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Abstract

Background and Objectives

Missense variants of the valosin-containing protein (vcp) gene cause a progressive, autosomal
dominant disease termed VCP multisystem proteinopathy (MSP1). The disease is a constel-
lation of clinical features including inclusion body myopathy (IBM), Paget disease of bone
(PDB), frontotemporal dementia (FTD), and amyotrophic lateral sclerosis (ALS), typically
reported at a frequency of 90%, 42%, 30%, and 9%, respectively. The Hispanic population is
currently underrepresented in previous reports of VCP myopathy. We expand our genotype-
phenotype studies in S Hispanic families with the c.476G>A, p.R159H VCP variant.

Methods

We report detailed clinical findings of 11 patients in S Hispanic families with the c.476G
> A, p.R159H VCP variant. In addition, we report frequencies of the main manifestations in 28
additional affected members of the extended family members. We also compared our findings
with an existing larger cohort of patients with VCP MSP1.

Results

FTD was the most prevalent feature reported, particularly frequent in females. PDB was only seen
in 1 patient in contrast to the earlier reported cohorts. The overall frequency of the different
manifestations: myopathy, PDB, FTD, and ALS in these S families was 39%, 3%, 72%, and 8%,
respectively. The atypical phenotype and later onset of manifestations in these families resulted in
a noticeable delay in the diagnosis of VCP disease.

Discussion

Studying each VCP variant in the context of ethnic backgrounds is pivotal in increasing awareness
of the variability of VCP-related diseases across different ethnicities, enabling early diagnosis, and
understanding the mechanism for these genotype-phenotype variations.
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Glossary

ADLs = activities of daily living; ALS = amyotrophic lateral sclerosis; bvFTD = behavioral variant; FTD = frontotemporal
dementia; H&E = hematoxylin and eosin; IBM = inclusion body myopathy; MCH-1 = major histocompatibility complex class 1;
MSP 1 = multisystem proteinopathy; NCSs = nerve conduction studies; PDB = Paget disease of bone; sSIBM = sporadic inclusion
body myositis; TDP-43 = TAR DNA-binding protein 43; VCP = valosin-containing protein; WES = whole-exome sequencing,

Heterozygous missense variants in the valosin-containing
protein (VCP) gene are associated with autosomal dominant,
progressive adult-onset disorder also termed multisystem
proteinopathy (MSP1). It is characterized by inclusion body
myopathy (IBM), Paget disease of bone (PDB), and fronto-
temporal dementia (FTD). Related clinical presentations in-
clude amyotrophic lateral sclerosis (ALS), Parkinson disease,
cardiomyopathy, and Charcot-Marie-Tooth disease.! Here, we
report S unrelated Hispanic families identified carrying the
same c.476G>A; R159H variant in exon 5 of the VCP gene
(NM_007126.5) (Figure 1). The most common finding
among these families was FTD followed by myopathy. The
high intra- and interfamilial variation in the phenotype"” made
diagnosis and genotype-phenotype correlations challenging.

IBM is characterized by progressive weakness and atrophy of
pelvic and shoulder girdle muscles.” IBM presents with proximal
upper and lower limb weakness, followed by scapular winging
and occasionally atrophy of distal muscles.* In VCP-associated
IBM, the onset of muscle weakness usually starts in people in
their 30s and 40s. Ultimately, muscle weakness progresses to
involve respiratory and cardiac muscles, and patients die from
respiratory or cardiac failure typically in their 40s—60s.> Histo-
logically, IBM is characterized by cytoplasmic rimmed vacuoles
containing protein aggregates of tau, amyloid, and TAR DNA-
binding protein 43 (TDP-43).>> These proteins are typically
found in ubiquitinated inclusions in the brains of patients with
neurodegenerative diseases. In muscle, TDP-43 is normally
found in the nucleus, but in this disease, TDP-43 is also found
primarily in ubiquitinated inclusions in sarcoplasm.>® Laboratory
findings include elevated serum creatine kinase (CK). Clinical
testing includes EMG, which can show myopathic and neuro-
pathic changes, typical of ALS,” and nerve conduction studies
(NCSs), which can reveal Charcot-Marie Tooth changes.

