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Figure S1. Alignment of VCP posttranslational modifications and VCP variants. (a) PTMs listed
for human VCP on PhosphoSite Plus [1] are shown. The number of references is indicated for
individual PTMs (x-axis). Protein residues linked to germline single-nucleotide polymorphisms (SNPs)
are indicated as blue squares. Position 159 has the highest minor allele frequency (MAF). Other
germline disease SNPs have been identified for position 95, 97, 185, 191, 232, and 592. The minor
allele frequencies for these positions are currently unknown. Functional domains of VCP are depicted
at the bottom of the graph [2]. Details on the domains are available through the Pfam database. (b) The
distribution of all VCP variants is aligned with the location of PTMs. See Fig. 2 of the main text for
additional information.

S2



Table S1. VCP complexes and their contribution to biological processes. The information on VCP
complexes in mammalian cells was collected from different sources [3-5].

Complex Biological functions of complex Organism
proteasomal degradation (UPS), retrograde
VCP homohexamer transport; vesicle fusion; unfolded protein Mouse
response (ER quality control)
protein binding; protein transport; ER to
IS\IIE?II} 1]?: )C omplex (STXS, VCP, Golgi transport; vesicle fusion; synaptic Rat
vesicle exocytosis; ER; Golgi
VCIP135-NSFL1C/p47-VCP promotes Golgi membrane fusion Human
VCIP135-STX5A-NSFL1C/p47-VCP | promotes Golgi membrane fusion Human
VCP-UFD1-NPL4-IP3 receptor proteasomal degradation (UPS); protein Rat, mouse
binding; ER
proteasomal degradation (UPS); unfolded
VCP-UFDI1-NPL4 protein response (e.g. ER quality control); Rat
cytoplasm
p47-VCP vesicle fusion; Golgi; cytoplasm Rat
i protein targeting, sorting and translocation;
p47-VCP protein transport; vesicle fusion Rat
BRCAI1-VCP DNA repair; nucleus Human
grzfgsﬁrilnc}?;:\gle:hgcifcipf:gr;i)c actin assembly of protein complexes; endocytosis; | Human,
p’ro filin 1.VCP ytubulin-[’;2) ’ actin cytoskeleton mouse
unfolded protein response (ER quality
SVIP-VCP-DERLI1 control): ER Human
i i proteasomal degradation (UPS); unfolded
AMFR-VCP-DERLI protein response (ER quality control); ER Human
DERLI1-VCP-VIMP ERAD Human
VCP-VIMP-DERL2 unfolded protein response (ER quality Human
control); ER
VCP-VIMP-DERL1-DERL2-HRDI1- | unfolded protein response (ER quality Human
SELIL control); ER “

i i proteasomal degradation (UPS); unfolded
VCP-UFDI-NPL4 protein response (ER quality control); ER Rat
;]]SE) 1_ ZIMP_DERLI_DERL}HRDI_ unfolded protein response, ERAD Human
glggl i)ians(aElacr(é‘cle];r; complex (VCP, not listed in Harmonizome database Human
Membrane protein complex (DERLI,

NPLOC4, UFDIL, VCP, VIMP) ERAD Human
SELK multiprotein complex (RPN,

{?ggzégégﬁ (’)IS)I?)(})ESI;FI:IS glgRAI’Jz unfolded protein response, ERAD Human
SELENOK)

Ubiquilin-VCP-erasin ERAD, response to ER stress Human
AMFR-VCP-NGLY ERAD Mouse
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AMFR-VCP-UBXNI1 ERAD Mouse
NGLY1-VCP-UBXN1 ERAD Mouse
AMFR-VCP-UBXNI1-NGLY1-
RAD23B ERAD Mouse
unfolded protein response (ER quality
VCP-SELK-DERL1 control): ERAD Human
VCP-VIMP-DERL2 ER Human
GP78-INSIG1-VCP membrane; negative regulation of cholesterol Hamster

biosynthesis

AMFR, autocrine motility factor receptor, E3 ubiquitin protein ligase, GP78, RNF45;

INSIG, insulin induced gene 1, CL-6;

