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Abstract
Introduction  Accumulating evidence shows that SQSTM1 plays a vital role in the pathogenesis of frontotemporal dementia 
(FTD) and amyotrophic lateral sclerosis (ALS), which represent a neurodegenerative disease continuum. Here, we report 
a novel SQSTM1 variant in a patient presenting with progressive nonfluent aphasia (PNFA) and progressive bulbar palsy 
(PBP). Relevant literature about FTD and FTD-ALS caused by SQSTM1 mutation was reviewed to better understand its 
clinical features.
Methods  We collected data from a 66-year-old male patient with a novel heterozygous variant (c.995C > G, p.S332X) in 
the SQSTM1 gene who was diagnosed with PNFA and PBP and performed a PubMed literature search using the advanced 
research criteria: [(“frontotemporal lobar degeneration”) OR (“frontotemporal dementia”) OR (“amyotrophic lateral scle-
rosis”) OR (“motor neuron disease”)] AND (“SQSTM1”). The clinical features of FTD and FTD-ALS related to SQSTM1 
mutation were summarized based on previous cases and our new case.
Results  The initial symptom of the current patient was progressive verb finding difficulties and effortful speech output, 
which developed into dysarthria and dysphagia in subsequent months. The results, including tongue atrophy, fasciculations, 
neurogenic changes, and mild left dominant hypometabolism of 18F-fluorodeoxyglucose PET in the frontal cortex, suggest 
the possibility of PNFA and PBP. A novel likely pathogenic heterozygous variant (c.995C > G, p.S332X) in the SQSTM1 
gene was identified. The literature search revealed a total of 33 FTD and FTD-ALS cases related to the SQSTM1 mutation 
with detailed clinical information. The mean age of onset (including our patient) was 63.5 ± 9.7 years. bvFTD was the most 
common clinical phenotype. The missense mutation in the SQSTM1 gene coding region and the UBA domain involvement 
are its main genetic characteristics.
Conclusion  Although rare, mutations in SQSTM1 can lead to various clinical subtypes of FTD and FTD-ALS, including 
the rare combination of PNFA and PBP. Exon missense mutation is the main type of mutation, which is common in the 
UBA domain.
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Introduction

Frontotemporal dementia (FTD) is the second most com-
mon dementia subtype under 65 years and is characterized 
by selective frontal and temporal lobe atrophy [1]. FTD has 
two main clinical variant: the primary progressive aphasia 
variant—either semantic and nonfluent—and the behavio-
ral variant [2]. In addition, an increasing number of studies 
suggest substantial overlap between FTD and motor neuron 
disease (MND) syndrome with respect to clinical and patho-
logical features and genotype [3]. Now, they are thought to 
belong to the same clinicopathological spectrum of disorders 
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[4]. Unlike AD, FTD has a stronger genetic background, and 
the most frequently mutated genes are chromosome 9 open 
reading frame 72 (C9orf 72), progranulin (GRN), and micro-
tubule-associated protein tau (MAPT) [5]. The SQSTM1 
gene is located at 5q35 and encodes protein P62 consisting 
of 440 amino acids that mediates various biological pro-
cesses, including intracellular signaling, oxidative stress 
response, and apoptosis [6]. Mutations in the SQSTM1 
gene were initially identified as a cause of Paget’s disease of 
bone (PDB) [7]. In recent years, it has been found in patients 
with FTD and FTD with amyotrophic lateral sclerosis (ALS) 
(FTD-ALS) [8–10]. As a relatively rare gene type of FTD, 
its clinical and genetic characteristics are not fully under-
stood. Here, we report a patient clinically diagnosed with 
PNFA and progressive bulbar palsy (PBP), whose genetic 
tests suggest new variant in the SQSTM1 gene. Moreover, 
we reviewed the literature on FTD and FTD-ALS caused by 
SQSTM1 mutation and then summarized their clinical and 
genetic characteristics, hoping to improve the understanding 
of its clinical features.

Materials and methods

1.	 Clinical data collection: the clinical history, physical 
examination, laboratory examination, imaging exami-
nation and cognitive evaluation of the patient were col-
lected.