FTD is an early-onset dementia that is most diagnosed between
the ages of 45 and 64 year56’7; however, in VCP disease, it is
associated with an earlier age at onset. Previous studies have shown
that cortical regions in patients with VCP-associated FTD con-
tained TDP-43 intranuclear ubiquitinated inclusions.” FTD typi-
cally has a lower penetrance, developing in only 30% of patients in
VCP disease.’ FTD is dlassified into 3 clinical variants: behavioral
variant (bvFTD), which is associated with executive deficits;
nonfluent variant primary progressive aphasia with deficits in
speech and grammar; and semantic-variant primary progressive
aphasia, which is a disorder of semantic knowledge and naming.”

PDB is a skeletal disease resulting from overactive osteo-
clasts and osteoblasts leading to increased bone resorption.
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Serum alkaline phosphatase levels are usually elevated in
active PDB.®

ALS is a motor neuron disease associated with de-
generation of upper and lower motor neurons typically
causing death within a few years of onset due to respiratory
failure. ALS and FTD commonly have TDP-43 aggregates
in affected tissues, which are also found in muscle of pa-
tients with VCP-related myopathy.’

There are currently over 50 missense VCP variants that cause
disease.” Previous studies have shown some correlations be-
tween the specific variant and the phenotype seen in VCP-
associated disease.”'

Methods

Standard Protocol Approvals, Registrations,
and Patient Consents

This study was approved by the University of California Irvine
Institutional Review Board (#2007-5832). All patients pro-
vided approved consent for the studies. The study is listed
under ClinicalTrials.gov (Identifier: NCT01353430).

Statistical Analysis

Using SPSS 28.0 for Windows, we performed a cross-table
analysis of the clinical features in symptomatic and asymp-
tomatic individuals in our cohort with the R159H variant
compared with the bigger cohort of 187 patients with all VCP
variants.® Statistical significance using the Pearson X2 test for
categorical variables and the ¢ test for continuous variables was
demonstrated when a p value of <0.05 was obtained. Survival
time was analyzed using the Kaplan-Meier survival method.

Histologic Staining

Hematoxylin and eosin (H&E) and immunohistochemistry
staining was performed on muscle and brain tissues using
standard protocols.s’15

Data Availability
Anonymized data will be shared by request from any qualified

investigator.

Results

Clinical Reports

Medical records of 11 individuals from the S Hispanic families
were reviewed. Clinical findings and diagnostic studies are
summarized in Table 1.

Neurology.org/NG
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Figure 1 Pedigrees of 4 Hispanic Families
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Family 1
Case 1

Patient III:3 is a 78-year-old woman who received genetic
testing because of her brother’s diagnosis of VCP-associated
IBM caused by the R1S9H VCP variant.'' The behavioral
changes were noted at age 71 years, including cognitive
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decline, weight loss, and personality change such as anger
issues, and acute psychosis suggestive of FTD. Brain MRI
displayed mild, chronic small vessel ischemic changes
(Figure 2), and CT of the head 4 months later showed some
dilatation in ventricular size of the frontal horns indicat-
ing progression of the disease. As the FTD progressed, she
experienced increased aggression, obsessive behavior, and
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Table 1 Clinical and Laboratory Data of Affected Individuals With the VCP R159H Variant

Age at
Age/(age onset, Age at
deceased) myopathy onset,

Case (y) Sex Myopathy FTD PDB (y) FTD (y) ALS ALP (IU/L) CK(IU/L) EMG and NCS Muscle biopsy

1 78 F - + - - 72 - 89 - - NT

2 59 M + - - 52 - - 64 800 NT Red-rimmed vacuoles

3 71 F - + - - 65 - 89 - - NT

4 68 M + - - 57 - - 76 372 Sensory demyelinating polyneuropathy. Active and chronic Rimmed vacuoles
denervation of myotomes in the RUE, LE, and thoracic paraspinal
muscles.

