxzimum shoulder belt Torces increased from 2.6 to 5.0kN.
respectively, At a collision velocity of 40km/h. as the force
limiter was activated, the maximum shoulder belt force was
4.6 kN, similar to that at 26 km/h.
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3.3. Deflection of the chest

Time histories of deflection of the chest are shown in Fig. 4. The
course of the shoulder belt depends on whether the vehicle is
driven on the right or on the left side. In all tests, the values of
deflection of the chest to the left were much higher than those w
the right owing to the belt path of the driver’s seat {rom the right
shoulder to the left pelvis). During rest 1, the maximum values of
deflecton, 1.2 mm te the left and 29mm to the right. were
obtained at 105 ms o initiation of the impact. The maximum
deflection, 354 mm to the left and 157 mm to the right, was
obtained at 86 ms in test 2. During rest 3, the maximum values of
deflection were 28.7 num te the left and 10.9 mum o the dght, which
were simitar ar 72 and 90ms after initiarion of the impact.

4. Discussion

In the present study, regarding the scenes of collision. although
collision velocities were different, the distances of lorward

L W
T {rew)

L1 Dl g om e

movenwent of the dummy were similar (121-129mm) owing two
the safety devices, pretensioner, and force limiter of the seatbelt
and airbag. During rests 2 and 3, as the pretensioner was activated
in accordance with elevation of delta-V, the maximum forward
displacement was observed earlier than that during test 1. In our
series, because the dummy did not come in divect contact with the
steering wheel, we assumed that pregnant women would not
suffer severe chest injuries (Le., multiple rib fractures and lung
laceration) when involved in frontal collision with a delta-V of
40 kmih. Overall. airbags contributed to the safety of the driver by
mitigating forward movement, as shown above. In addition,
airbags had additional potential benefits related to filling some of
the space between the driver and steering wheel. The airbag
provided a pritmary restraint for the head and face, as shown in
Fig. 2, minimizing contact with the steering wheel, Furthermore,
the airbag distributed the force on the chest and shared loading
with the belt system, meaning that belt loading was also reduced
with the addition of an airbag. Therefore, the dellection of the chest
may be more severe if an airbag is not deployed in rests 2 and 3.
When a pregnant female vehicle passenger is involved in a low-
velocity frontal collision, she is considered 1o be safe if she has no
external abnormalities | 13]. Indeed, minor injuries that require
only emergency department evaluation and subsequent discharze
of those that are not referred to physicians ae much more
common. However, according to epidemiological research studies
in the USA, women who are involved in a vehicle collision are more
likely 1o suffer from problems during pregnancy (9,14 Further-
mare. the risks are higher following the second or subsequent
crashes [9]. A retrospective cohort study showed that even if
pregnant women had worn seat belts, preterm births cccurred in
122 of 100,000 pregnancy days (9], In this retrospective study, 52
stillbirths, 7.0 placental abruptions, and 22.3 premature rupture of
the membranes were also observed. A population-based study
showed that minor injuries for which hospital admission was not
required among women n the first or second trimester were
independently associated with feral demise, prematurity, and low
birth weight ar delivery [ 15]. Another study reported thatr 19.2%
women with only minor bruising, contusions, or lacerations

Fig. 4 Thne coursed of deflections o the telt and right of the chest. during vach test
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suffered from placental abruption, premature delivery, or low birth
weight [ 16]. These results are in accordance with previous reports
that state that pregnancy loss can occur after relatively minor
collisions without maternal anatomical injury | 1718]. Additionally,
4 study that reviewed insurance reporls of pregnant women
imvolved in wraffic accidents showed similar conclusions and
mentioned that prediciing fetal loss on the basis of severity of
anatomical injury is difficult | 19). Therefore, minor injuries may
not be as minor for pregnant women as considered previously.

During vehicle collisions, not all external forces that are applied
on a pregnant woman will result in demonsirable anatomical
injuries with an abbreviated imjury scale score of =1, lndeed,
according to a study on pregnant MVC casualties in levels 1 and 2
emergency medical services, although 40.8% of women reporied
experiencing forces to the chest or abdomen, only 15.6% showed
overt injuries 1o the chest or abdomen [20]. Because the lap belr is
placed on the lower part of the abcdomen, if sometimes causes
abdowminal injuries when positioned inappropriately. The lap belt
crosses between the right and left anterior superior iliac spine o
restrict the bone when used correctly. Under the present study
conditions, we considered that the lap belt was not harmful for the
dbdormien, Therefore, in this study, we focused on the mechanism of
minor chest injuries that were sustained by restrained pregnant
WOIEen using a seatbelt.

