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Background: Missense VCP gene variants lead to a disruption in protein 
homeostasis causing a spectrum of progressive degenerative diseases. Myopathy 
is the most frequent manifestation characterized by slowly progressing weakness 
of proximal and distal limb muscles. We present a family with myopathy due to 
c.277C  >  T variant in VCP gene.

Case presentation: The patient‘s phenotype includes symmetrical muscle wasting 
and weakness in the proximal parts of the limbs and axial muscles, a wide based 
gait, lordotic posture, positive Gowers’ sign, mild calf enlargement, impaired 
mobility, elevated CK, and myopathy in proximal limb muscles. Whole body MRI 
revealed fatty replacement, predominantly affecting right vastus intermedius and 
medialis, gastrocnemius and soleus in calf, abdomen wall and lumbar muscles. 
Next-generation sequencing analysis revealed a pathogenic heterozygous variant 
c.277C  >  T (p.(Arg93Cys)) in exon 3 of the VCP gene. Segregation analysis showed 
that the detected variant is inherited from the affected father who developed 
symptoms at 60.

Conclusion: The patients described experienced muscle wasting and weakness 
in the proximal and distal parts of the limbs which is a common finding in VCP 
related disease. Nevertheless, the patient has distinguishing features, such as high 
CK levels, early onset of the disease, and rapid mobility decline.
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1 Introduction

Valosin-containing protein (VCP) related disease is a rare, autosomal dominant, multisystem 
proteinopathy characterized by inclusion body myopathy (IBM), Paget disease of bone (PDB) 
and frontotemporal dementia (FTD), affecting around 90%, 28–42%, and 14–30% of patients 
accordingly (1, 2). Other manifestations include amyotrophic lateral sclerosis (ALS), Alzheimer’s 
disease, Parkinson’s disease, Charcot–Marie-Tooth type 2 disease and complex hereditary spastic 
paraplegia (3–6).
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VCP related disease has been associated with heterozygous 
missense variants in VCP gene. VCP belongs to the ATPases associated 
with diverse cellular Activities (AAA+) family, which uses ATP for 
protein remodeling. Each subunit contains N-terminal binding 
domain and two ATPase domains, D1 and D2 (7, 8). VCP is involved 
in a variety of cellular activities such as cell cycle control, organelle 
biogenesis and elimination, cellular signaling, membrane fusion, 
transcription, regulation of autophagy and protein degradation (8, 9). 
Missense variants at the NTD-D1 interface of the VCP are thought to 
cause a disruption in protein homeostasis causing a spectrum of 
progressive degenerative diseases (7, 10, 11).

In this paper we report patient and his father with c.277C > T 
[p.(Arg93Cys)] variant in VCP gene, presenting with IBM. Patient‘s 
and his father’s phenotype is compared with phenotypes reported 
in literature.

2 Case description

Proband is a 49-year-old male. At the age of 38, the patient 
reported difficulties in standing-up from a sitting position. Symptoms 
showed a slow but progressive worsening. He noticed upper and lower 
limb weakness and difficulty in daily activities such as carrying a child 
and stumbling. At the age of 49, the patient had difficulties in walking 
unaided, climbing up the stairs, and standing up from sitting and lying 
positions (Table 1).

Neurological examination at the age of 46 revealed symmetric 
atrophy and weakness of limb proximal muscle. Shoulder abduction 
and adduction were 4/5 grades (MRC-scale) on both sides. Elbow 
flexion and extension 4/5 bilaterally. Wrist and fingers flexion and 
extension were normal. Hip flexion was 3/5, hip extension  - 4/5 
bilaterally. Knee flexion and extension were 3/5 grades bilaterally. 
Ankle plantar flexion was 4/5 and dorsiflexion - 4/5 on both sides. 
We observed weakness of axial muscles predominantly affecting the 
paraspinal and abdominal muscles. The patient showed a wide based 
gait with a lordotic posture. Positive Gowers’ sign and mild 
enlargement of the calves was also noted. Tendon reflexes, sensory 
examination, and cranial nerve examination were normal. Cognitive 

testing did not reveal any frontal lobe and other cognitive 
abnormalities. During 4 years of follow up the muscle weakness slowly 
progressed. We noticed the muscle strength deterioration in the distal 
parts of the upper limbs. A slight asymmetry of muscle strength 
appeared with the right limbs being more affected. The patient can 
walk unaided a few meters and uses walking sticks most of the time. 
We did not find any cognitive deterioration. A nerve conduction study 
at the age of 46 did not show any abnormalities. Needle 
electromyography revealed myopathic changes without spontaneous 
activity. The myopathic pattern was more prominent in the proximal 
parts of the limbs. His creatine kinase (CK) level at the age of 46 was 
1,237 U/L (reference range: 25–195 U/L), it increased to 1,309 U/L 
after a year. Whole body bone scintigraphy showed no abnormalities 
characteristic of Paget’s disease.