5 73 F - + - - 68 - 57 79 NT NT

6 63 F - + - - 56 - 134 - - NT

7 27 F + - - 22 - - 86 - Myopathic motor units in the R deltoid and R gluteus medius. NT

8 61 F + + - 50 60 - 87 246 Myopathic and neurogenic motor units. NT

9 55 M + - - 47 - + 71 351 Motor neuronopathy affecting LE NT

10 66 M + - - 60 - + - - - -

1" 61 F + - - 40 - - 94 391 Motor neuropathy in the UE. Active denervation in the LUE and LEwith  Chronic denervation with
chronic denervation and decrease in the number of functioning motor reinnervation, large type |
unit potentials. fibers.

Total/ 58.75/ N= N=7(64%) N=5 N= 46.9 64.2 N=2 — — — —

mean (70.67) 11 M/F (46%) 0 (0%) (18%)

M/F  4/3 M/F M/F 0/0 M/F
4/7 0/5 2/0

Total N= N=14 N=28 N=1 — — N=3 — — — —

from 39 (39%) (72%)  (3%) (8%)

pedigrees M/F  M/F M/F M/F M/F

13/ 7/7 6/22 1/0 3/0
26

Abbreviations: ALP = alkaline phosphatase (NL 44-147 |U/L); ALS = amyotrophic lateral sclerosis; CPK = total creatinine phosphokinase (NL 22-198 U/L); FTD = frontotemporal dementia; LE = lower extremities; LUE = left upper
extremities; NCS = nerve conduction study; NT = not tested; PDB = Paget disease of bone; RUE = right upper extremities; UE = upper extremities.
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Figure 2 Brain Imaging Findings in a 71-Year-Old Woman With Dementia (Case 1)

(A) Brain MRI axial T2 image showing slight prominence of the
frontal horns of the lateral ventricle. Few nonspecific foci of
increased T2 signal in the periventricular and subcortical
white matter of the frontal lobes were noted (partially shown)
without remarkable cortical atrophy. (B) Brain CT axial image
performed 4 months later shows a slight increase in lateral
ventricular size.

mania, struggled with short-term and long-term memory,
and required assistance in feeding and toileting.

She had a notable family history of dementia and myopathy in
several family members, with only 1 individual in this family
being diagnosed with PDB (Figure 1 and Table 1). The ethnic
background is Hispanic and Native American.

Case 2

Patient III:15 is a 58-year-old man with progressive muscle
weakness beginning at age 52 years, at which time red-rimmed
vacuoles were identified on muscle biopsy. At age SS years, he
developed a wide-based gait with L>R bilateral foot drop for
which he used an ankle foot orthosis and a walker 2 years later
with increased difficulty with fine motor tasks, dressing and
bathing, increased fatigue, hip, and shoulder pain.

Case 3

Patient III:17 is a 6S-year-old woman with progressive
memory loss and diminished speech associated with
hypersomnia during the day. She had rapid progression over
a period of 1 month, becoming very confused with everyday
tasks and displaying marked anomia. At age 67 years, she had
a hemorrhagic infarct in the right frontal and temporal re-
gion of the brain and developed seizures. She was thought to
have vascular dementia until she was identified with the fa-
milial variant. She had worsening cognitive function until she
died at age 71 years.

Family 2

Case 4

The proband of this family (IV:1) with Mexican and Native
American ancestry started to notice stumbling at age S1 years,
and muscle weakness with difficulty walking starting at age 57
years. He had proximal muscle weakness involving the lower
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extremities and interosseus muscles of the hands with a distally
predominant large fiber sensory loss in the lower extremities.
Biopsy of the left biceps muscle was performed at age 58 years.
There was a paucity of type 2 muscle fibers, scattered red-
rimmed vacuoles, and fat cells® (Figure 3).

At age 58 years, the patient was diagnosed with sporadic
inclusion body myositis (sSIBM) and chronic inflammatory
demyelinating polyneuropathy based on NCSs, muscle
biopsy, increased CSF protein, and elevated immunoglobu-
lin (Ig) E, IgA, IgM, and complement component 1q im-
mune complex. Immunohistochemical staining of muscle
(Figure 3H) did not demonstrate diffuse sarcoplasmic upre-
gulation of major histocompatibility complex class 1 (MHC-
1) immunostaining'* typically associated with sIBM. He was
started on duloxetine HCL typically used to treat anxiety,
fibromyalgia, and chronic muscle pain without improvement
of his symptoms. A trial of levocarnitine and other mito-
chondrial supplements was also not beneficial. At age 60 years,
he was started on a trial of intravenous immunoglobulin,
which may have provided a slight improvement in motor
strength, which was apparent retrospectively when he dis-
continued the treatment.

