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Abstract

Rimmed vacuoles in sporadic inclusion body myositis (s-IBM) contain nuclear remnants. We sought to determine if the nuclear
degeneration seen in s-IBM is associated with DNA damage. In muscle biopsy specimens from ten patients with s-IBM and 50 controls,
we immunolocalized 1) phosphorylated histone H2AX (y-H2AX), which is a sensitive immunocytochemical marker of DNA double-
strand breaks and 2) DNA-PK, which is an enzyme involved in double-strand break repair. In s-IBM, vacuolar peripheries often showed
strong immunoreactivity to y-H2AX and the three components of DNA-PK (DNA-PKcs, Ku70, and Ku80). A triple fluorescence study
of Ku70, emerin, and DNA displayed nuclear breakdown and it suggested impaired nuclear incorporation of Ku70. The percentage of
positive nuclei for y-H2AX was significantly higher in vacuolated fibers than non-vacuolated fibers in s-IBM, or fibers in polymyosits.
We hypothesize that a dysfunction of nuclear envelope may cause nuclear fragility, double-strand breaks and impaired nuclear transport

in s-IBM.
© 2011 Elsevier B.V. All rights reserved.
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1. Introduction

Sporadic inclusion body myositis (s-IBM) is the primary
cause of acquired myopathy in patients over 50-years old,
but no effective therapy has yet been found [1,2]. The histo-
pathological hallmarks of s-IBM consist of mononuclear
cell infiltration, muscle fibers with congophilic inclusions,
and rimmed vacuoles. Several studies showed nuclear com-
ponents in the rimmed vacuoles (e.g., a single-stranded
DNA binding protein of nuclear origin [3], emerin [4,5],
lamin A/C [4] and histone H1 with DNA [5]). The findings
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indicate that the vacuoles may result from nuclear
breakdown.

Terminally differentiated cells do not possess a replica-
tion-associated DNA repair mechanism, making them par-
ticularly sensitive to DNA damage [6]. Mature muscle cells
are such terminally differentiated cells. In a muscle cell cul-
ture study, the exposure of differentiated myocytes to
hydrogen peroxide resulted in the accumulation of foci of
phosphorylated histone H2AX (y-H2AX) [7], which is a
sensitive marker of a serious form of DNA damage,
DNA double strand breaks (DSB) [8]. DSB are produced
by reactive oxygen species (ROS), ionizing radiation, and
other genotoxic agents. Histone H2AX, a variant of his-
tone H2A, is rapidly phosphorylated at Ser 139 in the chro-
matin region surrounding a DSB [9]. Immunocytochemical
staining of y-H2AX has been broadly applied to reveal
DNA damage caused by cancer and other cellular stresses
(8,10]. DNA-PK is an enzyme involved in the initial step of
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the DSB repair process, non-homologous end joining
(NHEJ), which does not require DNA replication, and
therefore NHEJ is the predominant DNA repair mecha-
nism in terminally differentiated cells [11,12]. DNA-PK
consists of a catalytic subunit (DNA-PKcs) and two regu-
latory subunits (Ku70 and Ku80). The binding of hetero-
duplexes of Ku70 and Ku80 to DSB sites initiates the
repair process [13,14]. In the current paper, we examine
whether DSB are associated with myonuclear breakdown
in s-IBM.

Note that DSB is different from the apoptotic DNA frag-
mentation that has been scarcely detected in the s-IBM
muscles [15]. In DSB, DNA breaks occur directly and
randomly by radiation or other genotoxic agents, whereas
-apoptotic DNA fragmentation takes place at a late stage
of programmed cell death, in which endonucleases sever
DNA strands at regular lengths. Apoptotic DNA fragmen-
tation is not subject of repair or is not usually labeled with
anti-y-H2AX antibody.

2. Materials and methods
2.1. Patients

We studied muscle biopsy specimens from 10 patients
(58-82 years old, 8 men and 2 women) who fulfilled the
clinical, electromyographic, and histopathological criteria
for s-IBM [16]. The muscle sections displayed cell infiltra-
tion surrounding non-necrotic fibers, congophilic inclu-
sions and rimmed vacuoles in each patient. All s-IBM
patients showed slowly progressive muscular symptoms
(disease duration: 3.8 4- 2.9 years; mean =+ standard devia-
tion [SD], range: 0.5-9 years). None of these patients had
received immunotherapy before the muscle biopsy. Speci-
mens from five patients without pathologic alterations
served as non-pathologic controls. For controls of other
neuromuscular diseases, we used 45 muscle biopsies from
patients with polymyositis (# = 10), dermatomyositis (8),
dystrophinopathy (3), dysferlinopathy (3), mitochondrial
encephalomyopathy (5), myotonic dystrophy type I (1),
neurogenic muscular atrophy (5), oculopharyngeal muscu-
lar dystrophy (5), myopathy with autophagic vacuoles of
an undetermined etiology (1), rhabdomyolysis (1), hypoka-
lemic vacuolar myopathy (2), and colchicine myopathy (1).

