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Abstract.
Background: In most cases, the onset of frontotemporal dementia (FTD) occurs between the ages of 45 and 65 years.
However, some patients experience an extremely early disease onset.
Objective: To investigate the clinical, genetic, and pathological features of extremely early-onset FTD.
Methods: We conducted a comprehensive clinical, genetic, and neuropathological analysis of a 25-year-old patient experi-
encing the onset of behavioral variant frontotemporal dementia (bvFTD). In addition, we conducted a literature review and
summarized the clinical, genetic, and pathological features of patients with FTD with onset age ≤ 25 years.
Results: The patient was diagnosed with bvFTD; however, there was no family history of FTD, no positive genetic test results
and no deposition of TDP43, tau, ubiquitin, and synuclein in the brain. Literature screening identified 18 patients with onset
age ≤ 25 years with FTD. The youngest patient was 14 years of age. Most patients (8/14) had a positive family history. The
most common clinical phenotype was the behavioral variant (12/14). Genetic results were reported for 11 patients; the most
common pathogenic gene was MAPT (10/12), with four cases of G389 R, two cases of P301 S, one case of G335 S, one case
of G335A, one case of G335 V, and one case of L315 R. Pathological results were reported for 13 patients; the most common
pathological subtype was tau (8/13).
Conclusion: FTD can start at an extremely early age. The most common phenotype of extremely early onset FTD was the
behavioral variant, the most common pathogenic gene was MAPT, and the most common neuropathological type was tau.
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INTRODUCTION

Frontotemporal dementia (FTD) is a neurodegen-
erative disease with behavioral and language variants
[1]. One clinical feature of FTD is an early onset;
most patients experience disease onset between the
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ages of 45 and 65 years [2, 3]. However, some cases of
extremely early onset have been reported in which the
initiation of neurodegeneration occurred in patients
in their 20 s to 30 s. The youngest onset age reported
thus far is 14 years [4], although this is relatively rare
in clinical practice.

The most challenging subtype in young patients is
the behavioral variant (bvFTD). Patients with bvFTD
present with early personality changes and inappro-
priate or disruptive behaviors that influence their
normal work and daily life, thus causing heavier
management burdens for both caregivers and society
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[1, 5]. In addition, bvFTD can be easily misdiag-
nosed in young patients thus delaying timely genetic
tests and effective treatment; the rate of misdiagno-
sis is 70% [6]. The potential hazards and diagnostic
challenges encountered during the stages of initial
presentation highlight the importance of recognizing
young patients with FTD as early as possible.

In this study, we conducted a comprehensive clini-
cal, neuroimaging, neuropsychological, genetic, and
neuropathological analysis of a 25-year-old patient
experiencing the onset of sporadic bvFTD with four
years of follow-up. Furthermore, we conducted a lit-
erature review of patients with FTD with an onset
age of 25 years or younger to summarize their clinical
subtype, along with relevant genetic and pathological
features.

METHODS

Clinical and neuropsychological workup

The patient was evaluated at Xuanwu hospital
in Beijing, China. We collated a range of clinical
data relating to initial symptoms, disease progression,
family history, and other medical history. A com-
prehensive neurological physical examination was
conducted by a professional neurologist. Longitudi-
nal follow-up was conducted every two years to track
disease progression.

A neuropsychologist administered a standardized
battery of tests every two years. The neuropsycho-
logical test battery consisted of assessments that
measured cognitive function in the domains of mem-
ory, executive function, language, and behavior.
Global cognitive screening measures included the
Mini-Mental State Examination (MMSE) [7], the
Montreal Cognitive Assessment (MoCA) [8], and
the Frontotemporal Lobar Degeneration (FTLD)-
Clinical Dementia Rating Scale [9]. Executive
function was measured using the Trail Making Test
[10]. Visuo-spatial function was assessed using the
Rey–Osterrieth Complex Figure Test [11]. Word list
memory was evaluated using Rey’s Auditory-Verbal
Learning Test [12]. Language was measured using the
Boston Naming Test [13]. The severity of behavioral
abnormality was assessed using the Frontal Behavior
Inventory (FBI) [14] and the Neuropsychiatric Inven-
tory (NPI) [15]. The ability to perform daily living
activities was assessed using the Activities of Daily
Living Scale (ADL) [16].