In our study, when a dummy representing a pregnant fomale
driver experienced frontal collisions at delta-Vs of 26 and 40 kin/l.
chest compression of 35.4 and 28.7 mint was sustained, respectively.
As gestation progresses, the nterus enlarges and the fundus reaches
the lower part of the rib cage. Therefore, chest compression from
frontal collisions during later stages of pregnancy could result in
external forces to the uterus including the fetus. Khinich et al. showed
the risk curve of adverse fetal outcomes by the delta-V of the involyved
vehicle [4]. If the occupant was properly restrained. the rate of an
adverse (etal outcome was approximately 30% at a delta-V ol 40 kimy
I We considered that the reason for the negative outcomewas partly
because of chest compression and subsequent applied forces to the
uterus, Deflection of the chest leads to acute changes inintrathoracic
o intra-abdominal pressure in women during late pregnancy and
resulbts in a divect blunt force to the uterus.

Before developiment of the systent of the dummy model with
IR-TRACC, which was used in this study, deflection of the chest was
only measured by deflection of the sternum. Deflection of the
STETNN i an injury criterion that is used in current regulatory andd
consumer tests worldwide (o assess the risk of thoracic injury. In
vehicle safety regulations, the threshold at which a small, young,
middle-aged woman suffers from severe chest injuries with an
abbreviated injury scale of =3 was set as a deflection of the
sternwm of 48 mm | 21]. However, according to recent cadaver and
animal experiments, the thorax deformation pattern appears o
be sensitive to the geometry of the sear belt; displacement of the
thorax is different between the vight and the left |22,23]. The
MAMA-2B has IR-TRACC, which enables separake measurcnent of
deflection of the chest to the right and left. Therefore, we could
obtain the actual response of the chest for localized zeatr belt
loading [24]. In crash tests, crash test duminies are used to
estimate a human's risk of injury. Consequently, the dummy must
possess a sufficient mechanical impact response similar and
sensitive epough o cause them to interact with the vehicle's
interior in a human-like manner. In this study, although deflected
values of the chest were <48 mm below the threshold of the safety
standard, any force might apply to the uterus of a late-term
pregnant woman because of chest compression.

Feral deaths related to MVCs arise with considerable freqguency.
Placental abruption is the most likely cause of adverse fetal
outcome in MVCs, Placental abruption frequently arises alone or in
conjunction with other commen crash-induced injuries to the

pregnant abdemen, such as direct fetal or uterine injuries |18].
Uteroplacental interface failure, which is the postulated major
mechanism of placental abruption, can be caused by external
forees at the time of a crash. Characteristics of the uterine muscle
(elastic] and placental tissue (inelastic) differ in the pregnant
uterus. Therefore, when an external force is applied. the impact on
both tissue surfaces act as a separating force. The surface of the
uteroplacental border can be damaged because of lower tensile
strength than the uterus or placental tissue |25[. Furthermore, the
amnpiotic fuid is incompressible. Therefore, the force applied on
the uterus causes the urerine muscle to extend beyond the impact
site because of the amniotic Auid. This then causes separation, even
though there is no refafionship berween the impact site and the
position of placental attachment [26G). Moreover, increased
infranterine pressure promotes placental abruption and facilitates
formation and growth of retroplacental hematomas |25,

During pregnancy, the diaphragm is positioned higher than
usual, and the uterus grows and cccupies the greatest space in the
periconeal cavity, We observed a considerable amount of thoracic
cavity displacement in our test dummy at the time of frontal
impact in the present study. This finding suggests thar increased
intrathoracic pressure in pregnant women f the time of a collision
might also cause an external force through the diaphragm. This
then leads to a “difference” in the ureroplacental surface, which
can cause ncreazed intravterine pressure. We consider this to
demonstrate the cause of premature placental abruption in cases
without direct trauma o the maternal abdomen.