NGLY1, N-glycanase 1, CDG1V, PNG1, PNGase;
SELS/VIMP, selenoprotein S, VCP-interacting protein;

SELK, selenoprotein K;

Additional alternative names are listed in the main text.
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Table S2. Information on key VCP binding proteins. Proteins interacting with human VCP have
been sorted according to their organ and tissue distribution. Note that some VCP binding proteins have
high abundance in several locations. The table lists the name of the VCP binding protein, the gene, and
the aliases of the VCP binding partner. Cellular pathways associated with the VCP interacting protein,
the abundance of the interacting protein and of its transcripts are also shown. The tissue distribution of
cofactors was assembled with The Human Protein Atlas [6] for top VCP interactors as identified with
BioGrid [7]. Information on pathways and transcripts was curated from The Human Protein Atlas, The
GeneCards Suite, and UniProt [6, 8, 9]. DUB, deubiquitinating enzyme; PBMCs, peripheral blood
mononuclear cells; UPS ubiquitin-proteasome system.

VCP binding . .
. . Tissues with abundant
partner; Tissues with abundant VCP .
. Pathway . . . transcripts for VCP
protein, interacting proteins . . .
. interacting proteins
gene, alias
VCP interacting protein detected in brain, highly abundant in cerebellum
NPL4 cerebellum, nasopharynx, bronchus, liver,
NPLOCA UPS, ERAD gall bladder, urinary 'bladder, testis, skeletal muscle
appendix
DNA-de-
pendent .
metalloprote- | DNA repair cerebellum testis, skeletal muscle,
bone marrow, thymus
ase Spartan,
SPRTN
UBXD?2, multiple tissues, including cerebellum liver, skeletal muscle,
erasin, ERAD (Purkinje cells), caudate nucleus thymus, parathyroid
UBXN4 (neurons) gland, thyroid gland
Ubiquitin
thioesterase
OTUl, multiple tissues, including cerebellum
YODI, UPS, ERAD (cells in granular layer, Purkinje cells) bone marrow, esophagus
DUBAS,
OTUD2
Ankyrin
repeat and
zinc finger mitochon- cerebellum (Purkinje cells), testis (cells cerebellum, cerebral
domain-con- | drial stress in seminiferous ducts), Fallopian tube cortex, lymph node,
taining pro- response, (glandular cells), smooth muscle (smooth | pituitary gland, seminal
tein 1, likely ERAD muscle cells) vesicle
ANKZF1,
ZNF744
trimethylates
VCP lysine VCPon medium abundance for most tissues,
methyl- K315, . . . .
including cerebellum (cells in granular | immune system (B cells)
transferase, | reduces VCP layer, Purkinje cells)
VCPKMT ATPase YeL /
activity
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VCP interacting protein detected in brain, highly or medium abundant in cerebral cortex or
other brain regions

UPS, protein

degradation,
DNA repair, high in multiple tissues, including
Ubiquitin C, cell cycle | cerebral cortex (glia), cerebellum (cells in skeletal cells
UBC control, granular and molecular layer), caudate
endocytosis, nucleus (glia)
cell
signaling
high levels in multiple tissues, including
ANI-type . .
zinc finger brain; cerebral cortex (glia, neurons), granulocytes, small
rotein OB UPS cerebellum (cells in molecular layer, intestine, T-cells, NK
%F AND? B’ Purkinje cells), hippocampus, (glia, cells, duodenum
neurons), caudate nucleus (neurons)
E3 ubiquitin- cerebral cortex, cerebellum,
protem'hgiase UPS, ERAD hippocampus, lung, salivary gland, liver, pancreas, salivary
synoviolin, stomach, duodenum, gall bladder, land. tonsil
SYVNI, pancreas, testis, Fallopian tube, cervix, g1and,
HRDI, DERI placenta, lymph node, tonsil
high levels in multiple tissues, including
o UPS, .
Ubiquilin-1, autopha brain; cerebral cortex (neurons), skeletal muscle. thvmus
UBQLNI Ell{)AISgy, cerebellum (cells in molecular layer, -y
Purkinje cells), caudate nucleus (neurons)
high levels in most tissues, including
COP9 UPS, brain, cerebral cortex (endothelial cells, skeletal muscle, heart
signalosome controls glia, neurons), cerebellum (cells in muscle, cerebral cortex,
subunit 5, ubiquitin granular and molecular layers, Purkinje spinal cord, dendritic
COPSS5 conjugation cells), hippocampus (glia), caudate cells
nucleus (glia)
Phospho- U.P.S’ ublq— cerebral cortex (neurons), testis
. uitin-medi- skeletal muscle, bone
lipase A-2- ated mer- (preleptotene spermatocytes, marrow. thvmus. heart
activating . spermatogonia), bone marrow - Y ) ’
rotein, PLAA brane protein (hematopoietic cells) muscle
P ’ trafficking
cerebral cortex (neurons), adrenal gland,

