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Objective: Early-onset dementia (EOD) is a relatively uncommon form of dementia that
afflicts people before age 65. Only a few studies analyzing the genetics of EOD have been
performed in the Chinese Han population. Diagnosing EOD remains a challenge due to the
diverse genetic and clinical heterogeneity of these diseases. The aim of this study was to
investigate the genetic spectrum and clinical features of Chinese patients with EOD.
Materials and Methods: A total of 49 EOD patients were recruited. Targeted next-
generation (NGS) analyses were performed to screen for all of the known genes associated
with dementia. Possible pathogenic variants were confirmed by performing Sanger sequen-
cing. The genetic spectrum and clinical features of the EOD patients were analyzed.
Results: Seven previously reported pathogenic variants (p.1213T and p.W165C in PSENI,
p.D678N in APP; ¢.1349 1352del in TBKI; p.P301L and p.R406W in MAPT, p.R110C in
NOTCH3) and two novel variants of uncertain significance (p.P436L in PSEN2; c.239-
11G>A in TARDBP) were identified.

Conclusion: Our study demonstrated the genetic spectrum and clinical features of EOD
patients, and it reveals that genetic testing of known causal genes in EOD patients can help to
make a precise diagnosis.

Keywords: Chinese, genetic analysis, early-onset dementia, next-generation sequencing

Introduction

Early-onset dementia (EOD) usually refers to dementia that develops before the
patient is 65 years old." It is speculated that genetic factors play a more important
role in the pathogenesis of EOD than in late-onset dementia (LOD). EOD is
a condition with a high heterogeneity that can be caused by several distinct diseases
with different etiology and pathophysiology, including Alzheimer’s disease (AD),
frontotemporal dementia (FTD), dementia with Lewy bodies (DLB), and other
neurodegenerative brain disorders.””

AD is the most common type of dementia. Hallmarks of AD include the
extracellular deposition of amyloid beta (AP) peptides and the formation of intra-
neuronal neurofibrillary tangles (NFTs), which leads to irreversible neuron loss and
loss of memory.® The pathogenesis of AD remains unclear, and both genetic and
environmental factors contribute to its risk.” Approximately 95% of AD patients are
sporadic while the remaining are familial AD patients (FAD). Pathogenic variants
in amyloid precursor protein (4PP), presenilin 1 (PSENI) and presenilin 2 (PSEN2)
have been previously identified as causes of FAD.® Several studies have been

submit your manuscript

Dove n

http:

in 3

Clinical Interventions in Aging 2020:15 1831-1839 1831
© 2020 Han et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
FamrTm 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati g/li /by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0002-3318-1747
mailto:zhiyingwu@zju.edu.cn
mailto:qingqingtao@zju.edu.cn
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Han et al

Dove

performed to determine how pathogenic variants in these
three genes contribute to AD, thus providing insight into
the pathogenesis of AD.’

FTD is another type of dementia that has neuropatho-
logical and clinical crossover with AD. FTD primarily
affects the frontal and temporal lobes of the brain, and it
is generally associated with dysfunction of the personality,
behavior and language use.'® DLB is also a common cause
of dementia. The characteristic clinical symptoms of DLB
include fluctuating cognition, recurrent visual hallucina-
tions, and Parkinsonism.'' Other neurologic diseases,
such as amyotrophic lateral sclerosis (ALS), Parkinson’s
disease (PD), and prion diseases, can also present with
EOD. With an increasingly aged population, more atten-
tion has been given to dementia.'> However, diagnosing
EOD remains a challenge due to the diverse genetics and
clinical heterogeneity of these diseases.

Next-generation sequencing (NGS) has been used to
examine EOD patients with an unknown diagnosis.'* ">
However, genetic studies on EOD have been rarely per-
formed in the Chinese population.'® In this study, NGS of
70 genes associated with dementia was performed for 49
Chinese patients with EOD, and we identified 2 novel
variants of uncertain significance (VUS) and 7 previously
reported pathogenic variants.

