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Inclusion body myopathy (IBM) with Paget’s disease of bone (PDB) and frontotemporal
dementia (IBMPFD) presents with multiple symptoms and an unknown etiology.
Valosin-containing protein (VCP) has been identified as the main causative gene of
IBMPFD. However, no studies on neurofilament light chain (NFL) as a cerebrospinal
fluid (CSF) marker of axonal neurodegeneration or on YKL-40 as a CSF marker of glial
neuroinflammation have been conducted in IBMPFD patients with VCP mutations. A
65-year-old man presented with progressive muscle atrophy and weakness of all limbs,
non-fluent aphasia, and changes in personality and behavior. Cerebral MRI revealed
bilateral frontal and temporal atrophy. 9%MTc-HMDP bone scintigraphy and pelvic CT
revealed remodeling changes and active osteoblastic accumulations in the right medial
iliac bone. Muscle biopsy demonstrated multiple rimmed vacuoles in muscle cells
with myogenic and neurogenic pathological alterations. After the patient was clinically
diagnosed with IBMPFD, DNA analysis of the VCP gene revealed a cytosine (C) to
thymine (T) (C—T) mutation, resulting in an amino acid exchange of arginine to cysteine
(p.R155C mutation). The CSF levels of NFL at two time points (12 years apart) were
higher than those in non-dementia controls (CTR) and Alzheimer’s disease (AD); lower
than those in frontotemporal dementia with motor neuron disease (FTD-MND); and
comparable to those in patients with behavioral variant frontotemporal dementia (ovFTD),
progressive supranuclear palsy (PSP), and corticobasal syndrome (CBS). The CSF levels
of YKL-40 were comparable at both time points and higher than those in CTR; lower
than those in FTD-MND; and comparable to those in bvFTD, PSP, CBS, and AD. The
CSF levels of phosphorylated tau 181 (P-Tau) and total tau (T-Tau) were not significantly
different from those in CTR and other neurodegenerative diseases, except those in AD,
which were significantly elevated. This is the first report that demonstrates increased NFL
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and YKL-40 CSF levels in an IBMPFD patient with a VCP mutation (p.R155C); NFL and
YKL-40 levels were comparable to those in bvFTD, PSP, CBS, and AD and higher than
those in CTR. Our results suggest that IBMPFD neuropathology may involve both axonal
neurodegeneration and glial neuroinflammation.

Keywords: IBMPFD, VCP, mutation, CSF, NFL, YKL-40, AD, frontotemporal dementia

INTRODUCTION

Inclusion body myopathy (IBM) with Paget’s disease of bone
(PDB) and frontotemporal dementia (IBMPFD) is a multi-organ
disease with still unknown etiology (1, 2). In IBMPFD with
autosomal dominant inheritance, valosin-containing protein
(VCP) has been identified as the major causative gene (2,
3). Neurofilament light chain (NFL), which is indicative
of axonal neurodegeneration (4), has been validated as a
CSF biomarker of behavioral variant frontotemporal dementia
(bvFTD), FTD with motor neuron disease (FTD-MND),
amyotrophic lateral sclerosis (ALS), progressive supranuclear
palsy (PSP), corticobasal syndrome (CBS), and Alzheimer’s
disease (AD) (5-7). Furthermore, YKL-40 (known as chitinase
3-like 1) has been reported as a CSF biomarker of glial
neuroinflammation in neurodegenerative diseases (6-8). With
regard to IBMPFD with VCP mutations, no CSF studies on NFL
or YKL-40 have been conducted yet.