Because of the beneficial effects of sirolimus in a VCP pre-
1,''* the patient was started empirically on a
trial of sirolimus (Rapamycin) at age S8 years. However, the
patient developed an exacerbation of his diverticulitis, in ad-
dition to hair loss, and the trial was discontinued. At age 61
years, he had progressive weakness, muscle atrophy, and fas-
ciculations, bilateral foot drop, diminished reflexes, and star-
ted using a walker to ambulate. Vibration sense was
diminished in his toes, and he had numbness in the left arm

clinical mode

and foot. Worsening of muscle strength necessitated the use
of a wheelchair. He also reported dysphagia. At age 63 years,
he complained of nighttime paresthesia, painful leg cramps,
and orthopnea. He was bedridden for 2 years before he died at
age 68 years.
Neurology: Genetics
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Figure 3 Muscle Biopsy Findings of Case 4

H&E-stained section (A) shows fiber size variability in-
cluding angular and roungulated fibers, along with
nonspecific abnormalities including mildly increased
numbers of internalized nuclei, and a basophilic
tinged regenerative/degenerative fiber (lower middle
of image A). Engel-Gomori trichrome-stained sections
(B and C) demonstrate muscle fibers with peripherally
located vacuoles with red rimming (red-rimmed vac-
uoles), see arrows in C. Immunohistochemical staining
with antibodies against LC-3 (D) and TDP-43 (E) dem-
onstrates positivity within vacuoles (E, arrows). In ad-
dition to vacuolar staining, the autophagic vacuolar
marker LC-3 also demonstrates increased granular
sarcoplasmic staining within fibers (D, arrows). Alka-
line phosphatase reactivity (F) highlights a rare re-
generative/degenerative fiber and shows normal,
nonincreased staining within endomysial and peri-
mysial connective tissue. Cytochrome oxidase (COX)
reaction displays normal variation between fiber types
and the presence of increased numbers of COX-neg-
ative fibers (G, arrows). Immunohistochemical staining
for MHC-1 (H) demonstrates no upregulation of MHC-
1 (a possible distinguishing feature from other vacu-
olar myopathies such as sporadic inclusion body
myositis [sIBM], which typically shows diffuse sarco-
plasmic upregulation of MHC-1 immunostaining).
The muscle biopsy also showed mild neuropathic
changes, including angulated fibers (see A and B) that
consisted of both type 1 and type 2 fibers (not shown).
Mild fiber type grouping, consistent with denervation
followed by reinnervation, was appreciated by ATPase
staining at pH = 4.3 (1) for fiber type determination. The
right half of photomicrograph (1), outlined by arrows,
demonstrates mild fiber type grouping evidenced by
expanded areas of darkly staining type 1 fibers along
with mild loss of checkerboard appearance. The left
half of photomicrograph () demonstrates a more
regular checkerboard appearance.

On further review of family history, the patient’s mother was
diagnosed with dementia and died at age 63 years, most likely
from FTD. Other family members were diagnosed with my-
opathy, FTD, and ALS. DNA analysis was positive for the
c.476G>A, p.R159H variant in the VCP gene.

Case §

The proband’s 73-year-old sister (IV:6) had memory impair-
ment at age 68 years and was placed on donepezil by her primary
care provider. Neurologic assessment revealed a score of 14/30
on the Montreal Cognitive Assessment with poor fund of
knowledge and unawareness of current events. At that time, she
had normal muscle tone and strength in all extremities. At age 70
years, she had a syncopal episode, and CT of the brain revealed
bilateral cerebral atrophy, which was most prominent in the
temporal regions. At age 71 years, she had an unsteady gait
requiring the use of a transfer chair. At age 72 years, she had an
unwitnessed fall, and CT of the brain revealed atrophy of the left
frontal and temporal lobes (figure 4). Her condition deteriorated
with anomia and inability to perform activities of daily living
(ADLs) until she died at age 73 years.

