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Heterozygosity for mutations in the seipin/BSCL2 gene (namely, the
N88S and 5901 mutations) is associated with the autosomal dominant
motor neuron diseases, Silver syndrome/spastic paraplegia 17 (SPG17)
and distal hereditary motor neuropathy type V (dHMNV) (Windpas-
singer et al,, 2004), Recent analyses of the clinical phenotypes caused
by the N885 and S90L mutations have revealed a wide spectrum of
defects in motor neurons, with both upper and lower motor neurons
variously affected {Auer-Grumbach et al., 2005; Irobi er al, 2004)
Based on the available evidence, we proposed that seipin-related
motor neuron diseases should be referred 1o collectively as “seipino-
pathies” (Ito and Suzuki, 2007b). The seipin gene was first identified as
A candidate for congenital generalized lipodystrophy type 2 (CGL2)
{Agarwal et al.. 2002). Individuals homozygous for null mutations in
seipin have severe lipoatrophy and mental retardation but not abnor-
mality of the motor neurons (Agarwal and Garg, 2003, 2004; Fu et al.,
2004), By contrast, lipodystrophy and metabolic disturbances are not
reported in seipinopathies (Auer-Grumbach et al, 2005 Irobi et al.,
2004). Although the biochemical function(s) of seipin is not well ut-
derstood, it has been speculated that the mutation in seipin associated
with COL2 s a loss-of-function mutation, whereas gain-of-function
mutations in seipin (N885, 590L) lead to seipinopathy (Agarwal and
Garg, 2004, Ito and Suzuki, 2007b).

We recently showed that the NS85 and S90L mutant forms of seipin
disrupt the N-glycosylation motif, enhance ubiquitination. form inclu-
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Seipin, which 15 encoded by the BSCL2 gene, 15 a glycoprotein of unknown biochemical function that is
associated with dominant hereditary motor neuron diseases. Mutations in the N-glycosylation site of seipin
are associated with the disease states and result in accumulation of unfolded protein in the endoplasmic
reticulum (ER), leading to the unfolded protein response (LIPR) and cell death, suggesting that these diseases
are tightly associated with ER stress. Here, we determined the subcellular localization, functional domains,
and distribution of seipin in tissues. Our studies show that the transmembrane domains in seipin are critical
for ER retention, ubiquitination. formation of inclusions, and activation of UPR, Using immunaohistochemistry,
seipin expression is detected in neurons in the spinal cord and in the frontal lobe cortex of the brain, The
present study provides new insights into the biology of seipin protein that should help our understanding of
the pathogenesis of seipin-related diseases.

© 2008 Elsevier Inc. All rights reserved.

sion bodies. and appear to be improperly folded, leading to accu-
mulation of the mutant protein in the endoplasmic reticulum (ER), We
dlso showed that expression of the mutant proteins in cultured cells
activates the UPR pathway and induces cell death, suggesting that
seipinapathy is tightly associated with ER stress (Ito and Suzuki, 2007a).

Several points remain o be eluadated, however, in order to clarify
the molecular pathogenesis of seipinopathies. First. it would be helpful
to learm more about the structure and hiochemical function of seipin. A
recent study (Lundin et al. 2006) suggests that seipin has two
transmembrane domains and that both termini face the cytosol. How-
ever, little information |s available regarding secondary structure and
functional domains of seipin. Second, it should be interesting to leam
about the distnbution of seipin in various tissues, as high levels of
expression are detected in the brain and testis by RNA blotting but a
detailed study of expression has not previously been reported. And third,
it should be interesting to determine what types of inclusions (if any)
form in cells that express mutant seipin, Over-expression of several
proteins assocated with neurodegeneration, such as polyglutamine and
a-synuclein, can lead to formation of ubiquitinated inclusions, termed
aggresomes (Garcia-Mata et al., 1999; Johnston et al., 1998; Junn et al.,
2002; Kopito, 2000; Lee and Lee, 2002; Mishra et al, 2003, Mugit et al,,
2004: Tanaka et al., 2004: Tran and Miller. 1999; Waelter et al., 2001,
which may be either cytotoxic or cytoprotective (Arrasate et al,, 2004;
DiFiglia et al, 1997: Klement et al., 1998; Orr, 2004; Saudou et al, 1998;
Sisodia, 1998, Taylor et al, 2003), Whether or not seipin inclusions have
the same characteristics as the well-studied aggresomes has not
previously been addressed.

Here, we focused on the biochemical properties and distribution of
seipin. Our results show that the transmembrane domains of seipin
are required for its retention in the ER, formation of inclusions, and
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activation of UPR. Seipin inclusion bodies m transfected cells have
unigue characteristics and appear to be distinct from aggresomes such
as huntingtin aggresomes. Immunohistochemistry reveals that seipin
is expressed in the nervous system, pituitary gland, and tests. The
results point to passible functions of seipin that should lead to new
insights into treatment of seipin-refated diseases.

Materials and methods
Cell culture and reagents

The Neuro 2a mouse neuroblastoma (N2a) and Hela human
carcinoma cells were maintained in Dulbecco’s modified Eagle's
medium (Gibco, Grand Island. NY) containing 10% fetal bovine serum.
Transfections were done with Lipofectamine Plus reagent (Invitrogen,
Carlshad, CA) according to the manufacturer’s instructions.

CDNAs

Based on alignment of protein sequences from several species, the
putative seipin open reading frame contains two possible start codans,
the use of which is predicted to result in production of proteins 398 or
462 amino acids in length (Agarwal and Garg, 2004). Recently, Lundin
et al. showed thar the predominant form of seipin is 462 amino acids
and thus, we numbered the residues accordingly in Fig. 2, Plasmids
used to express wild-type and mutant forms of human seipin were
described previously (1to and Suzuki, 2007a). Deletion forms of seipin,
ANT, ACT, ATm2, ATm1 -2, and Aloop, were generated using appro-
priate restriction enzymes and T4 polymerase. The deletion constructs
ATm1 and ATm1+2 were generated by PCR-based mutagenesis using
the primers 5'-ATATGCTGCAGTATTCCTATATGCCG and 5'-CACCCGAT-
CACGTCCACCCT. Plasmids supplying HA-tagged human ubiquitin (Ha-
takeyama et al, 2001), dog calnexin (CNX)Wada er al., 1994), and
EGFPN1-tNhit-60Q (Wang et al,, 1999) were kindly provided by Dr.
Shigersugu Hatakeyama (Hokkaido University Graduate School of Me-
dicine, Sapporo. Japan). Dr. Ikuo Wada (Fukushima Medical University,
Fukushima, Japan), and Dr Arifumi Kosakai (Keio University, Tokyo.
lapan), respectively.

Antibodies

A rabbit polyclonal antiserum that recognizes human seipin (SCT14)
was described previously (Ito and Suzuki, 2007a). Mouse maonoclonal
anti-KDEL, anti-Hsp70/Hsc70 (SPA-820), rabbit polyclonal anti-CNX
NH2 terminus {SPA-865), and anti-CNX COOH terminus (SPA-860) were
purchased from Stressgen (San Diego, CA). The 9E10(anti-myc) and anti-
ubiquitin (P4D1) mouse monoclonals were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA). Mouse monoclonal anni-f actin, anti-cx
tubulin, and anit-V5 were from Invitrogen [ Carlsbad, CA). Mouse mono-
clonal anti-His (clone HIS-1), anti-vimentin (clone V9), and anti-Golgi
58K {clone 58K-9) were from Sigma (St. Lowis, MO), Mouse monoclonal
anti-HA (clone 12CA5) was from Roche (Basel, Swirzerland). Rabbit
polyclonal anti-myc and mouse monoclonal anti-Na+/K+ATPase -1
(C464.6) were from Upstate Biotechnology (Lake Placid. NY), Mouse
monoclonal anti-poly-ubiquitin antibody (FK2) was from Nippon Bio-
Test Lab. (Tokyo, Japan); mouse monoclonal anti-cyclooxygenase IV
(COX-IV) was from Molecular Probes (Eugene, OR), Rabbit polyclonal
anti-pericentrin and anit-GRP78 (Bip) were from Abcam (Cambridge,
LLK.]. Rabbit polyclonal anti-giantin was from Covance (San Diego, CA).
And mouse monoclonal anti-ACTH was from Chermicon (Temecula, CA ).

