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Expression and role of autophagy-related molecules in motor neuron disease
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In this study, we analyzed frequencies and characteristics of TBK1 gene
variants in Japanese patients with amyotrophic lateral sclerosis (ALS). TBK1 variants were
frequently detected in ALS patients, suggesting that variations in TBK1 could be related to ALS. We
found that the loss of function (LoF) variants rendered TBK1 unable to bind to optineurin in
immunoprecipitation. Decreased expression of TBK1 was observed in the lymphocytes of patients with
TBK1 LoF variants. Furthermore, decreased expression of TBK1 was observed in the spinal and bulbar
muscular atrophy (SBMA) model cells, the expression of TBK1 was increased on administration of SBMA
therapeutic agent.

Our_findings suggest that TBK1 is involved in the pathogenesis of motor neuron diseases and further
indicate that it may be a potential therapeutic target.
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ALS 713 9 TBK1 rare
variant 1 800 TBK1 variant 1
(OR = 10.2 ; p = 0.008, 95% CI = 1.67 - 62.47) loss of function(LoF)
3 (nonsense 1 deletion flame shift 2 )
TBK1 variant stop gain
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p.T419-G420del

p.P378-1379del

p.Arg358Cys

p.Val23lle p.His322Arg p.Thr478lle

OPTN binding site
601-729

383407
p.Asp118Asn p.lle207Thr p.Arg357Term

1 BARANDOIFEHEALSEE TR D0y 1= IBALB{GF Drare variants

Type of variant Genomic position ~ Consequence at protein level Case  Control EXAC ExAC frequency SIFT Prediction (score) Polyohen-2 Prediction (score) CADD score

Missense 9.64849717G>A p.Val23lle 1 0 - 0 Damaging (0.00) Probably damaging (0.992) 28.3

Missense 9.64858237G>A p.Asp118Asn 1 0 1/121032 0.000008262 Tolerated (0.85) Possibly damaging (0.939) 23.8

Missense 9.64868089T>C p-1le207Thr 1 0 3/121402 0.00002471 Damaging (0.00) Probably damaging (0.991) 257

Missense g.64875774A>G  p.His322Arg 1 0 1/118326 0.000008451 Damaging (0.04) Possibly damaging (0.901) 23.2

Missense g.64878162C>T p-Arg358Cys 1 0 1/120168 0.000008322 Tolerated (0.08) Probably damaging (1.000) 26.1

Missense 9.64882359C>T p.Thr478lle 1 0 1/85656 0.00001167 Tolerated (0.29) Benign (0.010) 20.2

Nonsense g.64878159C>T p-Arg357X 1 [ [ e 37.0

Frameshift 9.64878224delTA 1 [ 0 _— e

Frameshift 9.64879714delAG 1 [ 0 _— e

1 ALS variant
site directed mutagenesis TBK1 TBK1

LoF TBKL  ALS (OPTN)

LoF TBK1 ALS
TBK1 variant LoF variant

Frequency of LoF variants
Population LoF variants Missense variants fALS patients SALS patients Total ALS patients Patients Cohort Year Bl as
Caucasian 8 33 - - 0.28%(8/2874) 2874 (fALS105/sALS1563) European 2015 @
Caucasian 12 100 3.5% (9/252) 0.28% (3/1010) 0.95%(11/1262) 1262(fALS252/sALS1010) European 2015 @)
Caucasian 1 0 0.79%(1/127) - 0.79%(1/127) 127(fALS) Australian 2015 ®
Asian 0 2 0(0/23) 0(0/271) 0(0/294) 294(fALS23/sALS271) Chinese 2016 @
Asian 1 2 0(0/32) 0.57%(1/175) 0.48%(1/207) 207(sALS175) Taiwanese 2016 ®
Asian 1 3 - 0.78%(1/129) 0.78%(1/129) 129(sALS) Korean 2016 ®
Caucasian 2 5 0(0/30) 1.6%(2/124) 1.3%(2/154) 154(fALS30/sALS124) Italian 2017 @
Asian 3 6 - 0.42%(3/713) 0.42%(3/713) 713(sALS) Japanese 2018

2 ALS LoF variant



2 SBMA TBK1 SBMA SBMA

AR TBK1 Bound Unbound
IP: GFP AR-97Q/GFP AR-97Q/GFP
TBK1/V5 TBK1/V5
CAG
AR TBK1 IB: AR (GFP) ——— - n E amd
2 B : TBK1 (V5) — > -
SBMA TBK1
2 SR 2 O BRI 1T B
TBK1 ARZ /37 B ETBK 1 & o3y ' & R E 1R R RAT
TBK1 SBMA
FKBP SBMA TBK1
« 3
FKBP{ERBEI - 10 nM 100 nM 1uM 0=002
1B:TBK1 —— —— — G o '
o
Bar D SR e e
X
<C
IB:GAPDH WS S S —
FKBPYEFRHI - 1uM
X3 SBMAARRLE 7 /L2351 HFKBPYE A D%h#
TBK1 SBMA ALS

TBK1

Cirulli ET, et al. Exome sequencing in amyotrophic lateral sclerosis identifies risk
genes and pathways. Science 2015;347:1436-1441.

Freischmidt A, et al. Haploinsufficiency of TBK1 causes familial ALS and
fronto-temporal dementia. Nat Neurosci 2015;18:631-636.

Williams KL, et al. Novel TBK1 truncating mutation in a familial amyotrophic lateral
sclerosis patient of Chinese origin. Neurobiol Aging 2015;36:3334 €3331-3334 e3335.
Shu S, et al. Screening of the TBK1 gene in familial and sporadic amyotrophic lateral
sclerosis patients of Chinese origin. Amyotrophic lateral sclerosis & frontotemporal
degeneration 2016;17:605-607.

Tsai PC, et al. Mutational analysis of TBK1 in Taiwanese patients with amyotrophic
lateral sclerosis. Neurobiol Aging 2016;40:191 e111-191 ell6.

Kim YE, et al. Genetic and functional analysis of TBK1 variants in Korean patients
with sporadic amyotrophic lateral sclerosis. Neurobiol Aging. 2017;
Feb;50:170.e1-170.e6

Pozzi L, et al. TBK1 mutations in Italian patients with amyotrophic lateral
sclerosis: genetic and functional characterisation. J Neurol Neurosurg Psychiatry.
2017; Oct;88(10):869-875.



o

2
Tohnai G, Nakamura R, Nakatochi M, Atsuta N, Katsuno M, Sobue G: Multi-ethnic

comparison of the characteristics of amyotrophic lateral sclerosis-related TBK1 gene
variants. J Neurol Neuromed. 4(1): 7-11, 2019. ( ) DOI
10.29245/2572.942X/2019/1.1236

Tohnai G, Nakamura R, ( 31 ) Atsuta N, Sobue G: Japanese Consortium for

Amyotrophic Lateral Sclerosis Research (JaCALS). Frequency and characteristics of
the TBK1 gene variants in Japanese patients with sporadic amyotrophic lateral
sclerosis. Neurobiol Aging. Apr;64:158.e15-158.e19, 2018. DOl
10.1016/j.neurobiolaging.2017.12.005.

2
JaCALS. Frequency and characteristics of the TBK1 gene variants
in Japanese patients with sporadic ALS 59 2018
2017
0
0
0



@