2.	 Genetic procedures: DNA was prepared and amplified 
from peripheral blood according to standard procedures 
from the patient after informed consent was obtained 
for genetic studies. The quality of DNA was assessed 
by agarose gel electrophoresis and Qubit 3.0 (Thermo 
Fisher, USA). Libraries were prepared using the Sure-
SelectXT Target Enrichment System Manual (Agilent, 
USA), and whole-exome sequencing was performed by 
HiSeq X Ten (Illumina, USA). Next-generation sequenc-
ing and bioinformatics analysis of the sequencing data, 
including MAPT, GRN, CHMP2B, C9orf 72, VCP, 
FUS, SQSTM1, SOD1, TARDBP, OPTN, APP, PSEN1 
and PSEN2, were performed. A nonsense variant in the 
SQSTM1 gene was found and was subsequently Sanger 
sequenced (forward primer: 5′-AGC​GTC​TGC​CCA​GAC​
TAC​GA-3′ and reverse primer: 5′-CAG​GCA​CTT​AGG​
CAC​CTC​AG-3′). The pathogenicity of detected variant 
was predicted by Mutation Taster software (https​://www.
mutat​ionta​ster.org/).

3.	 Literature review: a literature review was carried out 
from articles published in PubMed using the advanced 
research criteria: [(“frontotemporal lobar degeneration”) 
OR (“frontotemporal dementia”) OR (“amyotrophic 
lateral sclerosis”)] OR (“motor neuron disease”)] AND 
(“SQSTM1”) to search all previous FTD and FTD-ALS 

cases with SQSTM1 mutation. The cases with detailed 
medical histories were analyzed and summarized.

This study was approved by the Ethics Committee of 
Shengjing Hospital of China Medical University, and was 
conducted in accordance with the Declaration of Helsinki.

Results

Case report

A right-handed 66-year-old man with 9 years of education 
was referred to our hospital in March 2020 for assessment 
of a progressive language disorder that had started 1 year 
earlier, which were characterized by difficulty in speaking, 
finding words, poor expression, pause in the middle of 
long sentences, comprehension of the meaning of a single 
word and semantic memory are normal, while compre-
hension of grammatically complex sentences is impaired. 
The impairment of memory is not obvious. At the time 
of referral, the patient showed significant dysphagia and 
dysdipsia, and apraxia of speech, accompanied by stutter-
ing, frequent speech and phoneme errors, and increasingly 
severe expressive agrammatism. His wife reported that he 
was more irritable due to his difficulties in communication 
and independent in all activities of daily living. Physi-
cal examination revealed clear consciousness, dysarthria, 
soft palate elevation weakness, reduced pharyngeal reflex, 
tongue atrophy and fasciculations, normal limb muscle 
strength and muscle volume, positive palm–chin reflex and 
pathological crying and laughing, and negative bilateral 
Babinski sign. Routine biochemistry, thyroid function, 
folic acid, vitamin B12, and blood HIV, treponema pallidus, 
tumor markers, and parathyroid antibody were normal. His 
MiniMental State Examination score was 26/30. The ADL 
score was 22 (20 items). The results of a standard lan-
guage test for aphasia by the Aphasia Battery of Chinese 
(ABC) show that the information volume, word fluency 
and retelling ability of oral expression are significantly 
lower than healthy people (Fig. 1a). Brain MRI showed no 
significant abnormality (Fig. 1b). 18F-Fluorodeoxyglucose 
PET revealed mild left dominant hypometabolism in the 
frontal cortex (Fig. 1c). Determination of nerve conduc-
tion velocity no abnormality was found. Electromyography 
(EMG) showed fibrillation potentials and positive sharp 
waves, with longer duration and higher amplitude of 
MUAP in tongue muscles with normal findings on limbs, 
sternocleidomastoid muscle and lower thoracic paraspinal 
muscles. The patient’s parents are deceased, the only son 
currently has no neurological clinical symptoms, and other 
members’ information were not available.

https://www.mutationtaster.org/
https://www.mutationtaster.org/
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Genetic analysis

The variant c.995 C > G, p.S332X of SQSTM1 was detected 
in the patient and validated by Sanger sequencing (Fig. 2a). 
This variant has not been reported elsewhere and has not 

been found in the human gene mutation database (HGMD), 
1000 Genomes Project or ExAC database. Bioinformatics 
analysis indicated that the protein expression was truncated, 
while MutationTaster software predicted that it was harm-
ful and located at a highly conserved position (Fig. 2b). 