Immunoblot analysis
Cells were briefly sonicated in cold lysis buffer (50 mM Tris-HCI,

pH 7.4, 150 mM NacCl, 0.5% NP-40, 0.5% sodium deoxycholate, 0.25%
sodium dodecyl sulfate, 5 mM EDTA and protease inhibitor cocktail

from Sigma ). The total protein concentration in the supernatant was
determined using 4 Bio-Rad protein assay kit Then, proteins were
analyzed by immunoblotting as follows. Protein samples were sepa-
rated by reducing SDS-PAGE on a 4% to 20% Tnis-glycine gradient gel
(Invitrogen), after which proteins were transferred to a polyvinyli-
dene difluoride membrane (Millipore, Billerica, MA). The membrane
was incubated with primary antibodies (anti-KDEL, 1:2500: anti-
Golgi 58K, 1:7500; anti-Na+/K+ATPase «e- 1. 1:7500; anti anti-COX-1V,
1:1000; anti-P-actin, 1:1000; anti-ee-tubulin, 1:1000; ant-V5,
1:1000; anti-CNX NH2 terminus, 1:1000; anti-CNX COOH terminus,
1:1000; SCT14 antiserum, 1:500; or anti-CHOF, 1:1000) followed by
incubation with horseradish peroxidase-conjugated secondary anti-
bodies and detection using enhanced chemiluminescence reagents as
described by the supplier (PerkinElmer Life Sciences, Boston, MA).
Protein levels were determined by densitometry using an Epson ES-
2000 scanner (Tokyo, Japan) and Image | (National Institutes of
Health, Bethesda, MD).

Subcellular fractionation analysis

Subconfluent N2a cells grown in 60 mm dishes were homogenized in
1 ml of ice-cold sucrose buffer (025 M sucrose, | mM EDTA, 20 mM
HEPES-NaOH, pH 7.4, and a mixture of protease inhibitors) by passing
the cells 10 times through a 26-gauge needle. Lysates were cleared by
centnfugation at 800 xg for 15 min. The supernatants were overlaid ona
step gradient consisting of 1 ml each of 30, 20.17.5,15,12.5,10,7.5.5 and
2.5% (viv) lodixanol (OptiPrep reagent, Axis-Shield Oslo, Norway)
homogenization buffer. After centrifugation for 25 h at 200,000 =g
(SW40 rotor, Beckman, Munchen, Germany ), nine fractions were col-
lected from the top of the gradient. After TCA precipitation. each fraction
was analyzed by immunoblotting using 9E10 and anti-KDEL Golgi 58K,
Na+/K+ATPase ai- 1 and COX-IV antibodies,

Prateinase K protection assay

At 48 h post-transfection, N2a cells expressing exogenous wild-type
or mutant seipin cDNAs were lysed inwce-cold buffer containing 10 mM
Tris-HQ, pH 7.4,0.25 M sucrose, | mM MgCl2 by passing cells repeatedly
through 4 26-gauge needle. Lysates were cleared by centrifugation at
1000 =g for 10 min, The supernatant was exposed to proteinase K (1 or
10 pg/ml) for 20 min ar room temperature and subsequently sepa-
rated hy 10-20% Tris-glycine (Invitrogen) SDS-PAGE and analyzed by
immunoblotting.

Immunofluorescence detection

Hela cells grown on coated coverslips were transfected with the
appropriate expression plasmids. After 48 h, cells were fixed with 4%
paraformaldehyde at room temperature for 10 min and then per-
meabilized in 0.2% Triton X-100 for 5 min. After blocking of nonspecific
binding, coverslips were incubated with 1;500 polyclonal anti-myc
antibody, 1:1000 9E10 antibody, 1:1000 anti-V5 or 1:500 5CT14
antiserum along with organelle marker antbodies (1:1000 anti-
GRP78, 1:100 anti-Hsp70/Hsc70, 1:100 anti-ubiquitin, 1:75 anti-
vimentin, 1:500 anti-pericentrin, or 1:240 anti-poly-ubiquitin] diluted
in PBS, 0.2% Tween-20. 3% bovine serum albumin. After three washes,
the coverslips were incubated with fluorescein isothiocyanate-con-
Jjugated anti-rabbit and Texas Red-conjugated anti-mouse secondary
antibodies, and then mounted. Immunofluorescent staining was
examined using a LSM 5 Pascal confocal microscope (Carl Zeiss.
Oberkochen, Germany).

Immunohistochemical detection of seipin

Paraffin secrions of human frontal lobe (female aged 82 years) and
spinal cord (male aged 36 years) were purchased from Biochain (CA,
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UUSA), Spinal cord sections from a patient with amyotrophic lateral
sclerosis (ALS) were kindly provided by Dr. Masaki Takao [ Department of
Cognitive and Intractable Neurological Disorders, Mihara Memorial
Hospital) and Dr. Katsuhisa Ogata (Department of Neurology, Higashi-
saltama Hospital. National Hospital Organization ). Paraffin was removed
from the sections with xylene followed by hydration in an ethanol senies.
The sections were treated with boling 10 mM Cirrate Buffer (pH 6.0) and
then incubated with 0.05% saponin for 30 min at room temperature in
preparation for immunohistochemistry.

Belore isolation and staining of mouse tissues was conducted, the
protocol was approved as meeting the Animal Experimentation
Guidelines of Keio University School of Medicine. Tissues collected
from male C57/BL6 mice (pituitary gland) or ddy mice (testis) were
fixed by perfusion with PBS, 4% paraformaldehyde. The tissue sam-
ples were subsequently removed, rapidly frozen in dry ice powder or
liquid nitrogen, and sliced using a cryostat. Immunochistochemistry
was performed essentially as described previously (lida et al,, 2006,
lto et al.. 1998, 1999, 2001a.b) using 5CT14 antiserum or the pre-
immune serum (1:1000) along with a mouse anti-ACTH monoclonal
antibody (1:500). Immunostained spinal cord. cerebrum or pituitary
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gland sections were counterstained with the DNA dye Hoechst 33342
[Molecular Probes, Eugene, OR) and the tesns sample was counter-
stained with the DNA dye SYTOX Green (Molecular probes (lidaetal.,
2006)

Statistical gnalysis

Statistical analysis of the data was performed by one-way ANOVA
with Fisher's protected least significant difference test using Statview
5.0 [Statview, Berkley, CA),

Results
Seipin s an ER membrune-resident protein

By confocal immunofluorescence microscopy, seipin is primanly
detected in the ER (1to and Suzuki, 2007a; Windpassinger et al, 2004). To
further analyze the subcellular distribution of seipin, here we performed
density subcellular fractionation in N2a cells that express seipin. The
dhstnbutions of both wild-type and NB8S mutant seipin were compared
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with the distributions of markers for vanous subcellular compartments:
BiP (an ER marker). Golgi 58K (Golgi), Na+/K+/ATPase a-1 (plasma
membrane) and COX-IV {mutochondnal

Immunoblot analysis using the 9E10 anti-myc antibody reveals
bands consistent with a ubiquitinated high molecular complex, the full-
length 6Xmyc-seipin-His (- 78 kDa) and N-terminal fragments of seipin
[35-to 48-kDa) as described in our previous report (Fig. 1A and lto and
Suzuki, 2007a). The electcromohbility of full-length 6Xmyc-seipin-His is
higher than predicted based on the amino acid sequence (-78 kDa
observed versus -67 kDa predicted ), consistent with a previous report
(o and Suzuki, 2007a; Windpassinger et al, 2004). Moreover, as
expected we found that seipin, including most N-terminal fragments of
seipin, 15 predominantly detected in subcellular fractions enniched for
the ER-resident protein BiP (Fig. 1A). This pattern of distribution was the
same for N2a cells expressing the NBSS mutant form of seipin, sug-
gesting that this mutation in the N-glycosylation site of seipin does not
affect localization.

Based on analysis using a hidden Markov model method (http://
www.cbs.dtu.dk/servicess5 TMHMM)/). human seipin is thought to be a
membrane protein with two transmembrane domains. Recently, Lundin
et al engineered glycosylanon sites at both ends of seipin and used the
resulting protein to assess seipin topology (Lundin et al., 2006), They
found that the NH2 and COOH termini of seipin were not N-linked
glycosylated after expression using an in vitro transcription/translation
system, suggesting that both termini face the cytosol. In this study, we
sought to use a proteinase K protection assay to assay the topology of
seipin directly.

