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Abstract: Dementia has an enormous impact on medical and financial resources in aging societies like
Japan. Diagnosis of dementia can be made by physical and mental examinations, imaging tests, and
findings of high abnormal proteins in cerebrospinal fluids. In addition, genetic tests can be performed
in neurodegenerative diseases such as Alzheimer’s disease (AD), frontotemporal dementia (FTD),
and Parkinson’s disease (PD). In this case series, we presented three cases of dementia with unknown
causes who carry novel variants in the genes associated with neurodegenerative diseases. Three
patients (Patients 1, 2, and 6) were found by screening 18 dementia patients using a gene panel
including 63 genes. The age of onset for Patient 1 was 74 years old, and his father had PD and
mother had AD. The age of onset for Patient 2 was 75 years old, and her mother had AD. The age
of onset for Patient 6 was 83 years old, and her father, two sisters, and daughter had dementia.
The Mini-Mental State Examination produced results of 20, 15, and 22, respectively. The suspected
diagnosis by neurological examinations and imaging studies for Patients 1 and 2 was AD, and for
Patient 6 was FTD. Patient 1 was treated with donepezil; Patient 2 was treated with donepezil and
memantine; and Patient 6 was treated with donepezil, galantamine, and rivastigmine. The three rare
variants identified were: CLCN1, encoding a chloride channel, c.2848G>A:p.Glu950Lys (Patient 1);
RYR2, encoding a calcium releasing ryanodine receptor, c.13175A>G:p.Lys4392Arg (Patient 2); and
DCTN1, encoding a subunit of dynactin, c. 3209G>A:p.Arg1070Gln (Patient 6). The detected variants
were interpreted according to the American College of Medical Genetics (ACMG) guidelines. The
minor allele frequency for each variant was 0.025%, 0.023%, and 0.0004% in East Asians, respectively.
The DCTN1 variant found in Patient 6 might be associated with FTD. Although none of them
were previously reported in dementia patients, all variants were classified as variants of unknown
significance (VUS). Our report suggests that results of genetic tests in elderly patients with dementia
need to be carefully interpreted. Further data accumulation of genotype–phenotype relationships
and development of appropriate functional models are warranted.

Keywords: dementia; Alzheimer’s disease; genetic test

1. Introduction

Dementia has an enormous impact on medical and financial resources in aging so-
cieties like Japan [1]. Although dementia might be a non-pathological manifestation of
aging [2], dementia can be also associated with various types of neurodegenerative dis-
eases such as Alzheimer’s disease (AD), Lewy body dementia, frontotemporal dementia,
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Parkinson’s disease, and hippocampal sclerosis [3,4]. Of these, it has been reported that
AD is the leading cause of dementia.

Currently, AD is diagnosed based upon an A/T/N biomarker system consisting of
abnormal amyloid and Tau proteins in cerebrospinal fluids (CSFs) as well as imaging
studies such as positron emission tomography and MRI [5]. In addition, it has also been
reported that some forms of AD are inheritable and caused by genetic abnormalities [6].
To date, more than 300 of variants in PS1/PS2 and APP genes have been identified [7]. It
has been theorized that accumulation of abnormal amyloid proteins produced by these
variants are accountable for genetic AD [8]. Several genes such as APOE4, TREM2, SORL1,
and ABCA7 traits have also been reported to be risk factors of AD [9].

In addition, several clinical genetic tests for dementia are available: Invitae Combined
Hereditary Dementia and Amyotrophic Lateral Sclerosis Panel containing 28 genes, and
3 genes for Alzheimer’s Disease (https://www.invitae.com/en/physician/tests/0350
2/ (accessed on 18 January 2021); https://www.invitae.com/en/physician/tests/03504/
(accessed on 18 January 2021)); Blueprint Genetics Dementia Panel containing 58 genes
(https://blueprintgenetics.com/tests/panels/neurology/dementia-panel/ (accessed on
18 January 2021)); GeneDx Dementia containing 5 genes (https://www.genedx.com/test-
catalog/disorders/dementia/ (accessed on 18 January 2021)).