The above diagnoses were based on a clinical examination,
family history, electromyography, and muscle biopsy stud-
ies. Polymyositis and dermatomyositis were diagnosed
using conventional criteria [17]. The polymyositis sections
contained several to many non-necrotic fibers surrounded
by mononuclear cells, and the dermatomyositis sections
demonstrated perifascicular atrophy or perimysial infiltra-
tion of inflammatory cells. This study was performed
with the compliance of the internal review board of our
institution.

2.2. Immunohistochemistry

Table 1 shows the primary antibodies applied and their
concentrations. Immunohistochemical studies were per-
formed as previously described [18]. Briefly, sections were
fixed in cold acetone and then in 4% paraformaldehyde
in 0.1 M phosphate buffer (pH 7.4) before being blocked
and incubated overnight at 4 °C with the primary antibody.
The sections were then incubated with a biotin-labeled sec-
ondary antibody and developed using the avidin-biotin
complex (ABC) immunoperoxidase method (Vector Labo-
ratories, Burlingame, CA) with 3,3/-diaminobenzidine as
the coloring agent. Next, the slides were lightly counter-
stained with hematoxylin for the quantitation of positive
nuclei. The control experiments involved the omission of
the primary antibody or the substitution of the primary
antibody for non-immune mouse or rabbit IgG. We immu-
nostained 12 or more sections from different individuals at
a time, and the duration of color development was fixed.
The specificity of antibodies for y-H2AX and Ku70 was
also tested in immunoblotting.

For triple-color immunofluorescence studies, the sec-
tions were incubated with anti-Ku70 plus anti-emerin anti-
bodies followed by incubation with appropriate secondary
antibodies for triple fluorescence (Chemicon International,
Temecula, CA). The slides were mounted with Vectashield
(Vector) containing 1.5 pg/mL of the nuclear DNA marker
4',6-diamidino-2-phenylindole (DAPI) and examined with
confocal imaging using the LSM510-META system (Carl
Zeiss, Jena, Germany). As controls, we performed a sin-
gle-color fluorescence study using each antibody or DAPI
alone and confirmed the specificity of the secondary anti-
bodies and filters.

Table 1

List of primary antibodies.

Antigen Type Clone/ID Source Concentration
y-H2AX MMA JBW301 Upstate 1 pg/mL
Ku70 MMA 4C2-1A6 Abnova 1 pg/mL
Ku80 MMA 111 Abcam 1:500
DNA-PKcs RPA PC127 Calbiochem 5 pg/mL
Emerin RPA FL-254 Santa-Cruz Biotec 1 pg/mL
HNE MMA HNEJ-2 JaICA 20 pg/mL
iNOS RPA sc-651 Santa-Cruz Biotec 4 pg/mL
LAMP-2 MMA H4B4 Santa-Cruz Biotec 4 pg/mL

MMA: mouse monoclonal antibody; RPA: rabbit polyclonal antibody.
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2.3. Immunoelectron microscopy

Preembedding immunoelectron microscopy was per-
formed using the immunogold method with silver-enhance-
ment [19]. Cryostat sections, prepared from s-IBM biopsy
specimens that had been stored at —80 °C, were attached
to a slide glass, fixed in 4% paraformaldehyde, and incu-
bated with the anti-Ku70 antibody at a 100-fold dilution.
The sections were then incubated with a secondary anti-
body (goat IgG, Fab’ fragment) coupled with 1.4 nm gold
particles (Nanoprobes Inc., Yaphank, NY). The sample-
bound gold particles were then silver-enhanced using the
HQ-silver kit (Nanoprobes) at room temperature for 12—
14 min according to the manufacturer’s instructions. Then,
the samples were postfixed with 0.5% osmium oxide in
0.1 M phosphate-buffer at pH 7.4, before being dehydrated
in a graded series of ethanol (50%, 70%, 90%, and 100%)

and propylene oxide, and embedded in epoxy resin. Ultra-
thin sections were then cut, stained with uranyl acetate and
lead citrate, and examined with a JEM-1400A electron
microscope (JEOL Ltd., Tokyo, Japan).

2.4. Quantitation

For quantitation of the y-H2AX-positive myonuclei in
the non-pathologic controls, a mean of 342 randomly
selected photographed nuclei were inspected for each sam-
ple. In s-IBM, a mean of 42.3 vacuolated fibers were pho-
tographed per patient. For each vacuolated fiber, we
surveyed y-H2AX-positivity in vacuoles and nuclei. To
quantitate the positive nuclei in non-vacuolated fibers, we
analyzed a mean of 266 nuclei in 97 randomly selected
muscle fibers in each s-IBM patient. In polymyositis, we
analyzed a total of 1657 randomly selected myonuclei. In