To do this, wild-type and N88S mutant seipin tagged with c-myc
and V5 epitopes at the NH2 and COOH termini, respectively, were first
transfected into N2a cells. CNX, a type | transmembrane protein in the
ER. was monitored as a control, The cell lysates were homogenized
with a 26-gauge needle syringe to ensure minimal disruption of
organelle integrity, digested with proteinase K, and then subject to
immunaoblotting with antibodies specific for the myc- or V5-epitope
tags. As shown in Fig. 1B, both the NH2 and the COOH terminus of
human seipin were easily digested by proteinase K, as was the COOH
terminus of CNX, which faces the cytoplasm. In contrast, proteinase K
was not able to digest the NH2 terminus of CNX, which is known
to face the lumenal side of the membrane. Mutant seipin had the same
pattern of protease sensitivity as the wild-type form. The aspara-
gine residue (88) that is affected in the mutant protein is known to be
N-glycosylated in the ER lumen (lto and Suzuki, 2007a; Lundin et al,,
2006; Windpassinger et al.. 2004) and thus, it seems reasonable to
propose that it is located on the lumenal loop domain. Based on these
results, we conclude that seipin has two transmembrane domains and
additionally, that for both the wild-type and mutant forms, both
termini of seipin face the cytosol rather than the ER lumen, consistent
with a previous report (Lundin et al., 2006),

The first transmembrane domain of seipin is essential for retention in the
ER

We next sought to determine what region(s} of seipin are required
for its localization to the ER. To do this, we constructed a series of
deletion constructs and assayed their subcellular localization in Hela
cells, which are big enough for subcellular localization studies (Fig. 2A)
When cells are transiently transfected with constructs in which the
NH2 terminus, the COOH terminus, the loop region, or the first
transmembrane domain has been deleted (ANT, ATm1, Aloop, ACT),
some portion of the resultant proteins are detected on an immunoblot
as high molecular weight complexes. consistent with ubiquitination
(Ito and Suzuki, 2007a). However, the high molecular weight signal is
not present in protein extracts from cells that express a wild-type
or N885 mutant construct in which the second transmembrane do-
main has been deleted (Fig. 2B, wild-type ATm2, ATm1+2, ATm1 -2
and data not shown for N8SS),

The results of confocal microscopy (Fig. 2C) make it clear that
the NH2-. COOH-terminal and second transmembrane domain
deleted forms of seipin (ANT, ACT, ATm2] show a typical reticular
pattern in the cytoplasm, indicating that these are mainly in the
ER. In contrast, for seipin proteins lacking the first transmembrane
domaimn (ATm1 or ATm1+2). a portion of the protein is localized to
the ER but these forms are also detectable in the cell peniphery and
nucleus. Moreover, ATm|1 -2 seipin is diffuse in the cell body. Taken
together. the data suggest that the first transmembrane domain
of seipin is critical for ER retention. Furthermore, the results of a
protease K protection assay using the transmembrane domain de-
letion proteins as substrates reveals that the NH2 terminus of ATm2
15 easily digested by proteinase K, whereas the COOH terminus is
resistant (Fig. 2D). In contrast, both termini of ATm1 were fully
digested by proteinase K. As ER membrane retention is affected
for the ATm1 protein, we conclude that all of the ATm1 protein s
exposed to the cyrosol and thus. can easily be degraded by the
proteinase.

Charactenzation of inclusion bodies in cells expressing a mutant form of
seipin

In a previous paper (Ito and Suzuki, 2007a), we demonstrated that
neuronal and non-neuronal cells expressing the N88S and 5S90L
mutant proteins contain inclusion bodies, which are rarely detected in
wild-type cells. To characterize the inclusion bodies, we compared
inclusions formed in the presence of wild-type and mutant seipin.
Hela cells were transfected with wild-type seipin harboring a V5
epitope tag at the COOH terminus and mutant seipin with the ¢-myc
epitope tag at the NH2 terminus, The cells were then examined im-
munocytochemically and using confocal microscopy. Interestingly, the
wild-type and mutant setpin co-locahze in inclusions (Fig. 3A), sug-
gesting that the mutant form of the protein may recruit the wild-type
form to inclusion bodies.

Expression of mutant proteins associated with neurodegenerative
diseases, such as huntingtin, parkin, o-synuclein, and prion proteins,
leads to formation of ubiquitinated aggregates termed aggresomes
(Garcia-Mata et al, 1999; Johnston et al, 1998; Junn et al, 2002;
Kopito. 2000; Lee and Lee, 2002; Mishra et al, 2003; Muqit et al,
2004; Tanaka et al.. 2004; Tran and Miller, 1999; Waelter et al., 2001)
that have been well-characterized biochemically. A characteristic
feature of aggresomes is that they form at the microtubule organizing
centre (MTOC). This is consistent with the finding that misfolded
proteins are commonly transported along microtubules and then
assembled in and around the MTOC (Johnston et al., 1998; Junn et al..
2002: Kopito, 2000; Tanaka et al., 2004), Another characteristic of
aggresomes is deposition of intermediate filaments such as vimentin,
which often forms a cage-like structure around inclusions (Johnston
et al, 1998; lunn et al, 2002; Kopito, 2000). Aggresomes are primarily
made up of chaperones, Hsp70 and Hscd0 protein, ubiquitin, 195 and
265 proteasome subunits (Garcia-Mata et al,, 1999: Junn et al, 2002,
Kalchman et al, 1996; Sieradzan et al., 1999; Tanaka et al., 2004). In
order to ask how similar seipin inclusions are to aggresomes, we
compared seipin inclusions in several ways to the well-examined
aggresomes of huntingtin.

To examine the relationship between seipin inclusions and the
MTOC, we first compared the distribution of seipin inclusions to that
of pericentrin, an MTOC marker protein. As a control for aggresome
formation, we expressed an NH2-terminal fragment of huntingtin
with an expanded 60 CAG repeat (EGFPN1-INhtt-60Q] in cells (Wang
et al, 1999). Aggresomes are reportedly targeted to and congregate
specifically at the MTOC (Fig. 3B). In contrast to aggresomes, we found
that seipin inclusions are not localized near the MTOC, suggesting that
the inclusions form via a different mechanisn

Next we compared the distribution of the intermediate filament
protein vimentin in cells with hunnngtin aggresomes to its distnibution
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mutation (Fig. 2C) and the ATm2 form of seipin do not form the same
high molecular weight complex or inclusions bodies observed for
other forms {Figs. 2B and 4), suggesting that the ATm2 deletion does
not lead to production of 3 misfolded protein Therefore, it seems
likely that misfolded mutant seipin lacking transmembrane domains
does not accumulate in the ER and consequently, does not activate
LIPR

Interestingly, the normal distribution of seipin in specific tissues
appedrs to correlate with the disease state. Seipin is clearly expressed in
mator nedrons in the human spinal cord, consistent with pathologic
phenotypes described in panents with seipinopathies, including a
disturbance of lower motor neuron function (Fig. 5A). Moreover, seipin is
localized in cortical neurons in the frontal lobe (Fig. 5B). Some subtypes
of seipinopathies, such as SPG17, show spastic paraplegia, consistent
with a disturbance of upper maotor neuron function. Addinonally, the
presence of mutant seipin in frontal lobe could explain degeneration of
upper motor neurons. These findings support an idea we proposed
previously, that accumulation of unfolded mutant seipin in motor
neurons causes neurodegeneration (Ito and Suzuki, 2007a),

We also detected seipin immunoreactivity in spermatids and in the
anterior lobe of the pituitary gland (Figs. 6 and 7). CGL2 patients, which
are homozygous for a null mutation in seipin, have defects the repro-
duction and endocrine systems, in particular abnormal secretion of
anterior pituitary hormones (Agarwal and Garg, 2003, 2004; Fu et al,,
2004; Mabry et al., 1973}, Thus, seipin may have as yet unidentified
functions during spermatogenesis and in the pituitary hypothalamic
system. In contrast, human patients with seipinopathies are not known
to have defects in endocrine function or fertility, suggesting that the
mutations associated with seipinopathies (N88S and S90L) specifically
affect motor neurons. Further study may help to uncover the tissue-
dependent effects of these mutations, which we speculate could be
the result of tissue-specific differences in protein folding and protein
degradation.