Although discovery rates regarding genetic testing in elderly dementia seems to be
low [10], it could potentially be an adjunctive for diagnosis. We screened 18 Japanese
patients with dementia of unknown cause using a gene panel of 63 genes associated with
neurodegenerative diseases. We herein presented the clinical profiles of three patients in
whom three novel variants were found and discussed the interpretation of those variants.

2. Material and Methods
2.1. Patient Recruitment

The study was conducted according to the criteria set by the Declaration of Helsinki
and the study protocol was approved by an ethical committee in Juntendo University
School of Medicine, Tokyo, Japan. The guardians of these participants provided consent on
their behalf before participating in the study. Out of 100 dementia patients whose diagnoses
were uncertain, we selected 18 patients whose genetic tests were negative for PS1/PS2 and
APP and who had positive family history of dementia. Dementia was diagnosed based
upon medical examinations by neurologists using clinical dementia scores and imaging
studies such as CT scans, MRIs, and SPECTs [5,11,12]. Due to the patient’s or the guardian’s
wish, CSFs were not tested in most of the cases.

2.2. Genetic Analyses

Genomic DNA was extracted from lymphocytes using the QIAamp DNA Mini kit
(QIAGEN, Germantown, MD) and stored at −80 ◦C until use. All coding exons of the
following 63 genes that are potentially associated with dementia were analyzed: MAPK1,
TREM2, ABCA7, APP, PSEN1, PSEN2, APOE, HSPG2, FCN2, GRIN1, SORL1, MAPT, GRN,
TDP-43, C9ORF72, VCP, FUS, SOD1, TARDBP, PFN1, SQSTM1, A2M, AAAS, ACE, CSF1R,
DCTN1, DNMT1, EIF4G1, FBXO7, GBA, GCH1, GRN, HTRA2, LRRK2, MPO, PARK2,
PARK7, PINK1, PLA2G6, POLG, PRKRA, PRNP, SLC6A3, SNCA, SNCB, TAF1, TYROBP,
UCHL1, VPS35, KCNN2, KCNN3, ATP2A2, RYR2, CALM1, ATP2B1, SLC8A1, TRPC1,
CLCN1, SCN4A, CACNA1C, KCNJ2, ATP13A2, and ATP1A3 [10].

Sequencing was performed with the Ion Torrent personal genome machine (PGM)
sequencer as described previously (Thermo Fisher Scientific, Waltham, MA, USA) [13].
Briefly, primers for the genes were designed using the Ion Ampliseq Designer (Ion Torrent;
Thermo Fisher Scientific, Waltham, MA, USA). Paired-end sequencing (2 × 400 bp) of
the enriched library was performed using the Ion Torrent PGM sequencer. Resulting
sequences were aligned to the human genome reference (hg19), and variants were identified
by Torrent suite software v5.6.0., which was equivalent to GATK 4.0 (Broad Institute:
https://gatk.broadinstitute.org/hc/en-us (accessed on 18 January 2021)). The generated
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Bam files were annotated with Ion Reporter Software v5.6.0. Detected variants were
first inspected by Integrative Genomics Viewer (IGV, Broad Institute: http://software.
broadinstitute.org/software/igv/ (accessed on 18 January 2021)), and were confirmed by
Sanger sequencing using 3500 Genetic Analyzer (Thermo Fisher Scientific).

2.3. Variant Interpretation

Variants were interpreted according to the American College of Medical Genetics
(ACMG) guidelines 2015 [14,15]. Minimal allelic frequency (MAF) in the general popu-
lation was obtained from gnomAD v2.1.1. [16]. ClinVar [17] was used to screen benign
and likely benign variants. Other resources used were: Online Mendelian Inheritance
in Man (OMIM) [18]; Gene Reviews [19]; Monarch Disease Ontology (MonDO) [20]; OR-
PHANET [21]; and PubMed [22].