This study was conducted according to the Dec-
laration of Helsinki. The clinical protocols were

approved by the ethics committee and local insti-
tutional review board of Xuanwu Hospital, Capital
Medical University, China. The study was conducted
in accordance with relevant guidelines and regu-
lations for the use of human subjects in research.
Written informed consent was obtained from the par-
ticipant and his guardians before the start of the study.

Neuroimaging analysis

Magnetic resonance imaging (MRI) and positron
emission tomography (PET) images were acquired
on a hybrid 3.0 T TOF PET/MRI scanner (SIGNA
PET/MR, GE Healthcare, WI, USA) at Xuanwu
Hospital. MRI and PET data were acquired simul-
taneously using a vendor-supplied 19-channel head
and neck union coil. Images of amyloid PET (AV45),
Tau PET (PI2620), and 18F fluoro-deoxy-glucose
(18F-FDG)-PET were acquired. PET data were
reconstructed using an ordered subset expectation
maximization algorithm with weighted attenuation.
Images were smoothened using an 8-mm Gaussian
kernel with scatter correction and evaluated before
conducting an analysis of patient motion and ade-
quacy of statistical counts. Standardized uptake value
ratios were calculated using the cerebellar gray mat-
ter reference region to normalize mean activity from
acquired intervals.

We conducted a two-sample t-test to compare
structural MRI and FDG-PET images between the
patient and 22 healthy men matched for age and
educational level (mean age = 26 years, range = 24-
30 years; mean education = 15 years, range = 12-19
years); these tests applied a False Discovery Rate
(FDR) corrected p < 0.05 and cluster size > 200.
Details relating to the imaging processing steps, anal-
yses and software are given in the Supplementary
Material. Patients were diagnosed as AV45-positive
or PI2620-positive based on both visual interpre-
tations of elevated binding in the neocortex and
semi-quantitative assessment.

Genetic analysis

We extracted genomic DNA from fresh periph-
eral blood leukocytes taken from the patient and his
parents and used an Agilent SureSelect Human All
Exon V6 Kit (Agilent Technologies, Santa Clara, CA,
USA) to generate a sequencing library for whole-
exome sequencing. The prepared libraries were
sequenced using the HiSeq-2000 platform (Illumina,
San Diego, CA, USA). The sequenced reads were
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then aligned to the human genome (GRCh37/hg19).
Reads were then aligned to the targeted regions and
collated for single nucleotide polymorphism call-
ing and subsequent analysis using Burrows-Wheeler
Aligner software. Our final analysis included 42
genes (GRN, C9orf72, MAPT, CHMP2B, VCP,
TARDBP, SQSTM1, FUS, UBQLN2, OPTN, TREM2,
CHCHD10, TBK1, CYLD, TIA1, CCNF, hnRNPA1,
hnRNPA2B1, TMEM106B, RAB38, CSF1 R, MATR3,
TUBA4A, CFAP410, KIF5A, DCTN1, C21ORF2,
ITM2B, PSEN1, PSEN2, APP, AARS2, PLP1,
PSAP, PRKAR1B, MOBP, BTNL2, HLA-DRA,
CTSC, APOE, TOMM40, ARHGAP35, SERPINA1,
GFRA2, UNC13A, SORT1, CIAO1, PRNP, SIG-
MAR1, GBA, NOTCH3, TRPM7, ABCC1, ABCA7,
APBB2, ATP13A2, SPG21, DMT1, VPS2B, ALS17,
EIF4G1, SCN8A, COQ2, TSC1, TSC2, HCFC1,
ITPR3, PLA2G6, and SLC9A6) that were associ-
ated with FTD and other neurodegenerative diseases.
Repeat primed polymerase chain reaction was per-
formed to obtain a qualitative estimation of the
presence of C9orf72-expanded repeats.