T e laiore

Fig. 1. A-F: Localization of y-H2AX, which is induced upon the occurrence of DNA double-strand breaks (DSB); in controls (A-D); and sporadic
inclusion body myositis (s-IBM) (E-F). Immuno-peroxidase method, lightly counterstained with hematoxylin to localize nuclei. (A) non-pathologic
control, (B) perifascicular atrophy in dermatomyositis, (C) grouped atrophy in neurogenic muscular atrophy, and (D) oculopharyngeal muscular
dystrophy (OPMD). The myonuclei in A show no or trace immunoreaction to y-H2AX. The nuclei of the atrophic fibers in B and C are strongly positive
for yv-H2AX. In D, the vacuoles in OPMD are negative for y-H2AX. In E & F, the vacuolar rims and myonuclei in s-IBM contain strongly positive y-
H2AX products. Some mononuclear cells in the inflammatory exudates in E are positive. G-I: Localization of the three components of DNA-PK (G:
Ku70, H: Ku80 and I: DNA-PKcs) in vacuolated fibers in s-IBM. Vacuolar peripheries and nuclei display positive immunoreactivity for each component

of DNA-PK. Bar = 50 um (A-D); 20 ym (E-I).
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s-IBM DNA-PKcs, we examined a total of 393 vacuolated
fibers with 950 nuclei and 1953 myonuclei in non-vacuo-
lated fibers. As it was sometimes difficult to differentiate
between the nuclei of invading/surrounding mononuclear
cells and myonuclei, we excluded muscle fibers surrounding
inflammatory cells from the nucleus calculation. We cate-
gorized nuclei as positive when a brown color was clearly
discernible against lightly-stained hematoxylin.

3. Results

3.1. Increased expression of the DNA double strand break
(DSB) marker y-H2AX in s-IBM vacuolated fibers

In the non-pathologic controls, a small number of
myonuclei showed a weakly positive reaction to y-H2AX
(n=5; 6.031.8%, mean+ standard deviation [SD].
Range: 3.97-8.05) (Fig. 1A). In polymyositis and dermato-
myositis, the nuclei in regenerating fibers were positive for
v-H2AX. The nuclei in perifascicular atrophic fibers in
cases of dermatomyositis were strongly positive (Fig. 1B),
and positive myonuclei were also found in other fibers in
polymyositis and dermatomyositis. A proportion of the
cells in inflammatory exudates were positive for y-H2AX.
In neurogenic muscular atrophy, strongly reactive nuclei
were usually found in atrophic angulated fibers (Fig. 1C),
and the nuclei at pyknotic nuclear clumps showed
increased reactivity for y-H2AX. In other neuromuscular
diseases, the nuclei at nuclear clumps such as those
observed in myotonic dystrophy showed increased reactiv-
ity for y-H2AX, and the nuclei in ragged-red fibers in mito-
chondrial encephalomyopathy and those of regenerating
fibers in various myopathies were strongly positive for y-
H2AX. Vacuoles in hypokalemic myopathy, myopathy
with autophagic vacuoles, colchicine myopathy, and
OPMD were negative for y-H2AX (Fig. 1D).

In s-IBM, a proportion of fibers contained vacuoles that
were partially or entirely lined by positive immunoreactiv-
ity (Fig. 1E and F). Table 2 shows the percentage of (1)

vacuolated fibers vs. total fibers and (2) fibers containing
v-H2AX positive vacuoles vs. total vacuolated fibers in
patients with s-IBM (n=10; 74.0 + 13.0%, mean =+ SD).
The nuclei in vacuolated fibers displayed strong y-H2AX-
positive reactivity, and the percentage of positive nuclei
was significantly higher in vacuolated fibers than in non-
vacuolated fibers (Table 1) (p <0.01; paired Student’s t-
test). In polymyositis, the percentage of y-H2AX-positive
nuclei (n=10; 23.3 4 7.4%, mean + SD) was similar to
that in the non-vacuolated fibers in s-IBM, but lower than
that in the vacuolated fibers (p <0.01; Student’s t-test).

The results of immunoblotting using this anti-y-H2AX
antibody showed several positive bands including ubiquiti-
nated forms of y-H2AX (Fig. 2) [20].

3.2. Detection of the DSB repair enzyme DNA-PK in s-IBM

In s-IBM, all of the DNA-PK components (DNA-PKcs,
Ku70, and Ku80) were found in vacuolar peripheries as
well as being strongly expressed in nuclei, consistent with
the results for y-H2AX (Fig. 1G, H and I). As for DNA-
PKcs, 70.6 & 14.0% (mean - SD) of vacuolated fibers con-
tained positive vacuoles for DNA-PKcs. The percentage of
positive nuclei for DNA-PKcs was significantly higher in
vacuolated fibers than in non-vacuolated fibers
(61.7 = 10.6%, mean =+ SD, vs. 32.5410.2%: p<0.01;
paired t-test). Ku70 was often found to form several round
or comma-shaped cytoplasmic inclusions in vacuolated
fibers and other fibers. We confirmed the relative localiza-
tion of Ku70, the nuclear envelope, and DNA in a triple-
fluorescence study in five patients with s-IBM, five patients
with polymyositis, and patients with other diseases. In pol-
ymyositis and other controls, Ku70 was confined to within
the emerin boundary, even when the Ku70-signal was very
intense (Fig. 3A). In vacuolated fibers in s-IBM, although
Ku70 was often localized to the nuclei, it was also found
in vacuolar peripheries, around the nuclei, and in the cyto-
plasm (Fig. 3B and C). In a few instances, cytoplasmic
Ku70-positive granules were associated with nuclear frag-