3. Results
3.1. Patient Background

Table 1 shows the list of patients. The average age during the genetic tests was
74.4 ± 9.8 years old (4 male and 14 females), and average age of onset (±S.D.) was
73.5 ± 8.7 years old. The average MMSE (Mini-Mental State Examination) score was
22.4 ± 4.1. All patients had family history of dementia. Nine patients (50.0%) had co-
morbid diseases including hypertension, diabetes mellitus (DM), and hyperlipidemia.
Nine patients showed no AD features for MRIs and SPECTs (patients #1, 2, 3, 6, 15, 16, 19,
21, and 23).

Table 1. Clinical background. AD—Alzheimer’s Disease; MMSE—Mini-Mental State Examination; DM—diabetes mellitus;
CAD—coronary artery disease; NP—not particular.

No. Gender Onset Age Age Past Medical History Family Medical History MMSE

1 M 74 76 DM, Hypertension Father: Parkinson (77 y.o.), Mother: AD (67 y.o.) 20
2 F 73 75 Hyperlipidemia Mother: AD 15
3 F 69 70 NP Mother: AD (86 y.o.) 29

4 F 85 86 DM, After Traumatic brain
hemorrhage Older sister: Dementia 16

6 F 81 83 Cerebral aneurysm,
Hypertension, CAD Father and Sisters: Dementia 22

7 F 83 85 DM, Hypertension,
Collagen disease Mother: Dementia (60 y.o.) 23

9 F 68 71 NP Mother: Dementia (60 y.o.); Older Brother:
Dementia (60 y.o.) 25

11 F 54 61 NP Grandfather: AD 21
12 F 69 74 NP Mother: AD (70 y.o.) 19
13 F 61 63 NP Father: Possible AD 18
14 M 72 73 After Brain tumor surgery Mother: AD (90 y.o.) 24
15 F 78 80 NP Father and Older Sister: Dementia 24
16 M 73 74 DM Mother and Brothers: Dementia 24
17 F 87 87 NP Mother: cerebral infarction; Older Sister: AD 28
18 F 81 90 NP Older Sister: Dementia 21
19 M 81 81 DM, CAD Mother: Dementia (80 y.o.) 30

21 F 74 74 NP Mother: visual hallucination (70 y.o.); Father:
cerebral stroke 19

23 F 63 65 Bipolar disorder, Pulmonary
thrombosis Mother: AD (69 y.o.); Grandmother AD 25

The sequencing using the gene panel detected rare genetic variants in patients #1, 2,
and 6: CLCN1 nucleotide change c.2848G>A, resulting in p.Glu950Lys; RYR2 nucleotide
change c.13175A>G, resulting in p.Lys4392Arg; and DCTN1 nucleotide change c.3209G>A,
resulting in p.Arg1070Gln, respectively.

3.2. Clinical Characteristics of the Patients with Rare Variants

The clinical characteristics of the three patients (#1, 2, and 6) whose genetic tests
showed novel variants were described as below.

http://software.broadinstitute.org/software/igv/
http://software.broadinstitute.org/software/igv/
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Patient #1. The patient was a 78-year-old male. He has been suffering from Diabetes
Mellitus (DM) for 10 years and is treating it with insulin. At the age of 73, he gradually
developed memory loss. His CT scan showed mild diffuse brain atrophy and his MRI
showed mild brain atrophy with lacunar infarction. His SPECT revealed hypoperfusion
in surface areas in bilateral frontal, temporal, and lower parietal lobes, as well as in the
cingulate gyrus and precuneus. One year later, he became incapable of money counting
and shopping. His cognitive functions were impaired, and his alertness had begun to
fluctuate. He started taking donepezil (3–5 mg). Three years later, his DaTscan showed
pre-synaptic disturbance of dopaminergic neurons in substantia nigra. Although he did not
show apparent tremors, he showed akinesia. His diagnosis seemed to mostly correspond
to Lewy body dementia. The pedigree shows that his father was suffering from Parkinson’s
disease and dementia at the age of 77, and his mother suffered from early-onset AD at the
age of 67 (Figure 1A upper panel). The Sanger sequencing result shows CLCN1 nucleotide
change c.2848G>A, resulting in p.Glu950Lys (Figure 1A lower panel).
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EOAD depicts early onset of Alzheimer’s disease.