Whole body MRI showed fatty replacement, predominantly 
affecting right vastus intermedius and medialis, gastrocnemius and 
soleus in calf, abdomen wall and lumbar muscles (Figure 1).

Family history revealed a similar phenotype of the patient’s father 
and paternal uncle. The uncle had difficulty walking and experienced 
muscle weakness from the age of 40, however he died at 59.

The patient’s father is a 73-year-old male. At the age of 60, 
he started to struggle climbing stairs, and he suffered from frequent 
falls. At the age of 68, he had difficulty walking and started using 
crutches. He also has difficulty standing up from sitting and lying 
positions. ENMG examination revealed signs of partial axonal 
degeneration of the motor nerves in the lower limbs. Myopathic 
patterns were recorded in all muscles of the lower limbs (especially the 
quadriceps femoris) and the proximal muscles of the upper limbs. His 
CK level was 119 U/L.

Next-generation sequencing analysis of the proband revealed 
a previously reported pathogenic heterozygous variant 
NM_007126.5:c.277C > T (NP_009057.1:p.(Arg93Cys)) in exon 3 of 
the VCP gene. Based on the guidelines of ACMG/AMP for 
interpretation of sequence variants, it is classified as pathogenic 
(categories: PP5, PP3, PM1, PM5, and PM2) (12). Segregation analysis 
showed that the detected variant is inherited from the affected father. 
The detailed sequencing and analysis methods have previously been 
described (13).

TABLE 1 Patients’ timelines.

Proband

Onset of symptoms

Neurological examination: 

symmetrical muscle wasting 

of proximal parts of the 

limbs

CK 1237 U/L

Whole body bone 

scintigraphy showed no 

abnormalities

CK 1309 U/L

Progression of muscle 

weakness, impaired 

mobility

38 y.o 46 y.o 47 y.o 49 y.o

Proband‘s paternal uncle

Onset of symptoms Died (suddenly)

40 y.o 59 y.o

Proband‘s father

Onset of symptoms Started using crutches CK 119 U/L
Whole body bone scintigraphy showed no 

abnormalities

60 y.o 68 y.o 69 y.o 70 y.o

CK, creatine kinase.
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3 Discussion

Myopathy is the most frequent manifestation of VCP related 
disease affecting around 90% of patients with pathogenic variants in 
VCP gene (1, 2). It is characterized by slowly progressing weakness 
and atrophy of proximal and distal upper and lower limb muscles, 
initially involving shoulder and pelvic muscles (1, 2, 14). Some of the 
other symptoms include axial muscle weakness, scapular winging, 
respiratory impairment, lower motor neuron sings, dysautonomia, 
dysphagia (1). Patients often have abnormal gait, lordotic stance, 
experience difficulty climbing stairs, raising arms (14, 15). Our patient 
presented with typical symptoms: weakness of proximal and distal 
limbs, atrophied shoulder and pelvic girdle muscles, wide based gait, 
lordotic posture. Both the patient and his father experienced 
difficulties in daily activities such as climbing up the stairs, standing 
up from a sitting position. However, the patient’s father is unable to 
move around without the crutches showing the progression of 
the disease.

An electromyographic (EMG) examination showed a myopathic 
pattern mainly in patient’s proximal limb muscles and in all leg 
muscles and proximal arm muscles in patient’s father. Myopathic 
pattern in EMG is characteristic of IBM. Purely myopathic pattern is 
observed in 31–47% of patients in literature. 11–21% of patients have 
neurogenic and 14–20% mixed myopathic and neurogenic pattern (1, 
3). The patient‘s father showed signs of partial axonal degeneration of 
the motor nerves in the legs. Motor neuron involvement was reported 
in 25% of patients in Schiava et al. cohort. Of those, almost a half 
showed exclusively lower motor neuron signs (1).

It is worth mentioning that while patients with VCP related 
myopathy usually exhibit normal or slightly increased CK levels (2–4), 
the CK levels of our proband are higher than what is typically observed. 
However, there have been some reported cases of elevated CK levels in 
individuals with certain VCP gene variants, such as homozygous 
p.Arg159His variant with early disease onset at 29 years (16), or the 
newly described case of a heterozygous variant of c.760A > T with CK 

levels >2,378 (17). The patient’s relatively early age of disease onset and 
the aggressive progression of their symptoms are also noteworthy. While 
the mean age of symptoms onset for VCP related disease is around 
43 years (2, 3), there can be a significant variation depending on the 
specific variant and other factors. Patients with heterozygous c.277C > T 
variant experience first symptoms later than our patient (1). Similarly, 
patient’s uncle had difficulty walking at the age of 40. In comparison, 
patient’s father experienced the onset of symptoms at the age of 60, 
which has been observed in several cases with c.277C > T variant (18, 
19). As a result, the combination of early onset and high CK levels might 
suggest a more severe form of the disease in this patient.