CASE PRESENTATION

We describe the case of a 65-year-old man who presented with
muscle weakness and atrophy of all limbs. At the age of 42 years,
he experienced difficulties in standing from a sitting position
and raising his arms over his head. At the age of 48 years, he
was affected by gait disturbances with difficulties squatting and
was able to walk only at a slow pace. Further, the patient could
not raise his arms over his head and experienced difficulties
moving his head and neck freely. These symptoms gradually
deteriorated. During the first hospitalization at the age of 52
years, the patient showed atrophy and weakness of the muscles
of all limbs but most prominently of the bilateral quadriceps. The
neuropsychological examination revealed decline in his cognitive
function. The scores of the Mini-Mental State Examination
(MMSE) and the Montreal Cognitive Assessment (MoCA) were
26/30 and 18/30, respectively, with disturbances of attention
and executive functions. The score of the frontal assessment
battery (FAB) was 8/18 with disturbances of “similarities,” “lexical
fluency,” and “motor series.” However, no remarkable changes of
character, behavior, voice, and speech were observed. The patient
showed generalized hyporeflexia without pathologic reflexes. He
exhibited no respiratory difficulty. The CT showed prominent
atrophy of the quadriceps and other muscles, e.g., hamstrings,
iliopsoas, and anterior tibial muscles (not shown). Because of gait
difficulty due to weakness of the legs, the patient used a cane or a
walker at the age of 52 years (after the first hospitalization), and
he used a wheelchair at the age of 55 years. He had occasional
cough due to dysphasia and difficulty expectorating, when he was

60 years old; at the same time, he exhibited character changes
including self-centered thinking, extreme dependence on his
wife, irritation, and frustration. Furthermore, the patient rejected
or was indifferent to advice from others. At the age of 61 years,
he frequently coughed and experienced shortness of breath due
to saliva and food; subsequently, he suffered from dysphagic
pneumonia due to massive saliva and was finally readmitted to
our hospital.

During the second hospitalization, the muscles of the patient’s
four limbs revealed more pronounced weakness and atrophy than
during the first hospitalization. Generalized hyporeflexia was
still present; however, bilateral Babinski reflexes were observed.
A neuropsychological examination was conducted, when the
patient improved after the pneumonia. The MMSE score was
21/30, whereas the MoCA score was 12/30 with disturbed
attention, visuospatial cognition, and executive functions. The
FAB score was 6/18 with disturbances of “similarities,” “lexical
fluency,” “motor series,” and “prehension behavior.” The results
of the neuropsychological tests revealed a deterioration of
cognitive functions including mainly language and speech
disturbances due to predominantly frontal and temporal lobe
dysfunctions. His speech was apparently affected by non-
fluent agrammatic primary progressive aphasia (naPPA) with
word-finding difficulties and mistakes of words and characters.
The changes in personality presented as adhesion, irritation,
dependent tendencies, and self-centered behavior with childish
manners. After the pneumonia improved, the patient was moved
to another hospital, and his treatment continued. The patient
was alert and could speak with the help of a speech cannula
after a tracheotomy; however, he could also communicate
independently with blinking. He needed frequent aspiration of
saliva and oxygen inhalation to support his respiration. At the
present age of 65 years, a lumbar puncture was performed, after
we obtained the patient’s informed consent.

The patient’s mother had also shown muscular weakness
and bilateral atrophy of the lower limbs at the age of 60
years, eventually also involving the upper limbs, which had
resulted in her becoming bed-ridden. She was diagnosed with
amyotrophic lateral sclerosis (ALS) and died from pneumonia
at the age of 68 years; it was not confirmed whether she
had been affected by dementia. The patients father died from
pancreatic cancer, whereas his elder sister suffered from gait
disturbance of unknown etiology since her childhood and
died from brain tumor at the age of 40 years. His younger
brother died from malignant lymphoma at the age of 36
years. The patient did not have any children. During the
first hospitalization, cerebral MRI showed bilateral frontal
and temporal atrophy (Figures 1A-C). During the second
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FIGURE 1 | Findings of images, pathological examinations, and DNA sequences. Cerebral MRIs of the (A) transverse view, (B) coronal view, and (C) sagittal view
demonstrated frontal and temporal lobe atrophy. CT of muscles of the (D) upper arms, (E) forearms, (F) thighs, and (G) lower legs showed muscle atrophy in the four
(Continued)
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FIGURE 1 | extremities. (H) ®*™Tc-HMDP bone scintigraphy of the pelvis revealed active osteoblastic accumulation in the right medial iliac bone. (I) Pelvic CT showed
remodeling changes in the corresponding area designated with arrows (H). Microscopic findings. Hematoxylin eosin staining showed multiple immed vacuoles in
muscle cells (J) and numerous small fibers (K). (L) Gomori trichrome staining demonstrated rimmed vacuoles and small angulated fibers. (M) Genomic DNA analysis
revealed a missense mutation in the VCP gene that exchanged CGT (Arg) to T*GT (Cys).