Fig. 1   Standard language test of aphasia and imaging data. a The 
results of a standard language test for aphasia by the Aphasia Battery 
of Chinese (ABC); b brain MRI showed no significant abnormality; 

c 18F-fluorodeoxyglucose PET revealed mild left dominant hypome-
tabolism in the frontal cortex

Fig. 2   DNA sequence and gene conservation. a DNA sequence indi-
cates a variant heterozygous site at codon 332 of SQSTM1 gene from 
the patient; b the p.S332X heterozygous nonsense variant occurs at 

highly conserved position, as shown by a comparison of the corre-
sponding sequences of six vertebrates
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According to the standard references of the American Soci-
ety of Medical Genetics and Genomics (ACMG) [11], it was 
determined to be likely pathogenic.

Clinical and genetic features

A total of 51 patients with FTD and FTD-ALS caused by 
SQSTM1 mutation were searched [8–10, 12–16], of which 
34 patients with relatively complete clinical and genetic 
data were collected and summarized (including our case) 
(Table 1). More than half of them (20/30) were male, and 
60% of them had a family history of dementia (20/34). 
The mean age of onset was 63.5 ± 9.7 (41–79) years (male 
64.2 ± 9.4  years, female 58.8 ± 9.1  years), and most of 
the patients were older than 60 years [< 50 years (4/34), 
50–60 years (8/34), 60–70 years (10/34), and > 70 years 
(12/34)[, the duration of illness of 14 dead patients was 
7.2 ± 4.8 (1–18) years, and among them, the combined ALS 
was 3.3 ± 0.5 (3–4) years; bvFTD (25/34) was the most com-
mon clinical phenotype and is partially associated with PDB 
(5/25), followed by PPA (5/34) and FTD-ALS (4/34). Gene 
detection results: except for 2 patients with compound muta-
tions of C9orf 72, most were missense mutations (19/23) in 
the coding region of the SQSTM1 gene, and the mutation 
sites involved all domains of p62, UBA (7/25), TB (6/25), 
LIR (3/25), SMIR (4/25), PB1 (3/25), and KIR (2/25) 
(Table 2).

Discussion

In the past, frontotemporal dementia (FTD) and amyotrophic 
lateral sclerosis (ALS) were thought to be completely dif-
ferent concepts. However, with the rapid development of 
molecular pathology and neurogenetics, increasing evidence 
supports that the two diseases are a clinical continuum [4]. 
Our patients showed a restricted but remarkable deficit in 
verbal functioning, mild frontal lobe hypometabolism on 
18F-fluorodeoxyglucose PET, and a positive electromyo-
graphy (EMG) appearance on tongue muscle. These find-
ings suggested progressive nonfluent aphasia (PNFA) and 
progressive bulbar palsy (PBP). Gene sequencing showed 
that the SQSTM1 variant (c.995 C > G, S332X) was found 
in the patient. To the best of our knowledge, the variant 
and clinical phenotype of our patient are reported for the 
first time, which expands the FTD-ALS gene and clinical 
phenotype spectrum.

Although the specific pathogenesis is still poorly under-
stood, autophagy, which plays a critical role in the removal 
pathway of damaged and aggregated proteins and organelles, 
is implicated as a candidate pathogenic mechanism for neu-
rodegeneration disorders such as FTD and ALS [17]. Muta-
tions affecting the autophagy cargo receptors SQSTM1/p62 