Patient #2. The patient was a seemingly healthy 77-year-old female. At the age of 73,
she started having short-term memory loss. Her SPECT showed hypoperfusion areas in
the bilateral frontal, temporal, and lower parietal lobes, as well as in the cingulate gyrus
and precuneus, which might be consistent with AD. She has been treated with donepezil
as a diagnosis of AD. She then developed hallucinations (e.g., wallpaper stains appeared
to look like insects). She was treated with additional memantine. Six months later, she
showed irritability, angriness, and suicidal thoughts. Her MMSE score decreased to 8
from 15 in three years. Her MRI showed only mild brain atrophy and lacunar infarction.
Her DaTscan showed unremarkable findings. She has never had arrhythmia attacks. The
pedigree shows that her mother suffered from cerebral infarction at the age of 82 (Figure 1B
upper panel). The Sanger sequencing result shows RYR2 nucleotide change c.13175A>G,
resulting in p.Lys4392Arg (Figure 1B lower panel).

Patient #6. The patient was an 85-year-old female with a medical history of chronic
kidney failure and hypertension. At the age of 76, she started having occasional urinary
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incontinence. Her MRI was normal except an incidental aneurysm of the left internal
carotid artery. Her SPECT showed patchy hypoperfusion areas in the bilateral frontal
lobes near Sylvian fissure, basal temporal lobes, and gyrus cinguli. Five years later, she
developed short-term memory loss. Her MMSE score was 22. She has been treated with
donepezil, galantamine, and rivastigmine. Three years later, she developed dyspnea,
but her respiratory functions were preserved. She developed occasional illusions in the
next two years. Her definite diagnosis remains uncertain. Her SPECT showed diffuse
hypoperfusion in the frontal and bilateral lower temporal lobes. The pedigree shows
that her father and daughter suffered from EOAD at the age of 60 and 54, respectively
(Figure 1C upper panel). The Sanger sequencing result shows DCTN1 nucleotide change
c.3209G>A, resulting in p.Arg1070Gln (Figure 1C lower panel).

3.3. Classification of the Three Variants Based upon the ACMG Guidelines

The variant CLCN1 c.2848G>A:p.Glu950Lys was found in 0.025% of East Asian popu-
lations (MAF = 0.003% in a total of 282,374 alleles in gnomAD v2.1.1), and has not been
reported in ClinVar. The variant RYR2 c.13175A>G:p.Lys4392Arg was found in 0.023% of
East Asian populations (MAF = 0.0016% in a total of 246,870 alleles in gnomAD). However,
this variant has been reported in cases with catecholaminergic polymorphic ventricular
tachycardia (CPVT) [14,23]. The variant DCTN1 c.3209G>A:p.Arg1070Gln was not found
in East Asian populations (MAF = 0.0004% in a total of 250,216 alleles in gnomAD), and has
not been reported in ClinVar. In silico analyses using Sift, Polyphen, and Grantham [15]
showed a pathogenic role of CLCN1 c.2848G>A:p.Glu950Lys, but not the other two variants
(Table 2). Thus, currently, these three variants are classified as VUS.

Table 2. Variants found in the three patients.

Patient. Position Transcript Gene Genotype Coding Protein Sift Polyphen Grantham

1 chr7:143048939 NM_000083.2 CLCN1 G/A c.2848G>A p.Glu950Lys 0.01 0.826 56
2 chr1:237948187 NM_001035.2 RYR2 A/G c.13175A>G p.Lys4392Arg - 0.001 26
6 chr2:74590743 NM_004082.4 DCTN1 C/T c.3209G>A p.Arg1070Gln 0.43 0.829 43

4. Discussion

In this case series, we presented three Japanese dementia patients who carried genetic
variants associated with neurodegenerative diseases. We found two novel variants in the
genes associated with neural diseases (CLCN1 and DCTN1) and one RYR2 variant that
was previously found in cardiac arrhythmia syndrome. Although the interpretations of
these variants were “variants of unknown significance (VUS)” according to the ACMG
guidelines [15], our report might be useful for clinical practitioners in geriatric medicine.