Family 3
Case 6

This 63-year-old woman (IV:2) started showing progressive
functional decline with social withdrawal at age 56 years. She

Neurology: Genetics | Volume 9, Number 1 | February 2023

has a history of migraines, partial complex seizures, and my-
oclonus. At age 57 years, she had a generalized tonic-clonic
seizure followed by additional cognitive and behavioral
changes. Shortly thereafter, she began using words impre-
cisely, having compulsive behaviors and sleep disturbance. At
age 57 years, she had multiple hospitalizations for odd be-
havior and decreased responsiveness. She also displayed un-
steady gait, dysphagia, perseverative speech, tremulous hands,
and hand clapping. Neuropsychiatric testing showed some
frontal dysfunction and impairment of executive function, but
with some sparing of delayed recall. Her symptoms pro-
gressed to include delusional thinking, poor judgment, and
difficulty managing instrumental ADLs. At age 59 years, brain
MRI showed global volume loss and mild enlargement of the
third and lateral ventricles (figure S). EEG revealed seizures
originated in the left frontal cortex, and prion disease was
suspected. A brain biopsy of the left frontal cortex reported no
evidence of encephalitis or Creutzfeldt-Jakob disease.

At age 60 years, she developed aphasia with echolalia, aberrant
motor behavior, and dysphagia. Family history was positive
for early-onset dementia referred to as AD with seizures in her
mother, maternal uncle, and maternal cousin. Genetic testing
for autosomal dominant disorders including PSEN1, PSEN2,
and APP was negative. Whole-exome sequencing (WES) only
detected a heterozygous pathogenic VCP variant c¢.476C>A
(p-R159H). Subsequent histologic analysis of the brain biopsy

Neurology.org/NG
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Figure 4 Brain Imaging Findings in a 72-Year-Old Woman With Frontotemporal Dementia (Case 5)

CT of the brain (A and B, axial and C, coronal im-
ages) revealed cortical atrophy mainly of the left
frontal and temporal lobes and dilation of the
third and lateral ventricles, left more than right.

revealed increased TDP-43 staining with nuclear to cyto-
plasmic translocation of TDP-43"° (figure 6).

At age 63 years, in addition to continued cognitive decline, the
patient developed parkinsonian features with masked facies,
decreased blink rate, short steppage gate, and hunched pos-
ture. She was started on carbidopa-levodopa.

Family 4
Case 7

The 27-year-old proband (III:1) of this Hispanic family started
having progressively worsening balance and memory

impairment starting at age 22 years. She reported episodes of loss
of consciousness, olfactory hallucinations, and feelings of sudden
déja vu since childhood. Brain MRI at age 22 years showed
minimal nonspecific T2/fluid attenuated inversion recovery
hyperintensities in subcortical white matter, which were attrib-
uted to her migraine. Her electroencephalogram was un-
remarkable. At age 25 years, she noticed an increased frequency
of falls and weakness in her legs for which she started using a
cane for ambulation. She also reported confusion, worsening of
her memory impairment, increased fatigue associated with ex-
cessive daytime sleepiness, and obstructive sleep apnea attrib-
uted to obesity, managed with continuous positive airway

Figure 5 Brain Imaging Findings in a 63-Year-Old Woman With Progressive Functional Decline (Case 6)

Brain MRI coronal T2 images at ages 58 and 62 years (A and B)
demonstrating progressive cortical atrophy in the fronto-
temporal region with progressive dilatation of the lateral and
3rd ventricles. Brain MRI midline sagittal FLAIR T1 images at
ages 58 and 62 years (C and D) showing interval severe thinning
and atrophy of the corpus callosum and atrophic changes in the
midbrain and posterior fossa.

Neurology.org/NG
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Figure 6 Brain Biopsy Pathology Findings of Case 6
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5/5 strength in all 4 extremities. Reflexes were diminished in all 4
extremities with bilateral Babinski sign.

At age 26 years, her laboratory results showed elevated liver
enzymes, and she was diagnosed with nonalcoholic steatohe-
patitis. VCP variants are occasionally associated with hepatic
steatosis.'® At that time, her neuropsychological evaluation
indicated mild difficulties on some delayed tasks of memory,
visual spatial skills, and working memory.