Neuropathological analysis

A biopsy test was conducted in the third year from
disease onset. The tissues were extracted from the
deep white matter and the borderline between the gray
matter and the white matter of the right frontal lobe
using robotic stereotactic assistance (ROSA) brain
biopsy. Brian tissue samples were fixed with 10%
formalin and embedded in paraffin. For immunos-
taining, deparaffinized sections were incubated with
1% H2O2 in methanol for 10 min to eliminate endoge-
nous peroxidase activity in the tissue. Sections were
then pretreated by autoclaving for 10 min in 10 mM
sodium citrate buffer (pH 6.0) at 120◦C. After wash-
ing three times with 0.01 M phosphate-buffered
saline (pH 7.4), the sections were processed with
the polymer horseradish peroxidase detection system
(Polink-1 HRP Broad Spectrum DAB Detection Kit,
Golden Bridge International, Mukilteo, WA, USA).
The antibodies employed for immunohistochemistry
were glial fibrillary acidic protein (GFAP, Ori-
Gene USA; monoclonal, clone UMAB129, 1 : 200),
neuronal nuclear protein (NeuN, Chemicon, USA;
monoclonal, 1 : 4000), Olig-2 (Millipore, USA; Poly-
clonal, AB9610, 1 : 250), ubiquitin (Abcam, UK;
monoclonal, ab140601, 1 : 250), AT8 (hyperphos-
phorylated tau, Ser202 and Thr205; Thermo, USA;
monoclonal, Clone: AT8, 1 : 4000), TDP-43 (Protein-
tech, USA; monoclonal, Clone 6H6E12, 1 : 10000)

and synuclein (Clone 3D5,1 : 10000, a gift from Pro-
fessor S. Yu) [17].

Literature review

To preliminary describe the clinical, genetic, and
pathological features of young patients with FTD
with an age of onset similar to the present case, two
of the investigators (MC and LL) performed a liter-
ature review using PubMed and Embase databases,
from inception to September 2021. We included all
patients who had been diagnosed with FTD with an
onset of ≤ 25-years-of-age. The first author’s name
and year of publication, as well as each patient’s
age of onset, sex, clinical, neuroimaging, genetics,
and pathological results, were extracted from the
literature. Two neurologists (MC and LL) indepen-
dently made a clinical classification of the phenotype
involved in each case according to the clinical
and neuroimaging features and by referring to the
diagnostic criteria for bvFTD [1], non-fluent vari-
ant primary progressive aphasia (nfvPPA) [18] and
semantic variant PPA (svPPA) [18]. It should be noted
that behavioral, language, and motor syndromes over-
lapped in some patients. The definition of “family
history” used in the literature review was 1) a definite
report of a family history and 2) some of the relatives
presented with dementia, motor dysfunction or other
neurodegenerative disease.

RESULTS

Clinical course

The patient was a 30-year-old male with 14 years
of education, who used to be a worker in a company
selling mineral water. At the age of 25 years, the
patient’s family and friends observed marked person-
ality changes; previously, the patient was outgoing
but became introverted over time. He stopped work-
ing for the mineral water company, became socially
withdrawn and lost sympathy with a reduced response
to the feelings of his parents and friends; notably, he
was indifferent to his brother’s wedding. He exhibited
apathy and self-neglect and did not care about per-
sonal hygiene. He was obsessed with computer games
and had hyperorality presenting with the increased
consumption of excessive snacks and alcohol. Some-
times he was restless and quarreled with his family.
Depression was initially suspected but the patient was
unresponsive to anti-depressive drugs.
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Table 1
Spatial coordinates and peak values of brain areas showing significant differences in gray matter volume and metabolism of this patient

Cluster Brain region Peak MNI Cluster
intensity coordinate size

Atrophy on structural MRI (FDR corrected p < 0.05)
1 Left: middle temporal, superior temporal pole, middle temporal pole,

inferior temporal, superior orbital frontal, inferior orbital frontal, medial
orbital frontal, rectus, anterior cingulate, putamen, caudate, thalamus,
fusiform, para-hippocampus, hippocampus Right: superior orbital frontal,
medial orbital frontal, inferior orbital frontal, rectus, anterior cingulate,
putamen, caudate