TABLE 1 | Demographic characteristics of the patients with IBMPFD and neurodegenerative diseases and of non-dementia control subjects.

IBMPFD bvFTD FTD-MND PSP CBS AD CTR
No. 1 7 5 7 7 24 18
Male 100 71.43 40.00 42.86 57.14 45.83 50.00
Age at onset (years old) 48 52 +3.24 60 + 3.22 69 +1.93 68 + 2.38 64 +1.58 -
Age at CSF analysis #1: 62 55 + 2.66 62 +2.82 71+ 1.90 70 £ 2.53 69 + 1.49 65 +2.34
#2: 65
MMSE (/30) #1: 26 14 £ 3.58 18 £1.59 22 +2.28 16+ 3.24 20 +1.08 29 +£0.25
#2:21
MoCA (/30) #1:18 6+2.76 13+ 2.40 19.5 £4.25 14 £ 4.87 16 +£0.99 28.5+0.36
#2:12
FAB (/18) #1: 8 8.6+ 3.80 6.5+ 1.31 7+1.03 9+2.65 9.5 +£0.67 17 +£0.28
#2: 6
NFL (pg/ml) #1:5,25656.24 5,493.71 £ 814.18 9,371.82 + 1,134.69 4,413.78 £ 741.49 4,217.29 +£ 936.81 1,531.70 + 167.56 452.93 + 58.90
#2: 5,394.98
YKL-40 (ng/ml) #1: 125.03 146.07 £ 25.87 154.39 + 62.41 99.94 + 17.62 84.59 + 17.68 107.23 £ 10.26 60.53 + 5.43
#2: 132.41
P-Tau (pg/ml) #1:31.79 41.75 +£6.10 31.45 + 6.87 36.60 =+ 3.61 33.93 + 7.08 76.42 £7.73 25.52 + 2.53
#2:34.72
T-Tau (pg/ml) #1: 148.60 319.93 + 50.07 213.99 + 68.27 231.09 + 63.39 90.61 + 50.96 506.86 + 71.60  143.56 + 16.07
#2:167.16

Clinical information and CSF data are described for this patient; the patients with neurodegenerative diseases (bvFTD, FTD-MND, PSR, CBS, and AD) and the CTR subjects. Patient #1:
the first hospitalization, #2: the present hospitalization. The data represent median + standard error (S.E.).

hospitalization, CT of the extremities exhibited severe bilateral
muscle atrophy of the upper arms, forearms, thighs, and
lower legs (Figures 1D-G). During the second hospitalization,
9mTc-HMDP bone scintigraphy showed active osteoblastic
accumulation in the right medial iliac bone (Figure 1H), whereas
pelvic CT revealed remodeling changes in the corresponding
area indicated by arrows (Figure 1I). Hematoxylin and eosin
staining of the muscle biopsy specimens demonstrated multiple
rimmed vacuoles in muscle cells (Figure 1J) and numerous small
fibers and round-shaped fibers (Figure 1K). Gomori trichrome
staining showed rimmed vacuoles in muscle cells and small
angulated fibers (Figure 1L), which were compatible with the
pathological findings of IBMPFD during the first hospitalization.
DNA analysis revealed a cytosine (C) to thymine (T) (C—T%)
mutation, resulting in an amino acid exchange of arginine
to cysteine (p.R155C) (Figure 1M) as previously described
(2,3, 9-14).

The neurological finding of this case revealed general
muscle weakness and atrophy, especially, proximal muscles
of lower extremities, progressive cognitive decline, speech
disturbance, and character change. In muscle biopsy, rimmed
vacuoles were pathologically confirmed and neurogenic
muscle changes were also observed. *™Tc-HMDP bone

scintigraphy of the patient was compatible with Paget’s disease of
bone (PDB).