At age 27 years, she reports ongoing weakness in both arms
and legs. Genetic testing using a comprehensive myopathy
panel revealed the c.476G>A (p.R1S9H) VCP variant. Her
family history was significant for her mother and 2 maternal
uncles with myopathy, memory problems, and impulsive be-
havior and a maternal cousin with ALS.

Case 8

The 61-year-old proband’s mother (II:2) started having
muscle weakness at age S0 years. Sequence analysis of the
VCP gene confirmed the pathogenic c.476G>A (p.R159H)
variant. At age 60 years, she continues to have progressive
muscle weakness in bilateral upper and lower extremities,
tingling and numbness in the face and hands, fatigue, swal-
lowing difficulty, and gait abnormalities. She also reports
progressive memory loss, trouble finding words, and learning
new skills. Physical examination at age 61 years shows
weakness of bilateral upper and lower extremities with distal
muscle atrophy of the left foot more than the right foot, absent
reflexes throughout, decreased sensations to light touch and
pinprick in the lower extremities, and a Trendelenburg gait.

Neurology: Genetics | Volume 9, Number 1 | February 2023

This male patient (II:7) aged SS years started having pro-
gressive gait abnormalities at age 47 years, and 1 year later,
because of falls, he started using a cane for ambulation. Physical
examination at age 50 years revealed motor weakness in bi-
lateral lower extremities with right foot drop and Trendelen-
burg gait. At age S1 years, he was diagnosed with ALS and
treated with riluzole for 6 months without any improvement.

Case 10

This male patient (I:9) aged 66 years started having motor
weakness in both legs at age 60 years and was diagnosed with
ALS. He was managed with physical therapy for 6 months;
however, his condition continued to deteriorate. Currently, he
has poor balance, right foot drop, and worsening bilateral
lower extremity motor weakness, necessitating the use of a
cane to ambulate.

Family 5

Case 11

A 61-year-old Hispanic woman of Mexican ethnic background
has a history of asymmetric weakness in the distal upper ex-
tremities started at age 40 years, with rapid progression of
weakness and atrophy at age 49 years diagnosed as multifocal
motor neuropathy. Electrodiagnostic studies, however, did
not show conduction block, and antiganglioside antibodies
were negative. She was treated with intravenous immuno-
globulin with no objective improvement; however, there has
been no progression of her symptoms either. Genetic testing
with WES revealed the pathogenic p.R1S9H VCP variant.
Family history is unavailable because she was adopted.

Neurology.org/NG
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Summary of Results and Comparison With
Previous Reported Cases

We report detailed clinical findings in 11 patients (4M/7F) at
a mean age/range of 64.7/27-78 years in S unique families of
Hispanic origin with the R1S9H variant (Table 1). We noted
that the age at onset of clinical features of FTD (average 64.2
+ 6.3 years) trended later compared with the previously
reported age at onset in the entire cohort of 187 individuals
(average 56.1 + 13.7 years) (p = 0.11). The frequency of
myopathy was 64%, lower than the previously reported 90%
(p = 0.008).° Myopathy age of onset (average 46.9 + 12.8
years) was comparable to the previously reported cohort
(average 43.4 + 7.7 years).6 There were no cases of PDB vs
previously reported incidence of 42% (p = 0.007) in the
general VCP population.® The frequency of dementia in the
11 patients was 46% vs previously reported 30% (p = 0.261)
and ALS frequency at 18% vs 9% as reported previously (p =
0.280) in the larger cohort.®

In addition, we reviewed the pedigrees of these families and
identified an additional 28 affected members who are obligate
carriers of the variant for whom only data on the main man-
ifestations were available. We analyzed the frequencies of the
different manifestations in the complete cohort (N = 39)
(Table 2). The most striking feature was that patients had a
higher frequency of dementia of 72% compared with previous
reports of 30% in the cohort of 186 individuals (p < 0.001).°
We found that patients had a lower frequency of myopathy of
39% compared with previous reports of 90% (p < 0.001).° Of
interest, we found a very low incidence of PDB, only present
in 1 individual (3%), compared with the reported incidence
of 42% (p < 0.001). We did not find a difference in the
frequency of ALS compared with the main cohort (Table 2).