5. Conclusion

We found that the MAMA-2B dummy, which mimicked a
resirained pregnant worman, sustained maximum chest deflection
of 354 mm when involved in frontal collision with a delta-V of
=40km/h. This finding suggests that chest compression via the
seathelt might lead to a fetal negative outcome, even i miner to
moderare frontal collisions. This knowledze may be useful {or
forensic scientists who determine the causes and mechanisms of a
fetal death or the offenders' responsibilities for both maternal and
fetal oatcomes when the mother is involved in a frontal vehicle
collision. Furthermore, development of the seatbeft system for
reducing the forces to the chest is desived to safeguard the fetus.
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The efficacy of mirabegron for the management of
overactive bladder after whole pelvic radiation
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Synopsis: To clarify the efficacy of mirabegron for the management of overactive bladder after whole pelvic
radiation, we performed retrospective studies in patients who were treated for gynecological cancer.

We enrolled 15 patients: # received whole pelvic radiation therapy and 7 did not. Nocturia was mose conrmon
than frequent micturition and incontinence in cach group. In the radiation therapy group, nocturia were pres-
ent in T af the patients, respectively, and improved in 4 patients, and mean number of nocturia was decreased
2286 o 1167 afer taking mirabegron, In the control group, nocturia were present in 6 of the patients, and
improved in & patients, and mean number of nocturia was decreased 2333 to 0600 after taking mirabegron.
Mirabegron was continued fr 6 munths in 5 of the 8 (63% ) patients in the radiation therapy group and 5 of
T(71%) in the control groups. Nocturia showed a higher improvement rate with mirabegron, and mirabegron
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bad few side efects. Thus, mirabegron is effective for overactive bladcer after whole pelvic radiation.

Key words: Overactive bladder. mirabegron, radiation
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A Case of the Recovery Perception by Removed Non-absorbent Root Canal Filling Agent
to Escape the Mandibular Canal that Gave Rise to Paresthesia in the Mental Region
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Abstract ¢ There have been previous reports wherein exbrugon of the vool canal Alling msterial through the veol apex doring
[illing of the root canal compressed or damaged the infevor alveolar nerve, causing mental nerve parvesthesia. We encountered
A cpge where non-vesoroalile oot canal filling matesial cxtroded feom the apical foramen into the mandilbular canal, causing
mental nerve poresthesin, and complete recovery of senzalion was achieved Drougeh surgieal removal of e con-resorbable
ool canal filling marerial, The patient waz a man in kis 308 who vistlod oo clinie with the chict complaint of mental nerve
paresthesio. Nowe-resorbable root conal filling material was found o bave escaped inlo the mandibular canal, Spontanecus
recovery could have been expecred with resorbable rool canal Glling material, bul spontaneous regrossion of sympioms, wilth
observation ag the only treatment s not possikle with non-resorbable root canal [ling materials, Thereforve, the non-
resorhable root conal filling material was remosved surgically, uonder genceal anesthesia, and the mental nerve paresthesia was
resobved completely at an early postoperative slage.

Key words ¢ inferior alveclar aerve OFSE0E8E), neo-resorbable rool canal filling material (IEMIREEART R,
mandibulor canal CTF R
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A case of glomus tumor arising in the hard palate

TSUTSUMI Yasuhiko "’ - HIROBE Yuu'’ - ASADA Yasuyuki®’
MACHTDA Yoshisato®' - YAMORT Masashi®' - YAMAMOTO Gaku™*’

Abstract: Glomus tumor is a benign tumor derived from glomus cells found in the arteriovenous anastomosis
in the vascular plexus of the skin and nail bed, Typically, it is a reddish purple and painful lumor with a
predilection site for arising in the exlremities, especially the nail bed. There are a few reports ol the tumor
arising in the oral region as well, Here, we report a case of a glomus tumor that developed in the palate,

The patient was a 69-year-old woman who noticed a twmor in the left side of the palate around 2012, but left
it untreated, o 2014, the mass gradually increased, and maladaptation of the denture occurred as a resualt of
which she wisited a local dentist. The palient was referred to our hospital for further examination.

An elastic soft mass approximately 20 mm in diameter was discovered in the hard palate in the left maxillary
molar region. Biopsy resulis led to the diagnosis of a glomus tumor. o December 2014, the palatal tumor was
resected with the patient under general anesthesia, Five vears alter operation, no recurrence tendency has

been noted, and the postoperative course is favorahle,

Key words: glomus twmor (elomus B hard palate (T8
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