were initially identified as a cause of Paget’s disease of bone 
(PDB) [7]. Recently, mutations have been found in 0.9–3% 
of cases of FTD and ALS [8, 10, 18, 19]. Due to the low 
prevalence, previous studies were mostly individual case 
reports of families and sporadic cases. This paper hopes to 
increase the number of cases through the review of the pre-
vious literature to better summarize its clinical and genetic 
characteristics. A total of 34 patients with FTD and FTD-
ALS caused by mutation in SQSTM1 were retrieved, includ-
ing our patient. The results showed that only approximately 
60% of patients had a family history, which is consistent 
with previous studies [15]. Although there are family his-
tory loss factors caused by some patients dying before the 
onset of the disease or the disease not being recognized, we 
suspect that the main reason is that the SQSTM1 gene itself 
may not be completely penetrant. According to a study of 
gene penetrance, it was found that microtubule-associated 
protein tau (MAPT) was almost fully penetrant, and chromo-
some 9 open reading frame 72 (C9orf 72) and progranulin 
(GRN) have obvious age-related penetrance [20, 21]. For 
example, Majounie E et al. showed that C9orf 72 expansions 
are 50% penetrant by 58 years and usually > 95% penetrant 
at 80 years [22]. In our study, the average age of onset of 
63.5 ± 9.7 years was significantly later than that of the above 
three genotypes [23, 24], and only 35% of patients under 
60 years showed obvious SQSTM1 age-related penetrance. 
Similar to previous studies [25], we also found that sex may 
play a role, as the onset age of male cases is later than that 
of female cases.

Relevant clinical phenotype studies have shown that 
bvFTD is the most common subtype [26], which is also 
confirmed by our research. FTD-ALS is a rare clinical phe-
notype, although it appears in our patients; however, it is far 
lower than the incidence of the C9orf 72 genotype [24]. In 
addition, 14% of the patients in our study had PDB. Since 
the two diseases are rarely screened at the same time in 
clinical practice, the real data may be underestimated. More 
interestingly, in most of these patients, PDB was diagnosed 
earlier than FTD, suggesting that more detailed bone disease 
screening may be used as a biomarker for early diagnosis of 
SQSTM1 genotype FTD, although more cases are needed 
to confirm it.

Due to the irreversibility of FTD and ALS disease 
itself, survival time has become the focus of attention. Our 
research shows that the average time of death of patients 
with the SQSTM1 genotype is 7.2 ± 4.8 years, which is 
shorter than that of GRN and MAPT [23] but longer than 
that of the C9orf 72 genotype, which may be related to the 
fact that C9orf 72 is more prone to the FTD-ALS phenotype 
[24]. Previous studies have shown that approximately half of 
patients with FTD-ALS have bulbar onset [27], and they are 
more likely to lead to fatal malnutrition and lung infections 
due to dysphagia and dysdipsia.
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In recent years, numerous missense and truncating 
mutations of the SQSTM1 gene have been identified in 
patients with FTD and ALS [18], and except for a few 
introns or promoters [10], most mutations occur in the 
coding region of the gene. Our findings are consistent with 
those of previous studies. The functional characteristics of 

the p62 protein are reflected by its domain structure, such 
as the Phox and Bem1 domain (PB1), ZZ-type zinc finger 
domain (ZZ), tumor necrosis factor receptor-associated 
factor 6 binding domain (TB), light chain 3 interaction 
region (LIR), Keapl interacting region (KIR) and ubiqui-
tin-association domain (UBA) [28]. The UBA domain is 

Table 1   Summarize the results of the literature retrieval

P positive, N negative, FTD frontotemporal dementia, bvFTD behavioral variant FTD, ALS amyotrophic lateral sclerosis, PNFA progressive non-
fluent aphasia, SD semantic dementia, PB1 Phox and Bem1 domain, TB tumor necrosis factor receptor-associated factor 6 binding domain, LIR 
light chain 3 interaction region, KIR Keapl interacting region, UBA ubiquitin-association domain

References Sex Family history First-age Diagnosis Clinical symp-
toms of PBD 
(age)

Follow-
up (die 
age)

Mutation Functional domain

[8] F P 63 bvFTD Absent 70 c.1160C > T,p.P387L UBA
Undocumented P 73 bvFTD Absent 84 c.1160C > T,p.P387L UBA
Undocumented P 71 bvFTD Absent Alive c.1160C > T,p.P387L UBA
M P 48 bvFTD Absent Alive c.1142C > T,p.A381V Close to UBA
M P 71 FTD-ALS Absent 75 c.98C > T,p.A33V PB1
Undocumented P 65 bvFTD 69 Alive c.1175C > T,p.P392L UBA
Undocumented P 79 bvFTD 58 Alive c.1175C > T,p.P392L UBA
M P 59 bvFTD 51 Alive c.1175C > T,p.P392L UBA