Materials and Methods
Subjects

All of the patients in our study were recruited from the
Department of Neurology, second affiliated Hospital of the
Zhejiang university school of medicine from May 2015 to
July 2019. A total of 49 EOD patients satisfied the follow-
ing inclusion criteria for our study: 1) had early disease
onset (<65 years old) and 2) had a phenotype of dementia.
The exclusion criteria for our study: 1) had a disease or
impairment of the central nervous system, including active
or past subdural hematoma, active or past subarachnoid
hemorrhage, and primary or metastatic brain cancer; or 2)
had other systemic diseases that may result in cognitive
impairment, including neurosyphilis, addiction to alcohol,
drug use, vitamin deficiency and thyroid dysfunction.
Subjects who had non-neurological diseases that may
result in cognitive impairment were also excluded.
Clinical evaluations and neurological examinations were
performed by two senior neurologists. The criterion for
a probable AD diagnosis was set according to the National
Institute on Aging-Alzheimer’s Association (NIAAA)."

The criterion for a probable FTD and DLB diagnosis
was set according to previous studies.'®!'® This study
was approved by the Ethics Committee of Second
Affiliated Hospital,
Medicine. Written informed consent for participation in

Zhejiang University School of

this study and publication of their clinical details was
obtained from all of the participants or their legally author-
ized caregivers.

Targeted Next-Generation (NGS) Panel

Analysis Screening

Blood samples were collected from all patients. Genomic
DNA was extracted from the peripheral blood using
a Blood Genomic DNA Extraction Kit (Qiagen, Hilden,
Germany) according to standard procedures. A customized
multigene panel that contained genes associated with
dementia was designed (Table S1). NGS panel screening
was performed using the Illumina HiSeq2000 platform
(XY Biotechnology Co Ltd, Hangzhou, China). Publicly
available databases including the Single Nucleotide
Polymorphism Database (dbSNP) (https://www.ncbi.nlm.
nih.gov/snp/), the 1000 Genomes Project (https://www.

ncbi.nlm.nih.gov/variation/tools/1000genomes/), and the

gnomAD  browser (https://gnomad.broadinstitute.org/)

were used to extract information about the detected var-
iants. Three software programs, SIFT, PolyPhen2 and
Mutation Taster, were used to predict the possible protein
functional changes.

Sanger Sequencing and APOE Genotyping
Possible pathogenic variants were confirmed by perform-
ing Sanger sequencing with an ABI 3500XL DX Genetic
Analyzer (Applied Biosystems, Foster City, CA, USA)
following the procedure described in our previous
study.”® A co-segregation analysis was performed for all
available familial members. The APOE genotypes were
determined by multiplex amplification refractory mutation
system PCR according as previously described.?’

Results
Demographic Data of the EOD Patients

A total of 49 unrelated EOD patients were included in our
study. The mean age at onset (AAO) of the EOD patients
was 52.9 + 7.8 years. Of these patients, 42.9% were male
and 57.1% had a positive family history (at least 2 family
members in the last three generations were affected by
dementia). The mean AAO of the probands with familial
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dementia was 52.8 + 8.8 years. A total of 30.6% carried
one APOEe4 allele, and 18.4% carried two APOEe4
alleles. The personal and medical histories of all 49 EOD
patients are summarized in Table 1.

Identification of Variants

Targeted NGS was performed in this study. Coverage of the
fraction of target bases indicated that 99.47% of the target
bases had >30x coverage and that 98.83% of target bases
had >50x coverage. The mean coverage of target bases
ranged from 597.39 to 1313.36. After filtering, 9 variants
in 7 known genes associated with EOD were identified in
9 index patients. Two variants (p.P436L in PSEN2; c.239-
11G>A in TARDBP) were novel and 7 variants (p.1213T and
p-W165C in PSENI; p.D678N in APP; c.1349 1352del in
TBK1; p.P301L and p.R406W in MAPT, p.R110C in
NOTCH3) were previously reported.'”** The presence of
these variants was confirmed by Sanger sequencing and
subsequent segregation analysis. Neither the 2 novel var-
iants were detected in 500 healthy Chinese subjects.
According to the American College of Medical Genetics
and Genomics (ACMG) standards,?' the 2 novel variants
were classified as VUS variants. Of 49 EOD patients,
7 (14.28%) were found to carry disease-causing mutations
and two were found to carry uncertain significance variants
(Table 2).