Variants in the CLCN1, encoding a chloride channel, can cause Myotonia Congenita
that usually causes muscle weakness and cramps in infants. Age of onset and symptoms
vary depending upon inheritance trait—autosomal dominant (Thomsen disease) or reces-
sive trait (Becker disease)—and possibly upon variants [24]. Patient #1 did not show any
neuromuscular symptoms besides age-associated muscle atrophy. Variants in the RYR2,
encoding a ryanodine receptor, can cause catecholaminergic polymorphic ventricular tachy-
cardia (CPVT), a fatal arrhythmia. Although major subtypes of RYR in neuronal cells
are RYR3 and RYR1 [25], RYR2 has been reported to be expressed in cerebellum Purkinje
cells, the cerebral cortex, and the hippocampus [26]. Patient #2 has never had VT attacks.
However, RYR2 variants can be associated with abnormal Ca2+-handling in association
with Alzheimer’s disease [27]. Variants in DCTN1, encoding a protein dynactin-1, can
be associated with various neurodegenerative syndromes such as Perry syndrome, Amy-
otrophic lateral sclerosis, Charcot-Marie-Tooth disease, distal hereditary motor neuropathy
type VIIB, and frontotemporal dementia (FTD) [28–30]. Patient #6 showed a SPECT pattern
consistent with AD, but her memory function was relatively preserved. Her dyspnea
prompted us to suspect Perry syndrome or atypical Perry syndrome [29]. Recent studies
also found DCTN1 variants in FTD and Parkinson’s disease [31]. However, pathophysio-
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logical roles of DCTN1 in these diseases have not yet been established [32]. The tentative
diagnosis based upon the clinical finding was FTD, which might be partially supported by
this genetic test.

Currently, there are no clear guidelines for genetic tests for dementia [33], yet there
are several clinical genetic tests that are commercially available. According to the ACMG
Guidelines for AD, the leading cause of dementia, symptomatic genetic tests can be per-
formed in: (1) patients with autosomal dominant family history or early onset; or (2)
sporadic or non-autosomal dominant family clustering. However, genetic tests only in-
clude PS1/PS2, APP, but not APOE [14]. Although more than 300 PS1 variants have been
found [34], the number of patients whose genetic tests were positive is small.

We were not able to detect any pathogenic variants in all patients. This could be
partially because we used a gene panel with a limited number of genes, despite our
gene panel covering most of the diseases associated with dementia. Although whole
genomic/exonic sequencing (WGS/WES) could have detected novel gene variants, it is not
straightforward in validating the pathogenicity of variants using experimental models [35].
We cannot test dementia in genetically engineered animal models since animals’ brain
functions are profoundly different from human beings. In addition, it has been reported
that discovery rates for feasible variants with WES and WGS might be similar to those with
gene panels [10]. Although we have significantly advanced sequencing technologies, our
knowledge to interpret VUS, in comparison, may still be behind [36–38].

There are several significant limitations in this study: (1) This is a single center
study with a limited number of patients. However, positivity of genetic tests may not
be associated with number of samples. (2) Although the age of onset was relatively
high compared to previous studies, the average life expectancy in Japan is approximately
90 years. (3) We might have missed many unknown gene variants in association with
neural functions from the gene panel since we were focusing on already known genes
associated with neurodegenerative diseases. (4) Family members could not be genetically
screened due to their wishes such as in family #6. In the other two families, the family
members with dementia were already deceased.

5. Conclusions

We screened 18 Japanese dementia patients whose diagnoses were uncertain and
who had positive family history of dementia using a gene panel of neurodegenerative
diseases. We found three variants in three patients, although the significance of variants
was uncertain. However, the variant in DCTN1 might be association with the patient’s
frontotemporal dementia. To link the results of the genetic test and our patients’ dementia
phenotypes, further data accumulation and development of appropriate experimental
models are warranted.
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