-10.86 -30 -3 6 28707

2 Right middle temporal pole -7.34 31.5 19.5 -33 2585
3 Right hippocampus -6.65 33 -13.5 -12 435
4 Right superior temporal cortex -5.05 -46.5 -45 9 249
5 Right middle temporal cortex -4.57 48 -22.5 -15 243
Hypometabolism on FDG-PET (FDR corrected p < 0.05)
1 Left: inferior temporal, middle temporal, middle temporal pole, superior

temporal pole, superior medial frontal, superior frontal, superior orbital
frontal, inferior orbital frontal, middle orbital frontal, medial orbital
frontal, middle frontal, rectus, anterior cingulate, insula, caudate,
hippocampus, para-hippocampus, thalamus, putamen, fusiform, lingual
cortex Right: middle temporal pole, superior medial frontal, superior
orbital frontal, medial orbital frontal, middle orbital frontal, rectus,
cingulate, caudate, putamen, para-hippocampus, fusiform

-12.60 -22 -12 -36 25293

2 Left precentral cortex -6.00 -54 12 34 332

Within one year, his condition worsened. He
was still restless, apathetic with a loss of sym-
pathy. Behavioral disinhibition was observed; this
manifested as impulsive and socially inappropri-
ate behavior (stealing the possessions of others and
scratching cars belonging to others). Hallucination
and delusion were identified as the patient reported
seeing birds in his room; he also thought he had been
discarded by his family. However, the hallucination
and delusion were moderate and only occurred on
two occasions. He was diagnosed with schizophrenia
in another hospital nine months after onset but did
not respond to antipsychotic drugs.

Approximately one year after onset, he was admit-
ted to our hospital. Physical examination revealed an
abnormal cognitive status with memory and executive
dysfunction; this is described in the neuropsycho-
logical section in Table 1. The patient had normal
cranial signs, and normal limb motor, reflex, sen-
sory and cerebellar function; there were no signs of
meningeal irritation. He denied a history of drug use.
There was no family history of dementia, motor dys-
function or any other neurodegenerative disease. His
parents are still alive and cognitively intact; no other
relatives died from neurodegenerative disease. MRI
revealed frontal and temporal lobe atrophy and FDG-
PET revealed severe hypometabolism in the frontal
and temporal lobes. Thus, we considered probable
behavior variant frontotemporal dementia as the first

diagnosis according to the 2011 diagnostic criteria
[1]. To exclude the early onset of Alzheimer’s disease,
we conducted amyloid and tau PET and found no
deposition of pathological protein. The neuroimag-
ing results of A� and tau PET are shown in the
neuroimaging section of Fig. 2. Metabolic disease
including methylmalonic aciduria was also taken into
consideration; however, no abnormality was found
in the hematuria organic acid screening and genetic
examination.

Two years after onset, the patient experienced
severe memory and cognitive decline. He was still
restless, unstable, and easily lost his temper. Apa-
thy and loss of sympathy were severe in that he did
not care about his parents and declined to meet any
of his relatives and friends. Some social disinhibi-
tion behaviors were observed including talking and
physical contact with strangers. Oral exploration was
observed in that he always took something inedi-
ble, such as papers, to his mouth. Cognitive function
declined severely, including some of the long-term
memory, executive function, and judgement. Com-
pared with the first follow-up, no more changes were
found in the two-year follow-up physical examina-
tion.

At the third telephone follow-up, he became mute,
bed-ridden, incontinent of urine and feces, and lost
the ability to take care of himself. The telephone
follow-up was conducted without physical examina-
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Fig. 1. Clinical course of the patient. Symptoms began at 25 years of age and the patient was first admitted to our hospital at 26 years of age.
A second and third follow-up were conducted at 28 and 30 years of age, respectively. The main clinical presentations were listed at each
time point.

tion. The clinical course is summarized in Fig. 1. At
the time of writing the patient is still alive.