We compared the frequency and age at onset of FTD of the
R159 variant with those in the larger cohort (R159H/C) and
found similar results. Of those individuals with the R159H
variant, 3/5 (60%) from family 2 in the current study had
dementia at a mean age of 66 years, and 7/10 (70%) indi-
viduals with the R159C variant had dementia at a mean age of
60 years. We reviewed sex differences and found that FTD in
females with this variant was higher (85%) than FTD in fe-
males with all other VCP variants reported previously (39%)
(p < 0.001) (unpublished analysis of data®).

We analyzed the influence of phenotype on survival in the
current cohort of 11 patients with the R159H variant; the mean
survival was 72.5 years (standard error 1.82, 95% confidence
interval 68.93-76.07). This indicates a milder phenotype asso-
ciated with the R1S9H variant, in contrast to a previous study
showing that the mean survival for the affected individuals with
10 different allelic variants was 62.53 years (standard error 0.94,
95% confidence interval 60.68-64.39)."" The average life span
after diagnosis of myopathy and Paget was 18 and 19 years,
respectively. Dementia led to rapid progression of the disease
with an average life span of 6 years."’

Because large families with a particular phenotype might drive
associations, a proband only analysis was performed of the 5
Hispanic families with the RIS9H variant. Findings were
compared with data from 187 patients with 15 different VCP
variants.® Proband analysis of 5 patients (1 M/4 F) was at a
mean age/range of 59.4/range 27-78 years. The average age
at onset of clinical features of FTD was 64 +11.3 years, in
contrast to the previously reported age at onset (average 56.1
+ 13.7 years) (p = 0.49). The frequency of myopathy was
60%, lower than the previously reported 90% (p = 0.035). The

Table 2 Proportion of Each Feature in Patients With the VCP R159H Variant Compared With All VCP Variants®

Phenotype Symptomatic N (%) Asymptomatic N (%) p Value
Myopathy <0.001°
All VCP variants 168/187 (89.8) 19/187(10.2)
R159H 15/39 (38.5) 24/39 (61.5)
FTD <0.001?
All VCP variants 55/187 (29.4) 132/187 (70.6)
R159H 28/39 (71.8) 11/39 (28.2)
PDB <0.0012
All VCP variants 80/187 (42.8) 107/187 (57.2)
R159H 1/39 (2.6) 38/39 (97.4)
ALS 0.860
All VCP variants 16/187 (8.6) 171/187 (91.4)
R159H 3/39(7.7) 36/39 (92.3)

Abbreviations: ALS = amyotrophic lateral sclerosis; FTD = frontotemporal dementia; PDB = Paget disease of bone; VCP = valosin-containing protein.

aStatistical significance = 0.05 level.
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age at onset of myopathy (average 39.7 £+ 17.5 years) was
comparable to the previously reported cohort (average 43.4 +
7.7 years). There were no cases of PDB in these S individuals
vs the previously reported incidence of 42% (p = 0.06) in the
general VCP population. The frequency of dementia was 40%
vs previously reported 30% (p = 0.61) and ALS frequency at
0% vs 9% as reported previously (p = 0.50).

Although 1 Hispanic patient from our study was also in-
cluded in the cohort of 187 individuals (case 4 from family
2), it is highly unlikely that the data would be skewed as
a result of including this individual. We did not adjust
for multiple testing, and therefore, these results should be
considered exploratory.

Discussion

We report 5 unrelated Hispanic families with the p.R159H
VCP variant. Of interest, among the ancient population of the
Basque, 2 families carried the c.476 G>A; p.R159H variant in
the VCP gene."” Haplotype analysis was not performed on the
subjects; however, thorough genealogical examinations of
these S families did not indicate that they shared a common
ancestor. Because the variant has been identified in the an-
cient Basque population, we speculate that this variant could
be the result of a founder effect.