[12] F N 65 bvFTD Absent Alive c.671 C > A,p.S224X SMIR
[13] M P 77 PNFA Absent 82 c.714-716delGAA,p.

k238del
TB

M P 71 PNFA Absent Alive c.714-716delGAA,p.
k238del

TB

M P 72 bvFTD Absent 80 c.714-716delGAA,p.
k238del

TB

[14] M P 65 SD Absent Alive P.R183C SMIR
F P 52 bvFTD Absent 70 p.G351A, C9orf72 KIR

[10] F Undocumented 49 bvFTD Absent Alive c.955 G > A,P.E319K TB
F Undocumented 58 bvFTD Absent Alive c.775 G > C,P.V259L TB
F Undocumented 69 bvFTD Absent Alive c.1032A > G,P.K344E LIR

[9] M Undocumented 71 FTD-ALS Absent 74 c.47C > T,p.A16V Close to UBA
F P 71 bvFTD Absent 85 c.240C > G,p.D80E PB1
F Undocumented 41 bvFTD Absent Alive c.268G > A,p.V90M PB1
M P 63 FTD-ALS Absent 66 c.634C > T,p.R212C SMIR
M P 52 bvFTD Absent Alive c.656G > T,p.G219V SMIR
M N 61 bvFTD Absent Alive c.676 T > C,p.S226P TB
M N 57 bvFTD Absent Alive c.683C > T,p.P228L TB
F P 55 bvFTD undocumented 68 c.694C > A,p.P232T TB
M Undocumented 78 bvFTD Absent 84 c.986A > G,p.D329G LIR
M P 74 PNFA Absent Alive c.1043C > T,p.P348L KIR
F P 65 PNFA Absent Alive c.1160C > T,p.P387L UBA
M N 66 bvFTD Absent Alive c.1160C > T,p.P387L UBA
M N 43 bvFTD Absent 47 c.1186_1187insT,p.

G396X
UBA

M N 58 bvFTD Absent 63 c.1288A > C,p.T430P UBA
[15] M Undocumented 73 bvFTD Absent Alive c.1174C > G,p.P392A UBA
[16] M P 58 bvFTD 57 59 c.1175C > T,p.P392L, 

C9orf72
UBA

ours M N 66 FTD-ALS Absent Alive c.995 C > G,p.S332X LIR
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responsible for ubiquitin binding [29] and has been con-
sidered to be the most common mutation site in patients 
with PDB [30]. As our study shows, UBA is also the most 
common mutation domain in patients with FTD and has 
been identified as a susceptible factor [9]. In addition, 
we also found that in some patients with mutations in the 
SOD1 mutant interaction region (SMIR), previous studies 
have shown that they can combine with the mutant SOD1 
gene to participate in the pathogenesis of ALS [31], but its 
specific mechanism in causing FTD needs further study.

In addition, there was a factor that limited the findings 
of the present study. It is difficult to prove that the het-
erozygous variant (c.995C > G, p.S332X) in the SQSTM1 
gene is the pathogenic gene of FTD-ALS, due to insuf-
ficient genetic samples, lack of whole-exome sequencing 
and segregation information of family members, as well 
as a lack of cell experiments to confirm the effects of the 
S332X variant on the transcriptional activity and protein 
expression of the SQSTM1 gene.

Conclusion

In summary, we report a case of a patient with PNFA-PBP 
with SQSTM1 new site nonsense variant. On the one hand, 
it provides genetic evidence for FTD-ALS as a spectrum 
of diseases, and on the other hand, it expands the gene 
spectrum and clinical phenotype in the spectrum. By sum-
ming the previous cases, it was found that the FTD of 
SQSTM1 genotype has obvious age-related penetrance, 
and the clinical phenotype is mainly bvFTD. Although 
there are double gene and intron mutations, the main types 
are still a single gene exon mutation, and the mutation site 
involves more UBA domains.
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