Clinical Features of Patients Carrying
PSEN I, APP and PSENZ2 Variants

Two previously reported pathogenic variants in PSENI
were identified in the two probands from Family 1 and
Family 2. Case 1 (II-6 in Family 1) (Figure 1A), carrying
the pathogenic variant p.1213T (c.638T>C) (Figure 1C) in
PSENI, is a 46-year-old woman who showed progressive
memory impairment that began six years ago. At that time,
she struggled to remember the way home and often forgot
the location of frequently used items. As her cognitive
abnormality progressed, she became irritable. She could
not finish the mini-mental state examination (MMSE),
Montreal cognitive assessment (MoCA) or CDR due to
un-cooperativity. Her mother (Family 1, 1-2) and elder
brother (Family 1, 1I-1 and II-3) had similar clinical pre-
sentations. However, none of them was available for
genetic evaluation. A pathogenic variant p.W165C
(c.495G>T) in PSENI was identified in case2 (II-4 in
Family 2) (Figure 1B and D). Case 2 is a 53-year-old
woman who developed progressive memory impairment

that began five years ago. The symptoms of memory
decline became worse over the last few years. Over the
past year, she started to exhibit emotional instability and
gradually developed poor language expression, slow
movement and poor execution. Her MMSE score was 6/
30, and her MoCA was difficult to obtain due to a lack of
cooperativity. Brain MRI analysis revealed global brain
atrophy without vascular lesions. Similar clinical charac-
teristics were reported for her father who died at 55 years
old (Family 2, 1-2).

The pathogenic variant p.D678N (¢.2032G>A) in APP
was identified in a 51-year-old woman (Family 3, II-2,
case 3) (Figure 1E and G). Her initial symptom was
a progressive decline of memory deficits that began at
age 42 years. She sought care at a local hospital, was
diagnosed with AD, and began treatment with donepezil.
Over the next 9 years, her symptoms progressively wor-
sened. She started to exhibit emotional instability and was
reluctant to take part in social activities. Now, she has lost
the ability to take care of herself in daily life. She could
not cooperate to complete the MMSE or the MoCA. MRI
revealed an abnormally high signal from the white matter
in T2-weighted images as well as global brain atrophy.
The patient’s mother (Family 3, 1-2) had similar clinical
presentations at 62 years old and died one year later.

A novel VUS variant p.P436L (c.1307C>T) in PSEN2
was identified in a 56-year-old man (Family 4, III-3,
case 4) (Figure 1F and H) who presented with short-term
memory impairment, a decline of visual construction abil-
ities, deficits in calculation abilities, and mild personality
changes at the age of 52 years. His MMSE and MoCA
scores were 14/30 and 10/30, respectively. Brain MRI
indicated atrophy of the bilateral temporal lobe and hippo-
campus. Similar clinical characteristics were reported for
his mother (Family 4, 1I-2), mother’s brother (Family 4, II-
3) and mother’s sister (Family 4, II-5), as well as his own
elder brother (Family 4, III-1) and three sisters (Family 4,
I1-6, 8, and 10). This variant was absent in the 500
healthy Chinese subjects that were tested. His family
members, however, refused genetic evaluation. This var-
iant is classified as VUS according to the ACMG
standards.