Table 2

Quantitation.

s-IBM Pt Vacuolated fibers/total v-H2AX positive fibers/vacuolated  Positive nuclei in

number fibers (%) fibers () Vacuolated fibers  Non-vacuolated
(%) fibers (%)

1 18.6 87.2 64.0 24.5

2 21.0 82.9 64.0 29.0

3 5.0 69.6 64.5 394

4 4.2 76.5 70.3 23.8

5 7.2 89.5 81.4 38.2

6 23.0 76.8 65.0 22.1

7 6.6 47.1 58.8 8.5

8 7.6 74.6 56.5 252

9 4.2 58.1 58.2 249

10 7.6 78.3 63.9 21.6

Mean + SD 105473 74.0 £ 13.0 64.7+7.1" 25.7+8.8

* The percentages for vacuolated fibers are significantly higher than those for non-vacuolated fibers (p < 0.01).
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Fig. 2. Tests for the antibody specificity in immunoblotting. Muscle
homogenates in control patients were segregated through polyacrylamide
gel electrophoresis and immunoblotted using anti-y-H2AX (left) and
Ku70 (right) antibodies. The molecular weights of y-H2AX and Ku70 are
15kDa and 70 kDa, respectively. In y-H2AX, patient 1 and 2, the extra
bands between 25 kDa and 37 kDa correspond to the ubiquitinated forms
[20]. In Ku70, patient 1 and 2, positive bands appear around its molecular
weight.

ments, indicating nuclear breakdown. Ku70-positive
deposits were sometimes found around intact nuclei
(Fig. 3D).

Immunoblotting of muscle homogenates with the anti-
Ku70 antibody showed a clear band around the molecular
weight (Fig. 2).

3.3. Localization of HNE, iNOS, and LAMP-2

ROS is an inducer of DSB in muscle cells and oxidative
stress may be associated with vacuolar formation [21], so
we tested 4-hydroxy-2-noenal (HNE), a product of lipid
peroxidation by ROS [22], and iNOS, a marker of oxida-
tive stress that was previously found to be increased in vac-
uolated fibers [21]. HNE and iNOS were increased not only
in some vacuolated fibers in s-IBM, but also in perifascicu-
lar atrophic fibers in dermatomyositis and ragged red
fibers. In non-vacuolated fibers in s-IBM, atrophic fibers
in neurogenic muscular atrophy, and pyknotic nuclear
clumps, the two ROS markers were not increased.

Several studies indicated that rimmed vacuoles are lyso-
somes in origin [23,24]. In this study, we observed that vac-
uoles in s-IBM usually showed positive for the lysosome
marker LAMP-2, as described previously [23]. A dual fluo-
rescence study using antibodies against LAMP-2 and emer-
in showed frequent association of these two markers in the
vacuoles in s-IBM.

3.4. Immuno-electron microscopy of Ku70

In the ultrastructural study of Ku70 in s-IBM, we
detected Ku70-positive granules in some nuclei. Ku70-posi-
tive granules were often found in the vacuolar spaces of

Fig. 3. Triple fluorescence study. Ku70 (red), emerin (green), and DNA (DAPIL: blue). A: Regenerating fibers. B to D: s-IBM. A1-D1: overlay of the three
colors. A2-D2: emerin plus DNA. (A) Ku70-positive deposits are largely confined to the area surrounded by emerin. (B) A vacuolated fiber contains a
nucleus abutted by deposits of Ku70 (arrow head). Fragments of Ku70-positive deposits intermingle with remnants of emerin or DNA (arrows). The
figures indicate nuclear breakdown and impaired incorporation of Ku70 into the nucleus. (C) Muscle fibers with numerous cytoplasmic deposits of Ku70
and breaks in the nuclear envelope (arrows). (D) Ku70-positive deposits surrounding a nucleus with an intact circle of emerin. This figure shows that
nuclear import of Ku70 is impaired even in the early phase of nuclear breakdown in s-IBM. Bar = 25 ym.
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Fig. 4. Immunoelectron microscopy of Ku70, a regulatory component of DNA-PK. (A1) Deposits of Ku70 in cytoplasmic spaces. (A2) Higher
magnification of Al. The positive reactivity may correspond to the cytoplasmic inclusion of Ku70 in immunofluorescence. (B1) Ku70 surrounding
electron-dense round bodies. (B2) Higher magnification of one body shows granular structures inside with a peripheral dense zone. According to the triple
fluorescence results, such as those shown in Fig. 3, the round body corresponds to a degenerating nucleus, and the electron micrograph may illustrate that
the nucleus cannot incorporate Ku70. Bar = 1 pm (A1 & B1), 200 nm (A2), 500 nm (B2).

various sizes, sometimes combined with degenerative
products (Fig. 4A). Ku70-positive products were also
found to be attached to something like degenerating
nuclear structures that contained no Ku70 (Fig. 4B),
which may have corresponded to nuclei surrounded by
Ku70-positive deposits in the immunofluorescence study
(Fig. 3B, arrowhead).