Recently, two groups reported important evidence regarding the
funcrion of seipin (Fei et al, 2008; Szymanski et al. 2007) They
demonstrated that yeast seipin 15 localized at junctions between the
endoplasmic reticulum and a lipid droplet (the so-called lipid bodies or
adiposomes ) and that deletion of seipin results in irregular lipid drop-
lets, indicating that yeast seipin is required for assembly or maintenance
of lipid droplets. This finding implies that human seipin may also be
associated with formation of hipid droplets and further, thar a failure in
that process is the primary cause of CGL2 However, adipose tissues dose
not show substantial expression of seipin as measured by RNA blot
analysis (Magre et al. 2001) and we did not detect significant im-
munoreactivity in adipose tissue (data not shown). Thus, it is possible
that human seipin is a tissue-specific and multi-functional protein but
further study is necessary to understand the functions of seipin.

Taken together, the data presented here demonstrate that the
transmembrane domains of seipin are critical for subcellular localiza-
tion, topology, formation of inclusions and activation of UPR by
mutant forms of the protein. Moreover, seipin inclusions have unique
charactenstics and appear to be distinct from aggresomes. Moreover,
we found that seipin is expressed in tissues other than motor neurons,
suggesting roles in other biological processes, including endocrine
function and spermatogenesis. However. it should be kept in mind
that these suppositions are mainly based on studies of seipin over-
expression in cultured cells. Subsequent studies are needed to test if
what we found is also true of endogenous seipin protein in vivo.
Unfortunately, very little 15 known about seipinopathies, as no
pathological studies of affected patient tissues have been reported.
In fact, 10 the best of our knowledge, no autopsy of a patient with
seipinopathy has been reported, perhaps because seipinopathies are
rare and are not fatal. Thus, a detailed examination using a transgenic
mouse model seems impartant to verify the formation and character-
stics of inclusions in vivo. Further study of the pathohistology of
miitant forms of seipin should also be informative and together with
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the results presented here, may lead to important new insights into
motar neuron diseases, including other spastic paraplegia diseases
and amyotrophic lateral sclerosis.
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ARTICLE INFO ABSTRACT

We aimed to charactenize the relationship between cardiac sympathetic and parasympathetic dysfunction
employing cardiac '*'I-meta-iodobenzylguanidine (MIBG) uptake and other autonomic function parameters
In Parkinson's disease (PD). 79 PD patients were studied. We performed "71-MIBG myocardial scintigraphy to
assess the extent of cardiac sympathetic denervation. Electrocardiogram readings at rest and postural change
in blood pressure were also examined. Coefficient variation of RR intervals (CVR-R) was used as an index for
cardiac parasymparhetic activity. Cardiac "*"-MIBG uptake did not vary significantly among the Hoehn-Yahr
(H-Y) stages. There was a significant correlation between cardiac "*'I-MIBG uptake and CVR-R (early,
r=0.457, p<0.001; late, r=0.442, p<0.001). While the correlation was present among the patients who had
had the disease less than two years (early, r=0.558, p<0.001; late, r=0.530, p<0.001), the patients with the
disease duration longer than two years did not have such a significant correlation. Age, disease duration,
corrected QT interval, or postural blood pressure change did not correlate with cardiac "“I-MIBG uptake.
Orthostatic hypotension was ohserved in 13 out of 72 subjects, and reduced CVR-R was a major determinant
for the development of orthostatic hypotension. We conclude that cardiac parasympathetic dysfunction
occurs concurrent with sympathetic denervation as revealed by '*'|-MIBG myocardial scintigraphy in PD and
cantributes to the development of orthostaric hypotension,
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1. Introduction

Recent evidence shows that Parkinson's disease (PD) is a
neurodegenerative disease that manifests a constellation of neurolo-
gical symptoms beyond classic Parkinsonian features, such as resting
tremor and rigidity, and forms a continuum with dementia with Lewy
bodies (DLB) characterized by limbic and neocortical degeneration
responsible for cognitive impairment | 1], Braak et al, |2] clarified that
pathological processes in PD begin in the anterior olfactory nucleus
and medulla, the latter of which harbors the dorsal motor nucleus of
the vagal nerve, one of major autonomic centers. Accordingly,
hyposmia and autonomic dysfunction, particularly constipation, are
now appreciated as early clinical manifestations relevant to PD.
Recognition of these symptoms will become maore important with
attempts to institute preventive therapy against this disabling disease.

The peripheral autonomic system is also affected in PD. Pathological
studies have demonstrated the presence of Lewy bodies in myenteric
and submucosal plexuses [3-5]. As for the cardiac autonomic system,
many nuclear radiological studies using '*’I-meta-iodobenzylguanidine

* Corresponding author. Department of Neurology, School of Medicine, Keio
University, 35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, lapan. Tel: +81 3 5363
3788; fax; +B1 33353 1272

E-muail oddress; mshibata@scitc keio.ac jp (M, Shibata)

0022-510X/8 - see front matter © 2008 Elsevier BV, All rights reserved.
doi: 10.1016/) jns.2008.09.005

(MIBG) or 6-|"F|fluorodopamine have reported cardiac sympathetic
denervation In PD patients, and the degeneration of postganglionic
sympathetic fibers was confirmed by postmortem pathological exam-
inations |6.7]. However, the absence of obvious cardiovascular symp-
toms, like arthostatic hypotension, in many of cases displaying reduced
cardiac '**I-MIBG uptake is an enigma [8,9], This implies a need for a
comprehensive understanding of cardiovascular autonomic status
including cardiac parasympathetic and peripheral vasomotor activity
and cardiac sympathetic function. Despite the presence of several
hemodynamic studies showing the involvement of cardiac parasympa-
thetic system in PD [9-13), its incidence and temporal profile relative to
cardiac sympathetic denervation remain elusive.

Here, we demonstrate that cardiac parasympathetic dysfunction
occurs with sympathetic denervation in PD by examining heart rate
variability at rest and cardiac "*I-MIBG uptake. Concurrent develop-
ment ol parasympathetic and sympathetic dysfunction is obvious in
the early stages of PD.

2. Methods
2.1. Subjects

79 PD patients (39 men and 40 women) who visited our outpatient
clinic were studied. All patients fulfilled United Kingdom Parkinson's
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"r_-mt e o . e using a dual-headed rotating scintillation camera (HITACHI gamma-
p graphic a ic function p sotherthan HiMratio yjew. RPC-DC) equipped with low-energy, high-resolution parallel-

1, . i = = ;

of“tmeta‘lodobenaylguanidine (MIBG) nong the Hoeha=Yatr Sages hole collimators after 15 min (early phase) and 3 h (late phase)
Hoehn-Yahr stage | il i v 4 P following the administration of '**I-MIBG. The acquisition matrix was
N 20 29 23 5 2 256= 256, Energy discrimination was centered on 159 keV with a 10%
xﬁt o ::1_:;:5,2 E.‘.::G.s Ig-duﬁs ;52.2:5.5 ;123142 ﬁ window. In each case, an oval region of interest (ROI) was set on the
Distant fhationcy LASL1 | S5240° ABIAE - 60481 'Ke84 IE left ventricular part of the heart with a rectal:lgulla:s; reference ROI
p=0017* placed on the upper mediastinum of the anterior "“'I-MIBG planar
Ageofonsel,y  69.4:54 BO0:87 723480 692+107 6352106 NS image. Average counts per pixel were made in these ROls. The heart-
WR (%) 327471 330:63 332:61 299:35 262:50 NS to-mediastinum (H/M) ratios for the early and late images were
gr:?:g? :1520:1‘526 :—;;:'::9 :—1215:11513 :;g:gl-‘” :-:;':I“'u g calculated to evaluate the integrity of cardiac sympathetic nerve fiber
ASBPp (mm Hg)  ~42+153 ~652176 ~49+165 ~11015.7 -5.5162 NS densities. The washout ratio (WR) was defined as 100=(Ec-Lc)/Ec %

Data are meanz50. NS=not significant.
* Post-hoc comparison | vs, V.