Neuroimaging results

Structural MRI, FDG-PET, amyloid PET (AV45),
and tau PET (PI2620) were conducted one year after
disease onset. Marked frontotemporal atrophy and
hypometabolism were observed on raw MRI images
(Fig. 2A) and FDG-PET images (Fig. 2B). Nega-
tive results were found on the AV45-PET (Fig. 2C)
and PI2620-PET (Fig. 2D). The patient showed pre-
dominant volume loss and hypometabolism in the
frontal, temporal, anterior cingulate, and subcortical
brain regions when compared with healthy controls
(Fig. 2E). The detailed spatial coordinates and peak
values of brain areas showing significant differences
in gray matter volume and metabolism in the patient
are shown in Table 2. Atrophy and hypometabolism
overlapped several brain regions including the left
(inferior temporal, middle temporal, middle tem-
poral pole, superior temporal pole, superior orbital
frontal, inferior orbital frontal, medial orbital frontal,
rectus, anterior cingulate, fusiform, hippocampus,
para-hippocampus, thalamus, caudate, and putamen)
and right brain regions (superior orbital frontal,
medial orbital frontal, rectus, anterior cingulate, mid-
dle temporal pole, and caudate). Due to agitation and
uncooperative behavior, we were unable to perform
follow-up PET/MRI.

Neuropsychological tests

Neuropsychological test results are shown in
Table 2. At the first admission, the patient could
cooperate with some neuropsychological tests. In

terms of general mental status, the MMSE score was
16/30 (23/24 for individuals with 7 or more years
of education) and the MoCA score was 11/30 (nor-
mal range > 24). In terms of executive function, the
Trail Making Test-A complete time was 60 s with
no error lines (normal range < 78 s); the Trail Mak-
ing Test-B was not completed. In terms of memory,
Rey’s Auditory-Verbal Learning Test total score was
11 (abnormal range ≤ 20); no words were repeated
in the recall and recognition phase. With regards to
visual and spatial function, the Rey–Osterrieth Com-
plex Figure Test score was 7/36 (normal range > 29).
In terms of language skills, the Boston Naming
Test score was 13/30 (normal range > 22); sentence-
making (0/1) and the reading test were 0/1 and 1/1
in the MMSE, respectively. Sentence repetition (0/1)
and word fluency were 0/1 and 1/1 in the MoCA,
respectively. In terms of disease severity, the FTLD-
Clinical Dementia Rating Scale sum of box score
was 12/32 (abnormal > 0). At the second follow-
up, the patient’s cognitive function declined; he was
restless, irritable and did not cooperate well during
the neuropsychological tests. At the third follow-up,
the patient’s condition became more severe; he was
bedridden, mute and was losing the ability to com-
municate with the physicians.

The NPI, FBI, and ADL were conducted. At the
first admission, the patient had an NPI score of 69;
in addition, the patient showed severe behavioral
symptoms, including agitation, depression, apathy,
disinhibition, irritability, aberrant motor behavior,
and appetite changes. His FBI score was 35 and
negative symptoms were scored at 19, including
apathy, aspontaneity, indifference, inflexibility, dis-
organization, inattention, personal neglect, and loss
of insight. Positive symptoms were scored at 16,
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Fig. 2. Neuroimages of the patient. Axial, sagittal, and coronal images of (A) structural MRI, (B) FDG-PET, (C) AV45-PET, and (D) PI2620
PET. (E) Atrophy and (F) Hypometabolism patterns in the patient in comparison with healthy controls. Detailed radiological Montreal
Neurosciences Institution (MNI) coordinates of the clusters are shown in Table 1.
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Table 2
Neuropsychological tests of the patient with extremely early-onset FTD

Scales Baseline Follow-up 1 Follow-up 2

General cognitive test
MMSE 16 NA NA
MoCA 11 NA NA

Executive function
TMT-A 60 s/24 NA NA
TMT-B NA NA NA

Memory
RAVLT-learning 11 NA NA
RAVLT-recall 0 NA NA

Visuospatial skill
ROCFT 15 NA NA

Language test
BNT 13 NA NA

Behavior test
NPI-patient 69 78 NA
FBI (total/negative/positive) 35/19/16 38/18/20 NA

Disease severity
FTLD-CDR 12 NA NA

Activities of daily living
ADL 25 40 80

MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; TMT-
A, Trail Making Test-A; TMT-B, Trail Making Test-B; RAVLT, Rey’s Auditory-Verbal
Learning Test; ROCFT, Rey–Osterrieth Complex Figure Test; BNT, Boston Naming test;
FBI, Frontal Behavior Inventory; NPI, Neuropsychiatric Inventory; ADL, Activity of Daily
Living; FTLD-CDR, Frontotemporal Lobar Degeneration Clinical Dementia Rating Scale.

including irritability, poor judgment, inappropriate
behavior, impulsivity, restlessness, aggression, and
utilization behavior. The ADL score was 25 at admis-
sion. At the second follow-up, the patient’s NPI score
was 78, the FBI total score was 38, the FBI disinhibi-
tion subscale score was 20, the FBI apathy subscale
score was 18, and the ADL score was 40. In the third
follow-up, the patient became bedridden and mute,
thus we only conducted the ADL test; the score was
80.