4. Discussion
4.1. Findings in s-IBM

In the current study, we showed that the percentage of
DSB-positive nuclei was significantly higher in vacuolated
fibers than in other fibers in s-IBM. This finding suggests
that nuclear breakdown along with the accumulation of
DSB occurs in muscle cells in s-IBM. Moreover, we
detected figures suggesting impaired nuclear import of
Ku70. Nuclear translocation of Ku proteins is important
for DBS repair, and a deficiency in nuclear translocation

caused hypersensitivity against X-ray irradiation due to
the lack of DBS repair in a cell culture study [25]. There-
fore, we hypothesize that defects in Ku70 nuclear import
accelerate DSB formation.

As DSB occur in other disease conditions without
nuclear breakdown, additional factors may be involved in
the nuclear changes seen in s-IBM. There is evidence that
nuclear envelope dysfunction can cause both mechanical
fragility of the nucleus and DNA damage. Lamins are pro-
teins of nuclear intermediate filaments that comprise the
lamina, the meshwork supporting inner nuclear mem-
branes. Mutations in the genes that encode lamins and
emerin (a lamin-associated protein) cause Emery—Dreifuss
muscular dystrophy and a number of different diseases col-
lectively called laminopathies [26]. In several laminopa-
thies, blebbing of the nuclei in cultured fibroblasts can be
seen, and it is hypothesized that such mutations result in
fragile and mechanically unstable nuclei [27]. Emerin muta-
tions can cause myopathy with rimmed vacuoles [28,29].
Besides structural integrity, the lamina is also involved in
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various other processes, such as replication and gene tran-
scription, which are intimately associated with DNA dam-
age repair. Accordingly, impaired DNA repair has been
found in several laminopathies. Fibroblasts possessing a
laminopathy mutation show an excessive amount of un-
repaired DNA damage, as evidenced by y-H2AX immuno-
histochemistry [30]. Furthermore, lamins are important in
the spatial rearrangement of nuclear pore complexes and
therefore nuclear protein transport. Nuclear protein import
is reduced in cells expressing lamin A mutants [31]. In the
current study, we detected figures suggestive of impaired
nuclear import of Ku70. Defects of nuclear import have
been suggested for the mechanism of cytoplasmic accumu-
lation of enzymes (e.g., ERK [32] and MKP-1 [33]) and
nuclear molecules (e.g., pElk-1 {5,32] and TDP-43 [34]) in
s-IBM. In summary, dysfunctional lamins can explain the
nuclear breakdown, accumulation of DSB, and impaired
nuclear transport observed in s-IBM. A specific stressor
predicted in this disease [35] may affect lamins or other
nuclear envelope components. Alternatively, the nuclear
envelope might become fragile by aging. Cell nuclei from
old individuals exhibit defects similar to those of cells from
Hutchinson-Gilford progeria syndrome, which is caused
by mutations of lamin A [36]. Likewise, nuclear pore com-
plexes are not turned over in differentiated cells, and age-
related alterations in nuclear pore complexes affect nuclear
integrity [37]. Moreover, several studies have indicated an
age-dependent decline in DNA repair capacity [38]. We
suspect that these age-associated changes in nuclear enve-
lope integrity and DNA repair mechanisms may predispose
the muscles of the elderly to s-IBM pathology. In this con-
text, the initial inducer of DSB in s-IBM muscle may be the
same as that in polymyositis.

We found products that were positive for the lysosome
marker LAMP-2 in rimmed vacuoles, indicating that they
also originate from lysosomes. Moreover, we found that
the LAMP-2-positive products were frequently associated
with emerin. These findings suggest the induction of
autophagy to process broken-down nuclei. In the muscle
of laminopathy patients and emerin-null mice, it has been
shown that autophagosomes/autolysosomes are involved
in the degradation of damaged nuclear components [39].

4.2. Findings in other diseases

Recent studies indicate an up-regulation of type 1 inter-
feron inducible proteins in dermatomyositis muscle with
perifascicular atrophy [40]. A prolonged stimulation of
type 1 interferon (B-interferon) induces ROS and DNA
damage response in culture study [41]. Therefore, the
strong myonuclear y-H2AX staining and excessive levels
of ROS found in perifascicular atrophy might correspond
with this hypothesis. The strong myonuclear y-H2AX
staining found in ragged red fibers may have been induced
by increased ROS caused by mitochondrial dysfunction.
Although the small angulated fibers show positive v-
H2AX reactivity, the majority of these fibers were negative