METHODS AND RESULTS OF THE CSF
ANALYSES

The patient was examined by lumbar puncture two times (during
the present hospitalization and 13 years earlier). The CSF samples
obtained from the patient by the two lumbar punctures were
stored separately in 1.5-ml Eppendorf tubes. The CSF samples
were strictly stored in a —80°C freezer and never opened nor
freeze-thawed, until they were measured using enzyme-linked
immunosorbent assay (ELISA) kits. Phosphorylated Tau (P-Tau),
human total tau (T-Tau), neurofilament light chain (NFL), and
YKL-40 were measured. The CSF samples were analyzed in
this patient, patients with neurodegenerative diseases (bvFTD:
n =7, FID-MND: n = 5, PSP: n = 7, CBS: n = 7, and AD:
n = 24), and non-dementia control subjects (CTR: n = 18). The
patients with IBMPED, bv-FTD, FTD-MND, PSP, CBS, and AD
were diagnosed in accordance with the global clinical criteria
[IBMPED (1, 2, 15); bv-FTD and FTD-MND (16-21); PSP (22,
23); CBS (24); and AD (25-27)] by experienced neurologists
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FIGURE 2 | CSF analyses of NFL, YKL-40, phosphorylated tau 181 (P-Tau), and total human tau (T-Tau). (A) Both CSF NFL levels in the patient (#1: the first
hospitalization and #2: the present hospitalization) were higher than those in CTR and lower than those in FTD-MND; further, the CSF NFL levels in bvFTD, PSP, CBS,
and AD were higher than those in CTR. (B) Both CSF YKL-40 levels in the patient (#1 and #2) were higher than those in CTR; moreover, CSF YKL-40 levels in
FTD-MND, bvFTD, PSP, and AD were higher than those in CTR. (C) CSF P-Tau levels in AD were higher than those in CTR and in neurodegenerative diseases
including the patient (#1 and #2). (D) CSF T-Tau levels in AD were higher than those in CTR and other neurodegenerative diseases including the patient (#1 and #2).
Bars in each graph present mean data.

(M.I, TK.,, HK, MF, KM, KN.,, Y.F, and Y.I) at the
Department of Neurology, Gunma University Hospital (Table 1).
99mTc . HMDP bone scintigraphy findings in IBMPFD patients
were evaluated by senior radiologists (T.H. and Y.T.). P-Tau and
T-Tau in CSF were analyzed with sandwich ELISA INNOTEST®
PHOSPHO-TAU(181P) (Fujirebio Europe N.V., Gent, Belgium)
(28, 29) and sandwich ELISA INNOTEST® T-Tau-Ag (Fujirebio
Europe N.V., Gent, Belgium) (30), respectively. NFL and YKL-
40 CSF levels were measured utilizing sandwich ELISA NF-
light® (IBL International, Hamburg, Germany) (4-7) and
MicroVue™ YKL-40 EIA kits (Quidel, San Diego, CA, USA)
(7, 8), respectively.

The NFL CSF levels (pg/ml) in the patient were comparable at
the two measurement points separated by 13 years (#1: the first
puncture and #2: the second puncture). Both NFL CSF levels in
the patient (#1: 5255.24 and #2: 5394.98) were higher than those
in CTR individuals [452.93 =% 58.90; median =+ standard error
(S.E.)] and AD patients (1,531.70 £ 167.56), lower than those