Disease Society Brain Bank Clinical Diagnosis Criteria [14]. Other
Parkinsonian disorders such as vascular parkinsonism, multiple
system atrophy, and progressive supranuclear palsy were excluded
from clinical features and MRI findings. None of the subjects exhibited
marked dementia or visual hallucination. These who had ischemic
heart disease, diabetes mellitus, or were undergoing treatment with
selegiline hydrochloride (L-deprenyl) or tricyclic antidepressants were
not included in consideration of the potential effects of these factors
on cardiac '**I-MIBG uptake. We employed the Hoehn-Yahr (H-Y)
stage to assess the disease severity. 44 of the 79 subjects were on
medication for PD at the time of investigation. We evaluated motor
symptoms during the “off" period when we examined medicated
patients. The mean age+SD was 73.4£6.2 years, and the mean disease
duration£5D, 3.524.1 years.

Informed consent was obtained from every patient prior to
enrollment. This study was approved by the institutional review
board for clinical research of the National Hospital Organization Tokyo
Medical Center.

2.2, "31-MIBG myocardial scintigraphy

The patients were asked not to have breakfast on the day of
examination. Each subject was relaxed in the supine position for
20 min and was intravenously injected with 111 MBq of '**I-MIBG
(Daiichi Radioisotope Laboratories Co., Tokyo, Japan) around 10:00
AM. A thoracic planar image was acquired in a static fashion for 5 min

(Ec: the early cardiac count density, Le: the decay-corrected late
cardiac count density).

2.3. Electrocardiogram analysis and postural change in systolic blood
pressure

Alter a bed rest for 5 min, an electrocardiogram (EKG) recording in
the supine position with normal breathing was carried out for 5 min
using ECG-1550 (Nihon Kohden). For analysis of coefficient variation
of RR intervals (CVR-R), successive 200 RR intervals were sampled
during the recording period. CVR-R was automatically calculated as a
percentage of the standard deviation of the RR intervals divided by
their mean. CVR-R measured at rest under normal breathing is an
established index for parasympathetic activity [15,16]. QTc was
computed according to Bazett's formula; QTc=QT/(RR)'/% Blood
pressure was measured in the supine position, Subsequently, blood
pressure in the upright position was recorded after 60-second-long
orthostasis, Postural change In systolic blood pressure (ASBPp) was
also calculated,

2.4, Statistical analysis

The data were analyzed using the 5P55 software, version 15.0
Family (SPS5 Inc., Chicago, IL). Inter-group differences were evaluated
using one-way analysis of variance (ANOVA) combined with Tukey's
post-hoc test or unpaired t-test. x* calculations were used for
frequency data. Correlations for the H/M ratio of MIBG uptake, CVR-
R, QTe, heart rate (HR), and postural change in systolic blood pressure
were assessed using Pearson's correlation coefficient, Multiple
regression analyses were performed on the correlation of H/M ratio
of MIBG uptake with other parameters. p value <0.01 was considered
statistically significant.

N 20 pa' ] 23 3 2 N 20 24 21 5 2
4004 4.001
a
.04 3.00 o
] 3 o
= o 2 2 ]
- o )
= -
2,001 E+ o s - 5 200 Hin
L] ] 8
13 ! + l ] + L] + 3 I 8 + e
o -]
1.001 1.00 o 4
0.00 : - - - . 0.00 = . .
I I 1l v v 1 1 i v v

H-Y Stage
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Fig. 1. Comparisons of H/M ratio of '*’l-meta-iodobenzylguanidine (MIBC) uptake among the Hoehn-Yahr {H-Y) stages. The dot and bar data represent mean 50, The data were

analyred using one-way analysis of variance and Tukey's post-hoc test.
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3. Results

3.1. Comparisons of cardiac '**I-MIBG uptake and autonomic function-
related parameters among the H-Y stages

Of the 79 PD patients, we rated 20 patients as H-Y stage . 29 as H-
Y stage II, 23 as stage III. 5 as H-Y stage [V, and 2 as H-Y stage V, on the
basis of their clinical manifestations. Using EKGs, we detected atrial
fibrillation (Af) in two subjects, premature atrial contractions (PACs) in
one, premature ventricular contractions (PVCs) in two, and both Af
and PVC in one patient. Such cases were excluded from the analysis of
CVR-R and QTc. Additionally, 5 subjects had right bundle branch block
(RBEB), and they were eliminated from the QTc analysis. Blood
pressure data were available in 72 cases. Orthostatic hypotension
(ASBPp <-20 mm Hg) was observed in 13 cases (three in H-Y stage I,
three in H-Y stage Il four in H-Y stage Il two in H-Y stage IV, and one
in H-Y stage V). As shown in Table 1, among the H-Y stages, we found
no statistically significant differences in age, disease duration, or sex
ratios, There was a trend for a disease stage-dependent reduction in
the H/M ratio in the early image (early H/M), and late image (late H/M)
of '"-MIBG uptake (Fig. 1), but statistical significance was not
reached because of considerable variations, We did not find any
statistically significant difference in WR., CVR-R. QTc. or ASBPp
(Table 1). These findings suggest that cardiovascular autonomic
dysfunction in PD is likely to develop independent of motor
impairment, although our data contain only two patients with H-Y
stage V.

3.2. Correlations of cardiac "**I-MIBG uptake with autonomic function
parameters

In a univariate analysis, there was a significant correlation between
H/M ratio and CVR-R (early, r=0457, p=0.001; late, r=0.442,
p<0.001; Fig. 2A). We confirmed that there was no significant
correlation between CVR-R and age in our subjects (r=0.086.
p=0.469), which excluded the possibility that aging was a significant
confounding factor in our study. Subsequently, we performed a sub-
analysis using the data obtained only from the PD patients with a
duration of illness less than two years. Interestingly, significant
correlations between H/M ratio and CVR-R were demonstrated in
these patients (early, r=0.558, p<0.001; late, r=0.530, p<0.001;
Fig. 2B), while such correlations were not detected in subjects having
a disease duration beyond two years (data not shown).

On the other hand, WR did not correlate with CVR-R (r=-0.108,
p=0365). QTc did not correlate significantly with the H/M ratio
(early, r=0.001, p=0,995; late, r=0.065, p=0.597).

We also looked at the correlation between HR and either of H/M
ratio or CVR-R. There was no correlation between HR and H/M ratio
(HR vs. early H/M, r=0.063. p=0.583: HR vs. late H/M. r=0.058,
p=0613). Meanwhile, there was a weak correlation between HR and
CVR-R (r=-0.227, p=0.053), although the cormelation did not reach
statistical significance (Fig. 3).

Obvious orthostatic hypotension (ASBPp<-20 mm Hg) was
observed in 13 out of 72 cases in which blood pressure data were
available, One reason for such a low frequency might be that we did

A
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Fig. 2. Correlations between H/M ratio of "“'l-meta-iodobenzylguanidine (MIBG] uptake and coefficient vanation of RR intervals (CVR-R). (A) Significant correlations were found
between H/M ratia of '2*1-MIBG at both early and late stages and CVR-R (early, r=0457, p+ 0,001; late, r=0.442, p< 0,001 ). (B} Using the data obtained only from the subjects with a
duration of iliness less than two years, the correlations H/M ratio of '*I-MIBG at both early and late stages and CVR-R were significant (early, r=0558, p<0.001; late, r=0530,

pe0001),
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Table 3
o Muitiple regression analysis of correlation of cardiac '**)-meta-iodobenzylguanidine
- 100 P {MIBG) uptake with demographic data and other autonomie function parameters
g [
E e N Parameter estimate S0 P
2 o £ o © b a Early WM
é = o o 4 Age 0,010 0.007 0175
= o - Disease duration -0z a.010 o027
3 ol 0P Y = CVR-R ong 0.040 0.004*
= 60 o Ga L Qle -0.002 0003 0.494
] o
2 L - S ASBPp 0,004 0.003 o3
401 o p=0.053 b, Late HIM
H NeT3 Age 0.010 a.008 0250
. Disease duration -0013 0.012 0281
0.0 10 20 o 40 5.0 &0 CVR-R 0139 0.045 0.003*
CVR-R (%) Qic 000 0.003 0871
ASBPp o7 0003 0036
Fig. 3. Correlations between heart rate {HR) and coefficient vanation of RR intervals *p<0.01.