Clinical Features of Patients Carrying

TBK I, MAPT and TARDBP Variants
Case 5 (II-6 in Family 5) (Figure 2A) was a 51-year-old
man who was referred to our hospital following a three-year
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Table | The Personal and Medical Histories

of EOD Patients in Present Study

No. | Gender | AOO | Age | Family APOE Clinical MMSE | Moca | Brian Ap in p-Tau in Pib-
History Genotype Diagnosis Atrophy CSF CSF PET
| F 60 64 Positive e3e4 FTD 13 9 - NA NA -
2 F 41 41 Positive e3e3 FTD-ALS 14 NA NA NA NA
3 F 44 47 Negative e3e4 AD 6 NA - - +
4 M 64 65 Positive e3e3 MCI 27 19 NA NA NA NA
5 M 59 60 Negative e3e3 Prion disease 10 NA - NA NA NA
6 F 55 6l Negative e3e3 CADASIL NA NA NA NA NA
7 F 60 62 Positive e3e3 FTD | 0 NA NA NA
8 M 56 59 Negative e3e4 CADASIL 26 17 NA NA NA
9 F 40 46 Positive e3e4 FAD NA NA NA NA NA NA
10 M 6l 63 Positive e3e4 CBD NA NA NA NA NA
il F 49 54 Positive eded FAD 15 NA + + - NA
12 M 56 56 Negative e3e4 CADASIL 29 24 - NA NA NA
13 M 57 62 Negative e3e3 FTD NA NA + - - -
14 M 38 40 Positive e3e3 FTD NA 14 + NA NA -
15 F 48 53 Positive e3e3 FAD 6 NA + NA NA NA
16 M 48 51 Positive e3e3 FTD 17 NA + NA NA -
17 M 60 6l Positive e3e4 FAD 21 NA - NA NA NA
18 F 45 46 Negative e3e4 AD 25 17 + + + NA
19 M 60 63 Negative e3e3 FTD NA NA NA NA NA
20 F 65 66 Positive e3e3 FTD NA NA NA NA NA NA
21 F 49 53 Positive e3e4 FAD 17 9 NA NA NA
22 F 47 52 Negative e3e4 AD 7 NA - NA NA
23 F 55 55 Negative eded FTD 9 4 - NA NA -
24 M 59 6l Positive eded FAD 23 NA + NA NA +
25 F 41 45 Negative e3e3 MCI 25 19 - - - -
26 M 63 65 Positive e3e3 MCI 29 21 NA NA -
27 F 46 49 Positive e3e3 FTD NA NA - + NA
28 M 54 57 Negative e3e3 FTD 10 3 - NA NA NA
29 F 58 62 Negative e3e3 NIID 27 NA - NA NA NA
30 F 47 53 Negative e3e3 Dementia 30 25 - NA NA NA
31 F 56 62 Positive e3e4 FAD 3 NA NA NA NA NA
32 M 6l 63 Positive eded FAD 9 NA + NA NA NA
33 F 42 51 Positive e3e4 FAD NA NA - + + NA
34 M 58 58 Negative e3e3 Dementia NA NA NA NA NA
35 F 63 68 Negative e3e4 Dementia 0 NA NA NA
36 M 52 54 Positive e3e4 FAD NA NA NA +
37 F 44 49 Negative e3e3 CADASIL 28 21 - NA NA NA
38 F 59 63 Positive e3e4 FTD 23 14 - NA NA NA
39 F 54 56 Positive eded FAD 2 NA + NA NA NA
40 F 52 53 Negative e3e3 MCI 23 15 - -
41 F 50 55 Negative eded AD 14 NA - NA
42 F 58 60 Positive eded FAD 22 NA NA NA NA
43 F 51 54 Negative e3e3 AD 9 NA NA NA NA
44 M 29 29 Positive e3e3 CADASIL 30 21 - NA NA NA
45 M 54 55 Positive e3e3 MCI 24 22 - NA NA -
46 F 6l 63 Negative e3e3 AD 5 | - NA NA NA
47 M 52 56 Positive eded FAD 14 10 + NA NA NA
48 M 60 68 Positive e2e2 FAD 3 NA - NA NA NA
49 M 49 52 Positive ede4 FAD NA NA - NA NA NA

Abbreviations: AOO, age of onset; NA, not available; +, positive; —, negative; AD, Alzheimer’s disease; FAD, familial Alzheimer’s disease; FTD, frontotemporal dementia;