. nasopharynx, GI tract (stomach, . i
Derlin-1, duodenum, small intestine, colon), liver, liver, skeletal muscle, T
DERLI, UPS, ERAD ) i . cells, bone marrow,

DERI pancreas, testis, seminal vesicle, lymph node
Fallopian tube, placenta, appendix, lymph
node, tonsil
possibly
Huntinetin m;ﬁz(zfil;]i;ée_ cerebral cortex, thyroid
gtin, cerebral cortex gland, pancreas, skin,
HTT transport,
vesicle cerebellum
function
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spinal cord, pons and

§mall V.CP high in multiple tissues, including medulla, midbrain,
Interacting UPS, ERAD cerebral cortex (neuropil) thyroid gland, pituitary
protein, SVIP oland
UBX domain- cerebral cortex (neurons), adrenal gland
containin (glandular cells), nasopharynx
ming . . (respiratory epithelial cells), bronchus . .
protein 10, ciliogenesis . oyt . Fallopian tube, testis
UBXNI0 (respiratory epithelial cells), Fallopian
UBXD 3’ tube (glandular cells), placenta
(trophoblastic cells)
E3 ubiquitin- cerebral cortex (neurons), caudate . .
. autophagy, multiple tissues,
protein ligase mitonha nucleus (neurons), gall bladder (glandular includine several beain
PRKN, [})Psgy, cells), kidney (tubular cells), testis rge oS
PARK2 (Leydig cells) &
D NF-xB
Er:i);?rllqllil lt:;; activation, skeletal muscle, thymus,
p RNF31g control of medium protein levels for most tissues skin, spleen, cerebral
’ inflamma- cortex
RNF31 tion
Tether con- retains
taining UBX GLUT4 in
domain for intracellular liver, skeletal muscle,
GLUT4, : . medium protein levels for most tissues salivary gland, placenta,
vesicles in
ASPL, the absence cerebral cortex
l(]]%))((l?)\; of insulin
UPS, degly-
N-glycanase cosylates . . . . .
| NGLYI dqnatured N- | high protem'levels for multlp!e tissues, skeletal mpgcle, testis,
’ PNGI ’ linked gly- medium or low in brain dendritic cells
coproteins in
cytoplasm
UPS, con-
trols degra-
dation of
misfolded
Ataxin-3 chaperone brain with medium or low protein levels; skin, smooth muscle,
ATXN3. S C’A 3 clients, pro- most other tissues with high protein monocytes, cerebellum,
’ teostasis, levels endometrium
transcription,
cytoskeleton
regulation,
myogenesis
UBX dgrpam- ERAD; en- skeletal muscle, adrenal
containing dosome to . .
. . s gland, seminal vesicle,
protein 6, lysosome low tissue specificity
cerebral cortex,
UBXNG6, transport, didvmni
UBXDI. macroau. epididymis, pancreas