(CVR-R). There was a weak correlation between HR and CVR-R. although the correlation
did not reach statistical significance (r=-0.227, p=0053),

not adopt a head-up tilt technique [17]. However, our method where
the subjects rose on their own appeared more relevant to their natural
setting. We compared the demographic and autonomic function
parameters between subjects with and without orthostatic hypoten-
sion. As shown in Table 2, among thaose factors, the difference in CVR-R
was most prominent. We also performed multiple regression analysis
concerning the correlation of cardiac "-MIBG uptake and other
parameters. Consistent with the univariate analysis, CVR-R exhibited a
statistically significant correlation with both early and late H/M ratio
(early, p=0.004; late, p=0.003). Nevertheless, age, disease duration,
ASBPp, and QTc failed to show any significant correlation (Table 3),

4. Discussion

The present study demonstrates a significant positive correlation
between the H/M ratio in the '®I-MIBG myocardial scintigraphy and
the CVR-R in patients with PD, Furthermore, our sub-analysis indicates
that such a correlation can be attributed to the data obtained from the
patients with a disease duration of less than two years. Our findings
suggest that cardiac parasympathetic dysfunction occurs in parallel
with cardiac sympathetic denervation in early PD patients. Plus, as the
severity of cardiac autonomic parameter alterations was not propor-
tional to the degree of motor impairment. the development of cardiac
autonomic dysfunction is likely to be independent of the dopaminer-
gic neurodegeneration responsible for motor symptoms. Our data also
suggest that cardiac parasympathetic dysfunction plays a major role in
the emergence of orthostatic hypotension in PD.

Recently, the importance of non-motor symptoms associated with
PD, like hyposmia and autonomic dysfunction, has been emphasized.

Table 2

Comparisons of demnographic data, H/M ratio of cardiac "*?j-meta-iodobenzylguanidine
(MIBG) uptake, and other autonomic function parameters between patients with and
without orthostatic hypatension (OH)

Without OH (n=59) With OH (n=13) P

Age, y 729264 74050 0.480
Gender (M:F) 26:33 7.6 0525
Disease duration, y 33237 50263 0356
Age of onset. y 694277 689289 0850
Early H/M ratio 1772039 1642017 0.062
Late H/M ratio 151+044 1412021 0197
WR (%) 330+67 30.7:48 0137
CVR-R (%) 2302120 1652050 0.004*
QTc (ms) 410215 419118 0124
*p<00.

Data are mean=5D.
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These symptoms can be clinical manifestations attributable to early
pathological processes in PD |2,18]. As for cardiac autonomic abnor-
malities, sympathetic denervation has been demonstrated by numerous
studies employing either '#*1-MIBG myocardial scintigraphy or 6-] "®F|
fluorodopamine cardiac PET [8.9,11-13,19.20], Nevertheless, little in-
formation is available as to how the involvement of cardiac parasympa-
thetic system develops in PD. Goldstein et al, [ 12| demonstrated that PD
patients with orthostatic hypotension had a parasympathetic dysfunc-
tion, as evidenced by a reduced reflexive cardiovagal gain during the
Valsalva maneuver. Moreover, Kallio et al. [21] demonstrated an ab-
normal cardiac parasympathetic activity in their 50 untreated PD
patients by examining the high frequency component of RR intervals
(RR-HF). Their results are in agreement with our finding that cardiac
parasympathetic activity begins to decline with cardiac sympathetic
denervation even in early PD patients. A recent report studying 44
untreated PD patients shows that RR-HF decreases with increasing
disease severity, thus suggesting that cardiac parasympathetic dysfunc-
tion was a late event in PD [9]. There was no correlation between the RR-
HF and the severity of cardiac sympathetic denervation despite -
MIBG myocardial scintigraphy in their study. In another study, a weak
correlation was found between heart rate variability and the latency of
sympathetic skin response, the latter of which is a marker for sym-
pathetic sudomotor activity [22]. Although it is accepted that there is
cardiac parasympathetic dysfunction in PD, there seems to be a con-
troversy as to the temporal profile of its development in relation to
sympathetic abnormalities.

The heart rate variability at rest under normal breathing has been
established as a reliable index of cardiac parasympathetic activity
[15,16]. We measured the heart rate variability of 200 consecutive
heartbeats, which took only a few minutes, This approach has several
strengths. First, it does not require any strenuous act, such as the
Valsalva maneuver, which can be unfeasible for PD patients with overt
hypokinesia. A brief EKG recording in a supine position is suitable for
PD patients, who often have motor impairment. Second, the heart rate
variability at rest is almost free of the baroreflex function exerted by
the glossopharyngeal afferent fibers from the carotid sinus and aortic
arch, while that obtained during the Valsalva maneuver is susceptible
to modulation by the vagal baroreflex. Our results raise the possibility
that the abnormality lies in the vagal efferent system. Although some
authors have detected abnormal changes in the heart rate variability
indicative of parasympathetic dysfunctions during the Valsalva
maneuver in PD, it was difficult to determine the site of abnormality
in its complicated reflex arc [9,12]. Furthermare, destruction of
nigrostriatal dopaminergic system per se has been demonstrated to
affect baroreflex sensitivity in rats [23]. Despite the difference in
species, this result suggests caution in interpreting the results from
the Valsalva maneuver in PD. Third, our short-term EKG recording
is less susceptible to the effect of arrhythmias. A recent study using a
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45-minute-long EKG recording has disclosed a higher incidence of
extrasystoles in 40 PD patients as compared to 80 normal subjects
(55% vs 16.25%) [24). Thus, a shorter recording should avoid the effect
of arrhythmias, which render the accurate measurement of heart rate
variability impossible. Lastly, as the CVR-R can be calculated very
quickly, and does not entail any complicated analysis, it can provide
immediate information on cardiac parasympathetic function. For
these reasons, our method for measuring the CVR-R is an excellent
means to assess cardiac parasympathetic activity of PD patients.

The parasympathetic abnormalities underlying the decreased heart
rate variability in PD are unknown. From a physiological viewpoint, it can
reflect a loss of function or a hypertonic state of the cardiac
parasympathetic system. However, it is impossible to determine which
of these is responsible from our findings alone. It was shown that the
decrement of RR intervals in response to a decrease in blood pressure
during the early second phase of the Valsalva maneuver was com-
promised, whereas the reflex bradycardia in the fourth phase was
preserved in their de novo PD patients (9], This favors the hypertonic state
hypothesis, because the finding can be well explained by the inability of
parasympathetic tone to diminish with declining blood pressure.

Concerning the underlying pathological changes, Benarroch et al.
|25,26] showed that the ventrolateral nucleus ambiguus, a major locus
of cardiac preganglionic vagal neurons [27.28], is spared in PD.
Meanwhile, the dorsal motor nucleus of the vagal nerve provides a
minor preganglionic parasympathetic projection to the cardiac gang-
lia, and cell loss and aberrant a-synuclein depositions identified as
Lewy bodies and Lewy neurites in the brainstem nucleus are pro-
minent in PD |2,26). Consistent with the MIBG myocardial scintigraphy
findings, the cardiac postganglionic sympathetic fiber degeneration
has been verified by several pathological studies [6,7].

In contrast, information about the involvement of cardiac post-
ganglionicvagal neurons in PD remains scanty [29,30). Iwanaga etal. [29]
noted the presence of Lewy bodies and Lewy neurites in the cardiac
plexus. Intriguingly, those inclusions resided in both tyrosine hydro-
xylase-positive and -negative nerve processes, which suggested that PD
affects parasympathetic fibers as well as sympathetic nerves in the heart.
As incidental Lewy body disease cases were included in their study, there
is the likelihood that the involvement of cardiac postganglionic
parasympathetic fibers occurs even in the early stage of PD.