Genetic tests

Genetic tests of the patient and his parents for
hexanucleotide mutation in the chromosome 9 open
reading frame 72 gene and whole-exome sequenc-
ing for mutations in known genes associated with
FTD and other neurodegenerative diseases were neg-
ative. No abnormality was found in the genetic results
related to metabolic disease.

Neuropathological tests

There was mild neuronal loss and shrinkage
accompanied by gliosis in the deep cortical layers
of the frontal lobe (Fig. 3). The subcortical white
matter looked a little sparse, but no inclusion bod-
ies were detected by immunohistochemical staining

with ubiquitin, phosphorylated tau protein (AT8),
DNA-binding protein of 43 kDa (TDP-43), and
synuclein.

Literature review

Through the literature search, we identified 16
patients with FTD with an age of onset of 25 years or
younger. The detailed clinical, genetic, and patholog-
ical data of these patients are shown in Table 1. The
youngest patient was 14-years-of-age. The mean age
at onset was 21.06 ± 3.70 years (range: 14-25 years).
The age of death was reported for 13 patients; the
mean age of death was 30.92 ± 4.84 years (range: 24-
39 years). Most of the patients with FTD (8/14) had
a positive family history. The most common reclas-
sified clinical phenotype was the behavioral variant
(12/14); two papers did not report detailed informa-
tion relating to clinical symptoms. Genetic results
were reported for 12 patients; the most common
pathogenic gene was MAPT (10/12), with four cases
of G389 R, two cases of P301 S, one case of G335 S,
one case of G335A, one case of G335 V and one case
of L315 R. Pathological results were reported in 13
patients; the most common pathological subtype was
tau (8/13). Detailed data extracted from the literature
is shown in Supplementary Table 1.
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Table 3
Cases of young onset frontotemporal dementia (25-years-of-age or younger) in the literature

First Author year Case Sex Age at Age at Family Original Re-classified Genetics Pathology
onset (y) death (y) history diagnosis Clinical

phenotype

Ando 2020 [4] 1 M 14 34 No FTD bvFTD MAPT G335A Tau [Tau (+), GFAP (+), NFT (+),
A� (-), �-synuclein (-) and
TDP-43(-)]

Chaunu 2013 [19] 2 F 17 24 Yes FTDP-17 bvFTD MAPT G389R Tau [Tau (+), TDP-43(-),
neurofilaments (-), FUS (-),
�-synuclein (-), and A� (-)]

Pickering-Brown 2000 [20] 3 F 17 37 No Pick’s disease bvFTD MAPT G389R Tau [Tau (+), NFT (+)]
Taniguchi 2004 [21] 4 F 17 31 NA Nontau-FTD NA* NA Non-Tau
Davidson 2007 [22] 5 F 17 NA NA FTD NA* NA Dementia lacking distinctive

histology
Bermingham 2008 [23] 6 F 20 24 Yes FTDP-17 bvFTD MAPT G389R Tau [Tau (+), �-synuclein (-), A�

(-) and ubiquitin (-)]
Snowden 2004 [24] 7 F 21 30 No Sporadic FTD bvFTD Negative Microvacuolar-type degeneration

[Tau (-), A� (-), ubiquitin (-),
neurofilament (-), and
�-synuclein (-)]

Velakoulis 2009 [25] 8 F 21 25 No FTDP17 bvFTD NA Tau [Tau (+), ubiquitin (-), TDP
43(-)]

Spina 2006 [26] 9 M 22 36 Yes FTDP17 bvFTD MAPT G335S Tau [Tau (+), Alz50 (+), A� (-),
�-synuclein (-)]