UBXDC2 | tophagy |
VCP interacting proteins, more abundant outside of the nervous system
Ubiquitin
recognition
factor in ER- UPS’.ERAD’
associated spindle T-cells, granulocytes
. disassembly breast, smooth muscle, skeletal muscle ’ ’
degradation at end of skeletal muscle
protein 1, mitosis
UFDI,
UFDIL
NSFLI1 Golgi frag-
mentation ) ) skeletal muscle,
cofactor p47, esophagus, kidney, testis, prostate,
and re-as- . . . granulocytes, cerebral
NSFLIC, sembly dur- vagina, cervix, placenta, skin cortex. skin
UBXN2C ing mitosis
E3 ubiquitin-
protein ligase .
AMFR, UPS, ERAD duodenum, small intestine, kidney 511; if;?; r?;lsif;ei(?c;/neer;/
RNF45, ’ ’
AMFR, GP78
Fas-associ-
ated factor, UPS, DNA skeletal muscle, testis
FAF1, D salivary gland, testis ’ ’
UBXDI?2, replication thymus
UBXN3A4
gelggzlgﬁg? UPS. ERAD duodenum, small intestine, colon, rectum, | dendritic cells, pancreas,
éEL S V]MP, ’ pancreas, placenta, appendix, tonsil liver, salivary gland
UBX domain- | ubiquitin
containing binding,
protein 2A, acetylcho- bronchus, gall bladder, testis skeletalmr?ll;(s;ée, heart
UBXN2A, line receptor
UBXD4 binding
FAS-associ- liver, parathyroid gland,
ated factor 2, UPS, ERAD, parathyroid gland, GI tract, pancreas, placenta, testis, pituitary
FAF?2, lipid droplet testis. appendix gland, thymus, ovary,
UBXDS, degradation » app basal ganglia, cerebral
UBXN3B cortex
UBX domain- negaFlve
containin regulation of
protein lg ERAD and testis, placenta skeletal muscle, T-cells,
’ UPS, ’ B-cells, total PBMCs
UBXNI, immune
SAKS1
responses
Ubiquitin UPS, may skeletal muscle,
conjugation | control myo- pancreas, placenta, tonsil cerebellum, corpus
factor E4 B, | sin assembly callosum
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UBE4B,

in striated

UFD2 muscles
UBX domain- UPS,
containing ubiquitin- thyroid gland, nasopharynx, epididymis, cerebellum, bone
protein 7, binding placenta marrow, thymus
UBXN7 adapter
UBX domain-
containing
protein 8§, ERAD testis, ovary ovary, liver, epididymis
UBXNS,
UBXD6
BCL2-
associated UPS testis testis
athanogene 6,
BAG6
Breast cancer
type 1 sus- UPS’. DNA . . testis, thyroid gland,
ot repair, E3 skin (epidermal cells), lymph node .
ceptibility L : bone marrow, tonsil
. ubiquitin (germinal center)
protein, T lymph node
BRCAI 18ase
Derlin-2, pancreas (exocrine glandular cells), total PBMCs, pancreas,
DERL?2, UPS, ERAD epididymis (glandular cells), placenta T-cells, granulocytes,
DER?2 (syncytiotrophoblast cells) dendritic cells
Selenoprotein ERAD,
K, SELK, immune cell salivary gland granulocytes, pancreas
SELENOK regulation
UBX domain- nasopharynx (ciliated cells: axoneme,
containing organization rootlets, tip of cilia), duodenum Fallopian tube,
protein 11, of actin (glandular cells), pancreas (exocrine monocytes, testis, basal
UBXN11, cytoskeleton | glandular cells), Fallopian tube (ciliated ganglia, epididymis
UBXD5 cells: axoneme, tip of cilia)
UPS, control
Ankyrin of protein . .
. thyroid gland (glandular cells), Fallopian
repeat localization b e o1 . . .
. tube (ciliated cells: tip of cilia), appendix testis, placenta, tonsil,
domain- to endo- L .
. (lymphoid tissue), lymph node (germinal | smooth muscle, lymph
containing some, . )
) center cells), tonsil (germinal center node
protein 13A, | control of re- cells)
ANKRDI3A4 | ceptor inter-
nalization
E3 ubiquitin- J‘tjfsu’lgfl-
protein ligase rccl) tein colon (glandular cells), testis (cells in bone marrow and
RNF19A, 11) seminiferous ducts), breast lymphoid tissue, lymph
. igase, e . Y
Double ring- e (myoepithelial cells), smooth muscle node, testis, cervix, liver,
- | ubiquitinates .
finger protein, athosenic (smooth muscle cells), bone marrow hypothalamus, tonsil,
(Dorfin 1), p 3 O%)l (hematopoietic cells), medium in brain gall bladder
RNF194 .
variants
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Proteins involved in signaling