The paucity of cardiovascular symptoms, such as orthostatic hypo-
tension, in PD patients with cardiac sympathetic denervation identifi-
able with '*1-MIBG myocardial scintigraphy seems paradoxical, and
therefore obscures the significance of the cardiac sympathetic denerva-
tion. Haensch etal. [31) also reported that reduced '*'I-MIBG myocardial
uptake occurred irrespective of the presence of orthostatic hypotension.
Our study suggests that the advancement of cardiac parasympathetic
dysfunction in addition to sympathetic denervation may be a require-
ment for the development of orthostatic hypotension. Additionally, our
data imply that impaired cardiac parasympathetic activity contributes
more to determine HR than cardiac sympathetic denervation, although
the impact of CVR-R change on HR is relatively small (Fig. 3). This is likely
to explain why most of the PD patients with a low CVR-R value did not
exhibit tachycardia at rest. Moreover, the possibility remains that
concurrent cardiac sympathetic denervation may offset the effect of
parasympathetic dysfunction,

In summary, this study provides important evidence for cardiac
parasympathetic dysfunction in parallel to cardiac sympathetic
denervation in early PD. Thus, our findings expand the spectrum of
non-motor aspects of PD and highlight the character of PD as a
multisystemic disorder even in its early stage.
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Clinical utility of anti-signal recognition particle antibody in the
differential diagnosis of myopathies

S. Suzuki', T. Satoh®, S. Sato’, M. Otomo”, Y. Hirayama®, H. Sato', M. Kawai®, T. Ishihara®,
N. Suzuki' and M. Kuwana®

Objective. Auto-antibodies to signal recognition particle (SRP) are known to be specific to PM amaong rheumatic disorders, but the specificity
in myopathic diseases remains unclear. The clinical utility of anti-SAP antibody in the differential diagnosis of myopathies has not been
studied. The aim of the present study was lo elucidate whether detection of anti-SRP antibody can discriminate of PM from muscular
dystrophy (MD).

Methods. We report a patient with a childhood onset myopathy, in whom it was clinically difficult to make a differential diagnosis of PM or MD
for 21 yrs, despite repeated muscle biopsies. Myositis-specific auto-antibodies to RNA-associated antigens were screened in this particular
case as well as in 105 serum samples from various types of MD and B4 from PM patients using ANA immunoprecipitation. The MD and PM
serum samples were obtained from different institutions. The presence of anti-SRP antibody was confirmed by RNA immunoprecipitation
combined with immunodepletion of SRP from the antigen.

Results. Anti-SRP antibody was positive in the present patient, supporting the diagnosis ol PM. Anti-SRP antibody was delected in
sevan (8.3%) patients with PM, but in none of the patients with MD. Myositis-specific auto-antibodies were not detected in any of the patients

with MD.

Conclusion. Anti-SAP antibody is usetul for discriminating PM from MD among patients with myopathies.

Kev wonos: Anti-signal recognition particie anlibody, Polymyositis, Muscular dystrophy.

Introduction
The inflammatory myopathies are a heterogencous group of
systemic  diseases  characterized by  muscle  weakness,

elevated serum creatine kinase (CK) values, electromyographic
abnormalities and inflammatory infiltrates in skeletal muscle (1),
Myositis-specific auto-antibodies include those directed agaimnst
aminoacyl-tRNA synthetases (ARS), signal recognition particle
(SRP) and nuclear helicase Mi-2. Anti-Jo-1 antibody, one of the
anti-ARS antibodies, is closely related 10 PM and DM with a high
frequency of intestinal lung disease (ILD) [2]. On the other hand,
anti-SRP antibody is clinically associated with pure PM [3-6]. SRP,
one of the most abundant and best characterized RNP particles,
regulates the translocation ol proteins across the endoplasmic
reticulum during protein synthesis [3, 4]. Patients with anti-SRP
antibodies most often present with severe muscle involvement
characienized by rapidly developing proximal weakness that
culminates in severe disability, and often by a poor response to
steroid therapy [6].

Muscular dystrophy (MD), a group of hereditary and sporadic
progressive diseases, each with unique phenotypic and genetic
features, is the most common and representative myopathy [7]. Itis
sometimes difficult to distinguish anti-SRP-positive PM patients
from MD patients for the following reasons [8]. First. since anti-
SRP-positive PM patients have a low incidence of pulmonary
fibrosis, skin rash, arthritis and RP, it is difficult to differentiate
them from MD patients based on the clinical manifestations alone.
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Second, severe necrosis of skeletal muscle without lymphocytic
infiltration is a histological finding common to both anti-SRP-
positive PM and MD [9, 10]. In similar clinical settimgs, it has not
been elucidated whether the detection of auto-antibodies using
RNA immunoprecipitation is reliable for the differential diagnosis
of myopathies, especially between MD and PM. To address
this question, we screened the serum of MD patients and PM
patients for myositis-specific auto-antibodies, including anti-SRP
antibody.

Patients, materials and methods
Case report

A 32-yr-old Japanese man was admitted to Keio University
Hospital in 2004 for evaluation of long-standing myopathy. He
had a 21-yr history of severe weakness in the trunk, arms and legs,
but no familial history of neuromuscular disorders. He was normal
until the age of 10 yrs of age, when he had difficulty in running fast
and hanging from a horizontal bar. When he first visited the other
hospital at age 11 yrs, he showed scapulohumeral dominant muscle
atrophy without facial muscle involvement. Serum CK was
41801U/1  (normal, <1981IU/1), and the electromyography
showed myopathic features. The first muscle biopsy of the left
biceps brachii muscle revealed a prominent variation in muscle
fibre size, but no perifascicular atrophy. Necrotic muscle fibres
were observed with evidence of regeneration, but there was no
lymphocytic infiltration in the perimysial or perivascular region.
Endomysial connective tissuc was increased (Fig. 1A and B).
Under the temtative diagnosis of scapulohumeral MD, oral
predonisolone (1 mg/kg/day) therapy was prescribed for 3
months, but the patient did not respond to the treatment. His
weakness worsened over the next 2yrs, and he eventually lost
ambulation and had difficulty in blowing, swallowing and cating at
the age of 13yrs. Aflter the bulbar symploms continued for ~6
months, his symptoms gradually began to improve. However, he
could not walk and required a wheelchair. The serum CK levels
decreased to 1640 1U/1 at the age of 14 yrsand 614 1U/] at the age of
16 yrs. The second muscle biopsy of the quadriceps femoris muscle
was performed at 16 yrs of age. The muscle fibres had largely been

1539
© The Authior 2008. Published by Oaford Liniversity Prom on behalfl of the Ratish Socety for Rheomatologe. All rights reseeved. For Permissions, please ol jourmals permisshonsisl nxfordjournale arg



1540

replaced by adipose tissue, but there still was no lymphocytic
filtration (Fig. 1C). There have been no changes in his muscle
weakness since then.

The neurological examimation on admission revealed severe
symmetrical proximal-dominant weakness, with Medical Research
Council scale grade at 3/5 in the lower extremities and 4/5 in the
upper extremities. but there was no facial muscle mvolvement.
Muscle atrophy was remarkable in the lower trunk and proximal
muscles of the legs. Deep tendon reflex was absent. The CK levels
hadd retuned to the normal range. T -weighted muscle magnetic
resonance images of the thighs showed evidence of severe diffuse
muscle atrophy.

Patients and sera

Serum samples were obtained from the patient described above,
and from 105 Japanese patients with MD (82 males and 23 females)
who were seen consecutively between January 2005 and June 2006
at Higashisaitama National Hospital. The mean age of the MD
patients at the time of serum collection was 30.34£172yrs. The
MDD cases included those with Duchenne MD (n = 58), Becker MD
(1= 6), myotonic MD (n= 19), limb-girdle MD (n=6), faciosca-
pulohumeral MD (n=4), Fukuyama-type congenital MD (n=7)
and unclassified types of MD (#= 5), and the diagnosis of each was

Fin. 1. Histological findings of the present patient. The histological appearance of
muscle biopsy specimens obtained at 11yrs of age (A and B} and 16yrs of age
(C), Haamatoxylin-eosin staining. Bar = 100 um
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based on clinical, pathological and genetic features [7], In contrast,
stored serum for a cohort of 84 Japanese patients with PM (25
males and 59 females) was available at Keio Umversity Hospital,
All sera were obtamed at diagnosis before initiation of immuno-
suppresive therapy. The mean age of the PM patients at the time of
serum collection was 51.4 & 134 yrs. The diagnosis of probable or
definite PM was based on the criteria of Bohan and Peter [11].
Patients with DM, IBM and overlap syndrome were excluded from
study entry. We obtained MD and PM serum samples from
different institutions because most MDD patients, especially those
with Duchenne MD, stayed at the national hospital and
sanatorium for the severely disabled. All blood samples and
clinical information were obtained after patients provided
informed consent and ethical approval. The study was approved
by the institutional review boards.