Human Gene Mutation Database (HGMD) reports 71 variants of 
VCP gene, 66 of those are missense/nonsense (20). In Varsome 
database 89 of the reported VCP gene variants were identified as 
pathogenic or likely pathogenic (21). Although genotype–phenotype 
correlations are not yet well defined a few studies have identified some 
correlations between phenotype and specific variants (2, 3). In Schiava 
et al. study variant c.277C > T was associated with older age of disease 
onset compared to c.464G > A. Median age for c.277C > T variant was 
52.3 ± 5.6 years (1). Table 2 summarizes clinical findings of reported 
patients with c.277C > T. Of the reported cases in literature with 
c.277C > T variant, the lowest age of symptom manifestation was 
42 years (23). In the reported cases with c.277C > T variant, most 
patients have myopathy together with FTD or PDB. In comparison, 
only one case was reported with all 3 manifestations of the disease and 
only one case where FTD was the only manifestation of the disease 
(19). CK in most of the reported cases was slightly above normal. Most 
reported patients did not lose ambulation, but some have difficulty 
moving (25, 26). Both proximal and distal muscles were affected in 
reported cases with c.277C > T variant (1).

As muscle weakness progresses, especially in the lower limbs, 
patients eventually lose ambulation. In Schiava et  al. study after 
8.5 years 23% of the patients were no longer ambulant (1). In 
Figueroa-Bonaparte et al. study mean time to lose ambulation was 
13.37 ± 6.6 years (23). Over time muscle weakness involves respiratory 

FIGURE 1

(A) T2W axial image at level of L1 showing fatty replacement of abdominal wall and lumbar muscles. Axial at level of middle third of femur T2W (B), T2 
DIXON WATER (C) and FAT (D) images showing mm. vastus intermedius and medialis edema with fatty replacement. Coronal T2W (E), axial at level of 
proximal third of calf T2W (F), T2 DIXON WATER (G) and FAT (H) images showing fatty replacement of muscle in mm. soleus and gastrocnemius (more 
prominent on left side).
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and cardiac muscles leading to death from respiratory or cardiac 
failure (1, 3). Schiava et al. identified forced vital capacity (FCV) 
below 50% as the major risk factor associated with loss of ambulation 
and FCV below 70% with higher risk of death (1). Patients usually die 
in their 60s 15–20 years after the onset of the disease (1, 3).

This study adds to previous evidence demonstrating a summary of 
clinical findings of reported patients with c.277C > T variant in VCP gene.
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TABLE 2 Clinical findings of patients with c.277C  >  T variant of VCP gene found in literature.

Reference N Type Age of 
onset

Age at 
follow up

CK (U/L) ALP 
(IU/L)

Wheelchair 
use

Muscle 
weakness 

(onset)

Schiava et al. (1) 17
Muscle weakness – 94% 

FTD – 24% PDB – 44%
52.3 ± 5.6 64.2 ± 5.3 NA NA 20%

Proximal UL 80%; 

Proximal LL 90%; 

Distal UL and LL 73%

Mengel et al. (22) 1 IBM + cognitive impairment 50 74 288 NA NA Distal > proximal

Figueroa-Bonaparte 

et al. (23)

1 IBM + cognitive impairment 42 56 400 high No Distal LL

1 IBM + cognitive impairment 48 67 normal normal No Distal LL > UL

Mehta et al. (3) 2 IBM + PDB IBM + FTD 60 NA 370 NA NA NA

Shi et al. (24) 1 IBM 58 70 286 NA NA Proximal>distal

Fanganiello et al. (25) 1 IBM + PDB 55 62 285–572 NA
No, has difficulties 

moving
Proximal>distal

Krause et al. (26) 1 IBM + FTD 55 74 115 154
No, requires 

assistance
Distal>proximal

Guyant- Maréchal 

et al. (19)

1 FTD 60 61 NA NA NA Proximal and distal 

muscles, absent in 

muscles of face, 

tongue, and scapular 

fixators

1 PBD + FTD 55 60 NA NA NA

1 IBM + PDB + FTD 48 68 NA NA NA

1 IBM + FTD 44 49 NA NA NA

Present study proband 1 IBM 38 49 1,237–1,309 56 No, uses crutches
Proximal UL, proximal 

and distal LL

Present study affected 

father
1 IBM 60 69 92–119 87 No, uses crutches

Proximal UL, proximal 

and distal LL

N, number of patients; NA, not available; FTD, frontotemporal dementia; IBM, inclusion body myopathy; PDB, Paget disease of bone; CK, creatine kinase; ALP, alkaline phosphatase; UL, 
upper limb; LL, lower limb.
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