RAC-alpha signaling; in
serine/ vgi o VgéP multiple tissues, including cerebral cortex multiple tissues,
threonine- hosphorvlat (neurons), cerebellum (cells in granular including several brain
protein Ii)on 0111 Sg};z and molecular layer), hippocampus regions; high in immune
kinase, AKT1, 3746, S7 48’ (neurons) system
PKB ’
Serine/ threo- autonha
nine-protein mi t(f)ch Ogri’ parathyroid gland (glandular cells),
kinase drial qualit adrenal gland (glandular cells), rectum skeletal muscle
PINK1, mito- cor?crol y (glandular cells), placenta (trophoblastic
chondrial, mi tophaéy cells), breast (myoepithelial cells)
PINK1
ERAD,
fatty acid
Serine/ threo- | oxidation,
nine-protein autophagy,
kinase SIK2 | immune re- pancreas, skeletal
salt- sponses, most tissues with medium protein levels muscle, adipose tissue,
| i ith medi in level le, adi i
inducible glucose me- pituitary gland
kinase 2), tabolism,
SIK?2 protein ser-
ine/ threo-
nine kinase
Inconclusive data, or low abundance in brain
Deubiquitinat DNA repair,
ing protein re-assembly
VCPIP1, a(;)fpfr(e)llt%lls inconclusive data bone marrow
ggf}fg] ; and ER after
mitosis
UBX domain- . Golgi .
containing biogenesis, granulocytes, cerebellum,
. ER inconclusive data hippocampus, cerebral
protein 2B, biogenesis cortex, liver
p37, UBXN2B VCP adaptor
Rhomboid-
p;(e)l:reld4 ERAD high levels in mul;lzllien tissues, but not in thymus
RHBDDI
ERAD, con-
Insulin in- trols sterol-
duced gene 1, Ellliiul():e((l) ¢ data not available liver, monocytes
INSIG -
HMG-CoA
reductase
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Table S3. Human tissues with high VCP protein abundance. Data were compiled from The Human
Protein Atlas [6]. Cell types with high levels of VCP protein are in parentheses.

System

Organ, tissue

Brain

Cerebral cortex (glia, neurons), cerebellum (Purkinje cells),
hippocampus (neurons)

Endocrine tissues

Parathyroid gland (glandular cells)

Respiratory system

Nasopharynx (respiratory epithelial cells), bronchus (respiratory
epithelial cells), lung (alveolar cells, macrophages)

Proximal digestive tissues

Oral mucosa (squamous epithelial cells), esophagus (squamous
epithelial cells)

Gastrointestinal tract

Stomach (glandular cells), colon (endothelial cells, glandular cells,
peripheral nerve/ganglion), rectum (glandular cells)

Gall bladder

Gall bladder (glandular cells)

Urinary system

Kidney (cells in glomeruli, cells in tubules), urinary bladder
(urothelial cells)

Male tissues

Testis (early spermatids), epididymis (glandular cells), seminal
vesicle (glandular cells), prostate (glandular cells)

Female tissues

Fallopian tube (glandular cells), endometrium (glandular cells),
uterine cervix (squamous epithelial cells), placenta (decidual cells,
trophoblastic cells), breast (adipocytes, glandular cells)

Adipose tissues

Adipose tissues (adipocytes)

Soft tissues

Soft tissues (fibroblasts)

Skin

Skin (fibroblasts, keratinocytes, Langerhans cells, melanocytes)

Lymphoid tissues, bone marrow

Appendix (glandular cells, lymphoid tissue), lymph node (germinal
center cells, non-germinal center cells), tonsil (germinal center
cells, non-germinal center cells, squamous epithelial cells), bone
marrow (hematopoietic cells)

It should be noted that the VCP transcript abundance may differ from the abundance of the VCP
protein. Additional details on the VCP transcript abundance can be found in The Tissues and
GeneCards databases [8, 10]. Alternatively spliced versions of the VCP transcript are depicted by the

GeneCards database [8].
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Table S4. Identification or evaluation of VCP patients from different geographical locations.
Studies that assess different global populations for V'CP mutations are listed. The analyses range
from large-scale genome sequencing to case studies with a limited number of patients. The list is not
meant to be comprehensive; it illustrates the diverse approaches used to monitor V'CP variants in
different global populations. ALS, amyotrophic lateral sclerosis; fALS, familial ALS; FTD;
frontotemporal dementia; FTLD, frontotemporal lobar degeneration; IBM, inclusion body myopathy;
PDB, Paget’s disease of the bone; sALS, sporadic ALS.