RNA immunoprecipitaion

RNA immunoprecipitation assay was performed using extracts
from leukaemia cell line K362, as previously described [12]
Briefly, a 10 gl volume of patient serum was mixed with 2mg of
protein A-Sepharose CL-4B (Pharmacia Biotech AB. Uppsala.
Sweden) in 500 .l of immunoprecipitation buffer (10mM Tris
HCl, pH 80, 500mM NaCl, 0.1% Nonidet P40), and after
incubation for 2 h, was washed three times with immunoprecipita-
tion buffer. Antibody-bound Sepharose beads were mixed with
100 sl of K362 cell extract (6 x 10" cell equivalents per sample) for
2h, and 30 el of 3 M sodium acetate, 30 ¢l of 10% SDS and 300 ul
of phenol:chloroform:soamyl alcohol (50:50:1, containing 0.1%
8-hydroxyquinoline) were added to extract bound RNA. After
ethanol precipitation, the RNA was resolved on a 7M urea-10%
polyacrylamide gel, and the gel was silver-stained (Bio-Rad,
Hercules, CA, USA)L

Immunodepletion experiments

The immunodepletion studies were undertaken using prototype
sera obtained from two anti-SRP-positive PM patients (patients
#1 and #2). A 50 pl volume of the prototype serum #2 and normal
serum as a negative control was mixed with 10mg of protem A-
Sepharose CL-4B in 500 ] of immunoprecipitation buffer, and
incubated for 2h. After washing three times with immunopreci-
pitation buffer, the antibody-bound Sepharose beads were mixed
with 100 gl of K562 cell extract for 2 h to fully the deplete antigens
recognized by prototype serum #2 or normal serum. Then, the
supernatant was further incubated with Sepharose beads pre-
conjugated with the present patient serum and the prototype
serum #1. After washing for five times, the RNA immunopreci-
pitation assay was unalysed as described above.

Statistic analysis

The frequencies of MDD patients and PM patients who were
positive for each auto-antibody were compared. Categorical
variables were compared by the ¢*-test.

Results

Our patient’s serum immunoprecipitated RNA located in the 7S
RNA lesion, as did the prototype serum #1 obtained from an anti-
SRP-positive PM patient (Fig. 2, lanes 2 and 5). Immunodepletion
treatment with the other prototype #2 serum obtained from an
anti-SRP-positive PM patient successfully depleted the SRP-
antigen complex from the extract (lane 3), but normal serum did
not (lane 4). Immunoprecipitation of 7S RNA in our patient wus
cancelled when SRP-antigen depleted extract was used (lane 6).
These findings confirmed that our patient’s serum was positive for
anti-SRP antibody.

We screened auto-antibodies to RNA-associated auto-antigens
in sera from 105 MD patients and 84 PM patients by the RNA

U
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immunoprecipitation assay. The frequencies of myositis-specific
auto-antibodies detected by RNA immunoprecipitation in MD
patients and PM patients are summarized in Table 1. Anti-SRP
antibodies were detected m 7 PM patients (8.3%), but in none of
the MD patients (P =0.008). Similarly. auto-antibodies to ARS.
such as those 10 Jo-1, PL-7, PL-12, EJ and OJ, were detected in
PM patients, but not in MDD patients. Myositis-specific auto-
antigens were not detected in MD patients.

Table 2 shows the climcal and histological findings of the
present case and for seven PM patients with anti-SRP antibodies.
The eight PM pauents with anti-SRP antbodies had common
clinical features including muscle weakness, levels of serum

snp P

§

£l

75 RNA —

5.85 RNA

55 RNA

Fia. 2. Analysis of immunoprecipitates from K562 cell extracts by ¥ M urea-10%
PAGE and silver staining. The results of the prototype sarum #1 of the anti-signal
recognition particie tSHP)-stlII\re PM patient (lanes 2-4) and the present patient
sarum (lanes 5-7) are I Hpit mw obtained from no
treatment (lanes 2 and 5), after immunod using prototype sarum #2 from
an anli-SAP-positive patient (lanes 3 and 8] and serum from a healthy control
(lanes 4 and 7).
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CK = 3000 TU/I {except for one case) and myopathic findings in
the EMG. Although three patients had ILD, none had skin rash.
arthritis or RP. Malignancy was found in two patients, Response
o high-dose sterond therapy was generally poor. Most patients
showed refractory muscle weakness and required other immuno-
suppressive agents. Histological findings disclosed severe necrosis
with regeneration of skeletal muscle in all patients, and
Iymphocytic infiltration in half.

Discussion

In this article, we describe a case of myopathy with childhood
onset, in whom it was difficult to make a differential diagnosis
between PM and MD despite repeated muscle biopsy. The patient
was found to be positive for anti-SRP antibody 21 yrs after onsel,
Screening the serum of MD patients and PM patients by RNA
immunoprecipitation assay for auto-antibodies revealed anti-SRP
antibodies in seven (8.3%) PM patients. but not in MD patients,
However, the comparison of frequencies of these auto-antibodies
may nol be appropriate, since the MD and PM patients were
selected from medical centres with different settings. Anti-SRP
antibody was found 1o be specific to PM and useful in excluding
MD in patients with myopathies.

Anti-SRP antibody was detected in 8.3% 1 our cohort of
Japanese PM patients, similar 1o the rate in European patients
[13]. Although anti-SRP antibody is known to be PM-specific, it
has also been found in patients with DM, IBM and SSc¢ [6, 13]
However, the specficity of anti-SRP antibody in myopathic
diseases is not fully elucidated. Perurena er ol [14] and Hengstman
et al [15] reported that anu-SRP antibody was negative i 17 and
48 patients with MDD, respectively. Combining these results with
our findings, anti-SRP antibody 1s not exclusively present in a
total of 170 patients with MD. These findings suggest that
production of anti-SRP antibody does not result from non-
specific muscle injuries.

Although muscle biopsy 1s the most accurate method of
estublishing 4 diagnosis of PM, but its interpretation is sometimes
difficult |1]. van der Meulen e al. [16] have reported that PM is an
overdiagnosed entity using strict diagnostic eriteria of muscle
biopsy. To avoid misdiagnosis of PM. Dalakas and Hohlfeld [1]

Tame 1. qumndu ol myositis ifh i by RNA
immunop n with MD and those with PM

Auto-antibodies MD (n=105) PM (n=84) P-vahie
Anti-SRP, n (%) o 7 (8.3) 0.008
Anti-ARS (anti-Jo-1), n (%) 0 17 (20.2) <0,0001
Antl-ARS (non-anti-Jo-1), n (%) 0 10 (11.9)* 0.0000

“Auto-antibodies 1o PL-7 weie lound in thres, PL-12 in two, EJ in four, and T in one

Findings Presen case #1 w2 ¥ #4 I3 6 ¥7
Onsel age/gender 1M 39/M 41F 40F SAF 56M BEM B2/M
Muscle weakness (+) {+) [+ (+) (+) {+) (+) (+)
Muscle atrophy (+) (-1 i (- =1 (-1 (-1 (+)
ILD (=) (+) (+) (=) =) (=) 1+) (=)
DM rash =) =) (=) (8] ] (=) (=) (=1
Arthitis (=) (=) (-] {-) (=) (=) (=) =)
AP () (=) (-] (-} i-) =) (-) (-
CK (1um) 4180 G400 569 3670 6471 a7 8594 15 880
Myopathic change In EMG +) (+) (4] (+) (+) (+) (+) (+)
Malignancy (-1 {=) =) (- (+) (-~} (=) (+)
Treatment response Mane Partial Partial Nane Partlal Partial Pantial Partal
Muscie blopsy
Small size of myolibre (+) (+) (+) (+) +) (+) (+) (+)
Lymphocyta infiltration (-1 (+) ] (+) (+) (=) (+) (=)
Necrosis (+) (+) (+) I+ +) +) 4] (+)
Aegenaration (+) (+) () H {4) {+) {+) (+)
Parifascular atrophy (=) (=) (=} =) ) (-} [ )