Tacik 2017 [27] 10 M 24 31 No FTDP17 nfvPPA MAPT G389R Tau [Tau (+), TDP-43(-),
IBA-1(-), A� (-), PBL (+)]

Baba 2007 [28] 11 F 25 39 Yes FTD bvFTD MAPT P301S NA
Mackenzie 2004 [29] 12 F 25 29 Yes FTD and PLS bvFTD NA Neurofilament-immunoreactive

neuronal inclusions [ubiquitin
(+), neurofilament proteins (+),
tau (-), a-synuclein (-)]

Neumann 2005 [30] 13 NA 25 NA Yes FTDP-17 bvFTD MAPT G335V NA
van Herpen, 2003 [31] 14 NA 25 33 Yes FTDP-17 svPPA MAPT L315R Tau [Tau (+), ubiquitin (-), A�

(-), �-synuclein (-)]
Sperfeld, 1999 [32] 15 F 25 NA Yes FTDP-17 bvFTD MAPT P301S NA
Baborie 2012 [33]/Stone 2003 [34] 16 M 22 29 No FTLD bvFTD Negative Ubiquitin [Ubiquitin (+), Tau (-),

A� (-), SMI31(-), SMI32 (-),
NF160 (-), NR4 (-), �-synuclein
(-), TDP43 (-), FUS (-)]

*Two papers did not provide detailed information on the clinical symptoms of the patients and could not be classified to a clinical subtype. M, Male; F, female; NA, not available; FTD, frontotemporal
dementia; FTDP-17, frontotemporal dementia with Parkinsonism-17; PLS, primary lateral sclerosis; FTLD, frontotemporal lobe degeneration; bvFTD, behavior variant frontotemporal dementia;
nfvPPA, non-fluent variant primary progressive aphasia; svPPA, semantic variant primary progressive aphasia; MAPT microtubule-associated protein tau.



M. Chu et al. / Extremely Early-Onset Frontotemporal Dementia 1147

Fig. 3. Histopathological findings. Mild neuronal loss was evident in (A) H&E staining and (B) NeuN immunostaining. C) The proliferation
of astrocytes was evident in GFAP immunostaining (Scale bar = 400 �m). No inclusion bodies were detected by immunohistochemical
staining with (D) ubiquitin, (E) AT8, (F) TDP43, and (G) synuclein (Scale bar = 200 �m).
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DISCUSSION

In this study, we comprehensively investigated the
clinical, neuroimaging, genetic, and pathological fea-
tures of a 25-year-old patient who met the diagnosis
of probable bvFTD. We also delineated some unique
features of extremely young patients with FTD. The
most common clinical subtype was the behavioral
variant, most of the reported mutations were on the
MAPT gene and the most common pathological sub-
type was tau pathology. This young-onset patient
adds to our knowledge of extremely early-onset FTD
and serves as a reminder that FTD should be taken
into consideration when young patients present with
behavioral deficits.

Our patient met the diagnosis for probable bvFTD
with a typical clinical pattern that manifested as dis-
inhibition, apathy, loss of sympathy, and oral explo-
ration. The early-onset patient described herein pre-
sented with behavioral and cognitive deficits, which
could be differentiated from Alzheimer’s disease,
some psychiatric disease (including schizophrenia or
depression) and metabolic disease, such as methyl-
malonic acidemia. The patient was negative for amy-
loid and tau PET, this helping us to differentiate from
AD. Psychiatric disease, including depression or
schizophrenia, was considered at first, although obvi-
ous brain atrophy and hypometabolism were detected
by MRI and FDG-PET. Furthermore, the patient did
not respond to anti-depression and anti-psychotic
drugs. In addition, metabolic diseases, including
methylmalonic aciduria were taken into considera-
tion; however, no abnormality was detected by hema-
turia organic acid screening and genetic analysis.