Origin or
. e of Female/ Refer-
geograp hical S Male Main results relevant to VCP disease
location of cohort [%] ences
probands ’
International 6.195 Study group: patients with ALS, control
’ group;
%;;‘;E d(%se?-’ S‘falnsds Whole genome sequence analyses;
gium I\fether- \E “th ALS: 33/67 VCP mutation: inversion in VCP gene, [11]
lan d; Spain 1.880 ’ associated with ALS
Turkéy UK), c01;trols) VCP inversion linked to earlier onset of
’ ALS, but longer patient survival
Study group: Han Chinese patients with
familial and early-onset AD;
i VCP genetic variant: common VCP splice
Chinese Ela6s?fs31§r715 4f90. Zggs yarignt (r§514492) associafted with AD,
East Asia,n (EXAC data | Chinese 1dept1ﬁed in South East China and North [13]
set; [12]) cohort China COI.‘O?tS; ) :
No association of VCP splice variant
(rs514492) with AD found for populations
with European descent
Study group: Japanese ALS patients;
Asian: VCP ggnetic .Variant: Argl155Cys, identified
Japane.se 508 41/59 for patient with fALS; [14]
Clinical manifestations: onset of pathology
in upper limb
Study group: 50 fALS, 394 sALS cases, 311
controls (age-matched, geographically
EEropean or el
azzgs%i;‘:l 444 42.3/57.7 | VCP genetic variant: Asn750Ser (classified [15]
Irish ’ as “tolerated” or “benign”);
Clinical manifestations: bulbar onset of
disease
Study group: FTD patients in China;
VCP mutants in China: Gly97Glu
Asian: 292 not (pathogenic); Thr127Ala (classified as [16]
Chinese (FTD cases) | specified | variant of uncertain significance)
VCP mutation rate, China: 0.004
VCP mutation rate, global: 0 — 0.02
International 290 40/60 Study group (literature review): sALS, [17]
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group
(probands

Japanese,
Caucasian,
Chinese)

(275 SALS,
15 fALS)

fALS

79.0% of ALS patients with disease onset
in limb, 19.3% with bulbar onset, 1.7%
with respiratory onset;

VCP-related patients with ALS: 76.1% for
Caucasian patients (35/46), 19.6%, for
patients of Asian origin (9/46);

Pooled analysis: frequency of VCP
mutations 0.28% in patients with fALS,
0.06% for SALS;

Japanese: frequency of VCP mutations
0.37% for fALS, 0.09% for sALS;
Caucasian: frequency of VCP mutations
0.28% for fALS, 0.08% for sALS;
Chinese: frequency of VCP mutations
0.08% for fALS, 0.02% for sALS

International
group
(probands
mostly in
USA, Europe
or Japan)

255

30/70

Study group: cohort with VCP disease;
50% of patients with bilateral lower limb
weakness at disease onset;

clinical symptoms advanced to generalized
muscle weakness;

PDB: 28.2% of cohort, FTD: 14.3%;

VCP genetic variants reported: 57,

Most frequent variant: Argl15S5His; present
in 28% of patients;

18 new VCP variants identified
Correlation between patient origin or
ethnicity and V’CP mutation or disease
severity not evaluated.