FTD-ALS, FTD-amyotrophic lateral sclerosis; MCI, mild cognitive impairment; NIID, neuronal intranuclear inclusion disease; CADASIL, Ccrebral autosomal

arteriopathy with subcortical infarcts and leukoencephalopathy.
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history of progressive memory impairment, language defi-
cits, slowness in reaction time and changes in personality.
He had a family history of dementia, as both his mother and
brother had similar clinical characteristics. A pathogenic
variant p.1450Kfs (c.1349 1352del) in TBK was identified
by NGS analysis and confirmed with Sanger sequencing
(Figure 2B). During his last physical examination, the
patient showed less cooperation, and amnesic aphasia.
There was no muscle atrophy; muscle strength, muscle
tone and deep tendon reflexes were normal. Cerebral MRI
showed bilateral atrophy of the frontal lobe, temporal lobes
and hippocampus, and no obvious AP deposition was found
by [11C]-PIB PET imaging (Figure 2C and D).

Both Case 6 (II-13 in Family 6) (Figure 2E) and case 7
(IT-6 in Family 7) (Figure 2G) carried a pathogenic variant
in MAPT. Case 6, carrying a pathogenic variant p.R406W
(c.1216C>T) (Figure 2F), was a 63-year-old woman who
came to our Neurology clinic with a complaint of mild
memory impairment over the past four years. Her MMSE
and MoCA scores were 23/30 and 14/30, respectively.
Similar clinical characteristics were reported for her
mother (Family 6, 1-2) and three sisters (Family 6, 1I-3,
II-5, and 1I-9). Case 7, carrying a pathogenic variant
p.P301L (c.902C>T) (Figure 2H), was a 49-year-old
woman who presented with memory impairment as well
as a decline of language and calculation abilities at the age
of 46. One year later, slowness in reaction times and
changes in personality were observed by her husband.
During her last physical examination, which was three
years after the disease onset, the patient showed less
cooperation, hyperactivity, and emotional instability. The
patient could not cooperate to finish the Frontal Behavioral
Inventory, MMSE or MoCA. Cerebral MRI showed bilat-
eral atrophy of the hippocampus. Her brother and nephew
had a similar clinical presentation.

A novel VUS variant ¢.239-11G>A in TARDBP was
identified in a 60-year-old woman (Family 8, I1I-3, case 8)
(Figure 21 and J) who presented with memory impairment.
Her symptoms gradually got worse, and one year after
disease onset, she could not remember the way home or
how to prepare food. She also presented with a decline in
calculation and language abilities as well as changes in
personality. Her MMSE score was 3/30 and her MoCA
score was 0. Brain MRI showed bilateral atrophy of the
hippocampus. She has a positive family history as her
mother and brother both have similar symptoms.

However, her family members were unavailable for
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Figure | Pedigree charts and variants identified in Family 1-4. (A, B, E, F) Pedigree charts of Family 1-4; (C, D, G, H) Sequencing chromatograms of the PSEN/ variants
(p.1213T and p.W165C), APP variants (p.D678N) and PSEN2 variants (p.P436L).
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NOTCH3 (pR110C).

genetic evaluation. This variant is classified as VUS
according to the ACMG standards.

In addition, a variant p.R110C (c.328C>T) in NOTCH3
was identified in a 29-year-old man (Family 9, 1I-3, case 9)
(Figure 2K and L) who presented with mild memory
impairment. His MoCA score was 21. Brain MRI showed
bilateral frontoparietal lobe and paraventricular white mat-
ter lesions. His mother (Family 9, 1-2) had experienced
20 year history of memory decline starting when she was
36 years old. She had a cerebral infarction in her 40s. This
variant in NOTCH3 was reported previously to be patho-
genic; therefore, this patient was diagnosed with cerebral

autosomal dominant arteriopathy with subcortical infarcts
and leukoencephalopathy (CADASIL).