The analysis was performed by comparing 11 and 28 patients
from S Hispanic families (all with the R159H variant) to 187
patients with 15 different VCP variants (R1SSH, R155C,
R155P, R191Q, R159C, R159H, L198W, R95G, R93C,
A232E, N387H, G97E, A160P, G128A, and M1581).° The
only genotype-phenotype association was IBM where variant
group R159C was found to have a later age at onset of muscle
weakness (57 years) compared with L198W (37 years),
R155H (43 years), R1SSP (43 years), or R155C (38 years) (p
< 0.04). Otherwise, this study did not find differences be-
tween the genotypes.®

Among our S families, the incidence of FTD is high, with
72% of the family members showing FTD phenotypes,
which is significantly higher than previously reported. FTD
was mainly seen in females, and only 1 of them had myop-
athy, suggesting either a genotype-phenotype correlation or
that this variant may be considered milder in the Hispanic
patients. This is supported by survival analysis in our 11
patients with the R159H variant. The mean survival was 72.5
years in contrast to the previously reported mean survival
of 62.53 years for affected individuals with 10 other VCP
variants.'® Notably, homozygous p.R1S9H variants were
reported in a Belgian male from a consanguineous family'®
with myopathy at an early age of 29 years and a markedly
elevated CK value (1,138 U/L) and PDB. This again sug-
gests a milder phenotype associated with this variant because
VCP variant homozygosity had previously been thought to
be incompatible with life in view of our studies in the R1S5SH
VCP homozygous mouse model."”

Neurology: Genetics | Volume 9, Number 1 | February 2023

We found a higher incidence of dementia in this cohort. The
most pronounced early symptoms of bvFTD in our subjects
included personality changes, disinhibition, apathy, anger issues,
increased aggression, and obsessive behavior.” One patient (6)
also showed stereotyped behaviors, including repetitive hand
clapping and echolalia.” FTD features also included diminished
speech and anomia, disorientation to people, places, and time,
and difficulties with word finding and comprehension (most
noted in 3, 5, and 8).

Of interest, neuroimaging revealed findings consistent with
FTD demonstrating cortical atrophy predominance in the
frontal and temporal lobes and ventricular dilatation. Case S
revealed asymmetric findings more pronounced on the left
side of the brain.

Generalized and myoclonic seizures occur in FTD at higher rates
than in the general population.”>*' One case (6) had a history of
partial complex, myoclonic, and generalized tonic-clonic seizure
followed by additional cognitive and behavioral changes. In-
terestingly, she was the only patient with Parkinson disease (9%)
similar to prior reports of 4% of patients with MSP1.°

We found a lower incidence of myopathy (39%) in these S
families compared with 90% in the overall VCP population.
Because the main cause of death in VCP disease is respiratory
failure or cardiomyopathy secondary to the involvement of
respiratory muscles and heart,” the lower incidence of my-
opathy might contribute to prolonged living and conse-
quently a higher chance of developing FTD. The incidence of
ALS is similar to previously reported.

PDB was diagnosed in only 1 patient among our 5 Hispanic
families. The p.R1S9H variant reported in other families from
different backgrounds was reviewed for comparison'"**** (eTa-
ble 1, links.Iww.com/NXG/AS69). The overall incidence of PDB
among those families was about 33%, which is significantly higher
than 3% seen in our 5 Hispanic families, but lower than 42%
overall incidence of PDB in VCP disease. A possible explanation
would be variation in the penetrance of different ethnic
backgrounds.%’29 Further studies are needed to identify the
mechanism of a possible protective effect this variant might have
for PDB. Of interest, the frequencies of FTD and myopathy in the
other reported families are 70% and 39%, respectively. These
results are comparable to our cohort in whom the frequencies of
FTD and myopathy are 72% and 39%, respectively. We and
others have previously reported families with no evidence of
confirmed PDB carrying the p.R159C and R159S variants.>***!

Overall, this report expands the current genotype-phenotype
variations in VCP disease to include individuals with a Hispanic
ethnic background. This study highlights the high prevalence of
FTD in Hispanic females with the p.R1S9H VCP variant as-
sociated with a later age at symptom onset and a lower in-
cidence of IBM and PDB compared with other ethnic
backgrounds. One limitation is the lack of detailed analyses and
confirmed diagnosis of FTD on deceased individuals reported
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in our cohort. Historically, they appear to have had manifes-
tations of FTD rather than Alzheimer disease.
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