[18]

Asian:
Chinese

255

not
specified

Study group: Taiwanese patients (Han
Chinese) with ALS; 15.3% likely with fALS
(FALS), 84.7% with sALS

VCP genetic variant: no VCP mutation
reported

[19]

International
group
(probands in
USA, Italy)

210

47/53

Study group: large cohort of fALS cases
from unrelated families;

VCP mutations present in 1%—2% of studied
fALS group;

VCP genetic variants: Argl55His,
Argl59Gly, Arg191Gln, Asp592Asn

[20]

Asian:
Chinese

204

48/52

Study group: unrelated FTD patients with
Chinese ancestry

VCP genetic variant: Pro188Thr; VCP
mutation frequency 0.5%

Clinical manifestations: semantic aphasia,
expressive disorder

[21]

European or
European

180

36/64

Study group: Italian fALS cohort; 166
individuals with fALS; 14 with ALS-FTD

[22]
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ancestry: No VCP mutation identified as likely
Italian cause in fALS cohort of Italian population
Study group: Australian patients, 131 with
fALS, 48 with sALS
Mostly . o .
Euronean not VCP genetic variant: synonymous variant
o 179 ; ¢.900C >T in exon 8; [23]
ancestry: specified .. . o .
. Clinical manifestations: not specified for
Australian . .
patient carrying the synonymous VCP
variant
Study group: unrelated patients with ALS,
Asian: 18.6% with fALS; 81.4% likely sALS;
Chinese 161 33/67 VCP genetic variant: No V'CP mutation [24]
identified in patient cohort
Study group: 152 unrelated Asian families
with rimmed vacuolar myopathy;
. Seven individuals with VCP mutations;
152 Asian . o
familics: VCP genetic variants: Arg93Clys,
Asian cohort ’ Argl155Cys, Argl55His, Argl191Gln,
. (number of not
(details not individuals | specified Ala439Pro, [25]
specified) - p Clinical manifestations: 7 (out of 7) patients
. with adult-onset slowly progressing muscle
specified .
weakness, muscle atrophy, changes in
skeletal muscle consistent with myopathy
and neuropathy, 1 (out of 7) with PDB
Study group: 123 FTLD patients and
relatives, 157 controls, focus on two Belgian
European or 50/50 (for | families with F'CP mutation; one Austrian
Eurl()) ean 10 patients | family with VCP Argl59His for comparison
p 123 from two | VCP genetic variants: Argl59His; [26]
ancestry: . .. . . . .
Belgian Belgian | Clinical manifestations: all Belgian patients
g families) | display FTLD with TDP43 positive
inclusions, IBM and PDB with
heterogeneous phenotypes
Study group: 68 Japanese individuals from
fALS patients; VCP mutation identified in
Asian: one patient;
) 68 40/60 VCP genetic variants: Glyl156Cys; [27]
Japanese .. . N .
Clinical manifestations: progressive limb
muscle weakness, distal limb muscle
atrophy
Asian: Study of Chinese patients with PDB;
Chinese 50 62/38 No VCP mutation identified in patient [28]
cohort
North Study group: 49 patients from 9 families;
American includes patients of German, English,
cohort: 49 49/51 Scottish origin; [29]
diverse VCP genetic variants: Arg95Gly,
ancestry Argl55Cys, Argl55His, Argl155Gin,
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Ala232Glu;

Clinical manifestations: 87% of patients
with progressive weakening of proximal
muscles, 57% with early-onset PDB, 27%
with dementia (mostly FTD)

Not specified,
possibly
French

~36
(not clearly
specified)

not
specified

Study group: evaluation of members of two
families with V'CP mutations;

VCP genetic variants: Arg93Clys,
Argl55Cys;

Clinical manifestations: FTD for most
affected individuals

[30, 31]

European or
European
ancestry:

Italian

23

43/57

Study group: 23 patients (15 semantic
variant FTD, 8 right temporal variant FTD),
73 healthy age-matched controls;

VCP genetic variant: Gly376Glu, identified
in 1 male patient who also carries 7BK/ a
1207T mutation;

Clinical manifestations: semantic variant
FTD

[32]

Asian:
Japanese

21

43/57

Study group: patients with sporadic
inclusion body myositis;

No VCP mutation identified in patient
cohort

[33]

European or
European
ancestry:

French,
Spanish

19 (10
families)

42/58

Study group: VCP myopathy associated with
PDB and FTD

Eight different V'CP mutations identified;
Argl55Cys, Argl155His, Argl159His,
Argl91Gln;