for HNE and iNOS. Our results suggest that y-H2AX his-
tochemistry is more sensitive to detect ROS injury than the
two markers or that other genotoxic stresses attack on
muscle cells during degeneration. Contrary to the case in
s-IBM, vacuoles in OPMD, which may originate from
the nucleus and show some histone H1-positivity [5], were
negative for y-H2AX. This result suggests that simple
nuclear breakdown does not induce DSB. We found a
strong y-H2AX reaction in a proportion of cells in inflam-
matory exudates. As DSB occurs during V(D)J recombina-
tion in lymphocyte development [11], y-H2AX-positive
cells may be active in gene recombination.
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Abstract The nature of the swallowing impairment in
patients with sporadic inclusion body myositis (s-IBM) has
not been well characterized. In this study, we examined ten
consecutive s-IBM patients using videofluoroscopy (VF)
and computed pharyngoesophageal manometry (CPM).
The patients were divided into two groups: patients with
complaint and without complaint of dysphagia. VF results
indicated pharyngeal muscle propulsion (PP) at the hypo-
pharyngeal and upper esophagus sphincter (UES) in all
s-IBM patients. Patients without complaint of dysphagia
showed a mild degree of PP, whereas a severe form of PP
was observed in patients with complaint of dysphagia.
CPM revealed that negative pressure during UES opening
was not observed in the s-IBM patients with complaint of
dysphagia. Incomplete opening and PP at the UES were
observed in all s-IBM patients. These results indicate that
the dysphagic processes occur subclinically in s-IBM
patients who may not report swallowing impairments.
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Introduction

Sporadic inclusion body myositis (s-IBM) is an inflam-
matory myopathy characterized by selectivity of muscle
involvement, finger flexor and/or quadriceps femoris
involvement, moderate elevation of muscle enzyme con-
centrations, and a progressive corticosteroid-resistant
course. Muscle histopathology shows rimmed-vacuoles,
groups of atrophic angular fibers, and endomysial mono-
nuclear cell infiltrations.

Dysphagia has been reported in s-IBM patients. As
described by Lotz et al. [1], 10% of the s-IBM patients
complained of dysphagia at onset, and 40% of the
patients suffered from dysphagia at the time of diagnosis.
Patients with progressive dysphagia have a significantly
worse functional class rating and poorer quality of life than
patients with non-progressive dysphagia [2]. However, the
nature of the swallowing impairment in s-IBM and other
inflammatory myopathies has not been well characterized.
Previous studies suggest that improper contraction of the
pharyngeal muscles or cricopharyngeal muscle dysfunction
may result in functional obstruction due to dysphagia [3—6].

The purpose of this study was to assess the frequency
and nature of dysphagia in s-IBM patients and to identify a
possible therapy for dysphagia associated with s-IBM.

Methods

Study subjects were ten consecutive patients (mean age
70.5 & 7.1 years; 5 males and 5 females) who fulfilled the
proposed diagnostic criteria for s-IBM [7] at the Depart-
ment of Neurology in Wakayama Medical University
between January 2000 and July 2011. Muscle biopsy
studies were performed on the quadriceps femoris or biceps
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brachii in all patients. All specimens were frozen rapidly in
isopentane that was chilled in dry ice, and the specimens
were stored at —80°C before examination. 5-micron serial
sections of each specimen were stained with hematoxylin
and eosin (H&E) and modified Gomori Trichrome stain.
Muscle biopsy results showed mononuclear cell infiltration
around non-necrotic fibers and rimmed-vacuoles in all
patients. Swallowing problems were assessed by a personal
structured interview, videofluoroscopy (VF) and computed
pharyngoesophageal manometry (CPM). All subjects pro-
vided written informed consent to the procedures in this
study and the ethics committee at the Wakayama Medical
University approved all methods used in the study.

Videofluoroscopy (VF)

All ten patients underwent oropharyngeal videofluoro-
scopic swallowing examination. Patients were placed
upright, and the oropharynx was viewed in lateral and
anterior-posterior projections. 3 ml of liquid barium and
paste barium were administered by teaspoon. Swallowing
examinations were repeated in different upright positions.
Dysphagia severity was scored using the 8-point Penetra-
tion Aspiration Scale (PAS) [8].

Computed pharyngoesophageal manometry (CPM)

CPM was performed in all ten patients. For CPM, a
sequential computer manometry system (PC polygraph)
(Medtronic, Medtronic Parkway, Minneapolis) with a
4-intraluminal pressure transducer assembly (Mui Scien-
tific, Mississauga, Ontario) was used with the recording
sites set at 5 cm apart. The assembly was placed transna-
sally, and recording sites were chosen at the following four

Table 1 s-IBM patient profiles

points: oropharynx, hypopharynx, upper esophageal
sphincter (UES), and proximal esophagus (Fig. 3a). We
evaluated UES pressure and pharyngeal and esophageal
peristalsis during barium swallowing.

Results
Clinical findings

Ten patients were examined in this study. The subjects
were divided into two groups: patients with complaint of
dysphagia (Group A) and patients without complaint of
dysphagia (Group B) (Table 1). Group A consisted of three
men and two women who complained of dysphagia in the
form of regurgitation of liquids and problems with solids.
Group B consisted of two men and three women who did
not complain of dysphagia. Mean age at examination was
73.8 £ 6.8 years in Group A and 67.2 + 5.7 years in
Group B. The average duration of the disease was
11.0 + 5.4 years in Group A and 11.0 & 1.3 years in
Group B. There were no statistical differences in mean age,
duration of disease and creatine kinase levels between the
two groups. Other than one woman (Patient 3) in Group A,
all of the patients used a cane or caster walker when
walking.