Marked fronto-temporal impairment was observed
on MRI and FDG-PET, thus supporting the diagnosis
of bvFTD that was consistent with the typical pat-
terns of bvFTD atrophy and hypometabolism [35].
However, we did not find any pathogenic mutations
in the patient or his parents, and no family history
was reported; therefore, we concluded that the patient
was experiencing sporadic bvFTD. No positive inclu-
sion bodies were detected by immunohistochemical
staining with ubiquitin, phosphorylated tau protein
(AT8), DNA-binding protein of 43 kDa (TDP-43),
and synuclein when we conducted a frontal biopsy.
However, because of laboratory limitations, we were
unable to stain for FTLD-FET, thus limiting our
diagnosis to probable bvFTD. The neuropathologi-
cal results should be interpreted with caution because
the pathological brain tissue was acquired through a
stereotactic biopsy that was limited to the bilateral

frontal tissue. Further post-mortem autopsy needs to
be conducted when possible.

Patients with FTD and an age of onset that is 25
years or younger appear to have unique and charac-
teristic features. Most patients had a positive family
history (55.6%); this was higher than the 30-50%
with typical FTD [36]. This pedigree investigation
represents a significant step forward in terms of iden-
tifying the features of young patients with FTD. If a
patient has pathogenic mutations, then blood samples
from the proband’s biological parents are important
to identify whether a patient carries a de novo muta-
tion or whether autosomal dominant inheritance is
involved.

Most patients exhibited a behavioral clinical phe-
notype (77.8%); this is a higher frequency than
for typical FTD (in which bvFTD was reported to
account for half of such cases) [37]. The clinical man-
ifestations of these patients are the same as those of
typical bvFTD, including apathy and behavior dis-
inhibition; most patients had personality changes as
their initial symptoms [19, 20, 23-26, 28, 30, 32-34].
These might be considered as psychiatric disorders,
including depression, schizophrenia, or solvent abuse
at the first evaluation and had undergone extensive
tests to reach an accurate diagnosis of FTD [4, 19, 23–
25, 30, 33]. The behavioral deficit of these extremely
young patients causes heavy social and family bur-
dens and is a huge challenge for patient care and
management [25]. This issue therefore deserves more
attention.

All the reported pathogenic mutations were located
on the MAPT gene [4, 19, 20, 23, 26–28, 30–32]; this
differs from the genetic distribution of typical FTD
in that C9 has been reported as the most common
type in Western countries [38]; MAPT abnormali-
ties are more common in China [39]. In addition, we
also found some specific mutation sites that might
contribute to extremely early onset; the most com-
mon mutations were MAPT G389 R [19, 20, 23,
27] and G335A [4]/S [26]/V [30] which are located
in exons 13 and 12. We found some discrepan-
cies in the frequency of MAPT mutations between
extremely early onset and typical FTD. In cases with
typical FTD, the most common MAPT mutations
were P301 L (rs63751273; 234 individuals and 59
families), IVS10 + 16C−→T (rs63751011; 149 indi-
viduals and 48 families), R406 W (rs63750424; 67
individuals and 9 families), and N279K (rs63750756;
44 individuals, 17 families) [2]. However, the mech-
anisms underlying the more significant contributions
of G389 R or G335A/S/V to an early onset need fur-
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ther investigation. Most patients had tau pathology;
this differed from the main pathology of typical FTD,
in which the most common subtype was reported to
be TDP43 [40]. The pathological distribution dis-
crepancy of high tau proportion might be related to
a genetic-pathology MAPT-Tau corresponding rela-
tionship [41].

This study had some limitations that need to be
considered. First, this is a case report and literature
review; the papers which report positive results from
patients with pathogenic mutations or specific patho-
logical results tend to be more easily accepted than
those without pathogenic mutations or non-specific
pathological results. This might create some bias
when summarizing the frequencies in the literature.
Second, due to the rarity of this condition, the sample
of patients with FTD with a disease onset of 25 years
or younger was small. Therefore, the results reported
in this study should be considered as exploratory.
Third, the pathological tests were not comprehen-
sive as they lacked FTLD-FET due to laboratory
limitations, thus limiting the diagnosis to probable
bvFTD. Finally, our understanding of the genetics and
pathologies of FTD has progressed over the last 20
years, thus the results reported herein should be inter-
preted with caution and validated in a larger cohort.

Conclusions

Our analysis showed that FTD can occur at
an extremely early age; the youngest patient ever
reported was 14 years of age. The most common
mutations reported in cases of extremely early onset
were involved in the MAPT gene. The most com-
mon mutation site was G389 R, and the most common
pathological subtype was tau pathology.
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