New mutations identified in study:
Gly157Arg, Argl55Ser, Prol37Leu,
Ala439Ser;

Type of mutation does not correlate with
disease severity

Clinical manifestations: initial clinical
symptoms muscle weakness (17 of 19
patients);

[34]

Asian:
Chinese

16

38/62

Study group: patients of Chinese origin with
sporadic juvenile-onset ALS;

FUS mutations most frequent genetic cause
in patient cohort;

No VCP mutation identified in patient
cohort

[35]

Hispanic

11

85/15

Study group: members of 5 unrelated
Hispanic families with MSP1;

VCP genetic variant: Arg159His;
Display atypical phenotype; FTD was the
most frequent manifestation, especially in
females;

[36]
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Frequencies of the disease manifestations:
FTD, 72%; myopathy, 39%; ALS, 8%;
PDB, 3%

European or

Study group: Finnish family with distal
myopathy and VCP mutation;

European 9 (members Three genqratiogs of family evaluated,
ancestry: of same 44/56 VCP genetic variant: Pro137Leu; [37]
NS family) Clinical manifestation: unusual V'CP disease
Finnish L
phenotype; myopathy only in distal muscles,
late-onset dementia, no evidence of PDB
Study group: Japanese patients from five
unrelated families;
VCP genetic variant: Asp98Val (novel
J?ps;z:; .Se 3 25/75 glrgt;cirg,l I?e126Phe, Argl55Cys, 38]
Clinical manifestations: IBM or ALS (7/8
patients), demyelinating neuropathy (1/8),
ALS-FTD (1/8)
Study group: Swiss family with IBM,
dementia;
Case report; six family members, three
European or 6 (members generations of the same family;
European VCP mutation: Ile206Phe, novel V'CP
ancestry: (Ef sgine 33/67 mutation located in linker 1; 391
Swiss amily) Clinical manifestations: 5 (out of 6 patients)
with progressive myopathy; 2 (of 6) with
FTD; no reported symptoms consistent with
PDB
Study group: Chinese patient with VCP
Asian: ot variant Ile206Phe;
Chinese 1 soeertie VCP mutatlop: Ile2})6Phe; . [40]
Clinical manifestations: myopathy without
FTD or PDB (see also Swiss family [39])
Study group: four siblings of the same
European or family .
European VCP mutation: Arg159His;
4 (siblings) 75/25 Clinical manifestations for females: PDB, [41]
ancestry: . )
Austrion the?n‘myopatl'ly, no signs of FTD;
Clinical manifestations for male: myopathy,
then PDB, no signs of FTD
Study group: Korean family with MSP1;
Asian; o Three siblings with disease manifestations;
Korean ) (lalingzs) TR VCP mutation: Argl55Cys; [42]
Clinical features of myopathy and/or PDB
European or Study group: Italian family with early-onset
European - FTD;
ancestry: 3 (siblings) 67/33 Three siblings with disease manifestations; [43]
Italian V'CP mutation: Asp395Ala;
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Clinical manifestation: early-onset FTD,
behavioral variant frontotemporal dementia
(bvFTD) without myopathy or PBD

European or

Study group: Italian family with inclusion-
body myopathy and FTD;
Three generations of affected family;

European 33/67 VCP mutation: Argl55Cys; [44]
ancestry: Clinical presentation: Two patients with
Italian progressive myopathy and dementia; one
patient with progressive myopathy and
preclinical indicators of PDB
Study group: African American with SALS;
African VCP genetic variant: Ile151Val,
. 100/0 Clinical presentation: ALS; progressive left [45]
American . O
lower limb weakness beginning at the age of
68 years; patient death: 70 years
Study group: Chinese female with early-
. onset PDB;
Asian; ; . .
Chinese 100/0 VCP genetic Varlqnt: Argl155His; [46]
Clinical presentation: PDB; no myopathy or
FTD at disease onset
European or Study group: German female patient with
European 100/0 inclusion body myopathy and FTD; [47]
ancestry: VCP genetic variant: Argl55Cys;
German Clinical presentation:
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