Videofluoroscopy (VF)

Videofluoroscopy results indicated that all patients had a
normal oral phase of swallowing and abnormalities in the
pharyngeal phase. While barium material did not enter the
airway in all patients in Group B, the barium material
entered the airway, remained above the vocal folds, and

Patient Sex Complaint PAS Age Duration of Aid for CK Complications
of dysphagia disease (years) walking IU/L)
Group A 738 £6.8 11.0£54 432
1 M +) 2 74 14 Cane 691 HT
2 F ) 2 79 12 Walker 482 HT, LS
3 F ) 2 64 6 None 353 Sjogren Synd
4 M +) 2 83 Walker 186 Hepatitis C
5 M +) 2 69 19 Cane 447 HT
Group B 672 £5.7 11.0£ 13 492
6 M (-) 1 77 12 Cane 482 HT, DM
7 F (=) 1 62 9 Cane 503 HT
8 M (=) 1 62 12 Cane 482 None
9 F (=) 1 70 12 Cane 643 None
10 F (=) 1 65 10 Cane 350 None

HT Hypertension, LS Lumbar spondylosis, DM Diabetes mellitus
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Fig. 1 Videofluoroscopic study in s-IBM patients using paste barium
(a, ¢) and liquid barium (b, d). Pharyngeal muscle propulsions (PP)
(arrows) were observed in Patient 2 (a, b) and Patient 4 (c, d). The

was ejected from the airway in all patients in Group A. The
8-point PAS showed a score of 2 in all patients in Group A
and 1 in all patients in Group B (Table 1). Pharyngeal
phase abnormalities included decreased epiglottic deflec-
tion and residue in the epiglottic vallecula and piriform
recesses. Pharyngeal muscle propulsion (PP) was indicated
at the UES in all ten patients without reference to dys-
phagia (Figs. 1, 2; Table 2). Although, the PP sites in VF
ranged from C3 to C7 vertebral levels, PP shapes and sites
varied between using liquid and paste barium (Figs. 1a—d,
2a, b). Patients in Group B showed a mild degree of PP,
whereas a severe form of PP was observed in all five
patients in Group A. An insufficiency of the UES opening
was also observed in Group A patients. In addition,
prominence of a segment of the hypopharyngeal sphincter
muscles was observed in Patient 1 in Group A (Fig. 2a;
Table 2).

Computed pharyngoesophageal manometry (CPM)

In the normal control subjects, the pharyngeal peak pres-
sure at the oropharynx and hypopharynx elevated simul-
taneously (Fig. 3b-1, 2). The pharyngeal pressure at the
oropharynx was higher than that at the hypopharynx.
Contrary to the high pharyngeal pressure in the oropharynx
and hypopharynx, the pressure at the UES decreased until
the UES opened (nadir deglutitive UES pressure) (Fig. 3b-
3, arrow). After the barium paste passed through the
entrance of the UES, pharyngeal pressure at the UES
increased and pushed the paste to the upper esophagus
(Fig. 3b-3).

In the s-IBM patients, the pressure at the oropharynx
and hypopharynx was very low compared with that of the
normal controls (Fig. 3c-1, 2). In addition, the negative

degree of PP and the narrowing at the upper esophageal sphincter
region in Patient 2 is more severe than that in Patient 4. The sites and
shapes varied between using paste or liquid barium (a, b and ¢, d)

Fig. 2 Videofluoroscopic study in s-IBM patients using paste barium
(@) and liquid barium (b). Pharyngeal muscle propulsions (PP)
(arrows) and a cephalad prominence (CP) (arrow head) were
observed in Patient 1 (a, b). The sites and shapes of PP and CP
varied between using paste or liquid barium (a, b)

pressure during UES opening (nadir deglutitive UES
pressure) observed in the normal controls was not observed
in the s-IBM patients with dysphagia (Fig. 3¢-3). Mano-
metric recordings in all s-IBM patients revealed a lack of
oropharyngeal peristaltic activity, a decreased hypopha-
ryngeal peristalsis, and a reduced peak of post-deglutitive
UES pressure, while the esophageal resting pressure was
normal. In addition, all s-IBM patients in Group A dem-
onstrated no deglutitive UES relaxation in the CPM study.

‘2_3 Springer
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Table 2 Videofluoroscopic and manometric findings in ten patients with s-IBM

Pt Group Videofluoroscopy

PP site Insufficiency Pooling site Manometry

of UES opening of barrium

1 A C3, C4-5, C6-7 +) EV, piriform No UES relaxation
2 C4-5, C5-6, C6 ) EV, piriform Decreased oro-hypopharyngeal pressure
3 C5-6, C6-7 (+) EV Decreased deglutitive UES pressure
4 C5-6 (+) EV, piriform
5 C6-7 (+-+) EV, piriform
6 B C3-4 =) EV Incomplete UES relaxation
7 C5-7 (-) None Decreased oro-hypopharyngeal pressure
8 C5-6 ) EV, piriform Decreased deglutitive UES pressure
9 C4-5, C6-7 =) None Incomplete UES relaxation
10 C5-6 (-) EV Incomplete UES relaxation

PP pharyngeal muscle propulsion, UES upper esophageal sphincter, EV epiglottic vallecula, piriform piriform recess

Fig. 3 Manometry a Manometry study using simultaneous 4-channel
pressure recording during 3 ml barium swallowing. b Manometric
findings in a healthy control subject: channel I oropharynx, channel 2
hypopharynx, channel 3 UES, channel 4 proximal esophagus.
¢ Patient 3: Pharyngoesophageal manometry during swallowing solid

In contrast, incomplete UES relaxation was observed in
Group B patients (Table 2).