in FTD-MND patients (9,371.82 & 1,134.69), and comparable to
those in bvFTD (5,493.71 + 814.18), PSP (4,413.78 + 741.49),
and CBS patients (4,217.29 £ 936.81; Figure 2A). The YKL-
40 CSF levels (ng/ml) in the patient were comparable at the
two times points (#1: the first time 125.03 and #2: the second
time 132.41); furthermore, they were higher than those in CTR
individuals (60.53 = 5.43) and comparable to those in FTD-MND
(154.39 & 62.41), bvFTD (146.07 & 25.87), PSP (99.94 4 17.62),
and AD (107.23+ 10.26) (Figure 2B). The P-Tau CSF levels
(pg/ml) in the patient (#1: 31.79 and #2: 34.72) were comparable
to those in CTR individuals (25.52 4 2.53), bvFTD (41.75 £ 6.10),
FTD-MND (31.45 & 6.87), PSP (36.60 & 3.61), and CBS (33.93
+ 7.08), whereas the P-Tau levels (76.42 + 7.73) in CSF of AD
patients were higher than those in CTR individuals and patients
with other neurodegenerative diseases (Figure 2C). The CSF
levels of T-Tau (pg/ml) in the patient (#1: 148.60 and #2: 157.16)
were comparable to those in CTR individuals (143.56 £+ 16.07)
and patients with other neurodegenerative diseases, whereas the
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CSF levels of T-Tau in AD patients (506.86 & 71.60) were higher
than those in CTR individuals (143.56 £ 16.07) and patients with
other neurodegenerative diseases (Figure 2D). The CSF levels of
both P-Tau and T-Tau in the patient were comparable to those
in bvFTD, FTD-MND, PSP, and CBS patients (Figures 2C,D).
These data are presented in Table 1.

DISCUSSION

IBMPFD is clinically characterized by adult-onset muscle
weakness and atrophy, early-onset PDB, and frontotemporal
dementia (FTD) (1, 2, 15). VCP is identified as the most
predominant causative gene among IBMPFD patients, and
the R155C mutation has been reported including Japanese
ethnic background (2, 3, 9-14). VCP-related IBMPFD represents
a unique class D subtype of the neurodegenerative diseases
named TDP-43 proteinopathies with numerous ubiquitin-
positive neuronal intranuclear inclusions and dystrophic neurites
(31-33). Recently, CSF NFL has been investigated as a diagnostic
marker of axonal neurodegeneration, especially ALS and
frontotemporal lobar degeneration (FTLD) including bvFTD,
PSP, CBS, and AD (5-7). Furthermore, YKL-40 has been
identified as a CSF biomarker of glial neuroinflammation in ALS,
FTLD, PSP, CBS, and AD (6-38).

This is the first report of a Japanese IBMPFD patient
demonstrating higher and comparable levels, over 13 years, of
the CSF biomarkers NFL and YKL-40 in an IBMPFD patient
with a VCP mutation than in CTR individuals. Up to date,
there is no other report but this case at least within the
Japanese Consortium for Amyotrophic Lateral Sclerosis Research
(JaCALS). The symptoms of this patient were not compatible
with the typical ALS phenotype; however, the patient showed
neurogenic changes in the EMG examination (data not shown)
and neurogenic pathological changes in muscle biopsy. This
patient is clinically expected to have poor prognosis, because his
respiratory function has gradually deteriorated due to progressive
general muscle weakness and atrophy due to IBMPFD. The
patient will still require frequent aspirations of saliva and oxygen
inhalation to support his respiration.

VCP mutations presumably lead to a dominant negative
loss or alteration of VCP function culminating in impaired
degradation of TDP-43 (34). Whereas IBMPFD is a multisystem
proteinopathy (35), mutant VCP proteins are reportedly
targets of autophagic-lysosomal degeneration, mitochondrial
dysfunction, and ubiquitin-proteasome system disorders (36).
A limitation of this study is the fact that only one patient of
IBMPFD with a VCP mutation was included, which impeded
statistical analyses for the other neurological diseases and CTR
groups. NFL and YKL-40 levels were not compared in blood
samples among the patient, noncarriers, and asymptomatic
carriers with a VCP mutation to prove the utility of blood
biomarkers for IBMPFD.

Higher NFL and YKL-40 CSF levels in the IBMPFD
patient with a VCP mutation may be related to both axonal
neurodegeneration and glial neuroinflammation. The implicated
multifaceted pathological mechanisms should be elucidated,

which may allow the discovery of new therapeutic targets for the
VCP gene and/or the VCP protein in IBMPFD.
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