Discussion

EOD is a condition caused by several diseases with exten-
sive genetic and clinical heterogeneity. Making a specific
diagnosis of EOD remains a challenge. Many of EOD
patients do not have a precise clinical diagnosis. The genetic
analysis of patients with EOD has been investigated exten-
sively in the Caucasian and Korean populations but rarely in
the Chinese population. In the present study, we performed
NGS and Sanger sequencing to identify the genetic etiology
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of 49 EOD patients. Two novel VUS variants (p.P436L in
PSEN2; ¢.239-11G>A in TARDBP) and 7 previously
reported pathogenic variants (p.I213T and p.W165C in
PSENI; p.D678N in APP; c¢.1349 1352del in TBKI,
p.P301L and p.R406W in MAPT; p.R110C in NOTCH3)
were identified in 9 EOD patients.

In our study, of the 49 indexed EOD patients, 14.28%
carried pathogenic variants. In a recent study of 221 Belgian
patients with EOD, 2.84% of the patients had a pathogenic
variant in APP. MAPT, SODI, TBKI, and C9orf72.'*
A previous study performed genetic analysis of a cohort of
Koreans with early-onset AD (EOAD) by NGS; pathogenic
variants were identified in 6% of the 67 EOAD patients.**
Similarly, in another study that included 60 APOE &4 non-
carrying Korean patients with EOAD, 8.3% of the patients
were found to carry likely pathogenic variants.*®
Additionally, pathogenic variants have been identified in
5% of early-onset AD and FTD patients from Korea."
Compared with these studies, the frequency of pathogenic
variants (14.28%) was higher in our study. One of the expla-
nations for this discrepancy is that the proportion of patients
with a positive family history was relatively high (54%) in
our study. In a recent study, PSENI, PSEN2, and APP muta-
tions were identified in a Chinese cohort that contained 1330
patients with AD or MCI in 404 pedigrees; 16.83% of these
patients carried PSENI, PSEN2, or APP mutations, compar-
able with the rate in the present study.?*

Among all of the identified patients, three patients each
had AD and FTD. AD and FTD are two common neuro-
degenerative diseases. There is a neuropathological and
clinical crossover between these two diseases. For exam-
ple, similar clinical presentations such as a decline in
memory, personality changes, and phosphorylated tau pro-
tein deposition can be observed in both diseases. In this
study, case 3, who carried a pathogenic variant in APP,
exhibited personality changes and short-term memory
impairment, whereas case 6, who carried a pathogenic
variant in MAPT, demonstrated only mild memory impair-
ment four years after disease onset. Similarly, a recent
study has reported FTD patients with typical AD clinical
presentations.? It is difficult to discriminate between these
two diseases if patients have an atypical clinical presenta-
tion. Thus, it is worthwhile to perform NGS in EOD
patients, especially those with a positive family history,
to help formulate a genetics-based diagnosis.

TBKI is a causative gene of FTD-ALS that has been
recently identified.*?” Its encode protein, tumor necrosis
factor receptor associated factor NF-kB activator-binding

kinase 1 (7BKI), is a serine/threonine protein kinase that

participates in multiple cellular pathways including
neuroinflammation®® and selective autophagy degradation.*’
A pathogenic variant in 7BK/ p.J450Kfs (c.1349 1352del)
was identified in case 5. This variant has been previously
reported in patients with ALS.*® Very few studies have linked
TBK1 with FTD in Chinese populations.*>~° To the best of our
knowledge, this is the first study to link this variant with FTD
in the Chinese population.

The majority of EOD cases in our study remain geneti-
cally unexplained, indicating additional causal and risk
genes need to be identified. In this NGS study, 2 novel
uncertain significance variants in the PSEN2 and TARDBP
genes were identified. The role of these 2 variants needs to

be determined in the future.

Conclusion

In conclusion, 7 previously reported pathogenic variants
and 2 novel VUS variants were identified in the present
study. All of the identified patients had early onset and
a positive family history of dementia. Our study expanded
the genetic spectrum of EOD and reveals that NGS is
a great help in the definite diagnosis of EOD patients.
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