Discussion

The consequences of dysphagia include weight loss, the
need for modified food consistency and non-oral feeding,

| Springer

barium paste. The pressure at the oropharyngx, hypopharyngx and
UES is none or very low compared with that of normal controls. UES
negative pressure during UES opening (nadir deglutitive UES
pressure), which was observed in normal controls (b, arrow), was
not observed

Pulmonary infections occur in patients with dysphagia, and
aspiration pneumonia is considered a main cause of death
in s-IBM patients. We observed PP at the UES and/or
hypopharyngeal muscle in all ten s-IBM patients. PP was
first reported as a prominent cricopharyngeal impression at
the cricopharyngeal muscles [9], and these findings were
observed not only in s-IBM patients, but also in mito-
chondria myopathy patients [10]. PP is also defined as
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cricopharyngeal achalasia. We observed PP at the hypo-
pharyngeal muscles in Patient 1, and this PP has been
named cephalad prominence [11]. Because PP in VF is
observed in front of the vertebral discs, it may be consid-
ered the result of disc prolapse. In this study, the PP shapes
and sites varied between using liquid and paste barium.
Therefore, we conclude that the PP observed here did not
represent the result of disc prolapse.

PP was observed at the UES in all ten s-IBM patients,
while only five patients (Group A) complained of dys-
phagia. The local esophageal diameter reduction by PP in
Group A was >50% at the UES during swallowing. The
degree of PP in Group A was more severe than that of
Group B (Fig. 1a—d). In addition, the five patients in Group
A showed insufficiency of the UES opening in VF. PP is
revealed as barium manages to go through the non-exten-
ded pharynx. It represents improper dilation of the pha-
ryngeal muscles during barium passing. A dilation problem
of the pharyngeal muscles can occur with the patient being
unaware of swallowing difficulties. Although, there was a
positive relationship between the severity of PP and the
insufficiency of UES opening, PP does not induce crico-
pharyngeal obstruction. PP represents only the result of
dilation problems of pharyngeal musculature.

The lack of negative UES pressure (nadir deglutitive
UES pressure) in the s-IBM patients with dysphagia may
explain swallowing difficulties. Incomplete pharyngeal
musculature opening at the UES during swallowing may
have a number of different causes, including impaired
relaxation or spasm of the UES, hyperplasia and hyper-
trophy or fibrosis of the cricopharyngeal muscles, weak-
ness of the suprahyoid muscles, and failure of neural
inhibition of tonic sphincter contraction [12]. An exami-
nation of cricopharyngeal muscle biopsies of one patient
was reported at the time of cricopharyngeal myotomy [4,
13]. Numerous small, round atrophic muscle fibers were
observed which varied in size. Because the cricopharyngeal
muscles have a sphincteric function, atrophic cricopha-
ryngeal muscles failed to push foods toward the upper
esophagus. In our manometry study, post-deglutitive UES
pressure was observed, but the peak pressure was greatly
reduced. Low pressure at the oropharynx and hypopharynx,
and hypo-oropharyngeal peristaltic activities induced
problems with the propulsion of the bolus through the
sphincter muscles. In addition, there was a marked increase
in endomysial connective tissue, some replacement by fat,
and proliferative connective tissue. In s-IBM patients in
Group A, nadir deglutitive UES pressure was not observed.
This finding suggests that endomysial proliferative con-
nective tissue prevented the extension and relaxation of the
UES.

The prevalence of s-IBM in Asian populations including
Japan has not been examined. Recently, a national survey

study revealed that the number of s-IBM patients in Japan
is estimated to be around 1,250 and that the prevalence of
s-IBM is 9.83 per million [14]. We examined ten patients,
representing 0.8% of all s-IBM patients in Japan. Although
the number of patients was very low and results of our
study are limited in significance, our study revealed a
tendency in s-IBM patients with dysphagia.

Recently, cricopharyngeal myotomy was selected to
reduce dysphagia in s-IBM patients [15]. The aim of the
myotomy is to remove the impaired UES relaxation, which
is not overcome by decreased PP. Indeed, myotomy has
shown to be useful in improving dysphagia associated with
UES hyperactivities in s-IBM, however, other therapies,
such as intravenous immunoglobulin [16] or botulinum
toxin A [17], and balloon dilation have been employed for
s-IBM patients with dysphagia.

The combination test using VF and manometry is nee-
ded to assess the preservation of sphincter muscle strength
and the efficacy of each therapy. Deglutitive pharyngoe-
sophageal functions should be examined routinely in all
s-IBM patients even if they do not complain of dysphagia.
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